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FOREWORD 

Accident investigation is recognized today as one of the fundamental e lements  
of improved safety and accident prevention. Nearly every  accident contains evidence 
which, if correct ly  identified and assessed ,  will allow the cause to  be ascer tained s o  
that corrective action can be undertaken to  prevent fur ther  accidents f rom s imi la r  causes .  
Thus, the ultimate object of accident investigation and reporting, which is t o  permit  the 
comparison of many accident repor ts  and to observe what cause factors  tend to, r ecu r ,  
can be accomplished. These fac tors  can then be clearly identified and brought t o  the 
attention of the responsible authorities. 

The Accident Investigation Division of the Ai r  Navigation Committee of PIcAo'X 
at its f i r s t  session in 1946 recommended that States forward copies of repor t s  of a i r c r a f t  
accident investigations and inquiries, and aeronautical publications and documents relating 
to resea rch  and development work in the field of a i rcraf t  accident investigation, to  PICAO 
in o rder  that the Secre tar ia t  might appraise the information gained and disseminate the 
knowledge to  Contracting States. 

The world-wide collection by ICAO of accident reports  and aeronautical publi- 
cations and documents relating to r e sea rch  and development work in the field of a i r c r a f t  
accident investigation, and publication of the mater ia l  in condensed form, a s s i s t s  States  
and aeronautical organizations in r e sea rch  work in this  field, By stimulating and main- 
taining continuity of in teres t  in this  problem the dissemination to  individuals actively 
engaged in aviation of information on the actual circumstances leading up t o  the accidents 
and of recommendations fo r  accident prevention a lso  contributes to  the reduction of 
accidents, 

The first summary of accident repor ts  and safety mater ia l  received frdm 
States was issued in October 1946 (List No. 1 Doc 2177, AIG/56) under the title of 
"Consolidated Lis t  of publications and documents relating to Aircraf t  Accident Investi-  
gation Reports and Procedures ,  Prac t ices ,  Research and Development Work in the field 
of Aircraf t  Accident Investigation received by the PICAO Secre tar ia t  f rom Contracting 
States1', This was followed by fur ther  summaries  at regular intervals,  the last repor t  
being issued on 31 July 1950 (List  No. 12, Doc 7026, AIG/513). These summary  repor t s  
were found to  be of considerable technical interest  to States,  and in view of the l a rge  
number of requests fo r  copies, i t  w a s  decided, ear ly  in 1951, to  revise the method of 
publication and to produce the mater ial  in the future in the fo rm of a n  information c i rcu la r  
entitled "Aircraft Accident Digest". 

The first Digest was issued in 1951 under the present title and with the new 
method of presentation. Since then, the usefulness of the s e r i e s  has continued to  el ici t  
favourable comment f rom the aeronautical world, 

However, late in 1964, the Secre tar ia t  car r ied  out a study of the problems 
associated with the publication of the Digest and considered various methods which, it 
was thought, would lead to  a more  rapid dissemination of accident repor ts  forwarned to  
ICAO fo r  release in summarized f o r m  in the Digest. These studies a l so  consider 
amending the presentation of the summaries  with a view to producing them in a more  

:>Provisional International Civil Aviation Organization. 
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standardized manner. Accordingly, the Secretar ia t  prepared a uniform plan using fixed 
subject headings, in an agreed order  and with standard paragraph numbering, to enable 
readers  to extract  pertinent information more readily, according to their  particular 
interests .  This plan was submitted t o  the Third Session of the Accident Investigation 
Division - Montreal, 19 January - 11 February  1965 - for i ts  consideration and develop- 
ment. The meeting accepted the concept of a uniform plan but modified the details. 
Commencing with this i ssue ,  Digests a r e  being prepared in accordance with the final 
version of the uniform plan, a s  approved by the Council. This plan fo r  the "Summary 
of Accident Report" appears  in Appendix 3 of Annex 13 - Aircraft  Accident Inquiry - 
(Second Edition). 

It i s  hoped that States will co-operate to the fullest extent permitted by their  
national laws in submitting mater ial  f o r  the Digests in accordance with the provisions of 
paragraphs 6. 3 and 6 . 4  of Annex 13. It is recognized that investigations take a diversity 
of forms under the var ietyof  constitutional and juridical systems that exist throughout 
the Contracting States of ICAO and that, for  this reason, accident investigation presents 
one of the most difficult problems of standardization in international civil aviation. At 
the same time it  i s  a most fruitful source of mater ial  for the attainment of the objectives 
of the Chicago Convention. 

The usefulness of such a publication a s  this is directly proportional to the 
thoroughness with which accidents a r e  investigated, the frankness and impartiality of the 
findings, and the readiness with which they are disclosed and authorized to  be published. 
It i s  in this way only that this most fertile field for international co-operation can be 
effectively exploited. The measure of interest  that this  publication has aroused, and the 
vital information it impar ts  amply demonstrate the possibilities of ultimate achievement 
when every  accident is investigated with the greatest  thoroughness and the findings 
disclosed with complete frankness. 

Restriction upon reproduction in the Digest seriously impairs ,  of course,  the 
usefulness of any reports ,  a s  it is only by comparison between the circumstances that 
occasioned the accident and the circumstances of other operations that potentially 
hazardous circumstances can be foreseen and avoided. Names of per sons involved may, 
however, be omitted without detracting from the value of the report.  

Follow-up action and other supplementary information or comments on an 
accident report  by the State of Registry o r  State of Occurrence provide useful mater ial  
for inclusion in the Digest. 

Whenever possible, photos and diagrams have been obtained for illustration 
purposes in order to give a c learer  overall picture of the c r a sh  a rea ,  an  idea of the 
probable flight paths of a i rcraf t ,  the location of witnesses t o  the crash,  and in general 
to  make the reports  more interesting t o  the reader.  

P a r t  I1 of this Digest dealing with Aircraft  Accident Statistics i s  based on 
mater ial  derived from the Air Transport  Reporting F o r m s  G submitted by States and I 
other sources. (For  further review of mater ial  included refer  to the Introduction, I 

page 208). I 

Part ILI contains accident prevention ar t ic les  and bulletins, and includes 
mate rial  pertaining t o  the following subjects: survival, approach speed control and 
stopping under adverse conditions. 
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P a r t  IV presents a l ist  of laws and regulations of States containing provisions 
relating to  a i rcraf t  accident investigation. It replaces the l is t  which appeared in Accident 
Digest No. 14 and includes all  amendments t o  that list received by ICAO up t o  9 January 
1967. 

The mater ial  for this Digest has  been obtained from various sources,  is printed 
for information only and does not necessar i ly  reflect the views of the International Civil 
Aviation Organization. 

Digests a r e  now published twice yearly at approximately six-monthly intervals.  
The f i r s t  volllme contains summaries  and a i r  safety ar t ic les .  The second volume, in 
addition to  containing fur ther  summaries ,  provides other accident data such a s  c lassif i -  
cation tables, stat ist ics,  l i s t s  of laws pertaining to  accident investigation and air safety 
art icle 6. 
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COMMENTS ON ACCIDENT SUMMARIES AND CLASSIFICATION TABLES - 1963 

Forty-five accident reports  a r e  summarized in Volumes I and II of Digest 15 
because they satisfy one o r  more  of the following cr i te r ia :  

1) World-wide in teres t  in the accident, due to either 

a )  major disaster  aspect  which resulted in wide publicity, o r  
b) special nature of the accident and possibility of remedial action; 

2) Suitability of the original report  for preparation of a summary;  

3) Interest  a s  an example of good accident investigation practice. 

Among these forty-five summaries ,  one i s  a summary of the report  of an  accident to  a 
C-46F of Trans American Air Transport  which occurred in Argentina on 17 May 1960 
(Volume I,  Summary No. 6) and the classification of this accident appears a t  the end of 
the summary. The other forty-four a r e  summaries  of reports of accidents which 
occurred in-1963; they include 39 accidents during commercial  a i r  t ransport  operations, 
one accident during a training flight (Volume I ,  Summary l ) ,  one accident during a test  
flight (Volume 11, Summary 7) and three accidents during f e r ry  flights (Volume I, 
Summary 13 and Volume 11, Summaries 1 and 2*). Although these five summaries  do 
not appear in classification tables A and B, they have been classified according to  pages 
!6 - 20 of the ICAO Manual of Aircraf t  Accident Investigation - Doc 6920-AN185513 
(Third Edition), and the classifications appear a t  the end of each summary concerned. 

The accidents which occurred during commercial  a i r  t ransport  operations may 
be classified a s  follows: 

Scheduled operations 2 9 

International 10 

Domes tic 19 

Non-scheduled operations 9 

International 3 

Domes tic 6 - 
Total 38** 

The classifications in tables A and B follow closely the suggestions contained in 
the ICAO Manual of Aircraft  Accident Investigation. They have, however, been based 
on accident reports founded on a variety of reporting and analysing techniques. Only a 

* Collisions between a i rcraf t  a r e  normally counted a s  two accidents. However, one 
collision appearing in this Digest has been counted a s  a single accident. In this 
instance one of the a i rcraf t  involved was a mili tary a i rcraf t  (Volume 11, Summary 2). 

* No information regarding the type of operation was contained in one report .  
(Volume 11, Summary 13) 
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portion of the total number of accidents investigated by States is  either released for 
general  publication o r  sent to  ICAO. Due to the smallness of the total samples (39) 
no attempt has been made in  this publication to prepare  classification tables according 
to the type of operation being conducted, for  instance, whether scheduled o r  non- 
scheduled; and no differentiation is made between accidents occurring on domestic and 
on international flights. However, a notation on the type of operation being conducted, 
where known, i s  included in Table A. While the tables may serve  a useful purpose in 
indicating causal  t rends,  the numbers a r e  too smal l  to be significant for s ta t is t ical  
purposes and readers  a r e  warned not to  place too much reliance on the t rends s o  indi- 
cated without comparison with other sources ,  such a s  those published by other in ter -  
national organizations and national administrations. 

Although considerable ca re  has been taken in drawing up Table A to ensure that 
the classification conforms with the findings of the reports  f rom States, the very  brevity 
of the table might give a wrong impression in  some instances. The reader  i s ,  therefore,  
always invited to  refer  t o  the summary in  the Digest and, if necessary,  the repor t  f rom 
which i t  i s  derived. 

A survey of the 39 commercia l  a i r  t ranspor t  accident summaries  for 1963 suggests 
that the following features a r e  worthy of attention: 

i) 4470 of the accidents occurred during the approach and landing stages. 
This i s  2% less  than the figure which was shown for  1962 landing accidents. 
Of these 2570 were undershoot accidents, 12% were due to loss  of control 
and another 1270 were  due to  collision with t r ee s .  The remaining 51% were 
due to various types of accidents. 

ii) 33% of the accidents occurred en route. Of these 46% were collisions with 
rising t e r ra in  and 15% were a i r f rame failures in the a i r .  Severe turbulence 
in a mountain wave caused two accidents. There were  two instances of ' 
navigation e r ro r .  

iii) 23% of the accidents took place during take-off. Loss of control accounted 
for 337'0 and 227'0 were a i r f rame - a i r .  
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Phase* 
of 

Operation 

Take-off 
(23%) 

En route 
(33%) 

I * Percentages ** S - 

TABLE A. - ACCIDENT 

No. 

- 

CLASSIFICATION - 1963 (based on phase of - 

Description 

Loss of control during an attempt to ground- 
loop the aircraft after the take-off was 
abandoned for  undetermined reasons. 

Believing that the elevator control system 
was defective, the pilot abandoned the take- 
off at  a speed and position on the runway 
which made i t  impossible to stop the a i rcraf t  
on the runway length remaining. 

Destruction of essential parts of the a i rcraf t  
s t r u c h r e  by a f i r e  resulting from over- 
heating of brakes during taxiing. 

Loss of control during an attempted take-off 
into a severe thwderstorm. 

Probable emergency following a simulated 
three-engine condition after take-off. 

Undetermined. An unprogrammed extension 
of the pitch t r im compensator was the most 
probable cause for  the pilot's having applied 
nosedown t r im which initiated the chain of 
events that culminated in the crash. I 
Contamination of the lubrication system in 
the aft trannmission aasembly caused fatigue 
failure of the drive quill shaft. 

The unfavourable interaction of severe 
vertical a i r  draughts and large longitudinal 
control dispkacements which resulted in a 
longitudinal "upset" from which a successful 
recovery was not made. [ 
Following a malfunctioning of the port engine. 
the pilot abandoned the take-off but could not 
stop the aircraft on the remaining portion of 
the runway. 

The Viscount descending under IFR struck 
the C-47 returning VFR from a training 
detail f rom the rear  at an angle of 40°. - 
The pilot flew the aircraft  into a prohibited 
sector a t  too low an altitude and did not 
check his navigation sufficiently when flying 
on instruments near a mountain. 

VFR flight was attempted in marginal 
weather conditions below the minimum 
altitude indicated in the flight plan. 

Navigation e r ro r  -various factors contributed 

A strong downward current  in the lee of a 
mountain range carried the a i rcraf t  below 
the level of the cres ts  where, under the 
conditions prevailing at  the time, i t  encoun- 
tered an area  of extreme turbulence in which 
the pilot could not regain effective control 
and recover height. 

Navigaton e r ro r .  

Various causes. - 
Possible malfunction of the autopilot or  
failure of the electrical power. 

1963 accidents classified - - 39 
7 - Military 

Type -1 Acci-lent 

- 
Ground loop 

operation) 

Type** 
of 

Opera- 
tion 

5 

S 

S 

S 

NS 

S 

S 

S 

S 

S&M 

S 

S 

NS 

S 

S 

S 

S 

Digest 
1 I 

Summary 
No. 

7 

18 

19 

5 

8 

9 

14 

No. 

1 

15 
Vol. I1 

Summar) 
No. 

6 

20 

4 

8 

11 

9 

14 

16 

17 

2 1 

1 

1 

2 

1 

1 

6 

1 

of 

9 

Overshoot 

Stall 

Loss of control 

Airframe - Air 

Emergency condition 
Engine failed - take-off 

13 

Scheduled 

Collision - aircraft - 
both airborne 

Collision - rising terrain 

Stall 

a re  based on the total number 
NS - Non-scheduled 
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TABLE A. - ACCIDENT CLASSIFICATION - - 1963 (based on phase of operation) (Contd) 

Description No. 
Phase * 

of 
Qpe r a  tion 

Type** 
of 

Opera- 
tion 

No. 

unknown 

S 

S 

N S 

NS 

S 

S 

S 

NS 

S 

S 

S 

NS 

NS 

S 

S 

S 

S 

En route 
(33%) 
(contd) 

Landing 
(44%) 

::; Percentages ** S - 

Type of Accident 

Digest 
Vol. I 

Summary 
NO. 

failure of the front eyebolt on the 

17 

Scheduled 

15 
Vol. I1 

Summary 
NO. 

20 

15 

12 

2 

2 2  

3 

23  

17 

21  

11 

1 

1 

1 

1 

1 

1 

4 

1 

1 

of 

-- 

Airframe - Air 

Turbulence 

Emergency condition - 
forced landing 

Undetermined -- 
-- 

Ground loop 

Wheele-up landing 

Gear collapsed 

Undershoot 

Overshoot 

Collision - object - t ree  

Stall 

Loss of control 

a r e  based on the total number 
NS - Non- scheduled 

13 

18 

15 

10 

22 

3 

19 

5 

- 

rigging of bungee system 

The a i rc raf t  encountered severe turbulence 
in a mountain wave. 

Pilot-in-command failed to  effect a proper 
and timely assessment  of the eituation when 
the front mas ter  rod bearing of No. 2 engine 
failed during flight. 

Not sufficient evidence available to determine 
the probable cause of the accident. 

Pi lot  switched lights on when landing in fog 
and visual reference was lost. An uninten- 
tional change of direction resulted. 

Fai lure of pilot to maintain a positive ra te  of 
climb and the premature retraction of the 
landing gear during a go-around in fog. 

Fai lure of a component of the nose gear 
during a flapless landing. Probable con- 
tributing factor  - a local weakening of the 
component. - 
Continuation of an instrument approach af te r  
adequate visual reference was lost below 
authorized minima. 

Pilot-in-command failed to maintain the 
approved minimum altitude on approach. 
Contributing factor - co-pilot did not monitor 
the final stages of the approach. 

On final approach. the pilot failed to execute 
the approved instrument entry procedure and 
the aircraf t  struck t rees .  

Wrong indication of pilot's alt imeter.  - 
Improperly executed approach and Landing 
procedures during an emergency single- 
engine operation. 

Descent below a safe approach path during an 
ILS approach without use of the glide path a t  
night in low cloud. 

Exceptionally bad weather and possibility of 
flash of lightning having temporarily blinded 
o r  incapacitated the crew. [ 
Following an emergency warning the pilot 
feathered No. 2 engine and used improper 
procedure when unfeathering it. This 
resulted in the windmilling of No. 2 engine 
and i t  was impossible to maintain altitude. 

While a i rc raf t  was turning in severe ,  turbu- 
lent and rainy conditions, loss  of control 
occurred. 

An undetected accretion of ice on the hori- 
zontal stabilizer which, in conjunction with 
a specific airspeed and configuration, caused 
a loss  of pitch control. I 
1963 accidents classified - - 39 
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TABLE A. - ACCIDENT CLASSIFICATION - - 1963 (based on phase of operation) (Contd) 

Phase* 
of 

Operation 
- 

Landing 
(44%) 
(contd) 

* Percentages a re  based on the total number of 1963 accidents classified - 2 
** S - Scheduled NS - Non-scheduled - 

No. 

Type** 
of 

Opera- 
tion 

S 

NS 

NS 

S 

Type of Accident 

F i r e  and explosion in flight 

Propeller failure 

Emergency conditions - 
forced landing 

Other - left the taxiway 
L- 

Digest 15 

No. 

1 

I 

1 

1 

Vol. I 
Summary 

No. 

16 

4 

10 

Description 

Lightning-induced ignition of the fuel/air 
mixture in the No. 1 reserve fuel tank with 
resultant explosive disintegration of the left  
outer wing and loss of control. 

Improper maintenance practices and inspec- 
tion procedures resulted in a propeller power 
unit malfunction and inflight reversal of 
No. 3 propeller. 

Improper handling of an emergency situation 
precipitated by a mechanical malfunction. 
Also, radar approach control failed to provide 
complete. accurate airfield data. 

Because of improper braking and poor t i re  
grip on the wet runway, the a i rcraf t  reached 
the end of the runway at  an excessive speed. 
Also, there war an inmfficicnt steering effect 
of the nose wheels. 

Vol. I1 
Summary 

No. 

12 
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TABLE B. - ACCIDENT CLASSIFICATION - 1963 (based on accident causes) 

1 

accidents classified (39) 

No. 

2 

1 

6 

5 

1 

1 

1 

1 

2 

1 

1 

1 

1 

1 

3 

2 

1 

1 

1 

1 

5 

Digest 

Vol. I 
Summary 

NO. 

17, 23 

8 

9 

4, 15, 2 1  

14 

3 

2 

19 

5, 16 

22  

11, 20 

18 

10 

7, 12 

Description 

- 
misjudged distance 

failed to  observe a i rcraf t  

improper IFR operation 

improper in-flight planning 

continued VFR into unfavour able weather 

continued into known unfavourable conditions 

improper use of miscellaneous equipment 
L 

engine s t ructure 

propeller and propeller accessor ies  [ 
flight control sys tem 

wing 

essential  pa r t s  [ 
nose gear 

instrument - alt imeter 

turbulence in flight 

thunder s to rm 

icing conditions 

lightning 

downdr aught I 
runway partially wet 

- 

a r e  based on the total number of 1963 

Causal Factor 

Pilot 
(44%)* 

Power plant 
(8%) 

Airframe 
( 870) 

Landing gear 
(27'0) 

Equipment and 
accessories  

(2%) 

Weather 
(217'0) 

Airport t e r r a in  
( 2%) 

Undetermined 
( 130/0) 

* the percentages 

15 

Vol. I1 
Summary 

No. 

3, 10, 15, 
16, 17 

6, 9 

18 

13 

20 

2 2 

11 

19 

5 

12 

14 

4, 8, 2 1  

NO. 

17 

3 

1 

1 

8 

1 

5 
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PART I 

SUMMARIES O F  AIRCRAFT ACCIDENT REPORTS 

No, 1 

Purdue  Aeronautics Corporation, DC-3, N 386T, accident a t  Morgantown, West 
Virginia,  U. S. A. , on 29 November 1963. Civil Ae.ronautics Board (U. 'S. A. ) 

Airc ra f t  Accident Report ,  F i l e  No. 1-0017, r e l eased  19 November 1964. 

1. Investigation 

1. 1 History of the  flight 

The  a i r c r a f t  depar ted Purdue  Universi ty Ai rpor t ,  Lafayette,  Indiana a t  
0836 hours  cen t ra l  s tandard time and was being f e r r i ed  t o  the  Municipal Ai rpor t ,  
Morgantown, West Virginia where  it was  to  take  on passenger s  for  a cha r t e r  flight. 
According to  i t s  ins t rument  flight r u l e s  flight plan it was  to  c r u i s e  at 5 000 f t ,  however,  
th is  was  l a t e r  changed to  7 000 f t .  The a i r c r a f t  flew above cloud until it encountered 
light r a i n  en route  a t  which t i m e  the c r e w  went on ins t ruments ,  and 250 of carbure t to r  
heat  were  applied. During the  flight the pilot-in-command noted a difference of about 
15O between the  magnetic compass  and the r e m o t e  indicating compass.  Having reviewed 
the ins t rument  approach c h a r t s  for the Morgantown Airpor t  he  decided to m a k e  a VOR 
approach and selected the  VOR/DME approach char t .  On the depiction of the final 
approach c o u r s e  f rom the  VOR station to the a i r f ie ld  he noted a position called "DECK* 
o r  3. 5 ,mi les1 ' ,  took a c r o s s  bearing on this point f rom the  Grantsville VOR and selected 
the 273O rad ia l  of t h i s  station to  give h im a n  indication of pass ing "Deck". When approach 
ing Morgantown, the  Cleveland Air  Route Traff ic  Control Centre  (ARTCC) gave the flight 
the 1035 hour weather observat ion for Morgantown and immediately c leared  it for a n  
ADF approcah. Shortly thereaf te r ,  when requested,  ARTCC c leared  the flight for a 
VOR approach. At 1052, the  la tes t  a l t imeter  set t ing of 29. 43 was provided to  the  flight 
by the Morgantown Flight Service  Station. The  flight departed the VOR, outbound t o  the  
procedure  t b n ,  a t  5 000 f t  descending to 4 000 ft, w h i c h  was  maintained until t he  proce-  
d u r e  tu rn  was  completed and the a i r c r a f t  was inbound to  the VOR, a t  which t i m e  the  
flight descended to  3 000 f t .  The co-pilot was  flying the  a i r c r a f t  while the pilot-in-com- 
mand,  with the approach c h a r t  in h i s  lap,  moni tored h i s  flying technique. The  co-pilot 's  
VOR rece ive r  was  tuned to the Morgantown VOR with the 3370 rad ia l  selected,  and the 
pilot-in-commandls VOR rece ive r  was  tuned to the  Grantsville VOR with the  2730 rad ia l  . 

selected. After pass ing the VOR inbound the pilot-in-command instructed the co-pilot 
to descend t o  2 400 f t .  The alti tude was maintained between 2 450 and 2 500 f t  and because 
of a cross-wind f rom the  r ight ,  a heading of 345-350° was required to maintain a t r a c k  
of 3370. About 2-112 minutes  af ter  pass ing the VOR inbound the  pi lot- in-command's  VOR 
indicator centred.  He told the  co-pilot to "ease  it down", turned on the windshield wipers ;  
and advised the co-pilot that  the min imum alti tude was  1 856 f t .  The l a s t  alt i tude the 
pilot-in-command reca l led  seeing on the  a l t imeter  was  2 200 ft. T r e e s  suddenly appeared,  
and the  pilot-in-command pulled the yoke back, but the a i r c r a f t  s t ruck  the t r e e s  nose-high 
and c rashed  a t  11 10 hours ,  2. 5 NM f rom the Morgantown VOR, on the  340° radial.  

* A fix along the final approach course  a t  Morgantown beyond which DME-equipped 
a i r c r a f t  m a y  de,scend to min imum inst rument  approach altitude. 
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1. 2 In jur ies  to  per  sons 

1. 3 Damage to  a i r c r a f t  

The  a i r c r a f t  was  damaged beyond r e p a i r .  

1 . 4  Other  damage  

Othe r s 

No ob jec t s  other than the  a i r c r a f t  sustained damage.  

P a s s e n g e r s  In jur ies  

Fatal 

Won fa ta l  

None 

I .  5 C r e w  informat ion 

C r e w  

1 

2 

The  pi lot- in-command,  a g e  50, held a valid air t r a n s p o r t  pi lot 's  ce r t i f i ca t e  
and was  qualified t o  fly DC-3 a i r c r a f t .  H e  had flown a to ta l  of 23 553 h o u r s  including 
3 899 hour s  on the  DC-3. He had neve r  had any fo rma l  t ra in ing  on the  type of app roach  
c h a r t s  h e  was  us ing  on t h i s  flight, however ,  he  had used them i n  the c o u r s e  of h i s  d u t i e s  
for m o r e  than two y e a r s  before the  accident.  He held a valid f i r s t - c l a s s  med ica l  c e r t i -  
f icate with the  l imitat ion that  h e  wear  c o r r e c t i v e  g l a s se s  while exerc i s ing  the  p r iv i l eges  
of h i s  a i r m a n ' s  cer t i f ica te .  

The  ro-pi lo t ,  a g e  21, held a valid commerc ia l  pi lot 's  ce r t i f i ca te  with i n s t r u -  
ment  and DC- 3 ra t ings .  He had flown a to ta l  of 966 hour s which included 207 h o u r s  on 
the  DC-3. He held a valid s econd-c l a s s  med ica l  cer t i f ica te  with no l imi ta t ions  o r  
waiver s . 

The  s tewardpss ,  a g e  19, had qualified t o  fly in that  capaci ty on DC-3 a i r c r a f t  
on 1 ~ o v e m b e r  1963. She was fatal ly i ~ j u r e d  in t h i s  accident.  

The flight c r e w  test i f ied tha t  they  had adequate r e s t  before the  flight and tha t  
neither of them had taken any medica t ions  before take-off o r  been under a d o c t o r ' s  c a r e .  

1. 6 A i rc ra f t  information 

The  air c ra f t  had flown a to ta l  of 12 241 hours  which included ! 26 hours flown 
since the  last m a j o r  inspection. On t h e  morn ing  of the  flight the  a i r c r a f t  w a s  given a 
pre-flight inspection by tne  Chief Inspec tor  of the  Company. No maintenance w a s  
requ i red  or  performed.  Also,  t h e  aircraft underwent a visual  inspection by t h e  c r e w  
pr io r  to  take-off ,  and no discrepancies w e r e  noted. 

T h e r e  w e r e  nc !-.l:i;engers o r  c a r g o  aboard  the  a i r ~ r a f t  and the  weight and 
cen t r e  of gravi ty were  -xl?i~in t!~e p r e s c ~  ibed l imi t s .  

The vi;~'al inspcctian included a fuel check which showed that 7 9 4  gal of fuel 
were  aboard ,  kuwever,  the type of fuel  being u s v t l  was not s tated in the r e p o r t .  



12 ICAO Ci rcu la r  78-AN166 

1. 7 Meteorological  information 

Both pi lots  checked t h e  weather r e p o r t s  and f o r e c a s t s  p r io r  t o  t h e  flight, and 
the pilot-in-command rece ived  a comprehens ive  brief ing f r o m  the  F e d e r a l  Aviation 
Agency personnel  ass igned  t o  the  Lafayet te  F l igh t  Serv ice  Station. 

A s  s ta ted ,  when approaching Morgantown the flight was  provided with the 
1035 hour weather observat ion which was  a s  follows: ceiling: 600 ft,  broken clouds; 
visibil i ty:  1-112 m i l e s  in 1ight . rain and fog; wind: f r o m  the  nor th  a t  10 kt. He a l s o  
rece ived  the  1036 Morgantown weather which was  about the  same.  

The  dayt ime min ima  for  ins t rument  approaches  t o  Morgantown Ai rpo r t  a r e :  

ADF 600 ft ceil ing, 1 m i l e  visibil i ty 
VORIDME 600 f t  ceil ing, 1 m i l e  visibil i ty 
VOR 1 400 ft cei l ing,  1 m i l e  visibil i ty 

By 1057 the  a l t ime te r  set t ing was  repor ted  a s  29. 43 in. Hg and the t empera ture  
and dew point w e r e  40° F. 

Eight minu te s  a f t e r  the accident  a specia l  observat ion was  taken which indi- 
cated the  following: ' I . .  . balloon ceiling, 600 f t  broken,  800 ft o v e r c a s t ,  vis ibi l i ty  
2 miles, light r a i n ,  fog, wind nor th  12 kt, gus t s  20 kt ,  a l t imete r  set t ing 29. 42, ceil ing 
ragged. T h e s e  conditions w e r e  essent ia l ly  a s  fo recas t  and given by the Fl ight  Serv ice  
Station personnel  to  t h e  pilot p r io r  t o  take-off. 

The  accident  occu r red  in daylight. 

1. 8 Aids t o  navigation 

The  following a i d s  we: e avai lable:  ADF,  V3R and DME, and t h e r e  was  a n  
NDB nor th  of the  a i rpo r t .  

A flight check of the  fac i l i t i e s  a t  Morgantown was  per formed within 24 hours 
a f te r  the accident  and revea led  no d i sc repanc ies .  No a t tempt  was  m a d e  to  a s c e r t a i n  the  
position of "Deck" by r a d i a l  p resen tment  f r o m  the  G a n t s v i l l e  VOR a s  i t  was  not a 
suggested' o r  approved procedure.  During the  flight checks  it was  found that the t e r r a i n  
c l ea rance  between the  VOR and the  a i r p o r t  did not conform to  the  criteria establ ished 
by the United S ta tes  Manual of C r i t e r i a  for Standard Ins t rument  Approach P rocedures .  

A few days  a f t e r  the  accident  a flight check,  consist ing of t h r e e  VOR approaches ,  
was  m a d e  us ing an  FAA DC-3 a i r c r a f t .  The approaches  were  conducted ut i l iz ing the 337O 
r a d i a l  of the  Morgantown VOR and the  273O r a d i a l  of Grantsvi l le  VOR. After pass ing 
Morgantown VOR a t  3 000 f t  amsl inbound t o  Morgantown Ai rpo r t  on the 337O rad ia l ,  a 
descen t  t o  2 400 f t  arnsl w a s  begun. knmedia te ly  the  Grantsville VOR signal s t rength  
dropped below to le rance  causing unrel iable  c o u r s e  indications. One approach was  m a d e  
maintaining 3 100 f t  amsl f r o m  the  Morgantown VOR t o  the  Morgantown Ai rpo r t  along 
the  3370 radial .  The  Grantsvi l le  VOR signal s t rength  was  sa t is fac tory  throughout the 
approach and the  273O r a d i a l  of Grantsvi l le  c r o s s e d  the  337O r a d i a l  of the  Morgantown 
VOR a t  a point 4 N M  f r o m  the Morgantown VOR t r a n s m i t t e r .  The 4 NM point was  an  
a v e r a g e  due to slight roughness  of the  Grantsvi l le  signal. I t  is noted that  l o  a t  37 NM 
(the d i s tance  f r o m  "Deck" to Grantsvi l le)  i s  about 0, 649 NM in width. 
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The  rad io  equipment aboa.1-4 the a i r c r a f t  consis ted  of VOR and ADF navigation 
r e c e i v e r s .  No DME equipment w a s  i l lstalled in t h e  a i r c r a f t .  

1 .  9 Communicat ions 

The  a i r c r a f t  c a r r i e d  VHE' communicat ion t r ansce ive r s .  The  flight w a s  i n  
contact with the Morgantown Fl ight  Se rv i ce  Station dur ing  the approach ,  and no d i f f i -  
cul t ies  w e r e  repor ted .  

1. 10 Aerodrome  and ground fac i l i t i e s  

The ground (navigational) fac i l i t i e s  at Morgantown a r e  d i scussed  in p a r a -  
graph 1. 8. No other  information concerning Mor gantown Municipal A i r p o r t  was  con-  
tained in the  repor t .  

1. 1 1 Flight  r e c o r d e r  s 

No mention of flight r e c o r d e r s  was  m a d e  in the  repor t .  

1. 12 Wreckage 

I t  w a s  located 2. 5 NM f r o m  the  Morgantown VOR on the  3400 r a d i a l  o r ien ted  
along a l ine  340° magnetic .  I t  was  de te rmined  that  the  aircraft first s t r u c k  t r e e s  at a n  
al t i tude of 2 040 ft arnsl ,  then proceeded 230 ft and s t r u c k  other  t r e e s  at about  2 050 f t  
amsl .  The  f i r s t  ground impact  was  320 ft fu r ther  along the  wreckage  path,  and the  
fuselage c a m e  t o  r e s t  550 f t  f r o m  t h e  first trees s t ruck.  

1. 13 Fire 

F i r e  broke out following impact. 

1. 14 Survival  a s p e c t s  

The  s t ewardess ,  who was  fatal ly injured,  w a s  found in the  af t  cabin .  

1. 15 T e s t s  an6 r e s e a r c h  

Wreckage examination revea led  no d i sc repanc ie s  in the  a i r c r a f t ,  powerplants ,  
o r  a i r c r a f t  s y s t e m s  which might  have contr ibuted t o  t h e  accident.  T h e  pi lot- in-com - 
mand ' s  a l t ime te r  was s e t  a t  29. 43 and the  co-pi lo t ' s  at 29. 44 in. Hg. ( T h e  a l t i m e t e r  
sett ing at Morgantown Ai rpo r t  a t  the  t i m e  of the  accident  w a s  29. 43. ) T h e r e  w a s  no 
evidence of ins t rument  diff icul t ies  except the  15O dif ference  between the magne t ic  
compass  and the  r e m o t e  indicating compass .  Bench checks  showed that the  a l t i m e t e r s ,  
the  ve r t i ca l  speed indicator and the  VOR r e c e i v e r s  w e r e  opera t ing sa t is fac tor i ly .  

2. Analys is  and conc lu~j ions  

2. 1 Analys is  

The  ins t rument  approach p rocedure  c h a r t s  c u r r e n t  at the  t i m e  of the  accident  
were  reviewed. They revea led  that s t ra igh t - in  app roaches  f r o m  the  VOR t o  runway 36 
were  not authorized. ADF approaches  m a d e  f r o m  the NDB north of the a i r p o r t  could 
be m a d e  s t ra ight- in  to  runway 18, o r  c i r c l i ng  t o  any runway. However,  the  A D F  approach  
min ima w e r e  the  s a m e  for s t ra ight- in  o r  c i rc l ing  approaches .  
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The pilot-in-command explained that he selected the "VOR/DME~'  approach 
cha r t  because he wanted to make a VOR approach so he could "tie down the r a d i a l f r  and 
that  ''with a differ enee of 1 EiO between the two compasses  we could not be positive of our 
track making a n  ADF approach under  these conditions1I. He fur ther  stated that  he  
thought of "the VOR/ LIME char t  a s  two appraaches on o n e  char t ,  s imilar  to a n  ILS/:y IF 

chart1[, Because the VORIDME char t  had a later date  than the VOR cha r t  he said ht 
thought the VOR c h a r t  was  obsolete. The pilot-in-command a l s o  testit ied that  he  did 
not s e e  the note indicating "if a i r c ra f t  not equipped with operational VOR and I>M[E 
equipment,  procedure not authorized", which was  printed on the  chart .  

Confusion it? the pilot-in-comrnandls mind a s  t o  the meaning of t h e  designation 
VORIDME rsn the  chart, coupled with h i s  lack of familiarity with the type of c h a r t s  
furnished for h is  u s e ,  led him to select  an approach procedure  for which the  a i r c ra f t  
was nat instrumented. The approach charts  had been authorized for use by the FAA. 
All the  requi red  information, including a note that operational DME equipment was 
requi red  in the a i r c ra f t ,  was  displayed on the chart. However, either due to  the loca- 
tion or  format  of the  note the pilot-in-command did not s e e  it. 

The air traff ic  control  procedures  utilized by the ARTCC controller  were  
compared with those contained in the  then cu r ren t  FAA Air Traffic Control Procedures 
manual. A review of t h e  t r ansc r ip t  of the radiocomrnunications between ARTCC and 
the crew indicated that the controller did not advise the crew, as he should have done, 
that the reported weather was below the published minima for: the chosen approach. 
The F A A  controller  made the same type of error a s  the crew. He testified that  when 
he  received the reques t  for the VOR approach from the c r e w  he checked h i s  sector  
binder,  saw a U. S .  Coast and Geodetic Survey (C and CS) approach cha r t  with a south- 
east procedure  tu rn ,  and r e a d  the minima of 600 ft and one mile.  He believed that th is  
was t he  VOR approach chart .  However, the controller  identified the VOR/DME char t  
as  the one which he had used to  determine the minima. The Board believed that had 
the cclntraller noted th i s  discrepancy and used the VOR approach chart to check the 
minima he would have advised the c r e w  that the weather was not suitable for a VOR 
approach. 

The pilot-in-command's attempt to u s e  a rad ia l  from the Grantsville VOR to 
establish, the location of ' tDeckt'  shows a lack of under standing, on h i s  par t ,  of the  
display of' navigational information on the  approach c h a r t  he was using, as well a s  the  
inherent l imitations on the  u s e  of a VOR station. He took no cognizance of the  effect 
of distance and t e r r a i n  on the emiss ions  of very high frequency radio t r ansmi t t e r  s which 
broadcast  essentially on a line of sight basis,  His inability t o  differentiate between 
instrument centring brought about by weak  signals ,  a s  opposed to  a course interception, 
coupled with an  inaccurate  es t imate  of his  ground speed to give h im a n  erroneous posi- 
tion indication. 

The apparent pass ing of the  "Deck" fix was compounded by the pilot-in- 
command's l ack  of knowledge r ega rd ing  the head wind in the approach a r e a ,  At the t ime 
he believed he was at t he  "Deck" fix, 3. 5 NM f rom the  VOR, he had actually travelled 
only 2. 5 NM. He stated that h e  had begun h i s  t iming after passing the cone  of ambiguity 
over  the VOR. 

The a i r c r a f t  crashed on the  340° radial a£ the VOR rather than the  3370 radia l  
which put it about 1 / 2  N M  right  of the  cen t re  l ine of the approach radial.  Had the air - 
craft been o n  t r a c k  it would have cleared all terrain between the VOR and the airfield. 
Furthermore, had t h e  minimum altitude for the  approach been established as it is now, 
the aircraft would f tavc c leared the  t e r r a i n  e n  rou te  to the  a i r p o r t ,  even though it was 
not exactly on t r a ck .  
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2. 2 Conclusions 

Findings 

The crew were physically fit and properly certificated for the flight. 

A pre-flight inspection of the  a i rc ra f t  was car r ied  out on the morning of the 
subject flight, and the a i rc ra f t  a l so  underwent a visual inspection by the c rew p r io r  to 
take-off. No discrepancies were noted. The weight and centre  of gravity of th'e a i r -  
craft were within the prescribed limits. 

There  was no malfunction of the a i rc ra f t ,  the powerplants or  the a i rc ra f t  
systems. 

The weather serv ices  provided to the c rew and controller were adequate. 
At the t ime the approach was attempted, the weather was satisfactory for either a n  
ADF or  a VORfDME approach; however, it was below minima for a VOR approach. 

The navigational equipment, both on the ground and in the a i rcraf t ,  was 
operating satisfactorily. 

The pilot-in-command was not cer tain a s  to the meaning of the designation 
VORIDME on the approach chart  and had limited experience on the type of char t s  being 
used, This caused him to select an approach procedure for which the a i rc ra f t  was not 
instrumented. 

He could not differentiate between instrument centring brought about by weak 
signals a s  opposed to a course interception. This ,  combined with an inaccurate est imate 
of h is  ground speed, gave him an erroneous position indication. He also was no; aware  
of the head wind in the approach area.  The a i rcraf t  descended into t r e e s  during the 
instrument approach and caught fire. 

Cause or  - - 

Probable cause(s1 

The probable cause of this  accident was the pilot's execution of an instrument 
approach in an a i rcraf t  not equipped with navigational instrumentation appropriate to  
the ground facilities being used. 

3. Recommendations 

No r ecomrnendations were contained in the report .  

4. Action taken 

Following the accident a card was prepared for each sector position a t  the 
Air Route Traffic Control Centre (ARTCC) which depicts the minima for each instru-  
ment approach procedure in the sector. 

An FAA witness testified that the t e r ra in  altitude information used to p repare  
the original VORIDME approach chart  was taken f rom a U. S. Geological Survey quad- 
rangle chart  dated 1931. During the investigation of this accident the FAA became 
aware that m o r e  recent charts  depicted higher t e r ra in  elevations in the approach a r e a  
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at Morgantown. As a resul t  of this  information and the observation of higher than 
reported t e r r a in  in the a r e a  between the VOR and the a i rpor t  it was found that the  t e r r a in  
clearance between the VOR and the Morgantown Airport  did not conform to the c r i t e r i a  
established by the United States Manuel of Cr i te r ia  for Standard Instrument Approach 
Procedures ,  the minimum altitude between the VOR station and the "Deck" fix was raised 
f rom 2 400 to  2 700 f t  amsl .  

FAA witnesses further testified that the minimum crossing altitude a t  the 
VOR station was increased from 3 000 f t  to 3 300 ft  a m s l  under the provision of Civil 
Air Regulations amendment 60. 21/29. This amendment was to provide an  
additional 500 f t  of VFR a i r  space below the floor of controlled a i r  spaces for use by V F R  
flights. 

Following the accident the C & GS VORI DME approach chart  for Mor gantown 
was changed to reflect  the higher minimum altitudes. Also, "VOR /DME1' was printed 
on the face of the chart  above the note that  indicates the . . . approach authorized only 
for a i rc ra f t  with installed operational VOR and DME equipment. " The approach chart  
used by the ca r r i e r  had, and still  has ,  a "Note 1. If a i rcraf t  not equipped with opera- 
tional VOR and DME equipment, procedure not authorized. " The pilot-in-command of 
the subject flight stated that h e  did not see this  note until after the accident occurred. 

ICAO Ref: A ~ 1 8 5 0  

Non-commer cia1 f e r r y  flight, domestic 
Landing 
Under shoot 
Pilot - irnpr oper IFR operation 
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No. 2 

Delta Air Lines,  Inc. , DC-7, N 48756 collided, while taxiing, with U. S. Air  Fo rce  
C- 123B, AF 540589 at Memphis Municipal Airport ,  Memphis, Tennesseq 

U. S. A, on 13 January 1963. Civil Aeronautics Board (U.  S. A. ) 
Aircraf t  Accident Report, F i l e  No. 1-0001, released 29 October 1964. 

1. Investigation 

1. 1 History of the flight 

Delta A i r  Lines Flight 8715 was to be a domestic f e r r y  flight f r o m  Memphis, 
Tennessee to Jackson, Mississippi. Five crew members  were  aboard the a i r c r a f t  
when the engines were  s tar ted fo r  the IFR flight to Jackson, The hydraulic p re s su re  
was normal  ( 3  000 ps i ) ,  and the wing flaps were lowered to 30° pr ior  to taxi. Shortly 
after 0229 hours  central  standard t ime, Memphis Ground Control gave taxiing 
instructions to the flight. While taxiing out the flaps were raised to the take-off 
setting of 20°. During the taxiing neither the flight engineer nor the co-pilot monitored 
the hydraulic system pressure  gauge a t  any time. Shortly thereafter  the flight asked 
Memphis Ground Control, I f . .  . do you want us  to go al l  the way down the east-west  o r  
c ross  over the west?" Memphis Ground Control replied, "Turn right ahead taxi eas t  
past  the north-south and af ter  you pass  the north-south runway turn left  the second 
taxiway and taxi paral le l  to the east-west  and hold short  of two seven a t  the end. " The 
flight acknowledged the message,  The a i rcraf t  proceeded eas t  on runway 9 to taxiway D 
where it made a left turn to the north. When the position of the a i r c r a f t  on taxiway D 
was detected by the ground controller he initiated the following message ,  ". . . turn 
right on the ramp ahead and taxi ea s t  and hold short  of two seven a t  the end. I '  The 
flight did not acknowledge this message.  Shortly thereafter  the ground controller saw 
a C-123B a i rcraf t  in the landing light beam of the DC-7, and he t ransmit ted a message 
to the lat ter  warning i t  to use caution when taxiing on the mili tary ramp. The message  
was not acknowledged. The flight engineer stated that while the a i r c r a f t  was proceeding 
north on taxiway D he heard the pilot-in-command exclaim, and he under stood this to 
mean he had los t  power, However, the engines were  operating normally,  and he realized 
that the pilot-in-command could not s teer  the aircraf t .  

The flight engineer and the co-pilot testified that the pilot-in-command then 
pulled the reverse  throttle lock release aft and down and pulled the thrott les into the 
reverse  range. After a few seconds, when the propel lers  were slow going into reverse ,  
he moved them out of reverse  range into normal  idle range just a few seconds before 
0233 hours central  standard time when it collided with the left wing of a C-123B, which 
was parked on taxiway D. The left wing r e a r  spar  of the C-123B penetrated the upper 
nose section of the DC-7 slightly below the pilot-in-command's windshield. A portion 
of this spar  broke off, and the remainder of the wing was deflected upward and over  the 
top of the DC-7. When the spar  penetrated the nose section, it  collapsed the instrument 
panel, sheared the control yoke and impaled the pilot-in-command. 
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1.  2 Injuries to 

No one was aboard the C-123B at the time of the collision. 

1, 3 Darnage to aircraft  

Damage to the I3C-7 was confined generally to the nose section and cockpit 
interior. 

The C - 123B was extensively damaged. 

1.4 Other damage 

No damage was sustained by objects other than the two aircraft. 

1 .  5 Crew information 

The pilot-in-command, age 42, had flown a total of f 5 707 hours which 
included 3 250 hours in DC-6/7 aircraft. He held a valid airline transport pilot's 
certificate with numerous ratings including one for the DC-7. His last  line check on 
the DC-7 was on3April 1962, and his last proficiency check on 16 November 1962 was 
on a Convair 440 aircraft, M e  satisfactorily passed a first-class FAA flight physical 
on 23 December 1962, without waivers, 

' . The co-pilot, age 28, had flown 2 979 hours as  a pilot and 1 742 hour s a s  
a flight engineer, On DC-6/7 aircraft  he had flown 7 hours as  pilot. He held a valid 
commercial pilot % certificate with rnultiengine and instrument rating. His most 
recent proficiency check on 9 January 1963 was his original qualification on DC-7 
aircraft. He passed an FAA first-class flight physical on 22 October 1962, without 
waivers. 

The flight engineer, age 28, had flown 3 720 b u r s  as pilot and 42 hours 
a s  a flight engineer, 29 hours of which w e r e  on DC-7 aircraft. On 4 December 1962 
he was rated by the Company a s  a ~ d - 7  flight engineer. H e  held a valid flight engineer' 
certificate and an airline transport pilot's certificate with a rating far  Constellation 
aircraft. On 30 November 1962 he received his last proficiency flight check, and on 
14 December 1962 he passed an FAA first-class physical, without waivers. 

Also aboard the flight were two stewardesses who were physically f i t .  
They had completed training in  fire fighting, emergency evacuation, ditching and 
emergency procedures on DG- 7 equipment. 
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1. 6 Aircraf t  information 

The DC-7 a i rc ra f t  had flown a total of 26 055 hours of which 2 294 hours  
had been accumulated since the l a s t  major  inspection. 

P r i o r  to depar t~ere  a preflight check of the a i rc ra f t  revealed a leak a t  the 
hydraulic line connexion with tne Meletron p r e s s u r e  switch*. The switch was disconnected 
and capped and additional hydraulic fluid was added to the system. A walk around 
inspection of the a i r c r a f t  was ca r r i ed  out by the flight engineer,  and a normal  p r e - s t a r t  
checklist was executed. He used the electr ically driven auxiliary hydraulic pump to  
build the hydraulic p r e s su re  to 3 000 ps i  in the accumulators ,  and the emergency 
hydraulic pump selector valve lever  was placed in the normal  forward (b rakes  only) 
position. The by-pass lever*: was in the down position in accordance with the checklist .  
On boarding the a i rc ra f t  the pilot-in-command was advised that the checklist  had been 
completed, and he then se t  the parking brakes.  A mechanic explained the modification 
that had been made in disconnecting the Meletron switch and capping the hydraulic line 
to the switch. At his request  the pilot-in-command operated the auxiliary hydraulic 
pump and i t  operated normally. 

The a i rc ra f t ' s  g ross  weight and centre  of gravity a t  the t ime of depar ture  
were not mentioned in  the report .  

The type of fuel  being used was  not stated in the report .  

1. 7 Meteorological information 

The existing meteorological conditions were not relevant to this accident. 

1. 8 Aids to navigation 

They were  not relevant to the accident,  

Communications 

Memphis Ground Control was in  contact with the DC-7 up until approximately 
0230 hours  when an IFR  clearance was acknowledged by the flight. Following this  the 
ground controller  transmitted additional taxi instructions and then sent  a message  
advising the DC-7 to use caution when taxiing on the mil i tary ramp. However, the crew 
of the DC-7 did not acknowledge ei ther of these two messages .  Numerous a t tempts  
were a lso  made by the Memphis Tower to contact the a i rc ra f t  a f te r  it came to a stop 
on the mil i tary ramp,  however, they were unsuccessful. 

* The Meletron switch i s  an added component in Delta DC-7 aircraf t .  This  switch 
automatically cuts in the electr ically operated auxiliary hydraulic pump when the 
hydraulic p r e s s u r e  in the brake l ines reaches  2100 plus or  minus 50 psi. 

* The by-pass valve mechanically opeyated by the hydraulic sys tem by-pass lever  
pe rmi t s  hydraulic fluid to be by-passed directly f rom the engine-driven pumps to 
the rese rvo i r .  The lever  i s  placed down during ground operation and up in flight 
when p re s su re  to the various hydraulic units is not desired.  The lever  is spr ing 
loaded to the down position. 
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1. 10 Aerodrome and ground facilities 

See Figure 1, diagram showing area  of collision a t  Memphis Municipal 
Airport. 

1. 11 Flight recorders 

No mention of flight recorders was made in the report. 

1. 12 Wreckage 

See paragraph 1. 3 ,  Damage to aircraft.  

1. 13 F i r e  - 
There was no fire. 

1. 14 Survival aspects 

When the DC-7 came to a stop, the co-pilot, after seeing that the pilot-in- 
command was beyond help, opened the forward crew compartment door. While 
attempting to use the emergency escape rope he lost his balance, fell from the aircraft  
and was injured. The flight erlgineer, after shutting down the engines and aircraft  
systems, went aft with one of the stewardesses to the passenger door where they 
remained until help arrived. The other stewardess jumped to the ground from the 
open doorway of the crew compartment. 

When the Memphis Tower was not able to contact the aircraft ,  emergency 
equipment was sent to the site of the accident. 

1. 15 Tests and research 

Examination of the DC-7's engines revealed no evidence to indicate 
pre-impact failure, operational distress or  malfunction. Investigation further revealed 
that the hydraulic system, emergency a i r  brake system, and the aircraft 's  landing 
lights were capable of normal operation prior  to impact. 

Examination of the hydraulic system revealed: 

1) Previous maintenance log pages did not indicate any pertinent 
system discrepancies. 

2) The system repair a t  the Meletron switch location was subsequently 
checked and found to be free of leaks. 

3) The hydraulic pressure regulator was functionally tested and found 
to operate within tolerance. 

4) The hydraulic system by-pass lever was found in the down position. 
The by-pass lever installation was checked, and the spring tension 
was within tolerance. 
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5) The capping of the hydraulic line to the Meletron switch did not 
adversely affect the normal  operation of the a i rc ra f t ' s  hydraulic 
system. 

6 )  The emergency a i r  brake p re s su re  indicator read  "0". The handle 
of the valve located above the left instrument panel had been pulled 
out of the body assembly by the left wing spar  of the C-123B, thus 
opening the a i r  p r e s su re  line to the bottle. 

2. Analysis and conclusions 

2.  1 Analysis 

There was no evidence of hydraulic system, powerplant o r  s t ruc tura l  
failure. 

The control tower instructed the DC-7 to turn left  a t  the second taxiway 
after pas  sing the north- south runway. This instruction was misinterpreted by the 
pilot-in-command, and the a i rc ra f t  a r r ived  on taxiway D in position fo r  the subsequent 
collision with a C- 123B which was parked there. 

The flight engineer, during a p re - s t a r t  check of the a i rc ra f t ,  tested the 
emergency hydraulic pump selector valve in i t s  three positions and then placed it in 
the "brakes only" position. He did not move the by-pass lever. When the pilot- 
in-command indicated an emergency, the co-pilot reached for  the by-pass lever ,  but 
the flight engineer had already reached it. It was believed, however, that this valve 
was in the "down" position a t  the t ime, which was normal  for ground operation. 

The crew apparently did not use the hydraulic brakes ,  the auxiliary 
hydraulic pump o r  the emergency a i r  brake system when attempting to stop the ' 

aircraf t .  

P r i o r  to turning right on the mili tary ramp the pilot-in-command would 
have used the normal  hydraulic braking to slow the a i rc ra f t  and if the b rakes  had not 
been working at  that time he would probably have said so. The auxiliary hydraulic 
pump should then have been turned on in o rder  to build up p re s su re  for the b rakes ,  and 
the a i rcraf t  could have been stopped. 

Neither of the surviving flight crew members  remembered any deceleration 
which might be associated with brake application. They had not noticed the pilot-in- 
command attempting to use the brakes. It was assumed that the normal  hydraulic b rakes  
were never used,  and no explanation was found for their  not being used. Also, no 
reason was found for  the co-pilot's fai lure to use the brakes available to him. He 
assumed that since the pilot-in-command allegedly could not s t ee r  the a i rc ra f t ,  it meant 
there was no p ressure  available for  the brakes.  According to his  statement,  he 
reached for the hydraulic by-pass handle to check i ts  position, however, he did not 
check the hydraulic p ressure  gauge to see  whether he actually had hydraulic system 
pressure .  Fur thermore ,  he made no attempt to turn on the auxiliary hydraulic pump 
in o rder  to obtain brake pressure.  

Neither of the crew members  monitored the hydraulic system p re s su re  
gauge during the taxiing. Also, they did not respond to two important radio t ransmissions 
by the ground controller. Testimony of one of the s tewardesses  indicated that she saw 
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the C-123B in front of the DC-7 shortly before the collision and the former was certainly 
visible to the crew of the DC-7. The foregoing indicates that the crew were not paying 
sufficient attention to the radio and to the operation of the aircraft ,  and they probably 
were preoccupied in the cockpit. The co-pilot stated that he saw the aircraft  only after 
the pilot-in-command allegedly indicated he could not s teer  the aircraft .  

2. 2 Conclusions 

Findings 

The crew were properly certificated. 

A pre-flight check of the aircraft  revealed a leak at the hydraulic line 
connexion with the Meletron pressure switch so the latter was disconnected and capped. 
This did not interfere with the normal operation of the hydraulic system. No mention 
was made in the report of the aircraft 's  gross weight o r  centre of gravity at the time 
of departure. 

The crew of the DC-7 misinterpreted the taxi instructions provided by 
the tower controller. While taxiing, they were not paying attention to the radio and 
did not maintain an adequate lookout. The pilot-in-command did not take proper 
braking action, and the aircraft  collided with a C-123B parked on taxiway D. 

Cause o r  
Probable cause(s) 

The accident was attributed to the crew's inattention to duty while taxiing 
on an unfamiliar taxiway at  night and the pilot-in-command's failure to stop the aircraft  
in sufficient time to avoid striking a parked aircraft.  

3. RECOMMENDATIONS 

No recommendations were made in the report. 

ICAO Ref: AR/845 

- 
Commercial (ferry flight) domestic 
and military. 
Taxiing 
Collision - aircraft  on ground 

I Pilot - failed to observe aircraft  
misuse brakes I 
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13 JANUARY 1963 
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No, 3 

AV-CO ( ~ v i a c i o ' n  y Comercio, $. A. 1, Lockheed 10+9G (Super Constellation), 
EC-AMQ, accident a t  London (Gatwick) Airport, England on 2 September 1963. 
Aircraf t  Accident Report No. EW/C/032, dated September 1964, re leased  by 

The Ministry of Aviation, United Kingdom - C. A. P. 218. 

I;, Inve stigation 

1 1 History of the flight 

Flight 1120 departed Barcelona, Spain, a t  2305 hours  on 1 September for 
London, England. It was a non-scheduled (char te r )  international flight arranged by a 
Brit ish t rave l  agency with AVLACO. Although the a i rc raf t  and the c rew members 
belonged to IBERIA, the operator was AVLACO, 

The flight was uneventful until the air craf t  commenced the approach proce- 
dure  at Gatwick Airport.  At 0138 hours  it reported over the Lydd VOR at FL 38. One 
minute later the Gatwiek approach controller provided the  flight with the la tes t  weather 
information and with radar  positioning directions for an ILS approach to runway 09. 
When the a i rc ra f t  was on base l eg  at 2 000 f t ,  t he  pilot asked the controller whether the 
glide path t ransmi t te r  of the  ILS was working properly and on being given an  affirmative 
reply he informed him that the glide path equipment in the a i rc ra f t  was inoperative. 
After acknowledging this  message ,  the controller c leared the a i r c r a f t  to  descend to  
1 500 ft (QFE 997) and advised the pilot when to  turn on to  the ILS localizer.  The 
localizer was intercepted at a range of 6 mi l e s  after  which the a i r  craf t  was cleared to 
descend to 1 000 f t  and cleared to land. After the pilot reported over the  outer m a r k e r ,  
the controller cleared the  a i r c r a f t  to descend to  cr i t ical  height, He also informed the 
pilot that the obstacle c learance limit was 470 f t  and added that there  were 4- 112 m i l e s  
to  go.  The pilot -in-command, who was flying on instruments f rom the left-hand seat ,  
stated that h e  c rossed  the outer marke r  at a height of 1 400 f t  and thereafter  maintained 
a r a t e  of descent of 800 ft lmin,  As the a i r c r a f t  c rossed  R u s s  Hill, a t ree-covered 
ridge running north-south a c r o s s  the approach path to runway 09, it brushed the tops 
of t r e e s ,  adjacent to a hazard beacon, about 220 f t  above and 1 - 3 1 4  miles  f rom the 
runway threshold. At th is  t ime  the co-pilot, who had been instructed to  keep a lookout 
for the aerodrome lights, saw a red light to h is  left which he  could not distinguish as  
being either steady o r  flashing. The pilot -in-command increased the  engine power 
slightly and almost  immediately af terwards the airf ield lights became visible. No 
difficulty was experienced in controlling the  a i r  craft ,  and a successful landing was made 
without further incident. Whilst taxiing to  the terminal ,  hydraulic p r e s su re  was lost ,  
and the a i r c r a f t  was stopped by means  of the parking brake system, The accident 
occurred at night a t  0 154 hour s. 

1, 2 Injuries to persons  
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i 3 Damage to a i r c ra f t  

The air  c raf t  w a s  slightly damaged. 

T h e  landing  l ight of the left w i z g  was broken, and pleces  of t h e  1-&llt were 
ic,und n e a r  the  beacon,  Six i n c h e s  of t he  t ip  of a blade of No. 3 propel ler  were  broken 
: f f  a n d  fra~rlllents of a prope l l e r ,  which matched the  No. 3 propeller  f r a c t u r e s ,  w e r e  

3 i ~ ~  found near t h e  beacon, :.lo. 3 engine nacelle was dented.  T w i g s  and foliage w e r e  
fodnd in t h e  No. 3 e n g i n e  cowling and attached to  the r igh t  landing gear s t ru t .  Both 
Ixiots '  a l t ime te r s  = 'err  set  a t  1 003. 7 rnb. 

4 Other damage 

N o  damage was sustained by objects  other than the aircraft .  

1. 5 Crew information 

The c rew consisted of a pilot-in-command, a co-pilot, f i r  st and second 
fl ight  engineer s, two s tewards  and a s tewardess .  

The pilot-in-command, a g e  31, held a valid a i r l ine  transport pilotts l i cence  
endorsed for Lockheed 1049G a i r c r a f t  and a n  ins t rument  rating. H e  also held a 
l icence to opera te  radiotelephony. His  total  flying experience at the t ime of the a c c i -  
dent  was  8 761  hours  including 1 064 haurs  in command of Lockheed IO49C a i r c r a f t ,  
iXe had flown to Gatwick on f ive  previous occasions. 

The co-pilot, age 37 ,  held a valid senior commerc ia l  pilot 's  l icence endorsed  
for Luckheed 1049Gai rc ra f t  and  a n  ins t rument  rating. At the t ime of the  accident h e  
had flown 618 hours  a s  co-pilot on Lockheed 1049G a i rc raf t .  He a l s o  held a valid 
flight radio opera tor ' s  l icence and had 11 6 15 hour s of experience in this capacity. 

1. 6 A i rc ra f t  information 

The a i rc ra f t ' s  cer t i f icate  of a i rwor th iness ,  issued by the  Spanish Civil Aviation 
authorities,  was valid until 5 November 1963. The  a i r c ra f t  was maintained in  accor - 
dance with a p rogramme approved by the Spanish Civil Aviation authorities, and it had 
flown a total of 18 089 hour s. 

its gross  weight and cen t re  of gravity were  within the p resc r ibed  limits. 

The type of fuel being used on the  subject f l ight was not stated in the report. 

1.  7 Meteorological information 

Approximately 15 minutes before the tirne of the accident  Gatwick approach 
con t ro l  passed the  following weather r epor t  to the flight: 

wind: 070°/5 kt; visibility: 4 NM; weather: d r i z z l e ;  
cjouct: "8 at 700  f t ,  818 at 1 0 0 0  ft; QNH: 1 004 mb; 
QFE: l437 rnb 

At 021'-' hc;turs, . . 23 m i n u t e s  af ter  t h e  accident, t h e  conditions were about  
the same except :,>r the wind which veered  to 3J)QU and t h e  c louc~s  ~ ~ h l c h  w e r e  0/8 at 
900 ft and 8 1  8 at  7 00 ft. 
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level  sky  i l lunt r t ta t ion  v i s ~ l z l t *  on nlost  n i g h t s .  T h e  n ~ t * t e o r u l o g l c a l  obsf:rvtar, it110 xvas  
on d u t y  a t  the  t i m e  of t h e  acc iden t ,  stated that h c  a l s o  u s e s  t i e  f l a s h i n g  beacon  un R u s h  
FIif l when e s t i n t a t i n g  visihilrty, tic bel ieved  t h a t  it kva s nlost unlikol!. t h a t  t h ~  beacon 
would not have been visible to  h i m  u h e n  reportinti  .- a visibility of 4 K h l .  T h e  repor ted 
cloud was of layer  type, a n d  i ts  height w a s  m e a s u r e d  by m e a n s  of t h e  cloticl s e a r c h l i g h t  
near t h e  cen t re  of the  ae roc l ron?~ ,  The Meteoro log ica l  O f f i c e  stattvl that  i t  i v a s  co l i -  
celvablc that  the conlblnatlon o i  v e r y  high hun l id i t y ,  s table lev,-cr a i r  ant i  1ici. t  d r i f t  of 
wind o n  to the flank of the r i d g e  on which R u s s  Hill  s t a n d s  p r o d u c e d  a local patch 01 ciouc! 
lower than that  above the  ae rod rome .  

1. 8 Aids to navigation 

Runway 09 at Gatwick is equipped Lvith ILS. The  glide path h a s  a 35 slope and 
at the outer  m a r k e r ,  4- l f 3  NM f rom the threshold  of the r u n w a y ,  there  i s  a noil-  
d i r  ect ional  radio beacon. 

The air craft carried dupl icated VFIF rad io  navigation e q u ; ~ r r l ~ ? +  ~ 'b ; rL :  . ~ ~ y  

:ttp,4 lc\i* !J.:"' .-- i*'q, T G I -  - ":Gt-!., I , ,  i p c \\a3 C L ~ L ~ C ~ L C ~  _ i t i d  t I L L  

navigation receiver No. 2. 

The aircraft was in n o r m a l  contact with Gatwick approach control  dur ing  the  
approach. 

1, 1.0 Aerodrome and ground facilities 

The a e r o d r o m e  elevation a t  Gatwick i s  193 f t ,  A h a z a r d  h e a c o n  is  positioned 
an  a  tower where  the extended c e n t r e  l i n e  of the  runway c r o s s e s  the  r idge ,  T h e  beacon 
is 227 f t  above a e r o d r o m e  level and 1-314 NM f r o m  the  threshold of runway 09. 

1. I 1  Flight recorder s 

No mention of flight r e c o r d e r s  was m a d e  in  the  r epo r t .  

1, 12 Wreckage 

A s  s ta ted ,  the a i r c r a f t  s t ruck  t r e e s  on Russ  Hill, a r idge  running n o r t h -  south 
across t h e  approach path to runwray 09, 

The t r e e s  ad jacen t  to the  haza rd  beacon had the i r  top  branches broken off at 
a height lower than t h e  top of t h e  tower over  a n  a rea  about 150 f t  l o n g  a n d  7 p  ft -,%\ifit:. 

1. 13  F i r e  

Tn tb re  was n o  f i re .  

I .  f 4 S u r v i v a l  aspects  

N o n e .  
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1 .  15 Tes t s  and r e sea rch  

Examination of the radio equipment revealed that the glide path receiver 
attached to  VHF navigation receiver No. 1 was defective. 

2. Analysis and conclusions 

2. 1 Analysis 

The ILS procedures for Gatwick (contained in the Air Pilot) provide, among 
other things, that a i r  craft  should not descend below a height of 490 f t  above aerodrome 
level a t  the middle marke r ,  located . 8 NM from the threshold, during a n  approach with 
the glide path inoperative. PAR (precision approach r ada r ) ,  which has  a 30 glide path, 
is  also available and can be brought into operation within about ten minutes if requested. 
PPI (plan position indicator) step-down approaches can also be provided by the Gatwick 
director. 

The section of the Air Pilot concerned with runway 09 l i s t s  obstacle c learance  
limits in relation to landing aids  a s  follows: 

ILS (localizer and glide path) 180 f t  
ILS (localizer only) 290 f t  
PAR (azimuth and elevation) 180 f t  
PAR (azimuth only) 400 ft 
P P I  (step-down) 470 ft 
N DB 590 f t  

Any operation undertaken by IBERIA is always based on the instructions 
contained in  the U. K. Air Pilot. 

Since precision approach radar  was available a t  Gatwick the pilot-in-command 
should have requested this  facility when he realized that his ILS glide path receiver  was 
unserviceable. However, the decision to continue the approach on the ILS localizer 
without glide path information in the reported weather conditions was not one which in 
itself warrants  cri t icism. It was, however, essential  that the heights associated with 
such a procedure be maintained. 

P r imary  responsibility for initiating the use  of precision approach radar  lay 
with the pilot-in-command but in the absence of such a request  the a i r  traffic controller 
might reasonably, a s  a matter  of prudence, have reminded him that PAR was available. 
The controller put into effect an  abbreviated fo rm of PPI step-down approach. The 
pilot -in-command stated that he believed that the progress  of the approach was a l so  
being monitored in elevation by radar.  However, the obstacle clearance limit (470 f t ) ,  
which was passed to him, should have alerted him to the need for attention to h is  height. 

According to the IBERIA operations manual, which was used by Aviaco for this 
flight, the weather minima to be used for runway 09, when the full facilities of the ILS 
were available,were 250 f t  (cri t ical  height) and 1 inile RVR. It did not specify the 
minima to be used when making an  approach to land with the ILS localizer only, nor 
was guidance given on the amount by which the ILS minima should be ra ised  in these  
circumstances. 

The cri t ical  height of 400 ft selected by the pilot-in-command was greater  than 
the obstacle clearance limit of 290 ft with localizer only but to ensure a safe approach 
when glide path information i s  not available regard  must  a lso be had to the procedure 
notified in the Air Pilot for this  type of approach; this  requi res  a minimum height of 
490 ft above aerodrome level to be maintained at the middle marker .  The operations 
manual made no reference to this. - 
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The hazard beacon i s  227 ft above ae rodrome  level,  and t r e e s  in the  vicinity 
were  cut  off below beacon level while the  a i r c ra f t  was breaking cloud during the  approach. 
Since the airf ield l ights  did not become visible to the pilot-in-command until subsequent 
to the  brush with the t r e e s ,  it appea r s  that the approach was  continued, without visual 
r e fe rence  t o  the  ground, well below the c r i t i ca l  height of 400 f t  which the pilot-in-corn- 
mand had s e t  himself ,  and a l so  below the c r i t i ca l  height of 250 ft laid down by the 
operator  for a normal  ILS approach. 

It was  considered that there  was no justification for the pi lot- in-commandis 
assumption that  the appr oaeh was being monitored in elevation by rada r .  This  accident 
i l lus t ra tes  the undesirabili ty of a controller  not adhering to standard procedures ,  
par t icular ly  when the language spoken is not the pilot 's mother  tongue. kl so, the  
obstacle c learance l imit  passed was that of a standard PPI step-down. Lf the  full 
p rocedure  is not followed, the obstacle c learance  l k i t  m a y  to  some extent be inva- 
lidated, (This did not contribute to the subject accident) ,  

The possibility of confusion between QFE and QNH a l t imeter  set t ings was 
considered. IBERLA normally se t s  its a l t imeter  s to  QNH during landing. The pilot-in- 
command should have been used to adding the ae rodrome  elevation to  the  c r i t i ca l  height 
when determining the height a t  which a n  over shoot should be c o r m e n c e d .  He should 
a l s o  have had no doubts concerning interpretat ion of the obstacle c learance limit. 
Test imony of the pilots gave no indication that  t h e r e  was any mis take  between QFE and 
QNH values, Apparently insufficient attention was paid to  the a l t imeter  indications, 

2. 2 Conclusions 

Find ing s 

The pilots were  properly l icensed and sufficiently experienced t o  c a r r y  out 
the flight, 

The a i r  c ra f t ' s  docurnentation was in o rde r ,  The glide path rece iver  attached 
t o  VHF navigation rece iver  No. 1 failed before the final approach was commenced. 
There  was no other fa i lure  of the a i r c r a f t ,  its engines or equipment. The weather 
conditions over the a i rpor t ,  which were  passed to the pilot- in-command, were  above 
the ILS weather minirna, The cloud base and visibility in the  vicinity of the  hazard 
beacon o n  Russ  Hill were  probably lower than those repor ted for  the aerodrome.  

The  operat ions manual  did not specify weather min ima for a n  approach to  
land using ILS without glide path ieforrnation nor provide any guidance on the  amount 
by which the full ILS minima should be r a i s e d  in these  c i rcumstances .  

The pilot-in-command did not maintain the notified minimum height for the  
middle m a r k e r  and de scended below h i s  critical height without having visual re ference  
to  the  ground, 

Cause o r  
Probable cause(s )  

The a i r c r a f t  s t ruck  t r e e  tops when the pilot-in-command descended below a 
safe approach path whilst making a n  ILS approach to land without use  of t h e  glide path 
at night in low cloud conditions. Lack of information in the operat ions manual  for such 
a n  approach was a contributory factor.  

3. Recommendations 

N o  recommendations w e r e  made in the report .  

ICAO Ref: A ~ / 8 5 2  
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No. 4 

T r a n s  -Mediterranean Ai rways ,  Avro Yor k 685 Freighter, OD-ACZ, 
accldent 16 miles west  of Mehrabad Airpor t ,  Tehran  on 15 March  1963, 

Accident Report  dated 20 July 1963 re leased  by the 
Director  General  of Civil Aviation, Iran.  

1. Investigation 

1. 1 History of the flight 

On 14 March 1963 the a i r c r a f t  c a r r i e d  out a non-scheduled, international  
ireight f l igh t  ~ e i r u t / K u w a i t / T e h r a n .  Severa l  test  manoeuvres  w e r e  c a r r i e d  out on the 
Kuwai t /Tehran section of this flight because the aircraft  carried a check pilot who was 
exarrlining the pilot-in-command and the co-pilot for renewal  of their  l icences ,  The  
flight a r r ived  at Mehrabad Airpor t ,  Tehran,  at 1740 hours  GMT and the  pilcrt-in- 
command decided to  make  an overnight s top there ,  f o r  the purpose of c rew r e s t .  The 
a i rc raf t  was unloaded immediately and then loaded with freight  for  the r e tu rn  flight, in 
accordance with the pi lot- in-command's  instructions.  On the morning of 15 March, a 
fully routine preparat ion fo r  the r e t u r n  flight t o  Bei ru t  was made. The pilot- in-  
cornrnand inspected the load and cert if ied that  he was sat isf ied with the  load distr ibution 
and t r i m  sheets .  The flight took off normal ly  at 0530 hours  GMT with the  pi lot- in-  
command in the  left-hand seat .  J u s t  after take-off the Air  t raff ic  controller  ins t ructed 
the flight t o  switch over to Approach Control on 119.7 M c / s  and to  r e p o r t  when 25 miles 
out f r o m  Mehrabad. This was acknowledged by the flight. However, a s  the flight fai led 
to r epor t  when 25 m i l e s  out on course  as requested,  continuous and u ~ s u c c e s s f u l  
at tempts,  commencing at 0540, w e r e  made by the  controller  t o  establish radio  contact. 
At 0545 smoke r i s ing  to  the  west  of the a i r p o r t  was observed f r o m  the Control Tower 
and another a i r c ra f t  on local  flight confirmed that  a c r a s h  had occurred.  The Airpor t  
F i r e  Service  proceeded to the  repor ted  location, 16 mi le s  on a heading 280° west  of the  
a i rpor t  and discovered the burning wreckage of the  a i rc raf t .  The accident occur red  a t  
about 0540. 

1 .2  Injuries to  pe r  sons 

1 .  3 Damage to  a i r  c ra f t  

The a i r  er aft was completely destroyed. 
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1 .4  Other damage 

No other damage was reported. 

l . 5 Crew information 

The crew consisted of the pilot-in-command, co-pilot, check pilot and radio 
officer,  

The pilot-in-command, age 55, held a Lebanese airline transport  pilot's 
licence which was valid but due t o  be renewed in four days. He had ratings on DC-4 and 
Y ork 685 aircraft.  At the t ime of the accident he had 16 553 hours flying experience, of 
which over 6 000 had been in York 685 a i rc ra f t  and 59 of these were in the 90 days prior 
to  the accident, 

The co-pilot, age 28, held a Lebanese commercial pilot's licence with rating 
on Y ork 685 air  craft. This licence had expired the day previous to the accident. At the 
t ime of the accident he had flown 4 714 hours, over 4 000 of which were in York 685 
aircraft .  In the 90 days pr ior  to the accident he  had flown 175 hours in York 685 aircraft ,  

Both the pilot-in-command and the co-pilot had their  la tes t  instrument and 
medical checks in September 1962. 

The third pilot on board, age 34, was a check pilot who was checking the 
performance of the pilot-in-comrnand and the co-pilot for the renewal of their licences. 
He held a valid Lebanese airl ine t ransport  pilot's licence, had ratings on Douglas DC-3 
and DC-4 and had completed 11 899 hours of flight, 

The fourth crew member was a radio officer, age 29, who had 4 294 hours of 
flight experience. 

1.6 Aircraf t  information- 

The a i rcraf t  held a certificate of airworthiness valid until 16 November 1963 
and also a certificate of maintenance which had been issued two days pr ior  t o  the accident, 
The maintenance of the a i rcraf t  had been properly carr ied out in accordance with the 
Y ork ~ i r c r a f t  Maintenance Schedule approved by the Aviation Safety Service, Director ate 
of Civil Aviation, Lebanon. The pilot-in- command had not reported any defect of the 
a i rcraf t  or  made any request  for  technical attention to the aircraft  during the t rans i t  
stop at Mehrabad and nothing abnormal was noted on the a i rcraf t  at any time. 

The weight at take-off, 30 309 kg, was below the maximum permitted. 
Although some computation e r r o r s  were noted in the load distribution and t r i m  sheet, 
the actual centre of gravity on this flight was well within the prescribed l imits,  

The type of fuel being used on the flight was not specified in the report. 
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1.7  Meteorological  information 

Weather conditions in  the  a r e a  of the  a i r p o r t  and c r a s h  s i t e  a t  the  t i m e  of the  
accident w e r e  a s  follows: 

Ceiling: Unlimited 
Visibility: 20 k m  
Wind speed: 5 k t  
Wind direction: 120° 
Tempera tu re :  14OC 
Dew point: -7OC 
Turbulence:  Negligible 

1. 8 Aids t o  navigation 

Not mentioned in the repor t .  

1. 9 Communicat ions 

Norma l  communication took p lace  between t h e  a i r c r a f t  and Mehrabad Cont ro l  
Tower.  No ca l l  w a s  m a d e  t o  denote any abnorma l  o r  emergency  flight condition. 

1. 10 Aerodrome  and ground fac i l i t i e s  

Aerodrome  and ground faci l i t ies  w e r e  adequate. 

1. 1 1 Fl ight  r e c o r d e r  s 

No flight r e c o r d e r  w a s  mentioned in the  repor t .  

1.12 Wreckage 

The  wreckage  was  d i s p e r s e d  over  f lat ,  open t e r r a i n  within an a r e a  505 f t  in 
length and extending p rog res s ive ly  f r o m  a s h a r p  fu r row in the  loose  g rave l  at the  point 
of ini t ial  ground contact t o  a m a x i m u m  width of approximate ly  140 f t .  Examination of 
the fu r row and of the  torn-off s t a r b o a r d  wing t i p  showed that the a i r c r a f t  w a s  in a 
decidedly s teep  starboard-wing-down atti tude at the  moment  of impact .  Between 180 and 
200 f t  af ter  the  point of ini t ial  ground contact  the  condition of the  ground su r f ace  and the  
heavy concentration of deb r i s  gave posi t ive evidence that  the  a i r c r a f t  hi t  the  ground in a 
steep nose-down, s tarboard-wing-down atti tude. T h e  impac t  f o r c e  caused the  a i r  c r a f t  
to  completely d is in tegra te  and wreckage and f re igh t  w e r e  widely sca t t e r ed  over  the  a r e a  
beyond. A study of the  wreckage and subsequent  s e a r c h  in the  a r e a  indicated that  no 
major  s t r u c t u r e  had broken and dropped f r o m  the  a i r c r a f t  p r i o r  t o  the  accident.  

1. 13 F i r e  - 
Widespread f i r e  consumed o r  mel ted  much of the  wreckage because  of t h e  

spillage of fuel  and oil  and the  inflammable na tu re  of the freight .  AS soon a s  t h e  Control  
Tower a t  Mehrabad r epor t ed  smoke  r i s ing  t o  the  wes t  of the  a i rpo r t ,  the  A i r p o r t  F i r e  
Service  proceeded t o  the  r epo r t ed  location; however,  because  of the inaccess ib i l i ty  of 
the  c r a s h  s i t e  and its dis tance  from t h e  a i r p o r t  { I 6  m i l e s )  the wreckage  was  extensively 
burnt  before  any f ire-f ight ing action could b e  taken. 



32 - ICAO Circular 78-A14166 
-- - 

1. 14 Survival aspects 

Survival aspects were  not mentioned in the report .  

1. 15 Tes ts  and research  

The engines and their propellers were  brought to  Mehrabad for detailed 
examination. Examination of the propellers revealed that the engines were not under 
power at the t ime of, the accident and that No. 1 propeller failed in f u l l  fine pitch (25O) ,  
No. 2 in almost full fine pitch (280), No. 3 in a fully feathered position (91°) and No. 4 
at  56O, i. e. between full coarse pitch 50° and fully feathered. 

Examination of the engines did not reveal  any probable malfunction of the 
engines pr ior  to  the accident. However, since doubts existed on No. 2 engine and what 
was believed to be i t s  supercharger Nos. 2, 3, and 4 engines together with wheel case 
assemblies a s  salvageable and the above referenced supercharger were sent to  Rolls- 
Royce Limited, Glasgow, Scotland. Rolls-Royce issued defect investigation repor ts  
stating that the doubtful supercharger belonged in fact to  No. 1 engine and that investiga 
tion had not revealed any mechanical fa i lure  within the engines except as  a consequence 
of impact and f i re  damage. 

2. Analysis and conclusions 

2. 1 Analysis 

The pre-flight preparation, taxiing and take-off were normal. The a i rcraf t  
took off f rom runway -29 under excellent weather conditions. There i s  substantial 
evidence that No. 4 propeller was feathered soon after take-off and that the.aircraf t  
continued to  maintain its approximate take-off course at  an altitude estimated to  be 
around 250 f t  over flat and open te r ra in  possessing the same elevation as  the airport  - 
t e r r a in  suitable for controllable forced landing with a minimum of hazards.  

Examination of the a i rcraf t  indicated that the undercarriage and the flaps 
were  fully retracted at the t ime of impact and that  the elevator trim was in a fully down 
position. No evidence of p re -c rash  defects or  fa i lure  were  found in  the air c raf t  or  its 
elevator and rudder control systems. 

Examination of the engines and their  propellers revealed that they were not 
under power at the t ime of the accident and that  No. 3 propeller was in a fully feathered 
position and No. 4 propeller at 560, i. e. between full coarse and fully feathered. No 
evidence of any p re -c rash  mechanical fai lure within the engines was found. 

The facts that  on 14 March, p r io r  to landing at Kuwait and again at Tehran, 
cer tain check flight exercises  were  car r ied  out and that during the fatal flight no 
abnormal flying conditions were repoLrted by the a i rcraf t  to  Mehrabad suggest that 
No. 4 propeller was intentionally feathered soon after take-off for simulating an engine 
failure condition at take-off, in the course of a crew checking exercise.  

The fact  that technical investigation established that at impact No. 3 propeller 
was fully feathered and No. 4 at a pitch between fully feathered and full coarse pitch 
suggested that  during this exercise  an emergency condition developed which necessitated 
the feathering of No. 3 propeller and the subsequent unfeathering of No. 4 propeller.  
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2 .  2 Conclusions 

Findines 

There were th ree  pilots in the crew; the pilot-in-command who had a valid 
licence which was due to  be renewed in four days, the co-pilot whose licence had expired 
the day previous to  the accident and a check pilot who had a valid licence and who was 
testing the other two pilots for renewal of their  licences. 

The a i rcraf t  had a valid certificate of airworthiness and had been prpperly 
maintained. 

The weight of the a i rcraf t  a t  take-off was below the maximum permitted and 
the centre of gravity was within the prescr ibed limits.  

The weather conditions at the t ime of the accident were excellent. 

No positive evidences of a p re -c ra sh  mechanical defect, or  fa i lure  that could 
have adversely affected the safe flight conditions of the a i rcraf t  were  found. 

There  was evidence that No. 4 propeller was feathered soon after take-off, 
presumably to  provide a simulated engine fai lure  condition in the course of a crew 
checking exercise. However, the positive findings f rom technical examination a r e  that  
at the t ime of impact the No. 3 propeller was in a fully feathered position and No. 4 
propeller was in a position between the full coarse  and feathered positions. 

Cause o r  Probable cause(s)  

The position of the propel lers  at the t ime of impact would indicate that, a t  a 
time when the No. 4 engine power was off, an emergency condition developed which 
necessitated the feathering of No. 3 engine and the unfeathering of No. 4. Alternatively, 
a loss  of power on the starboard engines could have occurred f rom an erroneous manip- 
ulation of the feathering switches during the course of this assumed crew checking 
exercise. 

In view of the fact  that the fully loaded a i rcraf t  was flying at  a low altitude 
after taking off f rom Mehrabad Airport  which has an elevation of 3 900 f t ,  it is  evident 
that the aircraf t  would not have had sufficient altitude for the pilot to take effective 
recovery action and s o  avoid a crash  resulting f rom the above mentioned loss-of-power 
conditions. 

3. Recommendations 

Meticulous attention should be given to  the compilation of Load Distribution 
and T r i m  Sheets and pre-departure  details, such duties should be done or  be supervised 
by a fully trained and qualified Supervisor. 

A responsible Operator 's Supervisor should be in attendance whenever an 
aircraf t  departs and must  be readily available and remain on airport  stand-by duty for 
a reasonable period after the operator 's a i rcraf t  has departed. 

It is  suggested that pilots should be discouraged from carrying out any 
abnormal operating procedures f rbm a high altitude runway during a commercial  opera-  
tion. Crew check duties should preferably be conducted at the Operator 's  Base. 

ICAO Ref: A R / 8 4 3  
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No. 5 

1 Investigation 

1. 1 History of the flight 

Flight 290 was a scheduled domestic flight f rom Midland, Texas t o  Kansas 
City, Missouri  with various intermediate stops including Tulsa,  Oklahoma. After an 
uneventful flight the a i rcraf t  reached Tulsa  at 2120 hours central  standard t ime  where 
it was refuelled. It took off f rom Tulsa at 2154 with a crew of th ree  and five passengers  
and was cleared for  an IFR flight t o  Kansas City, which was routine up until the  approach 
t o  land. After it reported passing Pleasant  Hill  a t  5 000 ft, the flight was turned by 
Olathe Radar Approach Control over to  Kansas City Approach Control and instructed to  
maintain 5 000 f t  and depart  Blue Springs (VOR) on a heading of 315O, which was a radar  
vector to  the ILS final approach course. The altimeter setting was given a s  30. 32, the 
wind a s  360°/9 kt, and the flight was instructed t o  c i rc le  and land on runway 36. These 
instructions were acknowledged. The flight was then cleared to 2 500 f t ,  vectored to a 
point one mile  north of the outer marke r  on the  final approach and t ransfer red  to the 
local  controller, who cleared it to  land. Having been advised by the controller that it 
could make a straight-in landing, if desired,  and that the wind was 360° at 6 kt the flight 
crew stated that it would land s t ra ight  in on runway 18. Nothing further was heard  f rom 
the aircraft .  

Based on eyewitnesses' statements and flight r ecorder  information the final 
portion of the flight was reconstructed ( s e e  Figure 2) .  The a i rcraf t  passed over the 
runway threshold, with i ts  landing gears  extended, a t  a height of about 80 f t  and a t  an 
airspeed of 132 kt. It then flew over the 7 000 f t  runway in  what appeared t o  be a 
go-around. Its altitude remained practically constant up t o  a point 3 000 f t  after the 
runway' threshold where it s tar ted to  loose height progressively,  reaching a height of 
50 f t ,  it then climbed again up to  a height of approximately 90 f t  which was reached 
shortly after passing the end of the runway, at that point the a i rcraf t  nosed over sharply 
into a steep dive and crashed.  During that same t ime the airspeed which remained r e l a -  
tively constant during the first 700 f t  over the runway s tar ted  to decrease progressively,  
reaching 118 kt at a point approximately 2 200 f t  past  the runway threshold, it then 
increased steadily to  reach  138 kt at the t ime  of the nose-over. The acceleration "G" 
t r a c e  varied litt le from a point about 750 f t  after the runway threshold to  the point at 
which the a i rcraf t  nosed over. However, a t  the  t ime  the nose-over occurred,  the t r ace  
showed a negative excursion, which was terminated a t  -0.9G by the impact. During the 
flight over the runway the a i rcraf t ' s  heading remained within 2O of the published ILS 
localizer heading of 184O magnetic. The a i rcraf t  s t ruck a blast  mound* with its nose 
gear  about 23 f t  right of the extended runway centre  line and 284 f t  beyond the south end 
of runway 18 on a heading of about 1840 magnetic. The a i rc ra f t ' s  attitude at impact was 
m o r e  than 22O below the horizon, wings level. The a i rcraf t  slid over the c r e s t  of the 
blast  mound, sailed over the per imeter  road, struck the side of a r iver  dike and skidded 
over the top of the dike towards the Missouri  River. The main wreckage came to  r e s t  
680 f t  beyond the end of the runway. The accident occurred a t  2244 hours. 

* A large  mound of dirt  that shel ters  the a i rpor t  per imeter  road f r o m  jet blast  
and propeller wash of a i r c r a f t  taking off on runway 36. 
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1. 2 lnJurl . s  to  persons 

;. 3 Damage to  air  craft  

The a i rcraf t  was destroyed by impact and subsequent f ire.  

Others  

- 

-- - 
J~.juries 

Fatal  
- 

t h *)n fatal 
- 

'. ane 

1 .4  Other damage 

No damage was incurred by objects other than the aircraft .  

Crew 

3 

0 

0 

1. 5 Crew information 

Passengers  

5 

0 

0 - 

The flight crew consisted of a pilot-in-command and a co-pilot. 

The pilot-in-command, age 47, held a valid airline t ranspor t  pilot's licence 
and was qualified on severa l  a i rcraf t  types including the Viscount 812. He  had flown a 
total of 18 611 hours which included 3 409 hours on the Viscount. His l a s t  proficiency 
check was given on 5 October 1962 and h is  l a s t  line check was on 29 January 1963, the 
day of the accident. He held a valid f i r s t -c lass  medical certificate with no waivers o r  
limitations. 

The co-pilot, age 36, also held a valid airline t ransport  pilot's licence. He 
was qualified 3 s  a pilot-in-command on DC-3 a i rcraf t  and a s  a co-pilot in DC-3 and 
Viscount aircraft .  His total flying t ime amounted to 5 761 hours,  including 2 648 hours  
on Viscounts. His l a s t  proficiency check was given on 5 October 1962. On 28 January 
1963 he was issued a f i r s t -c lass  medical  certificate with no waivers o r  limitations. 

Both of the flight crew had more  than 24 hours r e s t  before leaving Dallas, 
Texas on the day of the accident. 

A third crew member was also aboard, however, no information concerning 
this person was contained in the report .  

A toxicological examination of the flight crew members  following the accident 
produced no evidence of carbon monoxide, alcohol, drugs or  food poisoning. No de te r -  
mination could be made as  to  the hear t  conditions of the pilot and co-pilot. 

1.6 Aircraft  information 

The a i rcraf t  had flown a total of 12 860 hours. The las t  major inspection was 
accomplished 3 317 hours before the accident, and the l as t  line maintenance 58 hours  
before the accident. 
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No maintenance was requested or performed at Tulsa. 

At the time of take-off from Tulsa the air craft weighed 57 483 lb, which 
included l l  040 ib of fuel and 9 030 ib of payload. Its gross weight and centre of gravity 
were computed to be  within the allowable limits at the time of departure. 

While at Tulsa the aircraft  took on 1 391  ib of fuel. The type of fuel being 
used was not stated in the report. 

1.7 Meteorological information 

The weather forecast i s  stzed to  the crew included the following terminal fore-  
cast information for Kansas City: 

1445 hours 2 000 i't scattered variable to broken; 
mountain standard time: 3 500 f t  overcast, visibility 10 miles with 

occasional Very light snow; wind north to 
north-northwest at 10 kt, gust ing  to 20 kt 

1900 hours: 

23100 hours: 

3 500 f t  scattered variable to broken; 
10 000 f t  broken; visibility 10 miles; wind 
no~th-northwest  15 kt gusting to 22 kt  

little change, wind northwest 15 kt, 
temperature range 25O to  5 O F .  

The Continental Air Lines Conditions Aloft Forecast valid until 0200, 
30 January 1963 predicted "moderate to  heavy mixed icing below 5 000 ft in southern 
Kansas and OWdhomal'. 

A weather observation made at Kansas City Municipal Airport by the U. S, 
Weather Bureau at 2232 hours ( 1 3  minutes prior to the accident) showed the following 
conditions: measured ceiling 3 000 overcast; visibility 12 miles; temperature l T O ;  
dew point 8O; wind north 10 kt; altimeter setting 30.  32.  Another observation made 
3 minutes after the accident was the same except that the wind was north-northwest at 
6 kt. 

.A weather bureau witness testified that light rime ice was possible in clouds 
along the route from Tulsa to  Kansas City and a layer of moderate icing conditions might 
have existed in the Kansas City area. Heavier icing could be expected east of the Kansas 
City area. 

Pilots operating other aircraft into the Kansas City area, shortly after the 
accident indicated that an icing layer existed in the Kansas City a rea  from the cloud tops 
(6  000 f t  amsl) to their bases at approximately 3 500 f t  amsl and reported light to 
moderate icing during let-downs and climbs: The temperature in this region ranged 
frail - Z U  to 12OC. The subject flight was in this icing region 8 t o  fO minutes. 

1 .  8 Aids to  navigation 

The airport was equipped with an instrument landing system for landings on 
runway 18. The inbound heading of the ILS localizer i s  184O magnetic. The 3O glide 
slope intercepts the outer marker, which is 5.5 NM from the approach end of the runway, 
at 2 558 f t  ams3. 
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The day after the accident an FAA flight check of the ILS was carried out, and  
i t  showed that all components of the system w e r e  operating correctly. 

1. 9 Communications 

The flight was i n  contact with Kansas City Approach Control f r o m  shortly after 
2225 hours up until the time the crew advised that they would land straight in o n  runway 28. 

1 . 1 0  Aerodrome and ground facilities 

Runway 18 is 7 000 f t  long, 150 f t  wide and is constructed of concrete. Airport 
lighting consists of a rotating green and white beacon, approach, runway and taxi lights 
with a lighted wind tee. All  lights are manually controlled with variable intensity of the 
approach and runway lights available. All the airport lighting was "on" and operating 
satisfactorily during the t ime of arr ival  of the subject flight. The runway was clear and 
d r y  at the time of the accident. 

1, 11 Flight recorders 

The flight recorder was recovered after approximately two hours exposure to 
g r o u n d  fire, It did not appear t o  have received severe impact damage and the fasteners 
w e r e  locked and safetied. A readout of the recorder tape revealed that fifteen minutes 
before the accident there were nearly continuous excursions of the "Gr' t race  ranging 
generally from a ?: 0 .2G from the normal mean of 1, OG, These excursions stop about 
six minutes before the accident. The altitude trace showed a descent frorn 6 000 to 
3 750 f t  arnsl, and the airspeed indicated an erra t ic  decrease frorn 255 to 198 kt during 
this period of time. The heading t race  indicated a heading change from approximately 
360 to about 295O, 2 - 3 minutes before the accident the heading stabilized on the inbound, 
ILS localizer heading. Approximately 70 seconds before the accident the altitude trace 
showed a break in the descent approximately 100 f t  above the runway elevation when the 
airspeed t race  was indicating about 140 kt. Following this, both the altitude and airspeed 
decreased slowly, The altitude t race  showed a descent to about 80 f t  above the runway 
threshold and the airspeed t race  indicated a decrease to 132 kt at that point, From the 
threshold on, the flight continued as previously described under paragrap,h 1, I. 

1.12 Wreckage 

The wreckage was distributed over an area  approximately 600 f t  long and 
230 ft wide along a general line of 184O magnetic and all major components of the aircraft  
were found in that area. 

r .  

1, 13 Fi re  

Fire broke out foUowbg impact. 

1 . 1 4  Survivd aspects 

No information regarding survival aspects was  contained in the report. 

1 ,  15 Tests and research 

Wind tunnel tests  carried out by the manufacturer to determine the effects of 
various ice formations on the handling characteristics of the air craft disclosed that horn 
type ice formations can be developed on the leading edge of an unheated airfoil in an 
ambient temperature range of -50C to - 10°C. 
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In th is  tempera ture  range the t e s t s  indicated that the t ime required to  produce 
1 - 11 2 inch horn  lengths was about 20 minutes with the contir~uous maximum liquid water 
concentration required by the Brit ish Civil Airworthiness Requirement (0.72 g rams  per 
cubic mete r  with a mean water droplet s ize  of 20 microns) ,  o r  ten minutes with twice 
this concentration of water. 

The manufacturer 's wind tunnel t e s t s  indicated that horn type ice  of the above 
magnitude on the horizontal stabilizer leading edge had a severe  effect on the handling 
character is t ics  especially at la rge  angle of attack of the horizontal stabilizer. The a i r  - 
craf t  anti-icing system has demonstrated capability t o  prevent the formation of horn type 
i ce  o r  t o  shed the ice  i f  it h a s  been allowed to fo rm before anti-icing i s  turned on. * 
These t e s t s  indicated that smal l  isolated runback ref reeze  a r ea s  would occur on the ta i l  
if severe  ice  were allowed to accrue and then normal  heat was applied. The amount of 
runback icing collected during the tes t ,  however, produced no significant lift  distribution 
o r  hinge moment changes. 

Previous Viscount accident and incidents that involved flight in icing conditions 
were  reviewed during this investigation. 

One pilot testified concerning an incident to a Continental Air Lines, Viscount 
812, N 250V involving undetected s t ruc tura l  icing in  the Colorado Springs a r e a  on 
20 February  1963. When 40° of landing flaps were  selected, f rom the 32O position, at 
145 kt, landing gear down, the a i rcraf t  became extremely nose heavy and he  had to  
request  the assis tanceof  the CO-pilot t o  bring the nose back to  the desired descent angle. 
The nose steadied for a very short  period of t ime  and then went t o  an extreme nose high 
attitude, again requiring the efforts of both pilots on the controls t o  force the a i rc ra f t  
back to  the approach attitude. A second se r i e s  of s imi lar  oscillations occurred at  
approximately 130 to 135 kt and then the a i rcraf t  began to  handle in a normal  manner 
with no m o r e  control difficulties encountered during the remainder of the approach and 
landing. 

After landing, the a i rcraf t  was examined and light r ime  ice was found on the 
wings and radome, the propel lers  were  clean and dry, and the horizontal stabilizer and 
vert ical  stabilizer had a concave, cup-shaped buildup of rough r i m e  ice,  approximately 
one inch thick with horns extending diagonally upward and downward approximately one 
and one haif inches into the a i r s t r eam ( s e e  Figure 3) .  

This flight had operated in clouds for  about 10 minutes. The tempera ture  in 
the clouds var ied f r o m  -3% at 7 000 f t  a m s l  t o  -5OC at the cruising altitude of 10 000 ft. 
Propel ler ,  windshield, and engine cowling anti-icing equipment was used but airfoil  anti- 
icing was not turned on. The crew checked the a i rcraf t  visually when clear of the clouds 
at  cruising altitude and saw no ice. The total t ime in clouds following this  observation 
was estimated by the pilot-in-command to be about 2 minutes. The readout of the flight 
recorder  tape was examined by the Civil Aeronautics Board and showed that the a i r c r a f t  
los t  about 200 f t  during the approach oscillations and the acceleration reached a maximum 
of -. 76G and t2.3G before control was regained. 

* With the a i r f rame anti-icing system operating normally, the complete heated a r ea s  
on upper and lower surfaces  can be maintained clear of ice. Small isolated runback 
ice  accretions will occur behind the heated area.  With one heat  exchanger inoperative, 
enough heat is available to  keep the leading edge clear of ice, although a spanwise 
ridge of runback ice will fo rm (on the heated area) .  If horn-like formatidns a r e  
allowed to build up they can be shed within one minute after application of 'heat t o  the 
tailplane. 
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The possibility of the propel lers  going into ground fine in flight was examined 
as a possible cause of the sudden nose-over of the subject flight. Tes t s  were  conducted 
in a Viscount which revealed that with al l  protective devices removed, the propeller  
blade angle will not fine off* to  the cr i t ical  range and cause a pitch down when aborting 
a landing and initiating a go-around under the conditions that existed in this  accident. 

2. Analysis and conclusions 

2. 1 Analysis 

Examination of the recovered control surfaces  and of the available control  
linkage showed that they were  intact a t  the t ime of impact. No sign of binding or  in te r -  
ference to normal  movement were  found. The elevator trim was found at 114 unit nose 
up and the rudder trim at neutral.  No evidence of fretting, binding or malfunction were  
found in the elevator gust lock assemblies.  

Examination of the landing flaps, their  sl ides,  the gear box and the flap 
selector components revealed that the flaps were  at 3Z0 at impact and that  they had 
reached that position by being re t rac ted  ra ther  than by being extended. 

The landing gear  handle, selector valve actuator shaft and the selector valve 
slide were  al l  in the "up" position. Also the manual bypass valve was found closed. 
However, evidences indicated that the nose gear was just out of the down and locked 
position at  impact and that the main landing gears  were in the locked position, although 
the down locks in the left gear  were  9/16 of an inch out of the locked position. 

Recovered components of the air  craft  systems including the autopilot, fue l  
system, de-icing system, flight control, and the hydraulic sys tem showed no evidence 
of other than impact damage, except the high p r e s s u r e  hydraulic f i l ter  cap retaining 
bolts. Three  of the eighteen bolts in each fi l ter  cap were  broken. Laboratory exarnina- 
tion indicated that one and possibly two of these  bolts showed evidence of fatigue failure.  
There was evidence of f i r e  between the cap and the f i l ter  body near  the failed bolts. 

The autopilot controller,  elevator main surface servo,  rudder .main surface 
servo,  and associated wiring aft of the p r e s s u r e  bulkhead were  given a functional t e s t  
which indicated normal  operation was available. The pitch control section of the pedestal  
controller had broken away f rom its mounting and could not be tested. The mechanical  
autopilot connections between the  elevator and rudder were  in place and secure.  

Examination of the engines did not reveal  any evidence of pre- impact  fa i lure ,  
f i r e  or malfunction. The thrott le levers  were found in an intermediate position and f r o m  
a s e r i e s  of four successive propeller  blade slash m a r k s  near  the initial point of impact 
it was deducted that  a l l  four propel lers  were  rotating at  the same speed which was 
computed to  be around 15 000 RPM. The position of the jet-pipe hot air door actuators  
and heat exchanger bypass valve actuators indicated that  the airfoil anti-icing heat  was 
not being used at  impact. 

* "fine off" is  a British t e r m  refer r ing  to  propeller blade angle as  it moves toward - - - 
i ts  minimum angle o r  flat pitch - 
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No evidence was found of operational distress or pre -impact malfunction of 
any engine or electrical driven accessories,  and the radios were tuned to the appropriate 
frequencies. 

The pilot's and co-pilot's altimeters were respectively se t  at  30.23 and 30. 37. 

Air traffic control communications, transcripts and witness statements 
indicated that the flight was normal until the aircraft  reached a point at  or near the outer 
marker.  From the outer marker to the field the aircraft  made a V F R  approach signifi- 
cantly below the ILS glide path and with a consistently high airspeed until shortly before 
reaching the runway threshold. If the crew was having any difficulty at  this time'they 
made no apparent attempt to  execute a go-around. When the aircraft  reached the runway 
threshold the crew was in a position to  land. Even though the airspeed was 22 kt higher 
than prescribed, they were within 80 f t  of the ground. With no obstructions on the runway 
the only reasons for the crew's failure to  land must have been either an unsafe landing 
gear indication or a misjudged landing approach due to the relatively long, low, flat, 
high speed, down wind, final approach. An unsafe landing gear indication could have 
been the result  of hydraulic leaks in the high pressure  hydraulic fi l ters at the points 
where the filter cap bolts failed. There i s  nothing in the evidence to indicate that, at  
this point, the crew was having a pitch control problem. There was no erra t ic  manoeuvres 
The pilot increased his  descent angle at approximately the t ime he intercepted the glide 
slope of the ILS from underneath and he  apparently had an adequate amount of control 
and power neceasary to establish a constant altitude f rom the Bluff Fan Marker to the 
runway. During this t ime neither crew member made any radio transmission. 

The airspeed and height of the aircraft  remained constant for about the f i r s t  
750 f t  of travel over-the runway. This was followed by a sharp decrease of the airspeed 
at  a rate of 1.73 kt/ s ec  with little change in height. The maximum deceleration which 
can be obtained by extending flaps from 0 to 46O i s  0.86 kt/sec. The deceleration 
obtainable by a sudden reduction of power from that required for level flight to flight 
idle i s  2.8 kt /sec with 20° of flaps and 3. 1 M/sec  with 3Z0 of flaps. It was therefore 
concluded that the decrease in airspeed was probably due to both a reduction of power 
and an extention of flaps. 

The height of the aircraft  remained nearly constant up to a point 3 000 f t  after 
the runway threshpld where it started to decrease. The minimum height, about 50 f t ,  
was reached approximately 5 000 f t  down the 7 000 f t  runway, Then the height of the 
aircraft  i nc rea~ed .  The Board concluded therefore that a go-around was initiated at 
this point. However, the prescribed procedure: full-power, flaps retracted to 200, 
landing gear retracted when a ra te  of climb is established, were not apparently followed; 
the flaps were not retracted to 200 and the landing gear remained extended until the time 
of the accident. This might have resulted from the previously mentioned hydraulic leaks 
in the high pressure hydraulic filters. The maximum height reached by the aircraft  just 
aftet the end of the runway, where it suddenly nosed-over was 90 f t .  With all  engines 
operating normally and with its landing gear extended, the aircraft  at  full power should 
have been able to climb at  a ra te  of 960 f t /min with 400 of flaps and of 1 160 ft/min with 
32O of flaps. The fact that the aircraft  did  not gain more than 40 ft indicated either that 
the crew did not apply f u l l  power or  that an abnormal drag did not allow the aircraft  to 
perform normally. The fact that the aircraft  was accelerating and climbing in a normal 
altitude rejected the possibility of a wing stall. 
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The possibility that  any of the pitch control sys tems of the a i rcraf t  might have 
induced the sudden nose-over was examined. A Vicker s representative testified that  
with the elevator fixed and incapable of movement the elevator servo tab and elevator 
t r i m  tab were each capable of providing the equivalent of one degree of elevator deflection 
nosedown. He said that this amount of deflection would be insufficient to force the air- 
craft  into a 22-degree nosedown descent angle in the altitude available a t  the t ime  of the 
accident. Furthermore,  the autopilot which is limited to  2. 5O elevator angle a t  136 kt 
and 3.5O at  109 kt cannot crea te  such a nose-over rotation within the 90 f t  altitude avail- 
able. To  rotate  the aeroplane t o  m o r e  than 22O nosedown, utilizing autopilot input only 
requires  a t  least  350 f t .  

The only ways the a i rc ra f t  could pitch down to an attitude of more  than 
22  degrees below the horizontal, in the altitude available, was by a loss  of down loading 
on the horizontal ta i l  surfaces ,  o r  by pilot induced manoeuvre. There is no evidence to  
indicate that such a pilot induced manoeuvre did occur. The testimony at  the hearing 
indicated that horn shaped o r  concave i ce  formations on the leading edge of the horizontal 
stabilizer can produce a strong nosedown pitching moment when flaps a r e  lowered. This  
type of ice was reproduced in tunnel t e s t s  by the manufacturer, and these t e s t s  have 
shown that a negative angle of attack of the horizontal tailplane increases  when the flap 
angle i s  increased at  a given airspeed,  o r  when the airspeed is increased with a given 
flap setting, o r  when the weight is reduced at a given airspeed and flap setting. Each of 
these conditions requi res  m o r e  negative lift on the tailplane t o  maintain longitudinal 
t r im.  A stability t e s t  performed by the manufacturer showed conclusively that  horn 
shaped ice  formations can produce d ras t i c  reduction in the maximum l i f t  obtained by the 
horizontal tailplane and that the tailplane approaches a stall condition. 

In addition, the t es t s  revealed that with the reduction of negative l i f t  t he re  is a 
change in l i f t  distribution such that elevator hinge moments (and therefore wheel force)  
a r e  increased more  than normal  a s  up elevator i s  applied to  counteract the pitch. Addi- 
tionally, up elevator could increase  the flow separation t o  the point of reducing t a i l  load 
still  fur ther ,  resulting in a sharper  nosedown pitching moment. 

The evidence indicated that moderate  icing was possible in the clouds in the 
Kansas City a r e a  f rom 6 000 f t  down to approximately 3 500 f t .  While no determination 
can be made of water droplet s ize  o r  water density in the cloud, the tempera ture  ranges 
in the cloud were  those which have been established by tunnel t e s t s  a s  having been con- 
ducive t o  the formation of horn type rime ice. The tunnel testing indicated that  f rom 
10 to 20 minutes was required to  establish horn-like ice formations of the s ize described 
by witnesses. However, a Continental Air  Lines pilot's testimony indicated that this 
type of ice formation can occur within 2 or  3 minutes. CAL 290 was in icing conditions 
f r o m  6-8 minutes, long enough to have accumulated ice as  described by other Viscount 
crews and developed during the tunnel tes ts .  

The Continental Air  Lines Viscount Aircraf t  Flight Manual prescr ibed the 
following procedures for use  of the anti-icing systems: 

1. Airfoil Anti-icing "ON" pr ior  to entering icing conditions. 

2. Do not operate Airfoil Anti-icing System on the ground. 

3.  Do not operate continuously in  flight a t  temperature above 1 0 ' ~ .  

4. Wing (and tail) heat "OFF" for landing. 
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5. Windshield Anti-icing will be on "LOW" a t  all times for bird-proofing. 

6. The powerplant anti-icing system may be turned on and left running in 
flight. It mus t  be turned on pr ior  t o  entering icing conditions. 

The testing by the manufacturer indicated that the operation of either one of 
the two heat exchangers produces sufficient heat  at the tailplane to prevent icing even 
under the extreme conditions tested. Heat applied following a buildup of horn type ice 
will remove the ice in one minute or  less .  Runback ice may fo rm under certain condi- 
tions of de-icing ( a s  opposed to  anti-icing), and during the tes ts  r idges of as  much as 
314 inch were  produced. These t es t s  did, however, show that  the re  was no appreciable 
change in elevator hinge moment f rom this type formation. The weather information 
furnished to  the crew indicated moderate t o  heavy icing over southern Kansas and 
Oklahoma, but did not call for icing in the Kansas City terminal  area.  However, the 
terminal forecas t  did indicate cloudiness in the Kansas City a r e a  with sub-freezing 
tempera ture  at  the surface. Assuming that the pilot-in- command followed the estab- 
lished company procedure for using the windshield heat in the low position throughout 
the flight it is possible that no ice  would f o r m  on the windshield. This is normally the 
first indication the crew has that ice  is forming on the aircraft.  Testimony and testing 
indicated that the only way a horn type of i ce  formation could occur on the horizontal 
stabilizer would be if the de-icing sys tem were  not used in  flight through the clouds, or  
i f  the sys tem had failed and no heat was provided to  the tail surfaces. There  is no 
evidence to  substantiate a failure of the anti-icing system. The crew should have 
expected icing in the clouds. However, a s  was the case  with the Colorado Springs crew, 
i f  the windshield anti-icing system was "on" they may  never have seen any indication of 
ice on the a i rcraf t  and therefore not turned on the airfoil anti-icing system. 

The ~ o a r d  believed that  flaps were  lowered to  200 at some point during the 
approach; most  probably at o r  near  the outer marker .  The ice shape was such that 
this amount of flap, at the airspeed involved was not detrimental t o  a i rcraf t  trim. The 
remainder of the approach was made at 20' of flaps until over the runway. When over 
the runway the power was reduced and the flaps were fur ther  extended, probably to  40°. 
When the crew realized tha t  a landing could not be made, power was applied fo r  a go- 
around, the flaps were ra ised  to 32O, and the gear  handle was actuated. As the airspeed 
increased the nosedown pitching moment increased t o  a point where it could no longer 
be counte'racted. This may have been due to  ei ther a progressive loss  of negative lift o r  
a tail stall induced by ext reme up elevator. At this point the a i rc ra f t  pitched over and 
crashed. 

2 . 2  Conclusions 

Findings 

The crew were properly tr'ained and certificated. Crew r e s t  requirements 
before the subject flight had been met, and there  was no evidence of any c r e w  incapac- 
itation. 

The a i rcraf t  was airworthy and had been properly maintained and dispatched. 
Its g ross  weight and centre of gravity were  within the allowable l imits a t t i m e  of 
departure. 

Icing conditions were  existing in the Kansas City areas ,  with temperature 
ranging f rom -Z°C to -12OC. The a i rcraf t  was in the icing region 8 t o  10 minutes. 
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No evidence of f i re ,  malfunction o r  fai lure  of the. a i rcraf t ,  i ts  engines, or  i t s  
equipment pr ior  to  impact were found. However, three  of the eighteen retaining bolts 
on each of the high p re s su re  hydraulic f i l ter  caps were  found broken. This might have 
caused hydraulic leaks and a fai lure of the hydraulic system. 

The Board believed that  the air craft  accumulated ice during its descent t o  
Kansas City. The airfoil anti-icing sys tem was not turned on and the crew was unaware 
of the icing accumulation because the windshield anti-icing system was used continuously. 
In this instance the a i rcraf t  did not reach the angle of attack cr i t ical  for the horn type 
ice formation being car r ied  on the  horizontal stabilizer leading edge, until it passed over 
the south end of the runway and the airspeed increased to approximately 138 kt. At this  
point a combination of airspeed and flap position resulted in an angle of attack at which 
the tailplane down loading was los t  and the a i r c r a f t  pitched over. Although the evidence 
indicated the pilot was attemptingrecovery when the a i rcraf t  s t ruck the blast mound, the 
pitch over s tar ted in an altitude too low to render such action effective. 

Cause o r  
Probable cause(s)  

The probable cause of this  accident was an undetected accretion of ice  on the 
horizontal stabilizer which, in conjunction with a specific airspeed and configuration, 
caused a loss  of pitch control. 

3. Recommendations 

No recommendations were contained in  the report. 

4. Action taken 

Following this accident the Federa l  Aviation Agency took the following co r r ec -  
tive action: 

1. An a ler t  bulletin was issued to  all domestic Viscount operators  
and FAA regional offices advising that both a i r f rame anti-icing 
heat  exchangers should be turned on whenever the indicated 
outside air  temperature is IOOC o r  below, if the re  is any 
possibility of encountering a i r f rame icing; 

2. It proposed amending all  Viscount a i rcraf t  flight manuals as  
follows : 

a) Requirement to  use  both heat  exchangers whenever OAT i s  
10°C o r  below; 

b) A recommendation to  c a r r y  higher power on inboard engines 
during descent t o  increase  hot a i r  m a s s  flow to  wing and ta i l  
surfaces. (Air f rame anti-icing heat  exchanger on the inboard 
engine) 

Additional corrective action taken by the manufacturer included a flight manual 
change that required both heat  exchangers to be on a t  al l  t imes  when the indicated outside 
air temperature is + 10°C o r  below unless it is certain that  no icing conditions will be  
encountered. 
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Also, the Civil Aeronautics Board reviewed the evidence in the record  of the 
investigation of an a i rcraf t  accident involving a Capital Airlines, Inc. Viscount 745, 
N 7437 which occurred at Freeland, Michigan on 6 April  1958*. It then amended the 
probable cause of the accident to  read as follows: 

"The probable cause . . . was an undetected accretion of ice on the 
horizontal stabilizer which, in conjunction with a specific airspeed 
and a i rcraf t  configuration, caused a loss  of pitch control." 

- - 

* A summary of this accident appeared in Aircraf t  Accident Digest No. 10 
(ICAO Circular 59 -AN/ 54). 

ICAO Ref: AR/824 
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No. 6 

Trans  -Canada Airlines, Douglas DC-8F-54, CF-T JM, accident a t  London 
1Heathrow) Airport,  England on 6 November 1963. Report No. EW/C/040, 

dated December 1964, re leased  by the Ministry of Aviation, 
United K i n ~ d o m ,  (C. A. P. 223) 

1. Investigation 

1. 1 History of the flight 

Flight 861 was to  depart London, England for Montreal, Canada a t  20 15 hours  
GMT on a scheduled international flight but was delayed because of fog. At 2045 the 
a i rcraf t  was ready to  depart f rom runway 28L. Before lining up the pilot-in-command 
carr ied out the take-off  check, including the flying controls. The runway visual range 
at that  t ime  was 150 yd. The take-off run was commenced at 2052 hours but was aborted 
after  approximately 500 yd because the pilot-in-command could not s ee  enough lights. 
He informed the control tower that he would turn around and hold until enough lights were  
visible. While backtracking he asked permission to  take off f rom runway 10R (the 
reciprocal  direction) where the fog had been dispersed by his  previous run, but he was 
refused because of inbound traffic on runway 28R. As the RVR on runway 28R had been 
reported to  be 500 yard o r  better during the previous 45 minutes and when it was estab-  
lished by the co-pilotthat the length of this shor ter  runway (9, 312 f t . )  was suitable for 
take-off considering both the aircraf t ' s  weight and the a i r  temperature,  the pilot-in- 
command decided to  take off f rom that  runway. The a i rcraf t  received radar  assis tance 
to taxi t o  the holding point. At 21 14 hours,  the take-off run was commenced. The a i r -  
craft  accelerated normally; a s  the speed increased the nose wheel s ta r ted  hammering on 
the centre line lights and this became a mat ter  of concern to the pilot-in-command. He 
tried to  move the a i rc ra f t  slightly t o  the left  t o  rel ieve the hammering but with fur ther  
increase in speed it did not diminish. When the indicated airspeed was about 132 kt, he 
moved the control column back approximately 5 inches in order  to rel ieve the hammering, 
but since this was ineffective he moved it back a little more ,  s t i l l  without resul t s .  After 
checking the selection of the flaps and the  position of the gust lock lever ,  he made two 
further forward and backward movements of the control column but obtained no response.  
The pilot-in-command la ter  stated that the controls felt  a s  if they were  disconnected. 
He therefore closed the thrott les,  applied the wheel brakes and attempted to  apply 
reverse  thrust ,  but the l evers  kicked back. The a i rcraf t  overran the end of the runway 
at high speed. The captain maintained wheel braking and kept his  hand on the r eve r se  
thrust  levers .  The a i rcraf t  r an  over the clearway, t r aversed  the raised surface of the 
airport  per imeter  road demolishing the frangible fence, struck the concrete foundation 
of a former  road breaking i ts  nose landing gear ,  struck the ILS localiser with its right 
wing, slid ac ross  a ditch 8 f t  wide and 5 f t  deep where the main landing gear collapsed 
and finally came to  r e s t  in a cabbage field, 2400 ft f rom the end of runway 28R approxi- 
mately on the extended centre line and at  a heading of 293O magnetic. 

The accident occurred at  21 15 GMT, during the hours of darkness.  
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1.2 injuries to persons 

1. 3 Damage to  a i rcraf t  

Injuries 

Fatal 

Non fatal 

None 
i 

The air craf t  was extensively damaged. 

1.4 Other damage 

Crew 

1 

6 

The frangible fence on each side of the a i rpor t  per imeter  road was broken 
through by the aircraft .  A 40-ft length of the ILS localizer installation and a substantial 
amount of approach lighting were demolished. 

1. 5 Crew information 

Pa  ssenge r s 

4 

8 6 

The crew consisted of the pilot-in-command, co-pilot, second officer, navigator, 
purse r  and two stewardesses.  

Others 

- 

- 
The pilot-in-command, age 46, held a valid Canadian airl ine t ransport  pilot's 

licence endorsed for DC-8 a i rc ra f t  and a current  Class I instrument rating. At the t ime 
of the accident his total  flying experience was 21 428 hours of which 2 321 hours  were  in 
DC-8 and 140 in DC-8F. He had flown approximately 13 hours  in the seven days before 
the accident and had a 36-hour r e s t  period in London before this flight. 

The co-pilot, age 43, held a valid Canadian airl ine t ransport  pilot's licence 
endorsed for  DC-8 a i rcraf t  and a current  Class  I instrument rating. At the t ime of the 
accident his total flying experience was 15 032 hours of which 530 hours had been as  
co-pilot in DC-8 and DC-8F  a i rcraf t .  He had flown approximately 14 hours in the seven 
days before the accident and hada  3 6 -  hour r e s t  period in London before this flight. 

The second officer, age 29, held a valid Canadian commercial  pilot's licence. 
His total flying experience amounted to  5 824 hours  of which 1 307 had been obtained as  
a second officer in DC-8 aircraft .  In the previo is  seven days he had car r ied  out approxi- 
mately 19 hours flying and had had a 36 -hour r e s t  period in London before- this flight. 

The navigator was also fully qualified. The purser  and the two stewardesses 
had been trained and examined with success  on emergency and evacuation procedures. 

1.6 Aircraf t  information 

The a i rcraf t  had a valid certificate of airworthiness, which was issued by the 
Canadian Department of Transport  on 1 February 1963. The a i rcraf t  had been maintained 
in accordance with an approved system of continuous maintenance, had flown a total of 
1 958 hours ,  and had been checked and certified at London before the subject flight. 
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At the t ime of take-off f r o m  runway 28R it was calculated that  the take-off 
weight was 307 956 l b  and the cent re  of gravity 25, 3% MAC, both within the  p resc r ibed  
l imits .  

Over 16 000 gal of JP-4 fuel were  aboard the a i rcraf t .  

1. 7 Meteorological information 

At 2124 hou, s, nine minutes af ter  the accident, the following special  obse rva -  
tion was made by the meteorological  office a t  London (Heathrow): wind: ca lm;  visibility: 
50 yd; weather:  fog; cloud: sky obscured;  QNH: 989 mb ;  QFE: 986 mb;  t empera tu re :  
+ 10C; dew point: + 1UOC. The runway visual  range (RVR) was var iable  but in gener a1 it 
was lower on 28L than on 28R. When the a i r c r a f t  commenced its take-off on 28R the 
RVR was reported a s  800 yards .  

Rain had fallen during the day and with ve ry  wet ground, cloud thinning and 
tempera tures  gradually falling, the a i r  had become near ly  lOODJo humid, and dense 
patches of fog had formed.  Visibility was extremely variable.  

1.8 Aids to  navigation 

1. 9 Communications 

Communications between the a i r c r a f t  and control tower were  normal .  

1. 10 Aerodrome and ground facil i t ies 

Runway 28R is 9 312 f t  long and 300 f t  wide and has  a 500 - f t  g r a s s  clearway. 
Runway lighting includes a row of hidirectional l ights spaced 80 ft apar t  75  it either 
side of the runway centre  line, and cent re  line lighting consisting of a row of bidirectional 
white lights spaced 100 ft apa r t  along the fu l l  length of the runway. The bri l l iancy of 
these  lights is variable. The l a s t  2 000 f t  of the contact lights ( s i de  lighting) a r e  yellow 
whilst the remainder  a r e  white. The runway threshold ba r  consis ts  of sixteen green  
lights spaced 10 f t  apa r t  which a r e  switched on with the  contact lights. All  of these  
lights were  on ful l  brill iancy during the take-off attempt. 

1. 11 Flight r e co rde r s  

No flight r e co rde r  information was contained in the report .  

1. 12 Wreckage 

Nil.  

. 13 F i r e  

When the a i r c ra f t  came to  r e s t  sma l l  f i r e s  were  burning in No. 1 and No. 2 
engines. Attempts were  made  to  shut off the high p r e s su re  fuel cocks and t o  opera te  the 
f i re-wal l  shut-off valves,  but some of the se lec to r s  would not move the full  length of 
their t r ave l  due to c r a sh  damage. All engine f i r e  extinguisher handles were  pulled. 
Efforts were  then made to extinguish the f i r e s  with portable f i r e  extinguishers.  The 
No. 2 engine fire was reduced by a CO2 extinguisher, however the d ry  chemical  
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extinguisher and a small water glycol extinguisher did not work. The d r y  chemical f i re  
extinguisher was exaxnined and found to operate satisfactorily. It was considered that 
initial failure to operate may have been due to an insufficient charge of gas or compact- 
ness of the dry powder or both, 

The Airport Fire Service, having been alerted by the Control Tower within a 
couple of minutes of the crash, set out, guided by an Airfield Surface Movement Indicator, 
but were  stopped approximately 200 yards before reaching the aircraft  by a 8-ft wide 
ditch. Alternate routes were found, and the first f i re  service vehicle reached the a i r -  
craft s o m e  23 minutes after the accident, the other f i re  and rescue vehicles arrived 
Z minutes later, 

I .  14 Survival aspects 

Upon impact with the ditch al l  the normal lighting in the air  craft was  extin- 
guished and the emergency lighting came on, When the aircraft  came to a stop the 
p u r s e r  opened the main passenger door on the left-hand side and seeing the ground about 
3 f t  below, he believed that the escape chute would be likely t o  obstruct the doorway and 
did not use it, He then opened the galley door on the right-hand side. T h e  emergency 
lighting was not bright enough to enable passenger s  to r e a d  instructions for opening 
exits or ,  in some cases, to release their seat belts quickly. This c a u s e d  some delay, 
but the passengers were evacuated in an orderly manner, using the exits opened by the 
p u r s e r  and two doors at the rear of the aircraft  and an emergency exit on the right-hand 
side, which was opened by passengers. The c rew left by the forward main door, and 
one passenger made his way past: the cargo to the forward door. The c r e w  supervised 
the evacuation and made s u r e  it was complete. Passengers were  coff ected at a paint 
well away from the aircraft, and those with minor injuries w e r e  cared for by the 
stewardesses. 

An unnecessary waste of time resulted for s o m e  passengers from an attempt 
to push out an emergency exit designed to be pulled in. The addition in bold letters of 
the directions "PULL INf1 visible in emergency lighting could help to prevent a repetition 
of such a delay. It was fortui tous that it was on the left  w5ng that two engines were  on 
fire for over 20 minutes, particularly aas there were  over 16 000 gal of J P - 4  fue l  on 
board. It is in the knowledge of these facts that it m u s t  be considered whether there 
were enough exits, No injury was sustained as a result of a shortage of emergency 
exits, but  if the f ire had developed rapidly it might well have been otherwise (See 
Figirr e 41, 

A pertinent aspec t  of the evacuation was the reaction of the passengers to the 
need to evacuate the aircraft quickly. This varied from hysterical anxiety at one extreme, 
to concern only for their hand baggage at the other. 

All passenger and crew seats in the cabin remained in position except for one 
row of three passenger seats which was displaced slightly inboard. The top corner of 
the back rest  of one other seat was bent forward. 

1.15 Tests and research 

Nil. 
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2 .  Analysis and conclusions 

2 .  1 Analysis 

Examination of the engines showed no evidence of p re -c rash  malfunction o r  
b i r d  strike. The thrus t  r e v e r s e r s  in Nos. 1 and 2 engines were  in the r eve r se  position, 
whilst Nos. 3 and 4 engines were  in the forward thrus t  position. 

The two airspeed indicators were  found to operate within the required to le r -  
ances and nothing indicated that  they were  not working properly at  the t ime  of take-off. 

The tai l  plane wasfound in a setting just over 1 3/4O. The emergency a i r  
brake lever  was wire-locked in the "off" position and the anti- skid switch was caged in 
the armed position. The main wheel impressions on the 800 f t  g r a s s  clearway showed 
scuff marks  at  i r regular  intervals consistent with anti-skid brake  operation. 

The first attempted take-off (on runway 28L) was made when the RVR was l e s s  
than 114 mile - the minimum stated in the operations manual for take-off. The RVR at 
the commencement of the take-off attempt (on runway 28R) during which the accident 
occurred was greater  than the minimum required. 

The information passed to the a i rcraf t  by the operator 's  despatch office was 
that the weight was 310,771 lb. and the centre of gravity was 26.5% MAC. In determining 
the data for the take-off on runway 28R no allowance was made by the crew for the fuel 
burned off in taxying and the f i r s t  attempted take-off. It has  been calculated that  when 
the a i rcraf t  reached the point of take-off on runway 28R i t s  weight was 307,956 lb. and 
the centre of gravity was 25. 370 h4AC. The trim setting for  this weight and centre of 
gravity position should be about 2 1/4O nose-up but the t r i m  setting during the attempted 
take-off was 1 3/4O nose-up, the setting derived f rom data given to  the crew by the 
despatch office on boarding the aircraft .  However, it i s  not considered that the incorrec t  
trim setting contributed to-the cause of this accident since the magnitude of the discrep-  
ancy was small and its effect would not be  noticeable at the speeds encountered during 
the attempted take -off. 

Damage to the electrical  and hydraulic systems.  sustained when the a i rc ra f t  
crossed the 8 -foot ditch, precluded movement of the tai l  plane in response t o  any subse-  
quent flight deck action. There  i s  no reason t o  believe that  the tail  plane position was 
altered after having been se t  before the take-off was commenced. The smal l  discrepancy 
of 11 40 between the tai l  plane position indicated by the trim indicator in the cockpit and 
that measured on the extension of the tail  plane screw jacks was not more  than the accept- 
able tolerance laid down in the maintenance manual. 

The pilot-in-command's initial attempt to  stop the nose wheel hammering on 
the centre l ine lights by means of a directional correction was not successful, but 
greater persistence in steering the a i rc ra f t  to one side of the lights while the a i rc ra f t  
was travelling at  a relatively low speed would have eliminated his  motive for lifting the 
weight f rom the nose wheel. In connection with the la t te r  action it should be remembered 
that in circumstances of high a i rc ra f t  weight and a bare  sufficiency of runway length any 
rotation made at  a speed significantly different f rom VR wil l  decrease the safety margin.  
The pilot-in-command s t ressed  that a t  no t ime was any attempt made t o  rotate  the a i r  - 
craft  for take-off. 
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The pilot-in-command abandoned the take-off because he believed there was  a 
serious fault in the elevator system. It has been established that the aerodynamic hinge 
moment contribution to  the control column forces  at VR is less  than 3 ib at any centre of : 

! gravity position. B y  far the greatest  proportion of the control column force is de r i ved  
from the elevator centring spring which was inspected and tested and found to produce 
values within the maker's tolerances. Close examination of the elevator control system . 

has revealed no significant defect;  it is concluded that the pilot-in- command made an 
error in his assessment of its effectiveness, and that the reason the air craft did not 
respond to pulling back on the control column is that the control movements were not 
sustained sufficiently long to be effective, 

According to the flight manual data the runway distance required to enable the 
aircraft at a weight of 307,956 lb to be accelerated to a V 1  of 137 knots and then brought 
to a atop is 7,850 feet in the  conditions which prevailed at the time of the accident, except 
that this figure does not make any allowance for a wet runway. In addition the flight 
manual data are based upon the use of spoilers but na reverse t h r u s t  when the take-off 
is abandoned, but it has been established that in this case a degree of reverse thrust was 
used but the spoilers were  not. However, the dominant factor in the disparity between 
the flight manual data and the distance from the commencement of take-off to the position 
at which the aircraft czunt: to rest is the airspeed at which the take-off was discontinued. 
The flight manual data assume decelerating action is initiated three seconds after V1 
(137 kt in the, accident case) but the take-off was not in fact abandoned unti l  about 
11 seconds after 140 kt was seen cm theco-pilot's airspeed indicator, It has been calcu- 
lated that an indicated airspeed of about 170 kt was achieved by the time the take-off was 
abandoned and that tihe aircraft had then travelled 7 730 ft, so that only 1 582 ft of runway 
remained. Inthese circumstances therewasno possibility of the aircraftbeingbrought 
t o  a stop before the -end of the runway. 

The following factors may have contributed to a build up of tension in the pilot 
in coxnnradBs mind: 

- the prospect that the take-off would be made near maximum weight in 
fag at night on a wet runway; 

- a wait of half-an-hour for start-up clearance; 

- concern over the sufficiency of the runway visual range on 28L; . 

- the need for radar assistance to taxi to the beginning of the runway 
to be used; 

- misunderstanding between the aircraft and the Tower over the  
extent of the centre line lighting on runway 28L; 

- the abandoned take-off on runway 28L; 

- the refusal af permission to take-off on runway 10R; 

- anxiety about the marginal runway fength available on runway 28R; 

- the frequent R / T  instructions and broadcast of runway visual ranges; 
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- the difficulty of taxying in low visibility and the r isk  of taxying 
into obstructions or other aircraft;  

- the implied request to ercnedite take-off on runway 28R because 
of a landing air  craft on final approach; and 

- the repetitious thumping of the nose wheel on the centre line lights 
which the captain was unable to stop. 

However, the extent, i f  any, to which these factors did influence his actions cannot be 
determined. 

2.2  Conclusions 

Findings 

The crew were properly licensed and sufficiently experienced to carry  out the 
flight. 

The aircraft  had a valid certificate of airworthiness and had been properly 
maintained. There was no pre-crash failure of the aircraft, i ts  engines or equipment. 

Visibility at  the time of the take-off was better than the prescribed minima. 

The pilot-in-command abandoned the take-off at  a speed substantially in excess 
of the V1 of 137 M although he  was unaware this was so. 

Extension of the spoilers, in accordance with the drill for an abandoned take- 
off, would have made the braking action more effective and reduced the speed at which 
the aircraft  overran the end of the runway. 

Cause or  
Probable cause( s) 

The pilot-in-command, in the mistaken belief that the elevator control system 
was defective, abandoned the take-off at a speed and position on the runway which precluded 
the possibility of bringing the aircraft  to a halt in the runway length remaining. 

3. Recommendations 

No recommendations were contained in the report. 

ICAO REF: AR/858 



FIGURE: 4 
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No. 7 

British Aircraf t  Corporation Ltd. . BAC 1 11, Ser ies  200. G-ASHG, accident at Cra t t  Hill, 
1 - 114 miles NNW of Chiclade, Wiltshire. England on 22  October 1963. Accident Report  

No. E W /  C/039, dated November 1964, re leased  by the Ministry of Aviation, 
United Kingdom. (C.  A. P. 219)  

1. Investigation 

1. 1 History of the flight 

The a i rcraf t  took off at 1017 hours  GMT f r o m  runway 10, at Wisley Aerodrome 
on its fifty th i rd  t e s t  flight. It was to  ca r ry  out stalling t e s t s  in al l  configurations with 
the centre of gravity a t  0. 38 SMC (standard mean chord), the fur thest  aft l imi t  for  which 
the a i rcraf t  had then been cleared. Based on the radio-telephony conversations recorded 
in the Wisley Tower and the flight r eco rde r s  ca r r i ed  aboard the a i rcraf t ,  the flight was 
reconstructed. Following take-off the  a i rc ra f t  climbed in visual meteorological conditions 
on a westerly heading to 17 000 f t  while monitored by Wisley radar .  At 1026 the co-pilot 
reported that they were about to  commence t e s t s  a t  flight level 170. By 1035, four s ta l l s  
had been completed with the undercarr iage and flaps up. The co-pilot acknowledged a f i x  
f r om Wisley at 1036 hours  and nothing further was heard f rom the aircraf t .  The flaps 
were then lowered t o  to  investigate the stalling character is t ics  in this  configuration. 
The s ta l l  was initiated about two minutes after the l a s t  contact, when the a i rcraf t  was 
between 15 000 and 16 000 f t .  Approach t o  the stall appears  to  have been normal.  When 
attempting recovery, the elevators responded initially to  the control movement but sub- 
sequently floated to the fully up position in spite of a l a rge  push force  on the control 
column. The a i rcraf t  then descended in a substantially horizontal fo re  and aft attitude 
at about 180 f t /sec.  During the descent it banked twice to  the right and once to  the left  
and a t  one stage the engines were  opened up t o  full power. This action resul ted i n  a 
large nose-up pitch which was followed by a pitch down when power was taken off. The 
aircraf t  then assumed the substantially horizontal attitude in which it made impact with 
the ground . 

The final portion of the flight was observed by numerous eye witnesses who 
commented on the low level  of engine noise and a sha rp  repor t  f r o m  the a i rcraf t  which 
was heard  while it was in the a i r .  The a i rc ra f t  had approached f rom the southwest, in 
a stable stalled condition, and crashed at about 1040 hours  in a flat attitude. Following 
impact, the ai rcraf t  moved forward about 70 f t  and sorrle 15 f t  to the right before coming 
to res t .  It exploded and caught f i re .  

1.2 Injuries to persons 

Injuries 

Fatal  

Non fatal 

None 

Passengers  Crew 

7 

Others  
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1-3 Darnaae to aircraft 

Fire destroyed the fuselage and starboard wing. 

N o  damage was sustained by ~b jec t s  other than the aircraft. 

1.5 Crew information 

The crew was made up of the following: a pilot-in- command, a co-pilot, 
3 flight test observers, an aerodynamicist and a designer. 

The pilot-in-command, age 43, was deputy chief test pilot of Vickers- 
Armstrongs (Aircraft) Ltd. , and the senior project pilot on the One -Eleven. On 
20 August 1963 he flew as GO-pilot on the first flight of the One- Eleven and had subse- 
quently taken part in almost a13 the t e s t  flying of this aircraft, as either pilot-in- 
command or co-pilot. He had taken part in each of the flights during which stalls had 
previously been carried out. H e  was a M b i s t r y  af Aviation approved test  pilot, H e  
had flown a total of 5 385 hours, over 2 000 of which were  flown on multi-engined 
air erdt and included 78 on the One-Eleven. 

The co-pilot, age 46, joined Vickers -Arrnstrangs as a test pilot in 1953. His 
first flight on the One-Eleven was made on 20 September 1963 when he flew as co-pilot 
with the subject pilot-in-command and since that time had flown for 13- 1 /2  hours as co- 
pilot and two hours as pilot-in-command. He had flown a total of 9 648 hours.  He was 
a l s o  a Ministry of Aviation approved tes t  pilot. 

N o  information was contained in the repoxt regarding the  other per sons 
aboard the aircraft, 

1.6 Aircraft information 

G-ASHG was the first One-Eleven to be campleted by Vickers-Armstrongs 
(Aircraft) Ltd. and flew for the f i rs t  time on 20 August 1963. Since that time it had 
flown 52 t e a t  flights which involved 8 1 hours of flying. At the time of the accident it 
was carrying out a flying programme prior t o  obtaining a certificate of airworthiness 
for airline service, It was being flown under the B Conditions of the Air  Navigation 
Order, 1960; a certificate of safety for flight had been completed on the day of the 
accident at 0900 hours. 

The elevators of the aircraft were aerodynamically operated by tabs conCrolZed 
by a duplicated cable control system, They were in twu independent sections but linked 
through their control systems at the top of the fin and at the flight deck. A hydraulic 
artificial feel simulator was coupled to the right-hand elevator control circuit in the rear  
fuselage to give control feel in flight. 

Longitudinal trim was effected by a variable incidence tailplane powered by 
duplicated hydraulic motors. The range of the tailplane setting was from 3 O  leading 
edge up to 120 Leading edge down. 

Lateral control was  by means of s ervo-tab operated ailerons supplemented by 
hydraulically operated spoilers which also acted as air  brakes when deflected syrnmet- 
rically, 
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Special t e s t  instruments shown to the pilot included elevator angle indicators 
which showed the position of both the por t  and s tarboard elevators. There  was a l so  an 
angle of incidence indicator which gave the a i rcraf t ' s  body incidence. A vane on the side 
of the fuselage provided the sensing unit and the indicator was calibrated in accordance 
with the resul ts  of wind tunnel tests .  The scale  on its dial read f rom 200 to  - l o0 ,  but 
the instrument was capable of indicating to  250. It is not known how the instrument 
would have behaved when body incidence exceeded 250. 

The air  craft 's  gross  weight was 70 125 lb, i. e. below the maximum pe rmis -  
sible of 73 500 lb. As stated, the centre of gravity was 0. 38 SMC, the furthest  aft 
position for which the a i rcraf t  had been cleared. The design range of the cent re  of 
gravity was 0. 11 to  0.41 SMC. 

The a i r  craft  car r ied  2 200 gal of kerosene. 

1.7 Meteorological information 

Weather conditions had no bearing on the accident. 

1. 8 Aids to  navigation 

Not relevant t o  the accident. 

1.9 Communications 

Communications between the a i rcraf t  and Wisley tower were  recorded. The 
co-pilot was in contact with the tower up until 1036 hours,  i. e. about 4 minutes pr ior  t o  
the accident. 

1 1 Aerodrome and ground facilities 

Not relevant to  the accident. 

1.11 Flipht recorders  

The following types of flight recorders  had been installed in the a i rc ra f t  for 
accident investigation purposes : 

1) a Midas Type CMM/24/7S/E; and 

2) a Colnbrook Instruments Development Ltd. (CID) Type 02E 

The Midas is a magnetic tape recorder  capable of dealing with 270 inputs and 
on this occasion was being used to  record  59 parameters .  It was installed in the top 
starboard s ide of the r e a r  fuselage. The associated amplifiers were  fitted t o  one of the 
special bulkheads in the cabin. The recorder  was a casset te  type, designed to  eject  
automatically when subjected to heat  or  immersion in water; the ejection mechanism 
was to be f i red  electrically by power supplied f rom special batteries. The sampling 
r a t e  was once per  three  seconds for most  of the parameters ,  but five were  sampled 
every half second. Aircraft  heading was intended to  be recorded but for this  flight no 
serviceable heading source was available. This recorder  broke loose f rom its attach- 
ment upon .impact with the ground, owing to  the high inert ia forces. It fell  through a 
split in the r e a r  fuselage onto the ground and was recovered about 15 ft behind the t a i l  
of the aircraf t ,  untouched by the f i re .  
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The CID recorder  was fitted in the cabin inside a s teel  fireproof box. It re-  
corded photographically on paper and gave continuous recording of 10 inputs, including 
altitude, indicated airspeed, normal  acceleration (g), and elevator, aileron and rudder 
angles. It had no automatic ejection mechanism but relied upon i t s  s t ructural  integrity 
t o  survive fire and crash.  This recorder  had been in the hear t  of the f i re  and much of 
the t r a c e  information was lost,  but the elevator angle t r ace  remained legible. 

1.12 Wreckage 

At impact the a i rcraf t  was on a heading of 3240 magnetic, almost level  fore  
and aft, banked about 3O to  the left and skidding slightly to  the right. The accident 
occurred on level ground at about 700 f t  amsl. 

The marks  on the ground and the wreckage distribution showed that the ra te  
of descent had been very high and the forward speed low. There was no evidence that 
any pa r t  of the a i rcraf t  became detached in the air .  

1. 13 F i r e  

F i r e  broke out following impact and destroyed the fuselage and the starboard 
wing. 

1. 14 Survival aspects 

The inspector who completed the certificate of safety assis ted both pilots t o  
fasten their safety harnesses  and ensured that everyone had a parachute which was 
properly adjusted. 

Two emergency escape exits had been provided for the crew, one at  the 
forward freight loading aperture  on the lower s tarboard side of the fuselage and the 
other using the r e a r  ventral passenger entrance situated in the aft end of the fuselage. 

For  the first a special door was made and was kept in position by 38 explosive 
bolts. A vertical  tunnel led to  the door f rom the cabin floor. The tunnel s t ructure was 
spring-loaded to  exert  an outward p re s su re  on the door. The explosive bolts were con- 
nected t o  their  own battery and could be f i red by a switch on the pilots' centre pedestal 
or  f rom a s imilar  switch situated at  the entrance t o  the tunnel. It was intended that i f  
the bolts were fired,  the door should fall  away allowing the tunnel s t ructure t o  slide 
down until its upper end was level with the cabin floor and its lower end protruded into 
the a i rs t ream,  thus providing the crew with an escape chute. Following the accident 
the forward freight-hold door and the remains of the door f rame were  found in the 
wreckage, both partially melted and burned. Th& door was not in its f rame,  and was 
inverted and trapped between the fuselage and the ground. All the explosive bolts r e -  
covered had been detonated. It is considered they were  f i red by action of the crew 
rather  than by the heat of the f i re ,  because the lat ter  could not have resulted in the 
door being jettisoned and inverted and a careful search of the ground beneath the door 
failed to  reveal  any sign of the bolt heads. 

The r e a r  escape exit was a modification to the r e a r  ventral entry door. After 
opening the r e a r  p r e s su re  bulkhead door, the crew could jettison the ventral  door by 
means of a foot-operated lever. 

However, although two emergency escape exits were available and each 
occupant had a parachute, no one escaped. 
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Tes ts  and r e sea rch  

The Board of Inquiry examined what theoretical  and wind tunnel investigations 
into the stalling characterist ics of the One-Eleven had been made and the extent t o  which 
they gave warning of the possibility of difficulty at high angles of incidence. In this  con- 
nection the Royal Aircraf t  Establishment analysed the aerodynamic character is t ics  of the 
aircraft  and the results  of BAC wind tunnel tes ts ,  and applied the resul t s  of these  analyses 
to the flight t e s t  data obtained f rom flight recorder  information. 

P r i o r  to  the commencement of flight testing, wind tunnel t e s t s  which were  con- 
ducted into the variation of lift and pitching moment with incidences for the range 00 t o  
280 revealed that the stalling behaviour of the a i rcraf t  was characterised by a fair ly  
sharp drop in lift  coefficient a t  about 190 incidence. 

The onset of the stall extended over the range 15O - 190 and towards the end of 
this range the aircraf t ' s  pitching moment showed a marked nose down tendency; the la t te r  
however was not very la rge  o r  long-lived in t e r m s  of persis tence with inc rease  of inci- 
dence. On the contrary, by 25O incidence, t he re  was evidence of a pitch-up tendency in 
the pitching moment character is t ics  of the aircraft .  

It should be remembered that subjecting an a i rcraf t  t o  a sudden loss  of l i f t  is 
equivalent to  an instantaneous decrease  of normal  acceleration ( r e f e r r ed  t o  a s  the g-break) 
which in turn leads to  an increase downwards in the normal  component of velocity and thus 
an increased incidence. It is thus possible for the incidence to increase  with l i t t le o r  no 
rotation of the aeroplane. Other changes will occur in the flight condition ar is ing f rom 
changes in drag and pitching moment but these a r e  more  indirectly related to  incidence 
than is the g-break. 

Exploration of the stalling character is t ics  of the aeroplane was begun in  e a r -  
nest of Flight 47, on 16th October, with a forward CG position. The pilot-in-command 
of the fatal flight was co-pilot on Flight 47. The briefing sheet  for this flight gave an 
incidence for each of the five configurations in which stalling was t o  be conducted. 
These were: - 

Configuration Incidence 

Clean 16O 

8O flap, undercarriage up 150 

18O flap, under car r iage  down 140 

260 flap, undercarriage down 1 3 O  

45O flap, undercarriage down 120 

The pilot's repor t  repeated these figures, re fer r ing  to  them as  the "limiting incidencet1. 
Twelve s tal ls  were car r ied  out and the pilot's r epor t  indicated the maximum incidence 
angles reached in the five configurations were  230, 19O, 210, 200 and 170. Examination 
of the flight tes t  data shows that  the actual maximum figures recorded were  2 10, 20 1/2O, 
23 V20, 26O and 16O respectively. The pilot stated that he  exceeded the limiting inci- 
dence figures for he considered that at the limiting figures, information gained on the 
flight would be small  and that, in order  to produce the king of data required,  greater  
angles of incidence would have to  be achieved. He believed that  he had to  get to, o r  
close to, the stal l  in order  to get any useful and necessary data on the recording film. 
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H e  therefore reached indicated angles that were considerably in excess of the limits. 
On none of the stalls did he have any ser ious qualms about the behaviour of the aeroplane, 
nor any difficulty in recovering, j 

4 
Following Flight  47 it was pointed out 'that the Iirnits set for the dngles of inci- 

dence were conservative and made no allowance far scale  effect which would delay the 
onset of changes in the flow ( e ,  g ,  incidence for the maximum lift coefficient of the wing: 
CL max.) by some 30 to 40 of incidence ful l  scale compared with the wind tunnel t e s t s .  

Flight 48 was made on 18 October to measure GI, max, The pilot-in- cornmarid 
of that flight was the same as on Flight 53. Twenty five stalls were carried out in the 
s a m e  five configurations and with a forward position of the centre of gravity. Accord ing  
to the pilot's report the incidence angles reached were 210, 2i0 ,  20°, 19* and 1 6 O  respec-  
tively, whereas the flight t e s t  data showed maximum angles of 2Z0, 230,  25". 2 3 O  and 2 la 
with the minimum speeds very much as they had been on the previous flight. The d i f f e r  - 
a c e s  between the two s e t s  of figures are explained f rom the fact that pitch and incidence 
would continue to increase by one or two degrees due to- dynamic overshoot after initiation 
of recovery action and that the figures in. the pilot's reports were readings of a small d i a l  
which was not graduated beyond 20°;  the co-pilot who made the readings was also engaged 
in observing and recording ather matters, The pilot-in-command commented in his 
report that apart from those with 450  flap, when the right wing drop appeared to be a 
limiting factor,  he gained the impression in the other configurations "that it should be 
perfectly possible to fight onet s way through. the wing drop''. 

Following these remarks on the Lateral control characteristics in turbulence 
on the approach, a modification to  the aileron tab/ spoiler linkage was made before 
Flight 52 to provide for only one degree of ailer an movement from neutral instead of 
four degrees before the commencement of spoiler movement, This r e s u l t e d  in improved 
la$eral control at small deflection, but the, maximum rolling moment available remained 
essentially the same,  

After the  accident, more extensive wind tunnel tests w e r e  made by RAG fr am 
which l i f t  and pitching moment coefficients over the incidence range of Oo to 450 were 
obtainable, The behaviour of the servo-taboperated elevator control system was studied 
over the s m e  range. From these t e s t s  a number of important deductions have been 
possible relating to  the behaviour of the aircraft in its final stall. 

The basic factor in the final pitch-up tendency displayed by the pitching moment 
curves is the loss of effectiveness af the tail as aircraft incidence is increased. This is 
acconnpanied by a loss of elevator effectiveness, which is sufficiently large to render  
recovery from an excursion into the post-stall region difficult. 

An analysis of the hinge moment characteristics of the elevator shows that as 
body incidence is increased the up-floating tendency of the elevators increases and at 
large incidence (about 4O0f can reach a stage when it is no longer possible to prevent 
the elevators moving into an up position even though the tab is held in its fully up p o s i -  
tian, 

Fron static considerations it was concluded that there was insufficient ele- 
vator power to maintain a nose-down pitching moment beyond about 36O incidence and 
that therefore beyond this f igure  recovery would not be possible even with fu l l  down 
elevator, Furthermore at s o m e  incidence in the region of 45O with fully down elevator, 
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and 50° with elevator fully up, it was evident that  the aeroplane would "lock in" to  this  
incidence. This la t ter  deduction was consistent with the behaviour of the aeroplane a s  
shown by the flight r ecorders .  

The preceding discussion on elevator effectiveness applies to  the a i r c r a f t  
configuration a s  a t  the t ime of the accident and i s  t o  a la rge  extent independent of the 
type of longitudinal control used within the s ame  tailplane geometry. As mentioned, the  
elevator hinge moment is appreciably affected by incidence. This  effect is such that,  
although the amount of down-elevator that  can be held by full up t ab  dec reases  p rog re s -  
sively with increase  of incidence beyond 27O, it is still possible t o  hold some down-ele- 
vator to somewhere in the neighbourhood of 40° incidence. 

The type of longitudinal control, therefore ,  i s  a feature  which does not in 
itself prevent recovery,  but coupled with the pitching moment charac ter i s t ics  makes  
recovery more  difficult. In part icular  i f  the st ick i s  held central ly (nea r  z e r o  s t ick 
force) ,  then, under s ta t ic  conditions, the elevator would assume an upward deflected 
position. Fur the rmore  just beyond the l imit  of incidences reached in Flights 47 and 48, 
that is beyond 250, the angle assumed by the elevator would be quite large.  However 
in view of the much reduced elevator effectiveness this  up-elevator would have a r e l a -  
tively smal l  effect on the r a t e  of build-up of incidence. 

2. Analysis and conclusions 

2. 1 Analysis 

Examination of the  wreckage revealed that  the landing gear and flaps w e r e  
fully re t rac ted ,  the tailplane at  a setting of 1°33' leading edge up (i. e. t r imming the 
a i rc raf t  nose down), the elevators up and the engines rotating at  idling speed at  impact. 
No evidence was found of: 

. 
- jamming or  fouling of the elevators at  their  hinge points; 
- pre -c rash  damage or  defects of the servo  and gear tabs ,  

hydraulic gust dampers ,  ai leron and rudder control system,  
elevator control c i rcui t  and engines. 

In analysing the flight r ecorder  t r a c e s  of the final s ta l l  in the light of the  
resu l t s  of the  theoretical  considerations discussed in paragraph 1. 15 it must  be empha- 
sized that the recordings a r e  open t o  a certain amount of variation in  interpretat ion,  
largely because the sampling r a t e  of the  elevator st ick fo rce  and the servo- tab  angles 
was once every t h r ee  seconds: fur ther ,  the incidence recording stopped a t  25O. A 
continuous t r a c e  of the  all-important elevator angle was, however, available. A t ime -  
history for the 140 seconds before ground impact based on Midas recorder  data supple- 
mented by that  f rom the CID recorder  i s  shown in Figure 5. Relevant portions of this  
have been plotted to a t ime base with a ze ro  for an incidence of the o rde r  of 16O t o  170, 
as  shown in Figure 6. 

On al l  the runs  of this  flight the elevator deflections a r e  generally m o r e  oscil-  
latory than on previous occasions. A number of factors  would contribute to  this ,  the 
pitching moment variation with incidence for incidence beyond 20° or  so,  the g rea te r  
sensitivity of the a i rc raf t  at an aft centre  of gravity and the fact  that  incidences where 
hinge moment changes were  taking place we re  being reached just before or during r e -  
covery. 
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The attempt by the pilot t o  recover i s  shown by the change in direction of ele-  
vator movement at around 9 seconds on the t ime  scale  ( s e e  Figure 6). A number of 
things may have prompted this action and it is by no means clear what, for example, 
was the tab  position or  the stick fo rce  just previous to  this. He may have been faced 
with an unexpected up-elevator position or he may have been alerted by the incidence 
mete r .  Whatever was the exact sequence of events it is certain that  incidence would 
have continued to  increase during the recovery attempt. According to  the analysis of 
the hinge moment data an incidence of about 40' or  more  was reached, since it will be 
seen that at about 13-14 seconds the elevator "up-floats" to reach a fully up position 
shortly after. 

As has been noted, beyond an incidence of about 36O a fully down elevator does 
not provide a sufficiently la rge  nose-down pitching moment contribution to resul t  in an 
overall pitching moment in the recovery sense. Hence, even i f  the elevator had been 
maintained in a fully down position, recovery f rom the flight conditions prevailing would 
have been ruled out. In fact with the elevator virtually locked in its up position the inci- 
dence will increase further till the a i rcraf t  reaches  the stable equilibrium state at about 
50° incidence. 

The t ime history in Figure 5 indicates that a s  the a i rcraf t  entered the stal l  
there  was a tendency to a wing drop which was corrected by the pilot. Subsequently 
during the deep s ta l l  the a i rcraf t  banked successively right, left, then right again. At 
the high incidence conditions prevailing during the descent the aileron rolling effective- 
ness would fall  off to such an extent that the ailerons become of l i t t le value as a ro l l  
control. Nevertheless, since the tab, aileron and spoiler movements a r e  consistent, 
it can be concluded that  the pilot was moving his l a te ra l  control deliberately; but it 
should be remembered that some movement of the ailerons would resul t  f rom the inci- 
dences induced by the a i rcraf t ' s  motion and, in the absence of wheel and rudder pedal 
force records,  this tends to  obscure the picture. However, the movement of rudder 
and ailerons i s  not inconsistent with an attempt by the pilot to regain control by putting 
the a i rcraf t  into an appreciable asymmetr ic  flight condition. At impact minus 50 seconds 
when the pitch angle was 4O nose-down, full power was applied f rom both engines and 
maintained for about 15 seconds. This application of power was accompanied by a rapid 
pitch-up reaching 17O nose-up; power was then reduced by the pilot apparently t o  prevent 
continuation of the. pitch -up. 

Whilst there  i s  some lack of evidence on the pilot's intentions in this stalling 
test ,  the t r aces ,  taken together with the pilot's r e m a r k  after previous stalling t es t s  that 
it should be possible to  fight one's way through the wing drop, a r e  not inconsistent with 
an attempt to  reach a s ta l l  as defined by the Brit ish Civil Airworthiness Requirements. 
As a result ,  the a i rcraf t  penetrated further into the post-stal l  region than it had been 
taken previously and reached the stable stalled condition f rom which recovery was not 
possible. 

Possible contributory factors t o  the accident were  examined as  follows: 

a) were the design and wind tunnel investigations ca r r i ed  sufficiently far: 

b) were the flight t e s t s  organised and conducted with sufficient prudence 
to  obviate unnecessary risk:  and 

c) were additional safeguards warranted having regard to  the nature of 
the t es t s  undertaken. 



ICAO Ci rcu la r  78-AN166 6 3 

a) Thc,re was  evidence in the  wind tunnel t e s t s  of a f a i r l y  s h a r p  drop in the  
l i f t  coefficient assoc ia ted  wit11 the  onset  of the s t a l l ,  and a nose-down tendency in t h e  
pitching moment .  :E was  expected that  in flight t he re  would be a pronounced nose-down 
pitch a t  the s ta l l ,  providing the  approach to  the s t a l l  was  gradual .  The evidence of a 
pltch-up tendency which was  appearing by 25O incidence in the  wind tunnel t e s t s  was  not  
intc :-preted a s  a m a t t e r  demanding spec ia l  precaution;  the  VC. 10 technique which it had 
been decided should be  used in exploring the  One-Eleven stal l ing cha rac t e r i s t i c s  was  
consideyed to  b e  suff ic ient ly  cautious t o  avoid difficulty. Against  th is  background i t  

b c  ' aid that  the  design and wind tunnel investigations should have been c a r r i e d  
f u r t h e r  tharl they were .  

b) The  technique followed in the VC. 10 stal l ing p r o g r a m m e  consis ted  of 
taking the  a i r c r a f t  up t o  o r  jus t  beyond the  angle of incidence a t  which wind tunnel  t e s t s  
had shown CL m a x  to  occur  s o  tha t  exper ience  and information would be built  up gradual ly .  
During the  ini t ial  s ta l l ing  tests (F l igh t  47) of the  One -Eleven,  however,  the  angles  of i nc i -  
dence based  on wind tunnel t e s t s ,  which w e r e  provided a s  a guide to  the  t e s t  pi lots ,  w e r e  
considerably exceeded, but a s  explained, no allowance fo r  s c a l e  effect had been made  
when establ ishing these  incidence values.  Never the less  i f  the VC.  10 s t a l l  investigation 
technique had been closely followed in th is  ca se  the One-Eleven stal l ing t e s t s  would not 
have been taken s o  f a r ,  s o  fas t .  The  apparen t  l ack  of concern  af ter  Fl ight  47 appea r s  t o  
have been based on the  expectation that  a pronounced nose-down change of pitch would 
occur and a l s o  on the innocuous s ta l l ing  behaviour r epo r t ed  by the pi lots  af ter  tha t  flight. 
Since no s t eps  w e r e  taken e i ther  t o  warn  t h e m  of the  spec ia l  f ea tu re s  revea led  a t  angles  
above 25' during the  wind tunnel t e s t s  or  t o  l a y  down new "limiting" angles a s  a guide o r  
t o  f i t  a  new incidence m e t e r ,  the pi lots  m a y  well  have in te rpre ted  the  position as one in 
which the  s t a l l  could be explored not  only a t  the higher  angles then reached  but even - 

beyond. It appea r s  tha t  the  pi lots  t hems~e lves  w e r e  u n d e r t h e  impres s ion  that  an i n c r e a s e  
of incidence would b e  assoc ia ted  with a v is ib le  pi tch-up which would give t h e m  adequate 
warning t o  r e c o v e r ;  they had probably not  apprecia ted  tha t  not only would incidence con- 
tinue to  i n c r e a s e  af ter  the g -b reak  with no visible  pi tch-up but tha t  it would i n c r e a s e  a t  
a much higher  r a t e  than previously.  But  although the pilots had not been warned tha t  i f  
incidence reached a sufficiently high angle a s table  stall was  a r e a l  possibi l i ty  and 
recovery  t h e r e f r o m  m o s t  unlikely, t h e r e  was  s o m e  knowledge among t h e m  and the  
aerodynamicis ts  of difficulties tha t  had occu r red  during stal l ing t e s t s  of mi l i t a ry  a i r -  
craf t  with T - t a i l s .  It s e e m s  reasonable  to  conclude, t he re fo re ,  tha t  a s  by 250 i n  t h e  
wind tunnel t e s t s  the  nose-down tendency in the  pitching moment  gave way t o  a nose-up  
tendency, and a s  the  f i r m  had  a genera l  background knowledge of s tal l ing prob lems  
which had a r i s e n  with T-tai l  a i r c r a f t ,  s tal l ing t e s t s  should have  been m o r e  cautiously 
approached, m o r e  closely control led and m o r e  careful ly co r r e l a t ed  with wind tunnel  
and flight r e c o r d e r  data.  

c) The  safety devices which w e r e  provided o r  could have been provided 
aboard the  a i r c r a f t  w e r e  d iscussed:  

T a i l  P a r a c h u t e  Considera t ion had been given in  the  c a s e  of the  One-Eleven,  
a s  in tha t  of the  VC. 10, t o  the  fi t t ing of a t a i l  parachute .  The  m a t t e r  was  being kept  
under review and no final decision had been made ,  although it had been intended that  a 
parachute  should be  fi t ted before  the  a i r c r a f t  made  a dynamic s ta l l ,  thus  significantly 
exceeding the  s tal l ing incidence. The  retent ion of the  m a t t e r  under review and defe r r ing  
of a decision t o  f i t  w e r e  influenced by the  t i m e  that  would be taken for  such a modif icat ion 
and acceptance tha t  the  policy of ' g radua lness1  in re la t ion  t o  s tal l ing would e n s u r e  safety.  
Wind tunnel t e s t s  c a r r i e d  out by BAC s ince  the  acc iden t  indicate that  with the  e leva tors  
in effect locked up and with t h e  a i r c r a f t  in a s tab le  s ta l l ,  a t a i l  parachute  of the  type it 
was intended t o  f i t  would not  have given sufficient pitching monlent t o  pro\.iclc for r ecove ry .  
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Incidence Meter As mentioned previously, the presentation of body inci- 
dence to the pilot was achieved by means of a small dial and pointer; Although the 
graduated range of the instrumenr was f rom 20° to - lo0  the pointer was free to move to 
a position equivalent to 25O, where it might either have stopped of flicked to some 
spurious reading quite unrelated to the vane position. It seems probable that the pilots 
were unaware of this characteristic of the instrument; the possibility that they were 
misled by i ts  reading cannot therefore be dismissed although the evidence suggests they 
were not working to an incidence limitation but were attempting to reach a clearly defined 

. skUqL Incigigpcg in excess of the maximum reading of the instrument had been recorded 
during Flights 47 and 48 and it  should have been clear that the range of indication provided 
was insufficient to present the pilots with a means of monitoring the incidence reached 
during stalling trials. It would consequently have been prudent to replace the incidence 
meter used by one capable of registering appreciably higher incidence, irrespective of 
whether there was any intention of exploring this region immediately. 

Escape Two emergency escape exits were provided in the aircraft  and each 
occupant had a parachute, nevertheless, no-one escaped. 

Although it may be expected that there was considerable alarm at the rapid 
loss of height, it seems reasonable to accept that no question of abandoning the aircraft 
arose until all possibilities of recovery, culminating in the application of full power, 
had been attempted. When this had been done the aircraft  was probably at just under 
5,000 feet with less than 30 seconds to go before impact. There is evidence that some 
attempt was made t o  abandon the aircraft  at a very low height, probably far less  than 
5,000 feet, since 

(i) witnesses heard a sharp report, which could have been the firing of 
the explosive bolts on the forward escape exit, when they estimated 
the height of the aircraft  to be a few hundred feet; after the crash 
the door was found trapped between the fuselage and the ground in 
an inverted position still  partly covering the door opening and two 
of the occupants were near this exit; 

(ii) although the rear ventral door (second escape exit) was in position, 
two of t@e occupants were some distance towards it. 

In test  and experimental flying there must at times be a degree of hazard, 
and a pilot will continue to investigate an unusual or difficult situation while any posaib- 
ility of recovery exists. Nevertheless the chanceof escape might have been improved 
if emergency drills had been laid down and practised since this could have l e d  the pilot 
to order at least some members of the crew to abandon the aircraft  at an earlier stage 
and perhaps have enabled any escape attempt to be carried out with greater prospect of 
success. 

Exchange of Information During the investigation consideration was given 
to the extent of exchange of information between research establishments and the aircraft  
industry, and among constructors themselves. It emerged that no formal action had been 
taken in respect of the experience which had accumulated from stalling problems encoun- 
tered in aircraft  with T-tails, although there had been some informal liaison. In respect 
of this particular accident the British Air craft Corporation announced almost immediately 
its intention to make known to manufacturers both in this country and overseqs the results 
of i ts  investigations so that the knowledge gained would be of lasting benefit to the safety 
of aviation. It appears, nevertheless, that knowledge gained from other incidents and 
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accidents  may  not  always b e  s o  applied owing t o  the  l a c k  of effective f o r m a l  o r  standing 
a r r angemen t s ,  and tha t  a m o r e  r egu la r  b a s i s  f o r  t h e  exchange of exper ience  among 
a i r c r a f t  cons t ruc tors  and r e s e a r c h  es tab l i shments  on new p rob lems  affecting safety 
encountered during a i r c r a f t  development would have considerable  value. 

2 . 2  Conclusions 

Findings 

The  a i r c r a f t  was  flying in accordance  with the  B Conditions of the  Ai r  Navi -  
gation O r d e r ,  1960; it had been cer t i f ied  as sa fe  fo r  the fl ight,  and was proper ly  loaded. 

The pi lots  w e r e  appropr ia te ly  l i censed  and w e r e  exper ienced in exper imenta l  
flight t e s t  work. 

T h e r e  was  no evidence of any p r e - c r a s h  s t r u c t u r a l  f a i l u re ,  

The  nose-down pitching moment  (e levator  neu t ra l )  jus t  beyond the  s t a l l  was  
insufficient t o  ro t a t e  the aeroplane at t h e  r a t e  r equ i r ed  t o  counteract  the  i n c r e a s e  of 
incidence due t o  the  g-break.  

During the  fifth stall the  angle of incidence reached  a value a t  which the  
elevator  effect iveness was  insufficient to effect r ecove ry .  

Cause  o r  
P robab le  cause(s )  

During a stal l ing t e s t  t h e  a i r c r a f t  en te red  a s table  s ta l l ed  condition r e c o v e r y  
f r o m  which was  impossible.  

3. Recommendations 

Although no speci f ic  recommendat ions  w e r e  contained a s  such in the  r e p o r t  
pa rag raph  2.1 "Exchange of information" contains recommendat ions .  

ICAO Ref: AR/863 

T e s t  flight 
En rou te  
St a l l  
A i r f r a m e  - Flight  con t ro l s  
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ACCIDENT TO BAG 11 1 ,  G-ASHG, O F  BRITISH AIRCRAFT GORP. LTD. , 
A T  CRAT HILL, WILTSHIRE, ENGLAND. 22 OCTOBER 1963. 

TIME HISTORY FOR THE 140 SECONDS BEFORE 
GROUND IMPACT BASED ON FLIGHT REORDER DATA 
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FIGURE 5 
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ACCIDENT T O  BAG 11 1 ,  G-ASHG, O F  BRJTISH AIRCRAFT GORP.  LTD. , 
A T  CRAT HILL,  WILTSHIRE, ENGLAND. 22  OCTOBER 1963. 

DATA OBTAINED F R m  MIDAS AND C . I . D .  
F L I G H T  REORDERS AT TKF STALL 
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FIGURE 6 
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No, 8 

Trans -Canada Air Lines*, DC-8F-54, CF-T3N, accident at Ste. Ther ese de Blainville, 
Quebec, Canada on 29 November 1963. Report of the Commission of Inquiry 

dated June I965 released by the Department of Transport, Canada. 
(Order in Council, dated 8 October, 1964, P. C, 1964-1544) 

I. Investigation 

1. f History of the flight 

Flight  $31 was a scheduled domestic trip from Montreal to Toronto. Its 
departure was delayed about 10 minutes because of delays to ground transportation of 
passengers coming from Montxed,  however, the 1 1  1 passengers were finally Iaaded by 
the front door because of water on the r a m p  area at the rear of the aircraft. The flight 
was then cleared by air traffic control to Toronto Airport via the St, Eustachc omni 
range station and Ottawa direct to K? cinburg and Toronto at a flight level of 29  000 it, 
with instructions to report at 3 Q O O  and 7 000 ft  on the climbout from the airport, The 
take-off roll was began on runway 06 right at about 1828 hours eastern standard time 
and took off normally, It reported at 3 000 ft and acknowledged a clearance for a left 
turn  to St. Eustache, and this was the faa t  radio contact with the flight, The flight was 
monitored on air traffic control radar at the airport to about 8 N M  from the airport when 
the aircraft was in a left turn and surrounded by rain clutter on the radar and was not 
observed again, The flight did not report through 7 000 ft as instructed. Repeated 
effor ts  were  made to re-establish radio contact with the flight, however, they were 
unsuccessfuf, The aircraft crashed at about 1833 hours approximately 4 miles north 
of Ste, Therese de  Blainville, a few hundred yards to the west of Highway 11, about 
l6 .9  m i l e s  from the Montreal International Airport. The co-ordinates of the  site w e r e :  
latitude 45°40f531RN, longitude 73°53s55"~. 

1.2 Injuries to persons 

1 . 3  Damage to aircraft 

The aircraft was destroyed. 

* the official name of the airline at the time of the accident - it was changed to  
Air Canada on 1 January 1965 
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1.4 Other damage 

N o  damage was incurred by objects other than the aircraft .  

1.5 Crew information 

The pilot-in-command, age 47 years, held a valid airline transport pilot's 
licence. He had flown with Trans-Canada Air Lines as a pilot since October 1944 and 
his experience amounted t o  17 206 hours, including 458 hours  on DC-8 air craft and 
103 hours on DC-8Fs. He also held a valid Class I instrument flight rating, 

The co-pilot, age 35, held a valid airline transport pilot's licence which 
was endorsed for DC-8 type aircraft in May 1963 and renewed on 23 September 1963. 
H e  had flown as pilot with TCA since February 1953 and his experience amounted to  
8 303 hours, including 336 hours on DC-8 and 62 hours  on DC-8F aircraft.  His Class I 
instrument rating had just been renewed on 7 November 1963. 

The third pilot, age 2 9 ,  had been employed by TCA as a pilot s ince J u l y  1957. 
In June 1963 he completed training on DC-8 aircraft.  H i s  total flying time as a pilot 
amounted to  3 603 hours ,  which included 133 hours on DC-8 air craft and 144 hours on 
DC-8Fs. At the t ime of the accident he held  a valid cornmereial pilot's licence and a 
Class I: instrument flight rating. 

The three pilots had all received a t  leas t  two TCA en route flight checks 
during the year prior to the accident. A l l  held valid m e d i c a l  certificates, and inves- 
tigation following the accident showed them t o  be physically f i t .  

The records of the purser  and the three stewardesses revealed nothing 
pertinent to the inquiry. 

1.6 Aircraft information 

Ln February 1963 the Department of Transpor t  issued a certificate of 
registration to the aircraft.  A t  the t ime of the accident the aircraft  had flown just 
over 2 174 hours. 

Nothing in. its maintenance history suggested a cause of the accident, 
although the following maintenance shortcomings w e r e  found: 

Federal Aviation Agency (FAA) Airworthiness Directive 63 -8 -2 required 
that the elevator control tab push rod as sembly be removed and visually 
inspected within 300 hours service t ime after 18 April 1963. However, 
this inspection on the subject aircraf t  was not made until 708 hours 
service t ime after 18 April 1963. Moreover, the assembly was not 
r ernoved, but merely inspected in place. Also, FAA Airworthiness 
Directive 6 1-24-  1 requires that if 'any ST -3D3 engine was disassembled 
since last overhaul t o  the extent of exposing any bear ing  compartment, 
the main oil screen be inspected at  periods of not more than 12 hours 
service time until the screen was free of contamination for two successive 
inspections. TCA inspected the main oil screens after ground running 
the engines and found they were f ree  of contamination but did-not inspect 
them after time in service. Evidence d id  not indicate that either of these 
servicing shortcomings had any influence upon the crash. ' 
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The total weight of t h e  aircraft was  135 030 ib, and it was properly loaded 
at the time of the accident, 

The report states that  the aircraft was supplied with the proper fuel, 
however, the type of fuel being used is not stated. 

At 1825 hours  on the evening in question, the weather was reported as: 
overcast, light rain and fog, visibility - 4 miles, surface wind N E  at 12 mph. Only -light 
ic ing could be expected. Based on the weather  information available and testimony of 
other  pilots who f lew in the accident area around the time of the crash,  it was concluded 
that  turbulence, i n  itself, would not have been severe enough to cause any difficulty. 
The weather conditions w e r e  suitable for the flight, 

1.8 Aids to navigaticra 

Not  pertinent to the accident. 

1 .9  Communications 

The co-pilot made all the radio transmissions and no difficulty was reported 
by the flight crew.  The last radio contact with the aircraft was when it reported at 
3 000 ft and acknowledged a clearance f o r  a left turn to St. Eustache. 

l .  10 Aerodrome and ground facilities 

Radio equipment and weatihe r radar we re opexating normally. 

1-11 Flight recorders 

Nu flight recorders  were installed on the aircraft ,  

1. 2 Wreckage 

The wreckage was distributed in two major areas: the c r a t e r  area of about 
17 000 sq f t  and an  a rea  ahead of the crater area which will  be referred to as a scatter 
area involving another 700 000 sq f t .  

Protracted and costly salvage operations commenced on 30 November 1963 
and extended until 27 April 1964. At the height of the operations, early in December 1963, 
over  1 500 personnel were involved, 

Excavation in  the crater area involved the moving and screening of 
26 000 cu yd of soil under very  difficult conditions. The crater area was surveyed by 
engineers and a gr id  system established, in order that the identity and location of salvage 
could he recorded. Recovery was extremely difficult due to the weather and t h e  nature 
of the soit. It was started by manual labour but soon heavy mechanical equipment was 
introduced to excavate around the edge of the crater  cutting gradually towards the  centre .  
Pumps were used to dispose of water, Within a few days, the operation proceeded an a 
24-hour basis by means of floodlights. As the heavy equipment progressed toward the 
centre of the c r a t e r ,  serious en6uieeiing problems were  encountered because the sub-  
soil could not support heavy equipment and on 12 December 1963 it was decided that it 
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was not poss ible  to continue the  excavatiori without const ruct ing a coffer  d a m  hecause  of 
increas ing landsl ides  a s  the excavation reached the 20 to  30 f t  depth. The coffer  dam 
\\.a completed i n  F e b r u a r y  1964 and enclorjed a n  a r e a  of 130 by 120 f t .  As cxc-&vation 
p r o g r e s s e d ,  a  network of s tee l  bracing was ins ta l led  eve ry  10 f t  in o r d e r  to suppor t  the 

,411 salvage ;vhen removed,  was taken to a  sor t ing a r e a  where  i t  was s e p a -  
r;itctI f rom the clay type so i l ,  washed,  and then t rucked to  a n  ernpty hangar a t  Montreal  
, \ i r g b r t  f o r  identification and investigation. On the whole, 105 4 4 2  lb  of wreckage were  
r e su~ ' . c r ed ,  leaving 29 588 lb u n a c c o u ~ t e d  for .  It was cons idered  that  the bulk of th is  
tnis.sing wreckage would ex i s t  in  v e r y  snla l l  p ieces  and that  i t s  recovery  would not a s s i s t  
ir! rib.tt.rlnininp. the cause  of the accident .  With the exception of the cockpit  a r e a ,  about 
90';; of the flight sys t ems  components w e r e  recovered .  The m a t e r i a l  r ecove red  was 
suff icient  to  a s s u r e  reasonably f i r m  conclusions in r e s p e c t  of all a s p e c t s  of s t r u c t u r a l  

and in tegr i ty .  

The horizontal s t ab i l i ze r  was a t  a n  angle between 1.650 and 2O nose down 
t r i m  and had been opera ted  t o  that posi t ion by hydraulic  power .  The pitch t r i m  compen-  
s a t o r  ac tua tor  was in  the extended position. The a i l e rons  w e r e  in the power opera ted  
mode and in a n  attitude calling f o r  right wing up. The position of the e leva tors  a t  
impact was  not determined.  

The flight path heading, a s  deduced f r o m  throw of dense  p i eces  of wreckage  
was es t imated  t o  be 296 f 15O magnetic .  The angle of descen t ,  a s  deduced f r o m  t r e e s  
which were  cut by the a i r c r a f t ,  appea red  to  have been about 55 -t 7O, and the e s t ima ted  
right wing down at t i tude of the a i r c r a f t  a t  impac t  was  35 + 8O. 

1. 13 F i r e  - 
There  w a s  no evidence of i n t e rna l  o r  ex t e rna l  f i r e  damage  p r i o r  t o  impac t  

nor was the re  any evidence of in-flight explosion of t i r e s ,  wheels  o r  b r a k e s .  

1. 14 Survival a spec t s  

C r e w  h a r n e s s  r ecove red  showed evidence of being fas tened,  while p a s s e n g e r  
ha rnes s  recovery  indicates  the possibi l i ty  of only one- th i rd  being fas tened.  

1. 15 T e s t s  and  r e s e a r c h  

At high subsonics Mach n u m b e r s ,  the a i r f low pa t te rn  o v e r  the  wing r e su l t s  
i t 1  the format ion of loca l  shock waves which cause  the c e n t r e  of lift on the wing to  be 
shifted r ea rward .  This  causes  the a i r c r a f t  to  nose down o r  "tuck" a s  speed  i n c r e a s e s .  
An up e levator  movement is r equ i r ed  to  counte rac t  the tuck, requir ing g r e a t e r  fo rce  a s  
a i r speed  i n c r e a s e s .  The pitch t r i m  compensa tor  s y s t e m  provides  automatical ly this up 
e levator  fo rce  t o  the co-pi lot 's  control  column by sens ing  Mach number  and reaching 
accordingly. 

The s y s t e m  cons i s t s  bas ica l ly  of a  Mach compute r  and a jack-screw-type 
ac tua to r ,  powered by a 28 volt  DC moto r .  The co-pi lo t ' s  Pi tot  s y s t e m  supplies  Pi tot  
p r e s s u r e  to  the computer .  Static p r e s s u r e  is obtained f r o m  the autopilot s t a t i c  line. 
The force  applied to the  control  column is a function of the  Mach number  which i s  
computed f r o m  the Pi tot  s ta t ic  p r e s s u r e s .  The computer  con t ro l s  the ac tua to r  motor  
\:ih~ch i s  mechattically linked to the bottom of the co-pi lo t ' s  control  column.  A mechanica l  
indicator  on the left s ide  of the co-pi lo t ' s  control  column indicates  the  re la t ive  amount  of 
fo rce  being applicd to the control  column by the pitch t r i m  compensa tor .  
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There i s  little o r  no force applied to the control column a t  computed Mach 
numbers below ,800. Minimum force  s t a r t s  to be applied a t  Mach .800 and the force 
increases  a s  Mach inc reases .  The equivalent control column "nose up" force is about 
3 lb at Mach .825 increasing to 34 lb at Mach . 880. ! 

Douglas Aircraf t  Company and the FAA c a r r i e d  out t e s t s  using a fully 
instrumented DC-8 to determine the stability charac ter i s t ics  of this a i r c r a f t  type with a 
fully extended pitch t r i m  compensator and with the s tabi l izer  t r immed to  . 5O AND. 

The tes t s  indicated that, in  this configuration the stability of the aircraf.t  
was such that a pilot could experience difficulty in  maintaining proper  a i r c r a f t  atti tudes 
part icularly in  turbulence. This problem would be accentuated when flying in  cloud 
without visual reference to  the ground o r  the horizon. 

Although fully instrumented flight t e s t s  have not been conducted using more  
than . 5 O  AND stabil izer t r i m  with the pitch t r i m  compensator fully extended, i t  i s  felt 
that l a rge r  amount of AND stabil izer t r i m  would have a more  adverse  effect on a i rc ra f t  
stability. This was confirmed by a repor t  of the supervising project  t e s t  pilot for  the 
FAA for  Boeing 707, 720 and 727 aircraf t .  

A flight was ca r r i ed  out on a modified DC-8 (called the 470 leading edge 
model) to check t r im  compensator malfunctions against  those experienced in o t h e r  
a i rcraf t .  This a i r c r a f t  would have to be loaded to a centre  of gravity 270 fur ther  aft to  
be equivalent to the standard wing a i rcraf t .  F o r  maximum r e a r  cent re  of gravity, this 
would require  that the a i rc ra f t  be a t  3470 MAC. However, a flight was made on this  
a i r c ra f t  a t  a nominal centre  of gravity of 2670 MAC. The flight showed that  there  was no 
appreciable difference i n  the result.  However, during manoeuvring with a fully extended 
pitch t r im  compensator a t  a speed of about 220  kt and the a i rc ra f t  t r immed  to i t s  pyevious 
extreme of full nose down (2.  O0 AND), i t  was observed that any at tempt a t  manoeuvring 
the a i rc ra f t  with the elevator svstem resulted in s h a r ~  reversa l s  in the a i rc ra f t ' s  , * 
manoeuvring stability. This was another strong reason f o r  limiting the a i r c r a f t  nose 
down s tabi l izer  travel .  These findings were fur ther  tested and confirmed by the Douglas 
Aircraft  Company and i t  was felt  that with the stabil izer res t r ic ted  to  . 5 degree instead 
of the previous 2.  O0 AND there  should not be ser ious  control problem. 

2. Analysis and conclusions 

2 .  1 Analysis 

One hundred and ten witnesses testified regarding the accident. An expe- 
rienced bush pilot who lived seven mi les  f rom the accident s i te ,  s tated,  "that this jet 
was climbing because the engine noise was strong and then there  was an abrupt cessation 
of power o r  this noise,  the jet noise, and then a whistling noise that  you could at tr ibute 
to empennage o r  flying wires  . . . the pilot was (in his opinion) doing an expedited letdown 
and the whistling noise was f rom the passage of the a i r c r a f t  through the air and not f rom 
the engines. " He had heard the a i rc ra f t  a t  about 1830 hours. 

The indicated a i rspeed  a t  impact,  a s  determined by the position of the Mach 
co r r ec to r  cams of the two independent Kollsman Integrated Flight Instrument System 
uni ts ,  cor rec ted  to 225  ft  as1 a t  38OF ambient a i r  temperature ,  was 470 kt t o  a conversion 
accuracy  of plus o r  minus 1%. On this bas is ,  the velocity of the a i r c r a f t  at  impact  was 
calculated a s  being between 470 and 485 kt. 
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Xone of the many samples  of human t i ssue  which were  analysed showed any 
ev ldcn~t .  of unusual toxic substances o r  in-flight f i r e .  Also i t  was found that  the throt t les  

manually moved to the flight idle position and the a i lerons were moved to co r r ec t  
an acgle of bank. These facts  indicated that one o r  more  pilots were conscious and 
cap;ible of co-ordinated movement up to  the t ime of impact.  

Following examination of a l l  available evidence i t  was concluded that  a t  the 
time of impact the a i rc ra f t ' s  main s t ruc ture  was intact ,  and a l l  control  sur faces  were  i n  

place. All power plants were  attached to the i r  pylons, and the landing g e a r ,  wing flaps 
and spoilers were re t racted.  There  was no evidence of mid-a i r  disintegration due to 
turbulence, collision with birds  o r  other objects,  explosion o r  f i r e .  

About 7570 in weight of a l l  four power plants was recovered.  No anomalous 
deficiencies were found in the  mater ia l  recovered.  There  was no catastrophic fa i lure  
of a single engine and no simultaneous interconnected fa i lures  of severa l  engines. There  
was  no evidence of in-flight f i r e ,  contaminated fuel,  contaminated oi l ,  bird ingestion, 
icing, engine flameout o r  water  ingestion and no evidence of inadvertent o r  accidental 
application of r everse  thrust .  All four engines were  a t  o r  n e a r  a forward flight idle 
condition at the t ime of impact  and it appeared that the flight idle power setting was 
selected a t  leas t  10 seconds p r io r  to impact.  The engine anti-icing sys tem was operating. 
All rnajor hydraulic, e lectr ical  and pneumatic sys tems  were  available up to the t ime of 
impact. Therefore ,  i t  appears  that a l l  controls and a l l  control surfaces  were serv iceable ,  
functioning and available to  the flight crew. There  was no evidence of any malfunction of 
the drive motors  or  control  which actuate the horizontal s tabi l izer .  

The horizontal s tabi l izer  was found a t  a n  angle between 1 .6  50 and 2 O  nose 
down. Its range i s  f rom about lo0 a i r c r a f t  nose up (ANU) to about 2 0  a i r c r a f t  nose down 
(AND).  The motion of the horizontal s tabi l izer  is obtained f rom two sc r ew  jacks which 
a r e  driven by a hydraulic motor. Normal control  of the motor  and therefore  control  of 
the angle of the horizontal s tabi l izer  is exerc ised  by the pilot in two ways: 

1)  by movement of two "suitcase handlesff on the cent ra l  pedestal ;  and 

2) by means of a pa i r  of two-way switches on the control  column i tself .  

The actual position of the s tabi l izer  at any t ime cannot be determined f rom the position 
of e i ther  the suitcase handles o r  the control  column switch. A sliding pointer moving 
along a scale  on the cent ra l  pedestal indicates the horizontal s tab i l izer ' s  position. This 
sliding pointer i s  not in plain view of the pilot when in  his normal  flying position. 

The autopilot, when engaged, will a l so  control  the movement of the hor i -  
zontal stabil izer through a secondary e lec t r ica l  system.  In c a s e  of an  hydraulic fa i lure ,  
or  when des i red ,  the pilot can control the horizontal s tab i l izer ' s  movement by e lec t r ica l  
switches which energize the secondary electr ical  system.  

If the secondary e lec t r ica l  sys tem i s  used,  the horizontal s tab i l izer  move-  
ment i s  res t r ic ted  to  1. 50 AND. Following the accident the s tabi l izer  jacks were  found 
in a position representing m o r e  than 1.60 AND. Therefore ,  it was evident that the 
horizontal s tabi l izer ' s  position was reached by using the hydraulic power sys tem and not 
through the autopilot and the e lec t r ica l  system.  

According to evidence, it i s  not possible for  the hydraulic sys tem to 
malfunction in such a way a s  to cause the s tabi l izer  to move to  a position which had not 
been pre-selected by the pilot. It was,  therefore ,  concluded that the pilot intentionally 
rnoved the  stabil izer into a position more  than 1.60 A N D  by means of the suitcase handles 
or  the trirn switches. 
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In view of the considerable experience of these pilots, unintentional t r im-  
ming of the stabilizer was considered highly unlikely. 

With the application of more than 1, 6 O  of AND tr im, the aircraf t  would 
assume a nose down attitude and would build up airspeed a t  a very rapid rate.  If the 
pilot did not attempt swift recovery action, the speed would build up to a point where 
actual recovery would become difficult, if not impossible, In the ear l ie r  stages of the 
airspeed build up, recovery could have been effected by re-trimming the horizontal 
stabilizer to a neutral o r  ANU position, o r  by pulling back on the control column to 
deflect the elevators. However, a s  speed increased, the force required to pull back the 
control also increased until i t  became physically impossible to apply sufficient force. 
Recovery could still have been effected by re-trimming the horizontal stabilizer, provided ! 
that the trimming mechanism could function. Evidence showed that a t  high rates  of 
speed with a pull force exerted on the control column, the hydraulic motor which actuates i 
the screw jacks in the horizontal stabilizer i s  effectively stalled and cannot overcome the 
aerodynamic forces. Under such circumstances, i t  appeared that the only possibility of 
recovery was to release the pressure on the control column, thereby relieving the aero-  
dynamic forces on the empennage and unstalling the hydraulic motor which would then be 
able to move the horizontal stabilizer from its extreme AND position. Release of the I 

pull on the control column would, of course,  momentarily aggravate the situation and 
permit the aircraf t  to assume a steeper glide angle and increase i t s  velocity. 

If an a i rcraf t  has sufficient altitude, recovery can be effected by the afore- 
mentioned procedure. In other known cases ,  losses in height of upwards of 13 000 ft  
were required before pullout from the dive could be effected. The exact altitude of the 
subject aircraf t  a t  the t ime of the upset was not established. However i t  probably was 
not above 8 000 ft and more  likely between 5 000 and 7 000 ft. 

During the climb to cruising altitude, i t  would have been normal to  t r im  the 
a i rcraf t  in a nose up attitude, and this attitude should have been maintained far  beyond 
Ste. Rose o r  Ste. Therese. 

The pilot would not have intentionally applied a large amount of nose down 
t r im  unless indications of the instruments o r  physical sensations would have indicated 
that a nose down attitude was required. 

To determihe how he could have been misled, several  possibilities were 
considered: 

Failure of an  airspeed indicator 

Such failure i s  r a r e  and should have been detected before the a i rcraf t  
was put into a dangerous attitude. 

2 .  Icing o r  blockage of the static system 

It was considered unlikely that both the pilot-in-command~s and the 
co-pilot's instruments couldbe seriously affected by such a n  occur- 
rence and that should have it occurred, indications would have alerted 
the pilots pr ior  to o r  immediately af ter  take-off. 
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Leakage in the stat ic sys tem 

It was considered very unlikely that a leakage could have occurred 
simultaneously in both the pilot-in-command's and the co-pilot 's 
systems.  Therefore  contradictory inst rument  indications would 
have been evident in t ime to avoid a ser ious  upset.  

4. Unwitting engagement of autopilot 

If the autopilot was unwittingly engaged during climb and the pilot 
t r immed  the a i r c r a f t  nose down to  achieve a l e s s  s teep cl imb angle, 
the autopilot would have tend to automatically r e - t r i m  the s tabi l izer  
towards the nose up condition. However, if the pilot t r immed the 
s tabi l izer  full nose down and disengaged the autopilot a s  the s tabi l izer  
reached the full aircraf . t  nose  down position, this could have accounted 
for  the mis - t r immed condition. It would be unreasonable to expect 
that a t  this  t ime the a i r c r a f t  was in  such an attitude and speed condition 
that recovery could not be accomplished. 

Fai lure  o r  icing of the Pitot sys tem 

A mechanical fa i lure  of this  sys tem i s  unlikely. 

A fai lure of a Pitot hea te r  can occur and would likely resul t  in  
freezing of the Pitot head. This would resu l t  in a fa i r ly  rapid drop 
on the a i r speed  indicator associated with the blocked Pitot sys tem.  
If freezing of a Pitot head occurred  the pilot would probably have 
pushed the nose of the a i r c r a f t  down in o rde r  to  maintain a i r speed  
and might have put the  a i r c r a f t  into a diving attitude. However, 
two separa te  Pitot sys tems  existed on the a i r c r a f t  - one which 
supplied Pitot p r e s s u r e  to the pilot-in-command's ins t ruments  and 
the other to the co-pilot 's ins t ruments .  Therefore  if  only one Pitot 
head we re  f rozen co r r ec t  a i r speed  would have been indicated on the 
a i r speed  indicator associated with the unfrozen Pitot system.  This 
should have a le r t ed  the pilots to  the fact  that a fault had occur red  i n  
a Pitot sys tem and correc t ive  action should have been taken i n  t ime 
to avoid a ser ious upset .  

If the Pitot heat had not been switched on both Pitot heads could have 
become frozen simultaneously and both the pilot-in-command's and 
the co-pilot's a i r speed  indicators would have indicated a decreasing 
airspeed.  In this  event, the pilot could have been misled by airspeed 
indications to the extent that a dive could have resulted f rom which 
recovery could not be made in  the altitude available. 

6. Erroneous indication of a i r c r a f t  attitude 

If an attitude inst rument  failed without warning a t  a t ime when a pilot 
i s  concentrating intently on flying the a i rc ra f t ,  such a s  he would have 
been doing during initial climbout and manoeuvring, i t  i s  likely that 
the pilot would have followed the inst rument  until he became aware  of 
the false information by reference to other ins t ruments .  By this t ime 
the a i rc ra f t  may have been at  o r  approaching extreme attitudes. 
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If an  artificial horizon indicator failed through lack of electrical 
power or failed to truly follow the vertical gyro associated with it, 
a warning flag should have appeared and the pilot should have been 
alerted, 

Lf its associated vertical g y r o  failed and the artificial horizon 
followed the failed gyro,  a warning flag will not appear. Evidence 
indicated that the roll resolvers in the autopilot system showed a 
position which was consistent with the calculated bank angle of the 
aircraft on impact, Although the roll rea olver reading was consistent 
with a correctly operating vertical gyro, i t  did not prove that the 
pilot-in-command's vertical  gyro was in fact operating properly.  

The re was  also the pas sibility, although remote, that the pilot-in- 
comrnandfs artificial horizon ins trumcnt its elf failed, and the 
warning flag did not appear. 

7 ,  Unprogrammed extension of pitch trim c~mpensator 

The pitch t r im compensator has been known to extend fully due to a 
fault in the system. When this occurs, it usually is  detected imme- 
diately by the rearward pressure on the control column and by the 
clocking sound which accompanies the extension. If the pilot did not 
become aware of the unprogrammed extension, he would have tend 
to apply nose down t r im to counteract the effect. If the pitch trim 
compensator subsequently retracted or was retracted by pilot action 
with counteracting nose down trim applied, there would hqve been a 
tendency fo r  the aircraft to pitch nose down, This should immediately 
have been apparent t o  the pilot, and no difficulty should have been 
encountered in effecting recovery a t  the speeds estimated for this 
fl ight during climb, 

If the pitch trim eompe nsator extended fully and remained extended 
with the horizontal stabiliier trimmed to counteract the effect of 
"up1' elevator, the aircraft's manoeuvring wouw have been adversely 
affected: 

2 .2  Conclusions 

Findings 

The a i rcraf t  took off nonnally and carr ied  out the noise abatement proce- 
dure prescribed for runway Ob right at the Montreal International Airport. 

The a i rcraf t  commenced a left turn, in accordance with the clearance, 
about 8 N M  from the point where power was applied for take-off. Near Ste. Rose, a 
witness (with considerable bush flying experience) heard a jet aircraf t  reduce powe r 
abruptly at abaut the  time the subject flight would have been in the immediate area. No 
other jet aircraft, civil or  military, was reported to be in the vicinity a t  that time, The 
aircraft then deviated from its normal flight path about 5s0 to the right and descended 
quickly f rom the altitude attained during climb after passing Ste. Rose. It maintained a 
relatively straight course on a heading of about 330*M between Ste. Rose and the crash 
site, then impacted the ground at  a steep angle. 
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The total t ime  involved in this flight f rom the commencement of the take- 

off roll to ground impact  was 5 minutes f 15 seconds. 

The flight c r e w  were properly cert if icated and had sufficient experience on 
DC-8 a i rc ra f t  to be qualified f o r  their  respective duties. They were physically f i t  and 
no evident e of p~~ sible intoxication were found. 

The a i r c r a f t  was properly cert if icated,  had been maintained a s  required,  
and was correc t ly  dispatched on the subject flight. It was a lso  properly loaded. 

Weather conditions we re  suitable for  the flight. 

NO difficulty with the operation of the flight was indicated or reported by 
the flight crew. Since the c o - ~ i l o t  made al l  the radio t ransmissions,  it was presumed 
that the pilot-in-command was flying the a i r c r a f t ,  

A ground and a i r  search  of the probable flight path and adjacent a r e a s  
revealed no evidence of wreckage o r  par ts  having fallen f rom the a i rc ra f t  while in flight. 

The a i r c r a f t  main s t ructure was intact and functional a t  impact and the re  
was no evidence of in-flight f i r e  o r  explosian p r io r  to  impact. The landing gea r ,  f laps 
and spoi lers  were  r e t r ac t ed  and the wing slots closed. The pitch t r i m  compensator 
actuator was in the extended position and the horizontal stabil izer a t  a setting of 1 . 9 ~  
nose down on the right hand side and between 1.6O and 1.7O nose down on the left  hand 
side. 

NO evidence of a possible malfunction o r  fai lure of the engines were found. 
~ 1 1  four  have been s e t  to flight idle at least  10 seconds p r io r  to impact. 

Cause o r  
Probable cause(s)  

The ac tua l  cause  of the accident could not be determined with certainty. 

The mos t  probable chain of events which culminated in the accident a s  
follows, f o r  one of the reasons  se t  out below, the pilot applied the near  maximum avail-  
able aircraf t  nose down (AND) t r i m  to the horizontal stabil izer.  The a i r c r a f t  then 
commenced a diving descent ,  building up speed a t  such a rate that any attempted recovery 
was ineffective because the stabil izer hydraulic motor had stal led,  thus making i t  
impossible within the alt i tude available to t r im the a i rc ra f t  cut of the ext reme AND 
position. 

a)  This f i r s t  reason which might have indicated to the pilot the 
necess i ty  f o r  applying nose down t r im  could have been icing 
of the Pi to t  system. While the experience and competency of 
the c r e w  would likely have led them to recognize the fault in 
t ime t o  take correct ive action, the possibility that this condi- 
tion caused the application of AND t r i m  cannot be dismissed.  

b) The second reason could have been a failure of a ver t ical  gyro. 
The evidence indicated that it was possible to have a failure of 
a ve r t i ca l  gyro  without an associated warning flag.  If such a 
fa i lu re  occur red  and the a i rcraf t  was being flown with reference 
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to the associated art if icial  horizon instrument,  i t  i s  likely that 
the pilot would have been misled by the erroneous indication and 
could have applied nose down t r im.  The subject a i rcraf t  was 
equipped with a standby art if icial  horizon located on the pilot-in- 

- 

command's instrument panel and this c ros s  reference,  together 
with the experience and competency of the crew,  would likely 
have led them to recognize the fault in time to take corrective 
action. Again, the possibility that this condition caused the 
application of AND t r i m  cannot be dismissed.  

C )  The third reason could have been an unprogrammed and unnoticed 
extension of the pitch t r i m  compensator (PTC).  This would have 
had the effect of moving the control column back, the elevators up 
and the a i rc ra f t  to a nose up condition. The pilot would likely have 
counteracted the pitch up force of the elevators by tr imming the 
horizontal stabil izer to  o r  near  to the l imit  of the a i rc ra f t  nose 
down setting. The evidence showed that the simultaneous applica- 
tion of up elevator f rom the PTC and the application of a s  little a s  
0. 5O of a i rcraf t  nose down t r i m  on the horizontal stabilizer has an  
adverse effect on a i rcraf t  stability and can  c rea te  a difficult control 
problem. The problems of instability and control a r e  more  serious 
a s  fur ther  AND t r i m  is applied, Ln the subject a i rcraf t ,  2. O0 of 
AND t r im were available, and it appears  that the pilot applied at  
least  1.6O of the available t r im .  It i s  unlikely that  the flight crew 
were  aware of the serious stability and control problems that can 
resul t  f rom the combination of extended PTC and AND t r im ,  even 
if they had been aware that the PTC had extended. The a i rc ra f t  
would then be in a condition where a slight displacement f rom i t s  
t r i m  point would lead to divergent oscillations. In other words, a 
minor change of attitude, easily caused by the existing turbulence, 
would build up into large displacements. The inadequate control 
available to the pilot and the lack of an  external horizon reference 
would likely result in  the a i rc ra f t  eventually a s  suming a dive attitude. 

It was concluded that an  unprogrammed extension of the pitch t r im compen- 
sa to r  was the most  probable cause for the pilot having applied a i rc ra f t  nose down t r im.  

3. Recommendations 

Based upon the evidence the Board recommended that: 

1. a flight data recorder  be installed as soon a s  possible a t  least  
in a l l  t ransport  category turbine-powered a i rc ra f t  engaged in 
commercial  operations in Canada; 

2 .  DC-8 pilots be made fully aware of the stability character is t ics  
of the DC-8 with the full extension of the pitch t r i m  co~npensator  
and with the stabilizer t r immed to counteract this effect; 

3 .  an improved vert ical  gyro warning system be installed in DC-8s 
which would give the pilot immediate warning of any type of 
failure which would affect a i rcraf t  attitude indications; 
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4. the Pitot heat circuit  in the DC-8  be modified so that a positive 
warning i s  provided to the pilot i f  the Pitot heat i s  ei ther not 
switched on o r  has failed: 

5. an  improved means of indicating horizontal s tabi l izer  position 
to the pilots of DC-8s be provided; 

6. the advisability of making the use  of check l i s t s  mandatory be 
studied by the Department of Transport  (Evidence showed that 
it was not normal  practice to use  a check l ist  a f te r  take-off, 
and the advisability of checking without the aid of a check l is t  
was questioned); 

7. airworthiness directives be followed and that appropriate proce- 
dures  be instituted to  ensure that this be done. 

4. Action taken 

Douglas Aircraft  Company issued Service Bulletin No. 27-  161 on 9 September 
1964 which called fo r  a relocation of the stabil izer t r i m  stop. The relocation of this stop 
reduces the amount of a i rc ra f t  nose down t r i m  available f rom 2 O  to about .5O. The 
reason fo r  this modification was to  minimize the possibility of mis-tr imming. 

ICAO Ref: AR/870 
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No. 9 

T r a n s  Medi te r ranean  Airways .  DC-4 ( C- 54A). OD-AEB, accident  in the Koh-i-Safid 
Mountains, Afphanistan on 12 December  1963. Repor t .  dated November 1964, 

r e l e a s e d  by the  Afghan Ai r  Authority 

1. Investigation 

1. 1 H i s to ry  of the  flight 

The  a i r c r a f t  w a s  on a non-scheduled internat ional  ca rgo  flight f r o m  Beirut ,  
Lebanon t o  Kabul, Afghanistan via  Kuwait, ca r ry ing  a c r e w  of t h r e e .  The  t r i p  t o  
Kuwait was  uneventful, and it a r r i v e d  t h e r e  at 0036 h o u r s  GMT on 12 December.  
Depar ture  f r o m  Kuwait f o r  Kabul  was  at 0256 hours  and the  flight r epo r t ed  pass ing  
Kandahar a t  0838 and Kala t  at 0900 flying a t  fl ight l eve l  110. While en rou te  the  a i r c r a f t  
was  provided with the  Kandahar and Kabul weather .  At  0942 hours  it r epo r t ed  pass ing 
Ghazni a t  0940, flying at flight l eve l  150 and es t imated  its a r r i v a l  t i m e  a t  Kabul a s  
10 10 hours.  However,  at 0958 (i. e. 12 minutes  before  ETA) it repor ted  overhead 
Kabul and requested the l a t e s t  weather  s i tuat ion which was  provided. As  the  a i r c r a f t  
could not land at Kabul because  of the  weather  conditions it r epo r t ed  at 0959 hour s  tha t  
it was divert ing t o  Lahore .  Short ly t he rea f t e r  it r epo r t ed  it was  proceeding t o  Zahedan 
via  Ghazni (ETA 1025), Kandahar ( E T A  1130) Zahedan (ETA 13 15). It would mainta in  
flight l eve l  150 t o  Ghazni, 130 t o  Kandahar and 110 t o  Zahedan. At 1003 hours  the  Kabul 
tower  pas sed  the  Kandahar weather  t o  the  fl ight and 5 minutes  l a t e r  the  flight r epo r t ed  
it was 25 mi l e s  out f r o m  Kabul, at flight l eve l  150. The  a i r c r a f t  was  then c l ea red  by 
Kabul tower  t o  rou te  f requency and nothing fu r the r  was  h e a r d  f r o m  it. The  wreckage of 
the  a i r c r a f t  was  f i r s t  sighted on 16 August 1964, af ter  the  snow had mel ted ,  at an 
elevation of 13 940 f t  amsl in the  Koh-i-Safid Mountains 50 NM wes t  of Ghazni and 42 NM 
f r o m  the  approved air route.  The  coordinates  of the  accident  s i t e  w e r e  es t imated  t o  be  
33O 37'N 67O 35lE (See F i g u r e  7). The  t i m e  of t h e  accident  was  s o m e  t ime  af ter  1015 
h o u r s  GMT on 12 December 1963. 

1.2 In jur ies  t o  p e r s o n s  

1. 3 Damage t o  air c r a f t  

The  a i r c r a f t  was  des t royed.  

O the r s  

- 

1.4  Other  damage  

P a s s e n g e r s  In jur ies  

Fatal 

Non fatal 

None 

No damage was  sus ta ined by objects  other  than the a i rc ra f t .  

C r e w  

3 
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1 .  5 Crew information 

The  pi lo t - in-command joined TMA in January  1963. In Apr i l  1963 h e  fa i led  t o  
pas s  his  f i r s t  check flight with the Company, and it was s ta ted  tha t  he needed m o r e  
prac t ice  on in s t rumen t  flying. However,  h e  pas sed  the  check in May 1963 and again  
in November 1963. He  held a valid Lebanese  a i r l ine  t r a n s p o r t  p i lo t t s  l i cence  a t  the  t i m e  
of the  accident. H i s  to ta l  flying exper ience  amounted t o  9 957 hour s  which included 
3 193 hour s  on DC-4 a i r c r a f t  and 8 000 hour s  flown in command.  H e  had been given 
t h r e e  months t  not ice of t e rmina t ion  of h i s  employment due t o  a reduction in the  C o m -  
pany's act ivi t ies  and was  making h i s  last fl ight fo r  the  Company. He  had prev ious ly  
worked fo r  a t  l e a s t  f ive o ther  a i r c r a f t  ope ra to r s ,  and the  p rospec t  of changing once m o r e  
might have occupied h i s  mind. 

The  co-pilot had been discharged t h r e e  t i m e s  f r o m  the  Company a s  a r e s u l t  
of adve r se  r e p o r t s  on h i s  flying and f o r  not being able t o  keep up h i s  l icence .  However ,  
s ince 1961 h a  had shown definite improvement  and had managed t o  r e s t o r e  h i s  p r o f e s -  
sional pi lot 's  l icence  and p a s s  a DC-4 flight check in August 1963. H e  had flown over  
the rou te  t o  Kabul on numerous  occas ions .  He  had flown 2 842 hour s  including 743 h o u r s  
on DC-4 a i r c r a f t .  

The  th i rd  c r ew m e m b e r  was  a l s o  flying in the  capaci ty of co-pi lot .  H e  a l s o  
held a profess ional  pi lot 's  l i cence  and had flown 2 655 hour s  including 29 hour s  on the  
DC-4. Most  of h i s  flying exper ience  was  acquired a s  second pilot on DC-3  and Viscount 
a i rc ra f t .  

The a i r c r a f t  was  scheduled to  take-off f r o m  Bei ru t  a t  1900 hours  GMT on 
11 December ,  and the  c r ew had, t he re fo re ,  been on duty for  at l e a s t  s ix teen hour s .  
They had been flying fo r  about 2-112 hours  in an unpres su r i zed  a i r c r a f t  a t  I 5  000 f t  and 
the p i lo t - in-command had mentioned t o  another  pilot while en rou te  that h i s  oxygen was  
getting ve ry  low. The re fo re  fat igue and a l a c k  of oxygen may  have contributed t o  the  
accident. 

1. 6 Ai r  c r a f t  information 

The  a i r c r a f t ' s  ce r t i f i ca te  of a i rwor th iness  was  valid until  2 3  J a n u a r y  1964. 
No information was  contained in  the  r e p o r t  concerning the a i r c r a f t ' s  maintenance h i s t o r y  
as ide  f r o m  the  t i m e s  s ince  last overhaul  of the  engines and p rope l l e r s .  

E r r o r s  w e r e  found in the  weight and balance sheet  a s  t o  the  amount  of fue l  
c a r r i e d  f r o m  Kuwait. Th is  indicated poss ible  c a r e l e s s n e s s  o r  fatigue on t h e  p a r t  of the  
pilot. On depa r tu re  f r o m  Kuwait the  a i r c r a f t  c a r r i e d  a load of 3 20 1 kg and an estin1atc.d 
3 306 U.S.  gal  of fuel.  The  l a t t e r  was  incor rec t ly  en te red  a s  3 000 gal. 

1. 7 Meteorological  information 

Evidence indicated that the  pilot took off f r o m  Kuwait a t  0256 h o u r s  f o r  the  
f l ight  t o  Kabul without obtaining any rou te  o r  t e r m i n a l  weather  fo recas t .  In fac t ,  none 
was avai lable at Kuwait. However,  h e  f i led a flight plan indicating tha t  a f t e r  pas s ing  the  
Iran/Afghan f ron t ie r  it would be  under V F R ,  with Kandahar a s  the  a l ternate .  

Almos t  the  en t i r e  rou te  t o  Kabul v ia  Kandahar and Ghazni coincided a t  t h i s  
t i m e  with the  l ine of a cold f ron t  which was  slowly moving eas twards  and was  followed 
by a secondary front .  
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At 0900 hours  when the a i r c r a f t  had pas sed  Kandahar ,  bad weather  extended 
over  the  nor th ,  ea s t ,  southeas t  and cen t r a l  p a r t s  of Afghanistan. 

Kabul was  ove rcas t  with continuous r a i n  and the  lowest  clouds were  a t  600 m .  
Ghazni  and Maimana w e r e  o v e r c a s t  with snow. By 1200 h o u r s  the  ma in  cold f ron t  had 
p a s s e d  e a s t  of Kabul and Ghazni with occluded f ron t  conditions between. Kabul s t i l l  had 
continuous rain.  Ghazni had cloud down to  600 m but no precipi ta t ion a t  that  t ime.  
Kandahar had r i s ing  dust ,  and the  sky  was not vis ible .  Zahedan, Bir jand,  and H e r a t  
w e r e  c lea r .  

While en  route ,  Kandahar Fl ight  Information Cent re  pas sed  seve r  a1 weather  
r e p o r t s  t o  the  flight concerning the  weather  conditions a t  Kabul and Kandahar.  The  
pilot advised that  he was  proceeding t o  Kabul and if he was unable t o  land t h e r e ,  he 
would d iver t  t o  Lahore .  At 0900 hour s  the  flight was  provided with the following weather  
f o r e c a s t  for  Lahore :  

" sca t te red  thunde r s to rms /  r a i n  accompanied by gusty winds with mod - 
e r a t e  turbulence assoc ia ted  with 2418 CB a t  3 500 f t  l ikely Lahore  FIR 
per iod  120550. 121800 su r f ace  wind N E / m a y  r i s e  t o  40 k t s  and 
visibi l i ty  may  fall t o  one m i l e  o r  l e s s  in r a i n  gust. I '  

At  0955 h o u r s  the flight contacted Kabul Tower  and was  provided with the  
following actual  weather  situation: 

"cloud 818 s u r f a c e  wind 270/2kt. Visibility 1 NM snow and ra in .  
Cloud 818 N S  250 m e t r e s  re la t ive  humidity 1000/o. T e m p e r a t u r e  - 2OC. " 

The  actual  weather  p i c tu re  for  1000 h o u r s  followed sho r t ly  t he rea f t e r :  

"Cloud 818 NS. 300 m e t r e s  vis ibi l i ty  1-112 NM sl ight  r a in ,  QNH 29.90 inches." 

T h e  fl ight then repor ted  tha t  i t  could not  land at Kabul and was divert ing t o  
Lahore  and it requested the  actual  weather  a t  Kandahar.  Having been advised by the 
pilot of I ranian Airways  Fl ight  422 flying f r o m  T e h r a n  t o  Zahedan and Kabul, tha t  
Zahedan was  c l ea r ,  it finally decided t o  d ive r t  ins tead t o  Zahedan. 

At 1003 hours 'Kabu1 Tower  provided t h e  flight with the  0900 hour  weather  
r e p o r t s  fo r  Kandahar and Ghazni as fo1lo.w~: 

Kandahar:  "Sky invisible ,  su r face  wind 150 O /  18 kt gusting to  24 kt. Visibil i ty 200 m, 
dus t s to rm,  QNH 1011. 1." 

Ghazni: "Cloud 818, sur face  wind 360'12 kt. Visibil i ty 10 k m ,  snowing clouds 
518 SC at 3 300 i t ,  8 / 8  NS a t  4 000 ft. I '  

At 1004 hours the flight was hea rd  relaying these  two r epor t s  to  I ranian 
Fl ight  -122,  a s  requested by Kabul Tower .  
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1.8 Aids to  navigation 

There were M F  beacons in the accident a r e a  as  well a s  a t  Kabul. The pilot of 
Flight 422, flying in the a r e a  around the t ime  of the accident said that  reception of the 
MF beacons was very good. Also, the subject flight was apparently able to  home on the 
Kabul beacon during the inbound flight. 

1.9 Communications 

The a i rcraf t  was in contact with Kandahar Flight Information Centre (on HF)  
and with Kabul Tower (on VHF) during the flight. At 1008 hours it reported it was 
25 miles out f rom Kabul at flight level  150 and was cleared by Kabul Tower t o  route 
frequency. Nothing further was heard  f r o m  the flight. Flight IR 422 was in V H F  contact 
with the a i r  craft  up until approximately 10 15 hours.  

1. 10 Aerodrome and ground facil i t ies 

They were not relevant to this accident. 

1. 11 Flight r eco rde r s  

No flight recorder  information was contained in the report .  

1. 12 Wreckage 

The a i rcraf t  wreckage was scat tered over a wide a r e a  of mountainside (See 
Figures 8 and 9) at an elevation established by an alt imeter a s  13 940 f t  amsl .  The 
aircraf t  appeared to  have s t ruck the top of a r idge when flying in a southwesterly d i rec-  
tion and to have disintegrated. It then fell  down a steep slope on the other side of the 
ridge. 

All four engines had broken away f rom the wings, and the propel lers  had 
broken away f rom the engines. The manner in which the propeller blades were  bent by 
the impact indicated that the engines were  developing power a t  the t ime of the accident. 
There were no sings that any one of the propellers had been f ea the reda t  impact. The 
fuselage had broken into many pieces. 

1. 13 F i r e  - 

There  was no f i r e  following impact. 

1. 14 Survival aspects 

Heavy snow on the mountains covered the wreckage. An extensive aer ia l  
search  covered the scene of the accident, but it was not possible t o  find the wreckage 
of the a i rc ra f t  until after the snow melted. It was f i r s t  sighted on 16 August 1964, 
i. e. 8 months after the accident occurred.  

Two experienced search  part ies  reached the accident site, however, both 
encountered considerable difficulty in getting the re  because of the mountainous t e r r a in  
in which the a i rcraf t  had crashed. 
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1. 15 Tes ts  and research  

No information of this  s o r t  was contained in the report .  

2. Analysis and conclusions 

2. 1 Analysis 

A number of charts  f rom Jeppesen route guides were recovered by the search  
party f rom the wreckage. The la test  of these showed a non-directional radio beacon 
located at  Ghazni. However, it had not been operating since March 1962. This was 
confirmed by a Class  I Notam (NO. 018, dated 25 March 1962). The flight plan f rom 
Kuwait indicated that  the a i rcraf t  was equipped with ILS, VOR and radio compass. 
However, none of the ADF tuning units were  recovered f rom the wreckage and it was 
therefore impossible to establish which beacons were  used by the crew a t  the t ime of 
the accident. 

The following t racks  could have been followed by the a i rcraf t  between Kabul 
and Zahedan: 

Kabul - Ghazni 212OT 
Kabul - Zahedan direct  237OT 
Kabul - si te  of the c rash  239OT 

The wreckage was found 42 N M  f rom the centre line of the route via Ghazni. The pilot 
may, therefore,  have intended to take the direct  route. 

Following an examination of the pilot-in-commandls log book which was recov- 
e red  from the wreckage it was believed that he had little knowledge of the route and 
might not have been aware of the inadequacy of the maps found in the aircraft .  The 
maps were of the 1: 1 million topographical -world ~ e r o n a u t i c a l  Chart s e r i e s  published 
by the U. S.  Air Force  in 1951 and 1952 with amendments up to  1957. Sheet No. 431 of 
this se r ies  showing the position of the accident, was not found in the wreckage, but a 
copy issued by World Aeronautical Chart  Ser ies  - U. S. A . ,  supplied by the airl ine 
through the Lebanese authorities showed the highest ground in the a r e a  of the c rash  as 
12 000 f t .  The elevation of the wreckage was accurately measured as 13 940 f t .  

A more  recent  map issued by the U. S. Air Force  (Operational Navigation 
Chart  - 06, on the scale  1: 1 million, shows a spot height of 14 500 f t  in the area,  and 
a recent aer ial  photogrammetric survey shows t e r r a in  in the a r e a  of heights exceeding 
15 800 f t .  

An analysis was made of the groundspeed and t rack  vectors shown in the 
various sectors  of the Kuwait-Kabul flight plan and the reported details of the return 
f r o m  Kabul to  Zahedan in order  to discover the wind speed and direction used by the 
pilot. 

These vectors,  when plotted, revealed that the pilot was counting on a mean 
tail wind component of 10 kt. This was also t rue  for the second half of the flight f rom 
Langeh to Kabul. The plotted vectors also suggested that during the second half of the 
flight the pilot probably counted on a mean wind direction of about 2400. 
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The pilot made various position repor t s  between Kandahar and Kabul which 
indicated a wide and unaccountable fluctuation in  ground speeds. After reporting over 
Ghazni at 0940, the pilot reported over Kabul at 0958. This  would have indicated a 
groundspeed of 240 kt. 

It appeared that the winds used t o  calculate the flight plan were reasonably 
accurate as f a r  afi Kandahar but while in flight f r o m  Kandahar to  Kabul the pilot was 
probably unable to maintain visual contact with the ground and became confused about 
the actual wind speed and direction. 

Estimated t imes  given by the pilot for the diversion to  Zahedan were  a s  
follows: 

Reporting Time Next repor t  - Distance ETA EET G I s  
point GMT ing point NM GMT Min kt 

Kabul 0959 Ghazni 7 2 1025 26 166 

Ghazni 1025 Kandahar 18 1 1130 6 5 167 

Kandahar 1130 Zahedan 282 13 15 105 169 

These groundspeeds suggested that  the pilot was expected about the same  wind 
spc-.d and direction for his diversion t o  Zahedan as he  had calculated for h i s  inbound 
flight to  Kabul although he reported flying a t  15 000 f t  f r om Kabul compared with an 
average of 11 000 f t  for the inbound flight. 

A viscount which diverted f r o m  Kabul back to  Zahedan at an altitude between 
19 000 and 16 000 f t  took 2 hcurs  55 minutes. Its groundspeed was,  therefore ,  only 
185 kt although its t rue  airspeed is believed to have been 245 kt. 

The pilot-in-command of that flight (1R 422) stated, following the accident that 
the only check on winds aloft was made between Kandahar and Zahedan at flight level 160. 
This was found t o  be 315O/72 kt. It was found necessary  to  maintain exactly 30° drift  
correction on that segment of flight between Kandahar and the FIR. At the FLR, a radical  
wind change was noted, and the drift  correction was lessened to  lo0  and maintained at 
such for about 10 minutes until overhead Zahed:an. The wind on the surface at Zahedan 
a t  the t ime of a r r iva l  of IR 422 was 300°/12 kt. 

If such high winds actually occurred after the pilot of the subject flight diverted 
from Kabul, it i s  obvious that his  groundspeed must  have been lower than expected and 
his estimated t ime over Ghazni would have been wrong. 

The Committee then considered repor t s  by two eye witnesses f r o m  villages 
between Kabul and Ghazni to  the effect that  an a i rc ra f t  was seen  turning towards the 
south o r  southwest in the afternoon. At fir s t  these  repor t s  were  considered too vague 
to be positively associated with the TMA ai rcraf t  since the witnesses could not state the 
actual t ime,  and it did not agree  with the pilot's reported intention to  stay at 15 000 f t  
until after  passing Ghazni. However, the Committee also noted that at about this  t ime 
the secondary cold front was just passing over Ghazni, and the weather behind it was 
becoming clear.  
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The pilot had reported to IR 422 while en route that his oxygen was very low 
and the Committee considered that it was probable that: 

a) He assumed that he had reached Ghazni when in fact  he was still north of 
that town; 

b) The cloud cover was beginning to  break with. the passing of the cold front; 

c)  He endeavaured to find a hole in the c'loud cover to get below it, or he 
steered a westerly course where t h e  sky was getting lighter.  

Since the only other aircraft flying on the Kabul-Ghazni route was h a m  to 
have remained at 19 000 f t ,  the Committee considered that the evidence of the  two 
separate witnesses on the ground could be taken to support possibility fc )  above, 

Other circumstances were  considered which might have contributed t o  an 
error of navigatian and the desire of the pilot-in- command to avoid continued flying at 
high d t i t u d e  or in. cloud. The various crew rnembersVlyhg histories w e r e  studied and 
it was felt that the pilot-in-camrnand m a y  have been preoccupied with the praspect of 
changing his position once nnore to the exclusion of: t h e  more urgen t  aspects of this last 
flight. 

The flight was b e i n g  continued to Kabul although the pilot had received ample 
warning of the bad weather which extended aver the route a n d  at Kabul and Kandahar 
airports, Lahore was given. as the new alternate to  Kandahar although the weather 
situation there was unsatisfactory rand tbe fruntaL conditions were moving eastwards 
over Afghanistan and would l ie  across the diversion route to Lahore. These facts 
convinced the  Committee that the pilot-in-command could nut have under stood the 
meteorological situation over Northern India. and Afghanistan at the time and that this 
might well have been a contributory cause for a subsequent navigational error, 

Errors were found in the. calculation of the dead reckoning positions on the 
f l igh t  between Karidahar and Kabul a d  in the amount of fuel carr ied  from Kuwait ;as 
shown in the weight and balance sheet. These e r r o r s  indicate either carelessness or 
fatigue on t b e  part of the pilot-in-command. 

The crew had been on duty for at least 16 hours and had been flying for  about 
2 -  112 hours in an unp~essurized aircraft at 15 000 ft. Also oxygen supply was getting 
very low. Fatigue and  lack of oxygen, m a y  therefore, have contributed to cause an 
error in navigation and the desire to descend to a lower altitude, 

The following hypotheses were also considered: 

a) the pilot may have intended taking the direct  route, since the accident si te  
was practically an the di rec t  route from Kabul to Zahedan; 

b) icing; 

c)  engine. failure or malfunctioning which forced it to descend. 

They were not finally considered as being probable causes to the accident because: 
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a) at least  one pilot knew the route well and must  have been aware of the high 
mountains along this route. Also, the pilot had worked out and reported 
ETAS over Ghazni and Kandahar. The actual saving in distance i s  only 
17 NM. 

b) neither the TMA pilot nor the pilot of the Viscount which flew in the same 
a r e a  reported any icing conditions. 

c) the pilot had reported no difficulty, and following the accident the condition 
of the propellers indicated that the engines were  under power at the t ime  of 
impact. 

2. 2 Conclusions 

Findings 

The crew were properly certificated and had considerable flying experience. 
At the t ime of the accident they had been on duty for about 16 hours ,  the l a s t  2-112 hours  
of which were flown in an unpressurized aircraf t  at 15 000 f t  with a very low supply of 
oxygen. Due to  a reduction in the Company's activities the pilot -in-command was making 
his l a s t  flight for the Company. This may have been on his mind at  the t ime of the 
accident. 

The aircraf t ' s  certificate of airworthiness was valid until 2 3  January 1964. 
E r r o r s  were found in the weight and balance sheet as  t o  the amount of fuel ca r r i ed  f rom 
Kuwait. This indicated possible care lessness  or fatigue on the par t  of the pilot. No 
evidence of malfunction o r  fai lure of the a i rcraf t  o r  its equipment were  found. 

On take-off f rom Kuwait the pilot had not obtained any route or  te rminal  
weather forecast  since none was available. Yet he intended to  fly VFR after passing 
the IranIAfghan border.  He was kept informed while en route of the weather conditions 
to be expected, and he made severa l  position repor t s  between Kandahar and Kabul which 
showed unaccountable fluctuations in groundspeeds. Because he was probably unable to  
maintain visual contact with the ground, he became confused about the wind speed and 
direction. His log book which was recovered,  indicated that he had little knowledge of 
the route. Also, he may not have been aware that  the charts  car r ied  aboard the a i rcraf t  
were inadequate. An e r r o r  in navigation was the end resul t ,  and the a i rcraf t  s t ruck a 
mountain a t  an elevation of 13 940 f t  amsl. 

Cause o r  
Probable cause(s) 

A wrong estimation of the wind speed and direction resulted in a navigation 
e r r o r  which brought the a i rcraf t  42 NM f rom the approved air  route. Possible con- 
tributing factor s were: lack of weather forecast  pr ior  to  take-off, personal  worr ies ,  
fatigue and lack of oxygen, inadequate charts and maps. 

3 .  Recommendations 

Following this accident the Investigating Committee made the following 
r e  commendations: 

1) the Company should ensure in future that adequate meteorological 
information i s  made available to  al l  their pilots before entering Afghan 
terr i tory.  
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The Committee has  been informed that this can be arranged in Kuwait with 
the Meteorological Office, Bahrein, provided that  the Company's agent 
gives the Kuwait authorities adequate warning of the requirement. 

2) The pilot-in-command of the subject flight filed a flight plan indicating a 
flight under VFR af ter  entering Afghan terr i tory.  This could not be 
justified by the actual and forecas t  weather reports.  The Company's 
attention should therefore be drawn to the provisions of Annex 6 t o  the 
Convention on International Civil Aviation and in part icular to para. 4. 3. 2 .  1 
( Fifth Edition). 

"A flight to  be conducted in accordance with visual flight rules  shall 
not be commenced unless current  meteorological reports  or  a combina- 
tion of current  repor ts  and forecasts  indicate that the meteorological 
conditions along the route or that pa r t  of the route to be flown under 
visual flight ru les  a re ,  and wi l l  continue to  be such as to make it 
possible for the flight to be conducted in accordance with visual flight 
rules.  " 

3) After passing Kandahar and in spite of receiving adverse weather repor ts  
indicating that conditions would be below VMC at both Kabul and Kandahar, 
the pilot continued his  flight indicating that he would divert to Lahore i f  
unable t o  land at Kabul. In fact, Lahore had not been shown in the flight 
plan a s  an alternate and the weather forecas t  there  was unsatisfactory. 
- 

The Company's attention should therefore be  drawn to the provisions of 
para.  4.4. 1 of Annex 6 (Fifth Edition), and to  the Afghanistan AIP-RAC 
Section 5 -1 -1 ,  para.  1. 1. 

"A flight shall  not be continued towards the aerodrome of intended 
landing unless the la test  available meteorological information 
indicates that  conditions at  that aerodrome will, at the expected 
t ime of arr ival ,  be at or above the meteorological minima specified 
for such aerodromes in the Operations Manual. " 

"ALRCRAFT 'OPERATIONS IN ACCORDANCE WITH V F R  

All a i rcraf t  operations shall be  conducted in accordance with the 
visual flight rules as  specified in Annex 2 t o  the Convention of 
Civil Aviation, Chapter 4, Table 1, except outside of control zones 
or control a reas  where Table 2 will apply. Page 5. 1-3 shows the 
Visual Flight Rules in chart  form. 

Except when an air  traffic control clearance is  obtained f rom an air  
traffic control, VFR flights shall  neither take off or land at an aero-  
drome within a control zone, nor enter the aerodrome traffic zone or  
the traffic pattern of such an aerodrome i f  the ground visibility is  
l e s s  than 8 km ( 5  miles)  o r  i f  the ceiling i s  l e s s  than 450 m ( 1  500 f t ) .  ' I  

4) When in the vicinity of Kabul the pilot reported that his oxygen supply was 
very low. It is  recommended that the Company ensure  that al l  future 
flights a r e  provided with sufficient oxygen to  meet  the requirements of 
para. 4. 3 .4 of Annex 6. An effort should also be made to  check how many 
oxygen bottles were car r ied  in the a i rcraf t  and when they were las t  replen- 
ished. Two were found in the wreckage. 
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5) The Committee recommends that  al l  maps of Afghanistan which have been 
issued to the Company's pilots o r  which a r e  used for briefing purposes 
should be withdrawn for checking. The USAF World Aeronautical Chart  
in the 1: 1 million topographical s e r i e s  published over ten y e a r s  ago i s  
inaccurate in severa l  important details and should be marked o r  over-  
printed accordingly. 

6) Section 5. 12 of the TMA Operations Manual re la tes  to  minimum flight 
altitudes and levels in IMC and specifies a clearance of a t  l eas t  1 000 f t  
above the highest point of ground within 10 NM of the desired track.  
Whenever more  than one hour elapses without an accurate  fix the min-  
imum clearance should be increased to  2 000 f t  above the highest ground 
within 20 NM of the track.  Since the possibility of navigational e r r o r  
increases  only longitudinally and la teral ly  with increasing distance f rom 
the l as t  positive fix, the re  does not appear t o  be any mathematiczl  justi- 
fication for increasing the ver t ical  c learance above known ground eleva- 
tions. 

On the other hand ground elevations in certain a r e a s  of Afghanistan a r e  
not accurately shown on existing aeronautical maps,  and the Committee 
recommends that a note t o  this  effect should be added to  the TMA Opera- 
tions Manual. The additional 1 000 f t  c learance is not sufficient to  cover 
inaccuracies in existing maps.  A corollary t o  this is that  pilots must  
not attempt t o  fly in IMC over Afghan t e r r i t o ry  until minimum en route 
flight levels have been established by the appropriate authority, and this 
should also be emphasized in all  route manuals. 

7) The Afghanistan AIP section RAC 5. 1-2, para. 1.6 requi res  pilots when 
flying between 3 000 f t  above ground level and l e s s  than flight level  290 
to  maintain cruising levels according t o  the quadrantal rule. In thiz case  
the TMA ai rcraf t  should have been flown at  a flight level appropriate t o  
the 18O0-26q0 quadrant and the Committee recommends that  this should 
be brought to  the attention of the Company. 

8) Map sheet  ME(H/L)3 of the Jeppesen route guide dated 8 October 1963 
showed a non-directional beacon in use at Ghazni on 293. 5 kc. This  
beacon had not been in use since March 1962 and notification of this was 
given in Afghan Class I Notarn No. 0 18, dated 25 March 1962. The 
Committee recommends that this should be brought t o  the attention of 
the publishers of the guide book. 

ICAO Ref: AIL1857 
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AGCIDICNT TO DG-4 ,  OD-AEB,  Or." TRANS-MEDITERRANEAN AIRWAYS, 
SN KOEI -I-SAFID hlOklNTAZNS, AFCnElANlSTA W. It DECZEMBER 1963 

A r r c r a f t  striick r rdgv  at 13940 feet  (4250 rnetrcbs) a b o v e  sen  Xevcl, 
arid disintegratcsd. 

FIGURE 8 

Wreckage Its21 dcrwn steep slope wrr o&er s ide of ridge 

FIGURE 9 
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No. 10 

Aerolineas Argentinas, Caravclle SE-2 10 -Vl-N,  LV-HGY, accident at  Pajas Blancas 
Airport ,  Cordoba Province,  Argentina on 3 July 1963, Accident Repor t  No. 2905, 

published in Information Bulletin No. 11 (Aircraf t  Accidents), September 1965, 
by the National Directorate of Civil Aviation, Argentina, 

1. Investigation 

1. 1 History of the flight 

Flight AR -527 /03  was a scheduled domest ic  flight f r o m  Mendoza t o  Buenos 
Aires  Aeroparque,  Argentina, via Pajas Blancas Airport  in Cordoba Province.  The 
flight plan for the t r ip  was prepared  in Mendoza by the air l ine 's  dispatcher and was  
approved by the chief of the Operations Office as well a s  by the Northwest Regional 
Control Area. The aircraft was cleared to f l i ;  at 8 3 0 0  rn with reporting points along 
the airway at Chafiar-Pampa Salinas and at tLe entrance t o  the Termina l  Area.  The 
a i r c ra f t  took off f r o m  Mendoza at 1750 hours  with  63 passenger s  and 7 c rew m e m b e r s  
and made its first contact by radio  with P a j a s  Blancas Airpor t  control tower at 1840 
hours.  Six minutes l a t e r  it was c leared  for  an ins t rument  approach to  runway 17. The 
approach was initiated a t  a height of 1 500 m which was contrary to the  regulation height 
of 3 300 rn prescr ibed  for  jet a i rc raf t .  A magnet ic  heading of 40.0 was flown on the ou& 
bound t r a c k  and the a i r  craft was above the cloud layer  at a height of 1 0 54 r n  above the 
ground. After the  time presc r ibed  in the a i r l ine ' s  approach char t  had elapsed, a left- 
hand turn  was initiated, t o  in tercept  QDM ZOO0. During the turn the height was main-  
tained with landing gear  extended, f laps  at 20° and  an indicated a i rspeed of 140 kt. On 
completion of the tu rn  a magnetic heading of 20O0 was flown towards  the  beacon, and 
the a i r c ra f t  resumed i t s  descent  until intercepting VOR r ad ia l  168. At this  point the 
pilot thought he  was 250 m above the  ground and, still flying on ins t ruments ,  he  in te r -  
cepted the VOR and changed course  t o  170°. When he  did not make visual  contact with 
the  runway at a height of 150 m h e  started a go-around, climbing on a magnetic heading 
of 105O. He then initiated a right-hand tu rn  t o  in tercept  the radio  beacon again and 
asked for  another clearance from the tower to  come in again. 

He flew over the  beacon at a height of 1 050 m, then followed a magnetic 
heading of 40° during about 2 min 30 s e c  and, while still descending, initiated a lef t -  
hand t u r n  until he obtained QDM 200. The landing gear was  extended and locked, f lap 
setting 2Q0, and a normal  descent at 500 ftfrnin. was maintained. H e  intercepted VOR 
rad ia l  168, announced that he  was  at 160 m and then initiated a turn to  align himself 
with runway 17, Shortly thereaf te r  t h e  a i r c ra f t ' s  por t  wing s t ruck  some t r e e s  five 
m e t e r s  high and the por t  landing gear  came into contact with the ground. The pilot-in- 
command reduced power and pbshed the control  column forward.  After having t ravel led 
during approximately- 60 m on its por t  landing gea r ,  the  a i r c ra f t  rolled on its whole 
undercar r iage  another 700 m. 

At 390 m f r o m  initial impact the  p o r t  wing s t ruck  s o m e  other t r e e s ,  the  fuel 
tanks burs ted out and f i r e  broke out. The  a i r c r a f t  then came into contact with the  
General Belgrancr Railway tracks, brake its undercarriage, t ear ing  away 25  m of 
rai lway r a i l s  and finally came to  rest 280 m before the threshold of runway 17 (See 
Figure 10). The accident occur red  a t  1906 hours.  
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1. 2 In jur ies  t o  pe r sons  

1 3 Damape t o  a i r c r a f t  

The a i r c r a f t  was des t royed  by impac t  and subsequent  f i r e .  

O t h e r s  

1 . 1  Other damage 

P a s s e n g e r s  

6 3 

In jur ies  

Fa t a l  

Non fa ta l  
- 

None 

The  a i r c r a f t  s t r u c k  two pos t s  and the r a i l s  of the  Gene ra l  Be lgrano  Railway,  
tear ing t h e m  up over a  dis tance of 25 m. Also,  the  rudde r  s eve red  s o m e  te legraph  
wi re s  and finally demolished s o m e  w i r e  fencing. 

C r e w  

7 

1. 3 Crew information 

The pi lo t - in-command held a  valid senior  c o m m e r c i a l  pi lot 's  l i cence  and w a s  
sa t is fac tor i ly  cert i f icated.  H i s  to ta l  flying exper ience  amounted t o  16 835  hour s .  H e  
had flown a to ta l  of 15 139 h o u r s  with the  subject  a i r l i ne  including 5 109 hour s  a t  night 
and 1 313 hour s  on ins t ruments .  H i s  exper ience  on Carave l le  a i r c r a f t  amounted t o  
513 hours  of which 70 hour s  w e r e  flown a t  night. During the  90 days  p r i o r  t o  the  accident  
he had flown 118 h o u r s  on the  Carave l le  - 11 h o u r s  during the preceding 30 days - and 
3 hours  on the  day of the  accident.  

No information was  included in  the  r e p o r t  regard ing  t h e  other  c rew m e m b e r s  
on the subject  flight. 

1. 6 A i r c ra f t  information 

The a i r c r a f t ' s  Cer t i f ica te  of Ai rwor th iness  was  valid until  14 June. The  a i r  - 
craf t  had been sa t i s fac tor i ly  maintained and opera ted  within the  specified l imi t s .  

No mention was  m a d e  in the  r e p o r t  of the  a i r c r a f t ' s  weight and cen t r e  of 
gravity.  

JP. 1 fuel  was  being used on t h e  subject  flight. 

1. 7 Meteorological  information 

The  fo recas t  based on the  0900 h o u r s  weather  cha r t  was  a s  follows: 

Mendoza-La Rioja :  -- 
overcas t ;  visibil i ty 12 km; clouds: 6 1 8  t o  8 1 8  S c  and St a t  300-b00 nl, 
7 1 8  Sc  a t  1200 nl, 6 1 8  A c  and As a t  2500 m; winds: 3L0°/40 k t  a t  7 000 n~ 

0 - and 3 10 1 2 0  kt a t  9000 m .  
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This forecast which was  nearly 9 hours old at the time of take-off, was approved by the 
dispatcher and the pilot-in-command, It was  established that neither the dispatcher nor 
any of the flight c r ew member went to the meteorological office to discuss the weather 
situation and to request the latest information based on the 1500 hour chart. As the 
weather forecast for the Mendoza arid Cordoba area remained the s a m e  until 2100 hours,  
it was concluded that this did not have any bearing on the accident, however it revealed 
negligence in the preparation of the flight, After the missed approach procedure w a s  
initiated the airline operations passed the following weather information to the aircraft: 
ceiling 150 rn ,  visibility 12 km - decreasing and at 1855 the tower, on request, reported: 
estimated ceiling 300 rn and estimated visibility 6 km. Finally at 1904 the aircraft was  
informed by the tower that the ceiling had lowered down to 150 m according to the MET 
office. 

The accident occurred at night. 

1. 8 A i d s t o  navigation 

A radio beacon (CBA) and a VCR were available and functioning at Pajas 
B~ancas Airport, 

1. 9 Communications 

Communications were normal and were tape recorded by ATC. 

1, 10 Aerodrome and ground facilities 

Runway 17-35 had electric lights on both sides and kerosene f lares  at both 
ends, All were in operation at the tirne of the accident as well as the aerodrome 
rotating beacon and identifier, 

1. 11 Flight recorders 

The aircraft, at the t ime of the accident carried a Waste-King flight recorder, 
recording five parameters : tirne, height, speed, heading and acceleration. It had been 
inspected at  the factory on 26 March 1962, was returned on 25 M a y  and had then been j 
installed in the subject 'air craft on 12 June 1963. 

4 

For reasons which could not be established, headings were not being recorded. 
The cleaning of the tape by the airline to remove the effects of the f i re  made it impos- 
sible to obtain a clear interpretation of what had been recorded. It was sent to the Civil 
Aeronautics Board (U. S. A. ) where despite varied laboratory treatment including x-ray, 
photographing and amplification by high-powered microscopes, the recording was impos - 
sible to decipher. 

I 

1, 12 Wreckage 

The accident site was approximately 280 m before the threshold of runway 
17 and 450 m from the extended runway centre line. 

1. 3 F i re  - 
About 390 rn frorn the point of initial impact the port wing struck a clump of 

trees.  This caused the fuel tanks to burst and, as the fuel escaped, f i re  broke out, 
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The type of fuel  being used,  JP. 1, and the f ac t  that the  fire was  located s o m e  d i s t ance  
f r o m  the  fuse lage  pe rmi t t ed  all occupants  t o  evacuate  the a i r c r a f t .  Minutes l a t e r  it 
sp read  to  the  a i r c r a f t ' s  fuselage. The  a i r p o r t  had no f i r e  fighting equipment and f i r e m e n  
f r o m  Cordoba City had t o  be summoned.  However,it took t h e m  about half an hour  t o r e a c h  
the s i t e  and, s ince  they w e r e  inadequately equipped, they had t o  fight the  f i r e  with e a r t h  
and water .  

1, 14 - .  Survival  a spec t s  

Evacuation of the  a i r c r a f t  was  by the  f r o n t  p o r t  door and the  emergency  ex i t s  
on the s t a rboa rd  side.  Neither  the  f ron t  nor  the  r e a r  s t a r b o a r d  doors  could be opened. 
The safety lock of the r e a r  one w a s  jammed.  

1. 15 T e s t s  and r e s e a r c h  

An analys is  of the  approach p rocedure  w a s  c a r r i e d  out on the r a d a r  s imu la to r  
a t  the Cent re  for  Regular ,  Advanced and Special ized Ai r  T r a f f i c  Training.  According t o  
this  analys is ,  the  t i m e s  a sce r t a ined  f r o m  the  control  t ower ' s  t ape  record ing  and the  
height and speed  data avai lable,  t h e  p i lo t - in-command had executed an unauthorized 
procedure .  Sketches of the  f l ight  path revea led  the  manne r  in which the  p i lo t - in-  command 
modified the  approved procedure .  

A flight was  made  in  a Carave l l e  f r o m  P a j a s  Blancas  A i r p o r t  t o  execute  t h e  
s a m e  approach p rocedure  as tha t  used on t h e  day of the accident .  I t  r evea led  tha t  it is 
a l r ~ ~ o s t  imposs ible  t o  land on runway 17 and expect  t o  i n t e r cep t  VOR r a d i a l  168, s ince  a 
very  s h a r p  t u r n  h a s  t o  be  m a d e  t o  align with the runway cen t r e  l ine,  a manoeuvre  which 
is  not advisable for  low-level  night flying on ins t ruments .  

2. Analysis  and conclusions 

2.  1 Analysis  

Since ceil ings w e r e  l e s s  than 400 m and s teadi ly  lowering,  an in s t rumen t  
approach procedure  t o  runway 17 had t o  be  made.  

Following the accident  t h e  co-pi lot  s ta ted  tha t  when the  a i r c r a f t  in tercepted 
the VOR r a d i a l  during the f i r s t  a t tempt ,  it was 200 m above the  ground, and the  p i lo t - in -  
conlmand decided t o  go around on 105O. At that  t i m e  the  tower  opera tor  informed hinl 
that he could see  the  a i r  c r a f t  on t r a c k  E and asked whether  they w e r r  heading fo r  the  
a l ternate .  The  co-pi lot  consulted the  p i lo t - in -command and then repl ied that  they would 
make  another  at tempt.  At this t i m e  t h e r e  was  a b r e a k  in the clouds over  the  no r the rn  
p a r t  of Cordoba City and s o m e  buildings and l ights  could be seen.  Thc  co-pi lo t  s ta ted  
that  during the  second at tempt,  just  before  intercepting the  VOR rad ia l ,  his  alt ir l leter 
showed a height of 135- 140 m above the ground when h e  looked out, seeking a visual  
re fe rence .  He  saw l ights  ahead and momen t s  l a t e r  the  a i r c r a f t  s t r u c k  the  ground. 

On 1 Apr i l  1963 two in s t rumen t  approach cha r t s  w e r e  i s sued  by the  a e r o n a u -  
t i ca l  author i t ies  fo r  th is  runway: one for  jet  a i r c r a f t  using the  VOR faci l i ty  and the  o ther  
f o r  jet  a i r c r a f t  using the  Cordoba rad io  beacon. E i the r  of the two p rocedures  could be  
used f o r  landing on runway 17, but no c h a r t  exis ted  tha t  combined the  two. However ,  
the pilot used an unrecognized combination of the rad io  beacon and VOR procedures .  
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The meteorological minima for  each procedure,  i. e. the cr i t ical  height a t  
which a missed  approach procedure shall  be initiated if visual contact with the ground is 
not established, was 160 m by night as  well as by day. The airl ine had also published 
on 11 April  1963 an instrument landing chart  ( jet)  for runway 17. Although this char t  
differed slightly f rom the one published by the aeronautical authorities and had not been 
submitted to their  approval the procedure was in accordance with the officially estab-  
lished guidance and separation procedures and showed the same cr i t ical  height of 160 m. 
The pilot did not observe th is  minimum. The recording of the a i r  -ground communications 
revealed that during the first attempt t o  land he descended down to 150 m,  and the accident 
proved that during the second attempt he descended even lower. 

The cri t ical  height for Caravelle at Cordoba Airport  was subsequently ra i sed  
to  200 m by the airline. This was notified in a Circular dated 30 April  1963 and in a 
NOTAM dated 7 May 1963. Both the pilot-in-command and the co-pilot were unaware of 
that amendment. 

The air-ground communication recording also indicated that the tower con- 
t ro l le r  was unfamiliar with the instrument approach procedure. He should have warned 
the pilot-in-command that  the prescr ibed height for initiating the procedure was 3 300 m. 
Also, when the pilot stated that his  outbound t r ack  was 0400, the controller should have 
given him the correc t  t rack  instead of indicating his approval. Finally when the pilot 
reported he had descended to 150 m without making visual contact and confirmed this a 
minute la ter ,  the controller did not check the meteorological situation. In the prevailing 
circumstances,  he should have warned the pilot, that conditions at the airport  were 
below the operational minima and cleared him down to the specified cri t ical  height. 

During the final phase of the approach procedure, at 1904 hours, when the 
tower advised the a i rcraf t  that the ceiling had lowered down to  150 m, the pilot had 
sufficient t ime to increase thrust  and execute a missed  approach. 

Material  gathered during the investigation showed that weather repor ts  at the 
a i rpor t  differed considerably. The a i rcraf t  car r ied  out the missed approach at 1854 
because it could not make visual contact at 150 m.  Yet shortly thereafter  the tower gave 
ceiling as 300 m and estimated visibility 6 krn, which reveals  a significant deficiency in 
the flight advisory services .  

2. 2 Conclusions 

Findings 

The pilot-in- command was properly certificated and had consider able flying 
experience. 

The a i rcraf t  had a valid Certificate of Airworthiness and had been satisfac- 
tor i ly  maintained. The repor t  contained no information regarding the air  craft 's  weight 
and centre of gravity at  the t ime  of the accident. 

Although the weather forecast  for the flight was prepared on the bas is  of the 
0900 hour chart  which was nearly 9 hours  old at the t ime of take-off, this was not a 
factor contributing to the cause of the accident. I t  does, however, show negligence in 
the preparation for the flight since a new forecast  could have been prepared.  
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Because  of the  low ceilings a t  P a j a s  Blancas  A i rpo r t ,  an in s t rumen t  approach  
had t o  be  m a d e  t o  runway 17. Two p rocedures  can b e  u s e d  fo r  landing on th i s  runway 
but no cha r t  ex i s t s  which combines them. However,  the  pi lot  used an unrecognized 

of the  r ad io  beacon and VOR procedures ,  and descended below the  c r i t i c a l  
height of 160 m. Actually the  c r i t i c a l  height  fo r  Carave l le  opera t ions  at the sub jec t  
a i rpor t  had been r a i s e d  f r o m  160 m t o  200 m by the  a i r l i ne  in Apri l-May of 1963, 
however both the  pilot and co-pi lot  w e r e  not  a w a r e  of the  amendment.  

Although the  a i r c r a f t  c a r r i e d  a fl ight r e c o r d e r ,  f i r e  damage t o  the  t ape  
destroyed the  evidence. 

No f i r e  fighting equipment was  avai lable a t  P a j a s  Blancas  Ai rpor t .  The  f i re  
fighting s e r v i c e s  which c a m e  f r o m  Cordoba City took approximate ly  half an hour  t o  
r each  the  accident  s i t e  and on t h e i r  a r r i v a l  they had t o  fight the  f i r e  with e a r t h  and 
water  a s  they w e r e  not p rope r ly  equipped. 

The  two s t a rboa rd  doors  of tht: a i r c r a f t  could not  b e  used  fo r  evacuation 
purposes.  The  safety lock of the  rear door w a s  jammed.  

Cause  of 
Probable  cause(s )  

Str iking the  ground during f ina l  approach,  when the  pilot fai led t o  execute the  
approved in s t rumen t  en t ry  p rocedure .  

3. Recommendat ions  

No recommendat ions  w e r e  contained in  the  repor t .  

ICAO Ref: AR/881 
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No. 11 

Northwest Aislines, Inc. , Boing 720B. N 724US. accident near  Miami. Florida, 
U. S. A. on 12 Februarv 1963. Civil Aeronautics Board IU. S. A. I .  Aircraf t  . - ~  -.. 

Accident Report,  &'fie No. 1 - 0006 , released 4 June 1965 

1. Investigation 

1. 1 History of the flight 

Flight 705 was a scheduled domestic flight f rom Miami t o  Portland with 
various intermediate stops. The air  craft  had ar r ived in Miami, Floridayat 1240 hours  
eastern standard t ime having been flown by another crew f rom Chicago, Illinois, one of 
the intermediate stops, and a minor mechanical discrepancy was rectified during the 
"turnaround". The ground controller advised the crew-that~most  flights were departing 
"either through a southwest climb or a southeast climb and then back over the top of it. " 
The flight took off f rom Miami at 1335 hours  on an IFR clearance. In accordance with 
the pilot's request  fo r  a southeast vector, a left turn  was made following take-off f r o m  
runway 27L and circuitous routing was utilized in conjunction with radar  vectors  f rom 
Miami Departure Control to  avoid a r ea s  of anticipated turbulence associated with 
thunderstorm activity (See Figure 11). While maintaining 5 000 f t  and a heading of 
300°, the flight asked for clear ance t o  climb to  a higher altitude. At 1343 hours  it was 
cleared to  climb to  flight level 250 and advised it would make a left tu rn  of about 30° 
and climb. The climb-outheadingwasto be 2700. Turbulence in the a r e a  at  that t ime 
was described a s  moderate  to  heavy. Radar serv ice  was terminated at 1345 hours,  and 
control of the flight was t rans fe r red  t o  Miami ARTCC (Air Route Traffic Control Centre). 
Departure Control instructed the flight to  turn to  a 360° heading, and this message  was 
acknowledged. At 1347 hours,  in response t o  a request  for  its position and altitude, the 
flight advised Miami ARTCC that  it was just out of 17 500 f t  and "to stand by on the DME 
one. " This t ransmission which ended at 1348 hours,  was the l a s t  known message f r o m  
the co-pilot. It was subsequently determined that the a i rcraf t  entered a steep dive, 
during which the design l imi ts  were  exceeded, and the a i rcraf t  disintegrated in flight. 
The a i rcraf t  crashed a t  about 1350 hours  in an unpopulated a r e a  of the Everglades 
National Pa rk ,  37 mi les  west-southwest of Miami International Airport. 

1. 3 Damage to  air  craf t  

The a i rcraf t  was destroyed. 

1.4 Other damage 

No damage was sustained by objects other than the aircraf t .  

Injuries to  persons 

Injuries 

Fatal 

Non fatal 

None 

Crew 

8 

Passengers  

3 5 

2 

Others 

. 
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1. 5 Crew information 

The pilot-in-command, age 47, held a valid air l ine t ransport  pilot's 
certificate with ratings for various a i rcraf t  types including the Boeing 720. He had 
flown a total  of 17 835 hours  as pilot, including 150 hours  on the Boeing 720B. His l a s t  
flight proficiency check on 720B was car r ied  out on 13 November 1962. During this 
check flight he obtained the lowest pas  sing grade on 9 of the 22 i tems graded including 
Dutch Roll, jammed stabil izer,  e lectr ical  emergency and engine fire.  He had an FAA 
f i r s t -c lass  medical  cert if icate dated 21 November 1962, and was off duty f rom 13 January 
t o  9 February 1963 inclusive. He was described as  a person who had no problems flying 
instruments of the subject a i rcraf t  type. Also, he was very speed conscious in  turbulence. 

The co-pilot, age 38, a lso held a valid airl ine t ranspor t  pilot's certificate 
with ratings for severa l  a i rcraf t  types. He had flown a total of 11 799 hours as  pilot 
including 1 093 hours  on the Boeing 720B. His  last flight proficiency check was car r ied  
out on 8 July 1962, and h is  medical  certificate was valid at the t ime of the accident. 

The second officer and the five s tewardesses  were  all qualified on the 
Boeing 720B. 

1.6 Aircraf t  information 

The a i rcraf t  had flown a total time of 4 685 hours. 

On a r r iva l  at Miami the pilot-in-command of the inbound flight reported 
that the outflow valves were  a l i t t le sticky, and this made it slightly difficult t o  maintain 
the pressurizat ion in  a smooth manner. The valves were cleaned, and a leaking r ivet  
at the No. 4 r e se rve  fuel tank was plugged. No other maintenance was ca r r i ed  out at 
Miami. 

The aircraf t ' s  maintenance records  showed two occurences in which the 
aircraft had incurred significant s t ructural  damage. The fir st was a landing accident 
at Fo r t  Lauderdale, Flor ida on 26 January 1962 when it landed short  of the runway, and 
s t ruc tura l  fai lure occurred when the right main landing gear separated. At that t ime  the 
adjacent wing was damaged together with flap and fuselage a r e a s  and the No. 3 and No. 4 
engine nacelles. The other was a bird s t r ike  on the right wing landing edge. However, 
it was airworthy at the tim'e of the accident. 

The computed take-off gross  weight (175 784 lb) and the centre of gr.avity 
(25% MAC) were both well within the allowable limits. 

The type of fuel being used and amount car r ied  were  not stated in the 
report.  

1.7 Meteorological information 

The weather in the Miami a r ea ' a t  the t ime of the accident was characterized 
by a pre-frontal  squall line approximately 250 miles  in length, oriented on a northeast-  
southeast line immediately northwest of Miami. The U. S. Weather Bureau (USWB) 
radar  observation at  Miami at 1344 indicated a broken a r e a  of thunderstorms associated 
with this line, with cells two to  twenty miles  in diameter,  and tops of detectable moisture  
at 30 000 f t .  The line was moving southeast at eight knots, and moderate ra in  showers 
were  occurring at the station. The 0600 and 1800 Miami radiosonde ascents showed the 
freezing level to have been a t  11 100 and 12 400 f t  msl ,  respectively. 
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SIGMET No. 3 prepared  by the  U. S. Weather Bureau at Miami, valid f r o m  
0900 to  1300 hours,  forecas t  moderate  t o  s eve re  turbulence in thunderstorms,  with a 
chance of ex t reme turbulence in heavier thunder s to rms .  This  was brought t o  the attention 
of the crew by the operations agent at Miami, and was  attached to  their  dispatch papers .  
SIGMET No. 4, valid f r o m  1300 t o  1700, was not received until about 1315, after  the 
crew had left the operations office. It forecas t  moderate  to  s eve re  turbulence, but 
deleted the reference to  ext reme turbulence indicated in SIGMET No. 3. 

Northwest Air l ines  route  fo recas t  for  Chicago south, valid a t  1300, indicated 
a cold front at Fo r t  Myers ,  Florida,  moving eastward a t  20 kt, with a line of thunder- 
s torms 100 mi les  eas t  of the front. The Macon to  Miami portion of the en-route weather 
forecas t  indicated the tops of clouds would be 25 000 f t ,  with a few thunderstorms t o  
40 000 f t  in the Miami area.  There  was no specific re ference  t o  turbulence. However, 
the company meteorologist,  who prepared the route  forecas t  for the flight, stated that  
turbulence was indicated in h i s  forecas t  by the p resence  of convective clouds. The com- 
pany Flight Operations Manual s ta tes  that i f  cumulua clouds a r e  fo recas t  to  exceed 
10 000 f t ,  s evere  turbulence may be expected. 

The pilot-in-command a l so  obtained weather information f r o m  the pilot who 
arrived at Miami in the subject a i rcraf t  a t  1240 hours. The pilot stated that  the weather 
extended f r o m  LaBelle, about 70 mi l e s  northwest of Miami, t o  the Miami VORTAC and 
that he est imated the tops of the clouds t o  be from 27 t o  30 000 f t .  

1.8 Aids to  navigation 

A VORTAC was available at Miami. 

1.9 Communications 

The co-pilot ca r r i ed  out the communications during the  flight, and no diffi- 
culties were  reported. The l a s t  message  f r o m  the  a i rc ra f t  t o  Miami Air Route Traff ic  
Control Centre was at 1348 hours. 

1. 10 Aerodrome and ground facil i t ies 

Not pertinent to the  accident. 

1. 11 Flight r eco rde r s  

The a i rcraf t  was equipped with a Fai r  child flight recorder  recording 
pressure  altitude, indicated airspeed,  magnetic heading, and ver t ical  acceleration a s  
a function of time. The readout of the flight r ecorder  tape ( s e e  Figure 12) indicated 
that following lift-off at 1335:22, a s e r i e s  of tu rns  to  headings of south, southwest, 
west, and northwest were  accomplished while climbing to  5 000 f t  in light turbulence. 
At 1342:46, a s  a climb was begun, heavier turbulence was encountered for about t h r ee  
minutes, until a left turn  to  ZOO0 was accomplished just pr ior  to  the cessation of the 
Large acceleration excursions. The i n d i ~ a t ~ d  airspeed fluctuated f rom 320 kt to  210 kt, 
and the altitude increased f rom 5 000 f t  t o  15 000 ft. The a i rcraf t  continued climbing 
from 15 000 ft t o  17 250 f t  in a right t u rn  which continued through 3200 while the cl imb 
ceased and altitude remained constant for  about 12 seconds. At 1347:25 the altitude 
began increasing again and the r a t e  of cl imb gradually increased to  about 9 000 f t /min  
a t  1337:38. Following this,  the r a t e  of climb decreased through zero  at 1347:47 when 
the altitude peaked momentarily at 19 285 f t .  During this climb the airspeed decreased  
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from 270 to 215 kt and as t he  peak altitude was approached t h e  vertical accelerations 
changed rapidly from + I G  t o  about -2G. h the next 7 seconds the negative accePeratiun 
continued t o  increase at a slower rate, with sapid fluctuations, to a mean value of about 
-2.8G, while altitude was lost at an increasing rate. As the descent continued with 
rapidly  increasing airspeed, the acceleration t race  went; from the high negative peak to  
+ I ,  5G, where it reversed again. LR the last 9 seconds of the readout the altitude trace 
continued t o  decrease, the airspeed t race  increased until the stylus hit the mechanical 
stop, the acceleration trace increased in a negative direction, and the heading remained 
fairly constant at 330°, The final manoeuvre from the onset of the climb at 1347: 25 
lasted about 45 seconds. 

1 1 2  Wreckage 

The main wreckage area  was in a fairly open and flat section of the Everglades 
which had outcroppings of coral rock, marshy water areas,  and groves or hummocks of 
cypress t rees  irregularly spaced at one-half to one mile intervals. Access to the acci- 
dent area from the nearest road, 15 miles away-, required over three hours by surface 
transportation or 15  minutes by helicopter, The wreckage distribution was aligned OSO 
to 260O, about 1 - 1/ 3 miles wide and 15 miles long, indicating in-flight breakup of the 
aircraft structure. About 9070 of the wreckage, including all large segments, was found 
in the most westerly two miles. The remaining portions of wreckage found east of thiei 
concentration consisted mainly of light material which drifted to the  east -northeast 
because of the prevailing winds aloft, The most westerly piece of wreckage was  the 
upper part  of the rudder, which was used by surveyors as a zero datum point. About 
500 f t  east of this point were engines No, 1, 2, 4 and 3 in that order oriented along a 
south to north line one-half mile long. Five hundred f e e t  northeast of the No. 3 engine 
was the cockpit area. Next, about 1 500 f t  eas t  of the rudder fragment were the outboard 
portions of both wings. Two thousand and seven hundred feet east of the datum point 
were the main fuselage and wing centre sections which landed inverted on a heading of 
060°, The tail section was 1 000 f t  farther east. About 977'0 of the aircraft was recovered. 

The main fuselage section was gutted by severe ground fire, the wings and 
all tail surfaces were separated and fragmented, and there were indications of severe  
in-flight breakup of the forward fuselage, An atternpt was made to partially reconstruct 
the air craft at the site, b u t  as the work progressed it became apparent that a. more 
sophisticated study of the wreckage was required, and arrangemenats were made to 
remove thewreckage to a U;S. Coast Guard hangar at Opa Locka Airport in Miami. 

1 .  13 Eire 

One witness heard the sound of an explosion which had no echo. When she 
looked in that direction she saw an orange ball of flame in the edge of a cloud, which 
dropped straight down, becoming a streak and disappeared behind trees. 

There was a severe ground fire, 

1. 14 Survival asp-ects 

The Civil Aeronautics Board was notified of a mis sing air c r  aA at 1400 hours, 
and a search was started immediately, The wreckage was discovered at 1859, 
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1. 1 5  T e s t s  and r e s e a r c h  

A mockup (See  F i g u r e  13) of t he  a i r c r a f t  w a s  comple ted  on 1 A p r i l  1963, 
and the  de ta i led  study w a s  r e s u m e d .  T h e  m a i n  f a i l u r e s  in both wings and ho r i zon t a l  
s t ab i l i z e r s  w e r e  in a  downward d i rec t ion ,  and v i r tua l ly  s y m m e t r i c a l .  T h e  f o r w a r d  
fuse lage  b roke  upward  and t h e  v e r t i c a l  s t ab i l i z e r  fa i led  t o  t he  lef t .  All  four  engines  
generally s e p a r a t e d  upward  and outboard;  however ,  c e r t a i n  pecu l i a r i t i e s  in t h e  No. 3  
engine s epa ra t i on  gene ra t ed  cons ide rab l e  i n t e r e s t  dur ing  t h e  invest igat ion.  T h e  r e v e r s e r  
on th is  engine landed about 1 300 f t  f r o m  t h e  m a i n  engine sec t ion .  T h e  No. 3  engine a l s o  
varied in tha t  i t s  f ina l  posi t ion was  150 f t  on  an  az imuth  of 0150 r e l a t i ve  t o  i t s  in i t ia l  
impact  point. The  o the r  engines  bounced approxinla te ly  1 0 - 4 5  f t  on az imuths  of 055 ,  
080 and 060' f r o m  t h e i r  r e s p e c t i v e  c r a t e r s .  Approx imate ly  4 f t  of the  r igh t  wing, f r o m  
the leading edge af t  t o  the  f ron t  s p a r ,  and inboard  of t he  No. 3  nace l l e ,  was  b roken  
away. Coll is ion of t he  r e v e r s e r  with t h i s  leading edge sec t ion  was  indicated in  t h e  p a t t e r n  
of s c r a t c h e s  found within the  c r e a s e s  which r e s u l t e d  a t  ground impac t .  The  m a i n  engine 
mount f r a c t u r e s  w e r e  examined f o r  fat igue,  which migh t  have  r e s u l t e d  f r o m  damage  
sus ta ined  a t  the F o r t  L a u d e r d a l e  acc ident ,  but  none w a s  found. 

Se lec ted  s a m p l e s  of the  a i r c r a f t  wreckage  w e r e  s e n t  t o  t he  F e d e r a l  B u r e a u  
of Invest igat ion l a b o r a t o r y  f o r  examinat ion.  No explos ive  r e s i d u e s  w e r e  found. 

T O  m o r e  fully develop c e r t a i n  a r e a s  of its invest igat ion the  Boa rd  convened 
a  public hea r ing  dur ing  which e x p e r t s  f r o m  the  aviat ion indus t ry  tes t i f ied .  T h r e e  b a s i c  
a r e a s  w e r e  cons ide red :  

a) the  wea ther  and its potent ia l ;  
b) t he  pilot  and h i s  abi l i ty  to con t ro l  t he  a i r c r a f t ;  and 
c) t h e  a i r c r a f t  and its c h a r a c t e r i s t i c s  throughout  a  manoeuv re  such  a s  

indica ted  on t h e  fl ight r e c o r d e r  r eadou t .  

T h e  D i r ec to r  of t h e  Nat ional  S e v e r e  S t o r m s  P r o j e c t  (NSSP)* t e s t i f i ed  t h a t  
the tu rbu lence  encoun te red  i n  a  t h u n d e r s t o r m  v a r i e s  d i r ec t l y  with t he  amount  of r a in f a l l  
and the  d i a m e t e r  of t h e  s t o r m  dur ing  its building o r  m a t u r e  s tage .  During t he  d e t e r i o r a t -  
ing s t age ,  t he  d i a m e t e r  of t h e  s t o r m  is n o  longer  indica t ive  of the  tu rbu lence .  T h e  l a r g e  
updraughts  o c c u r r i n g  within t h u n d e r s t o r m s  a r e  f requen t ly  15 m i l e s  wide, and invar iab ly  
contain s m a l l e r  gus t s  which p roduce  t h e  tu rbu lence .  T h e  s t r eng th  of t h e s e  s m a l l e r  gus t s  
genera l ly  v a r i e s  d i r ec t l y  with t h a t  of t h e  d r augh t  in  which they  occur .  T h e  r e p o r t  sub -  
mi t ted  by  NSSP in  June  1963 concluded in p a r t  t h a t  it i s  not un rea sonab l e  t o  a s s u m e  tha t  
s e v e r e  tu rbu lence  ex i s t s  a t  s o m e  point  in any s t o r m ,  and i n  a  growing o r  l a r g e  m a t u r e  
t hunde r s to rm one m a y  expect  e x t r e m e  tu rbu lence .  

T h u n d e r s t o r m  da t a  of a  m o r e  spec i f i c  n a t u r e  w e r e  developed by m e t e o r o l o -  
g is t s  of the  U.  S. Weather  Bureau ,  who evalua ted  t h e  nine i nd i ca to r s  of tu rbu lence  which 
might  have  been p r e s e n t  i n  t h e  c r a s h  a r e a  at t he  t i m e  of t he  acc ident .  They  r e p o r t e d  
thc m o s t  r e l i ab l e  of t h e s e  i nd i ca to r s  s e e m s  t o  b e  t h e  r a in f a l l  r a t e ,  which ind ica tes  g u s t s  
values in t h e  s e v e r e  r a n g e ;  o the r  f a i r l y  r e l i ab l e  indica t ions  such  a s  buoyancy, ha i l ,  and 
su r f ace  gus t s  indicated somewhat  h igher  gus t  va lues .  

* . . . a p ro j ec t  of t he  U. S. Weather  Bureau ,  with t h e  pa r t i c ipa t ion  of t he  A i r  F o r c e ,  
the  FAA and NASA, t o  s tudy  t he  fo rma t ion  and l i fe  h i s t o r y  of squa l l  l ines .  
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A representative of the Naval Medical  Research Institute, and a pilot who 
performed as  his subject during a series  of tests  on negative G manoeuvres conducted 
by the U. S .  Navy, were called as witnesses at  the hearing. They advised that  from a 
physiological standpoint the acceleration evidenced by the f l igh t  recorder  readout shou ld  
not have physically incapacitated the crew members, assuming they were  restrained in 
their seats. The Navy tests subjected the pilot to repeated loads of - 3G for periods of 
up to 30 seconds and - 5 6  for shorter intervals with no adverse physiological effects. 
These forces h a v e  been duplicated in flight as wel l  as in centrifuge testing. However, 
they also advised that i f  one has never been exposed to  high negative G forces, the 
expezience could be frightening. 

Boeing provided the Board with data from two studies which were conducted 
t o  determine: 

I) the capability of the aircraft to perform the manoeuvre indicated by the 
flight recorder  readout; 

2) what control inputs would be required,  and 

3) what ai rcraf t  response would result  f rom partial  or complete loss of 
the hor i z  ont a1 tail. 

Initially an analogue computer study was conducted. The data derived were then used in a 
more sophisticated IBM digital simulation of the flight path of the aircraft during its 
final manoeuvre, Both studies varied longitudinal control inputs to  reproduce the ver - 
t icalaccelerat iontrace of the recorder ,  The results revealed that while the a i rcraf t  
was capable of performing the manoeuvre, full aircraft nosedown deflection of bath 
horizontal stabilizer and elevator was required to achieve the high negative load factors 
indicated. An intact and operable elevator would also have been required t o  produce the 
part ia l  recovery following the initial pushover. In addition, par t ia l  or complete loss of 
the horizontal tail surfaces pr ior  to the partial recovery would have resulted in a much 
higher rate of change of the pitch attitude and vertical acceleration, In the digital study, 
pitch attitudes v a r i e d  f rom about 2Z0 noseup during the steep climb to beyond the vertical 
in the nosedown direction during the dive, -They estimated that negative stall  buffet was 
encountered during a 6-second period of the final manoeuvre, 

Following ;these studies which were carr ied  out early in the investigation 
and because of the large 'control inputs  indicated, a comparison was made between the 
known aircraft  climb performance capabilities and the actual performance indicated in 
the fl ight recorder readout. For this study it was assumed that the power setting through- 
o u t  the manoeuvre remained constant at maximum continuous power, which is normal 
for the climb. It was then possible to cornpar e this normal  performance with air speed - 
altitude t races  indicated on the flight recorder, Any variation. from this normal aircraft  
capability, when comparing a loss  in air speed with a corresponding gain in altitude, 
represented the influence of an updraught. A n  opposite variation would be the resul t  af 
a downdraught, The comparison revealed that draughts of high intensity were  acting on 
the a i rcraf t  at the t ime of the high rate of climb and during the dive. The draughts were 
not of sufficient magnitude to  damage the ai rcraf t  structure. However, the  pus sibility 
that a pilot might be misled by the a i rcraf t  response to  these draughts was considered. 
Entry into an updraught produces an initial air craft  response to "weathercock" nosedown 
into the relative wind, However, it  was pointed ou t  that the ultimate effect of the up- 
draught is an altitude and noseup attitude increase. If the pilot attempted to overcome 
this initial "tuck" with noseup elevator, the ra te  and amount of change in attitude and 
altitude ultimately produced by the draught would be exaggerated. The converse would 
be t rue  for downdraughts. 
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Boeing a l s o  conducted a study by s imulat ing fl ights of a  720B through va r ious  
draught h i s to r i e s .  The  va r ious  s imulat ions  included one flight with no control  input f r o m  
the pilot, another  with sufficient control  to  mainta in  a  constant  hor izon ta l  att i tude and 

a resu l tan t  study which included a synthesized draught  h i s to ry .  A compar i son  of 
the flights indicated tha t  the  acce le ra t ion  f o r c e s  w e r e  l e s s  without control  inputs than 
for  constant at t i tude flight. The  pitch changes exper ienced during the  s t i ck- f ixed  flight 
were i a i r ly  l a r g e ;  however,  t h e  s tabi l i ty  of the  a i r c r a f t  was suff icient  t o  ove rcome  the  

f o r c e  in  each ins tance .  

Following the  public hear ing  i t  was  fe l t  tha t  two a r e a s  r equ i r ed  fu r the r  
study. The  f i r s t  was the possibi l i ty  of r a in  f reez ing  in the  balance  bay a r e a .  Icing of 
the balance panel  s e a l s  and the piano hinge, which connects  the  balance panel  t o  the  
elevator ,  could r e s t r i c t  movement  of the  e leva tor ,  and consequently i t s  ef fec t iveness .  
There  had been a t  l e a s t  13 o c c u r r e n c e s  of longitudinalcontrol  difficulty at t r ibuted t o  th is  
icing problem.  However,  in t hese  ins tances  the  difficulty was  usually cha rac t e r i zed  by 
either a s t i f fnes s  in the  control  column with poor a i r c r a f t  r e sponse ,  o r  a  cycling fo rce  
in the  column with a  corresponding porpois ing motion. In s o m e  c a s e s  m o r e  f o r c e  was  
required t o  move the  controls  than the  c r e w  c a r e d  t o  e x e r t ,  and the  s tab i l i ze r  t r i n ~  was  
used to  control  the  a i r c r a f t .  In s o m e  c a s e s  descen ts  to  lower  al t i tudes r e s t o r e d  n o r m a l  
feel and  r e sponse ;  in o the r s  g r e a t e r  than n o r m a l  pilot f o r c e s  al leviated the problenl .  
In no c a s e  did the  icing prec ip i ta te  a  l o s s  of control.  

Jo int  Northwest-Boeing flight t e s t s  w e r e  pe r fo rmed  in c l imat ic  conditions 
s imi la r  t o  that  exper ienced by Fl ight  705 and the t e m p e r a t u r e s  within the  balance  bay 
were m e a s u r e d  a t  four points.  ~ h e s e  t e s t s  showed that  the  m e a s u r e d  t e m p e r a t u r e  in 
all  c a s e s  w e r e  equal  to  o r  w a r m e r  than the  r a m  a i r  t e m p e r a t u r e .  When t h e s e  data  w e r e  
cor re la ted  with the per t inent  acc iden t  data ,  Boeing de te rmined  tha t  the balance  bay 
ambient t e m p e r a t u r e  of the  subject  a i r c r a f t  was  about 400F.  In such  c a s e  the balance  
bay cavity wal ls  would have been at l e a s t  5 0 ° ~  and the piano hinge 6 0 ° ~ .  Nor thwest  a l s o  
analyzed th is  data ,  and found tha t  t h e  per t inent  t e m p e r a t u r e s  in t h e  balance  bay a r e a  
would have reached  the  f reez ing  l eve l  shor t ly  before  the final manoeuvre .  

T h e  second a r e a  which needed fu r the r  study r ~ s u l t e d  f r o m  calculat ions of 
NASA aerodynamicis ts .  T h e i r  in i t ia l  study of the  720B longitudinal con t ro l  s y s t e m  
indicated the possibi l i ty  of control  f o r c e  lightening o r  even r e v e r s a l  a t  high down elevator  
deflections. However ,  a  full  s ca l e  wind tunnel t e s t  of the  hor izonta l  t a i l  was  r equ i r ed  t o  
resolve  this  possibili ty.  NASA conducted the  t e s t  in the  f a l l  of 1963 a t  the i r  40 x 80 f t  
wind tunnel at the  Ames  R e s e a r c h  Cen t r e ,  Moffett F ie ld ,  California.  Aerodynamic  
control  t ab  hinge nloments  and e levator  hinge momen t s  w e r e  der ived  for  a  range  of 
elevator angles and t a i l  angles of attack. The  data f r o m  the  wind tunnel  w e r e  then used 
to analyze the  control  f o r c e s  which would be  exper ienced in a  pitching manoeuvre  s imi l a r  
to Flight 705, a t  a  s e r i e s  of e levator  angles  with the  s tab i l i ze r  a t  n o r m a l  c l imb and full  
nosedown. Additionally, control  f o r c e s  w e r e  a l so  calculated fo r  t1G l eve l  flight a t  a  
s e r i e s  of s tabi l izer  set t ings.  

All  computations w e r e  based  on an equivalent a i r speed  of 250 k t ,  15 000 f t  
altitude, 173 000 lb  and a cen t r e  of gravi ty  of 25% MAC, t o  closely approximate  the  
p a r a m e t e r s  of Flight 705. T h e  r e s u l t s  indicated tha t  fo r  t1G leve l  flight with varying 
s tabi l izer  se t t ings ,  the  var ia t ion of control  fo rce  with e levator  angle was  in the  n o r m a l  
direct ion for  a l l  e levator  angles.  During pitching manoeuvres  with constant  s tab i l i ze r  
set t ings,  the  p ~ ~ s h  fo rce  to  mainta in  down elevator  angles reached  a max imum a t  about 
lo0 down e leva tor ,  and then dec reased  a s  the down elevator  angles  increased .  Posi t ioning 
the s tabi l izer  a t  f u l l  a i r c r a f t  nosedown o r  n o r m a l  c l imb set t ings did not appreciably  a l t e r  
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the control forces.  The push force to  hold full down elevator during the pitching manoeuvres 
with either of these stabilizer s e t t i n g s  was about 15 lb f rom aerodynamic loads and t 

15 lb f rom the elevator centring spring. The analysis also included data on the control 
force sensitivity for variations in balance panel cove gap clearances,  and stabilizer 
actuated elevator (SAE) tab rnisrigging. The push force in the pitching manoeuvres 
studied was reduced 7.5  lb  for each 0 .05 inch reduction in the cove gap and 8 ib for each 
degree of rnisrigging of the S A E  tab, A qualitative evaluation of aeroelastic effects 
indicated that these would be in a direction t o  reduce the push force required for the 
negative load factors developed in nosedown pitching manoeuvres. 

2. Analysis and Conclusions 

2. 1 Analysis 

There was no evidence of any control sys tem failure or  malfunction except 
those associated with in-flight breakup or ground impact. Nor was there any evidence 
of arcing, burning, or electr ical  overload on any of the generators. There were no 
signs of a lightning s tr ike or  hail damage. 

Examination of the air craf t  instruments revealed that the nos edown rota- 
tional pitch stops of both vertical  gyros, which furnish pitch and ro l l  displacement intel- 
ligence for the HZ - 4  ( a  combined flight director and attitude indicator) and other devices, 
received severe impact damage as  a resul t  of a rapid rotation of the aircraf t  about its 
pitch axis. The compass instruments were indicating northeasterly headings at the t ime 
power was interrupted. 

Because of the company's route forecas t  and  information provided by the 
pilot of the ai rcraf t  an the incoming flight to Miami, who advised that he had descended 
after passing the squall l ine,  the crew of Flight 705 should have been aware that some 
of the worst  weather was still northwest of Miami. This would explain the decision to  
depart to the south and then r eve r se  course when the continuing climb would "top" the 
weather. Since SIGMET No. 3 was not valid after 1300, and the crew did not receive 
SIGMET No. 4 regarding potentially hazardous weather, they might have assumed that  
the hazardous weather conditions were  no longer anticipated. 

Transmissions between the pilot and controller disclosed a misunderstanding 
of the intended departure route. The pilot, apparently basing his decision on a belief 
that the squall line was still northwest of Miami, was. requesting an extended southerly 
climb before reversing course to overfly the weather. The controller, acutely conscious 
of arriving air  craft descending t o  the south for approaches to Miami, other conflicting 
traffic which restr ic ted climb capability in that  sector ,  and the proximity of Hornstead 
AFB, envisioned a slight deviation to  the south before vectoring the flight through the 
weather along a departure pattern s imilar  to that which had been negotiated by a previous 
flight. 

Regardless of other weather information available to the crew, if the air  - 
borne radar was operable and being utilized properly, it is difficult to reconcile the 
flight's progress  to  the southwest within the confines of the squall line. Apparently, 
the pilot-in-cornrnand bel ieved that he was southeast of the line and intended to r e s i s t  
the inevitable turn to  the north as long as possible, in order to gain more altitude, 
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The flight was airborne about 13 minutes f rom 1336 to 1349. Between 
1336 and 1340 while climbing to  5 000 f t  encountered light turbulence. F r o m  about 
1342:30 to  1346, while climbing f rom 5 000 f t  to  15 000 ft,  the flight recorder  G t r a c e  
indicated moderate t o  severe  turbulence. This was confirmed by t ransmissions f r o m  
the crew. The airspeed variations during these turbulence encounters did not vary 
significantly f r o m  the recommended 230 t o  280 kt penetration range in use. On severa l  
occasions, when turbulence was heavier,  the heading t r ace  showed a discontinuance of 
the turn then in progress ,  a good technique in rough air  penetrations. However, a t  one 
point in the second encounter at about 1343, the heading t r ace  broke sharply, the altitude 
dropped and the acceleration was at  about t1G level, indicating some fo rm of la ter  a1 
upset. 

According to  the flight recorder ,  the a i rcraf t  passed out of the heavy 
turbulence a r e a  at  about 1346 while climbing through 15 000 f t .  F r o m  this point to  the 
beginning of the final manoeuvre at  about 1347:25, the recorder  t r a c e s  showed a mild 
oscillating motion of the a i rcraf t  a s  it climbed f rom 15 000 f t  to  17 250 ft. The acce l e r -  
ation excursions were  no grea ter  then +0. ZG, and the altitude variations were  small ,  
but discernible during the oscillation. The half cycle t ime varied f rom about 16 seconds 
to 25  seconds. 

The flight recorder  t r aces  indicated that the accident manoeuvre s tar ted 
some 12 minutes after lift-off at Miami and ended about 45 seconds la ter  when disinte- 
gration of the a i r f rame occurred in flight. During this interval the a i rc ra f t  climbed 
steeply, reaching a climb r a t e  about 3- 1/ 2 t imes  its normal ra te ,  pitched nosedown, 
and dove toward the ground at  high airspeed. At the s t a r t  of the manoeuvre the a i rcraf t  
was in a level tu rn  at 17 250 f t  and had been so for about 12 seconds. The airspeed had 
increac3d about 10 kt over the level-off airspeedo: 260 kt, the heading was s t i l i  changing 
toward the 3bOO clearance heading, and the ver t ical  acceleration had returned to  t l G  
after the slight decrease  during level- off About one minute ea r l i e r ,  while climbing 
through 15 000 f t ,  the a i rcraf t  had passed out of a heavy turbulence a r e a  into a light 
turbalence a r e a  through which it was s t i l l  flying at about the s t a r t  of the final manoeuvre. 
Several radio contacts with departure control were made by the flight in this one minute 
interval before the manoeuvre s tar ted,  and two contacts were made with ARTCC in an 
approximate 10 second interval following the initiation of the final  manoeuvre. None 
indicated concern, a l a rm o r  any mechanical difficulty with the aircraf t .  

Before the resul ts  of the flight recorder  analyses and other studies were  
available, the extensive in-flight s t ructural  breakup was suggestive of a single cata- 
strophic event such as: 

1) an in-flight explosion; 
2) a fatigue failure of a main component; 
3) a control sys tem fai lure  or major malfunction; 
4) an excessive gust loaaing; 
5) f lutter;  
6) a "static-type" fai lure  of a major  component resulting f rom pr ior  

damage due to t ravers ing  - the heavy turbulence a rea ,  an ea r l i e r  incident 
or  a combination of these  pr ior  damage possibilities. This last poss i -  
bility received ear ly  consideration because of the distinctive manner in 
which the No. 3 engine separated and because portions of this engine's 
mounting s t ruc ture  had been repaired as  a resu l t  of the F o r t  Lauderdale 
accident. Meticulous study of the a i rcraf t  wreckage mockup not only 
eliminated this causal  a rea ,  but also disclosed no evidence to  support 
the theories of in-flight explosion, fatigue failure,  or control sys tem 
malfunction. 
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NASA reviewed the methods and techniques used by Boeing in demonstrating 
substantiation for gust loads and flutter  and found that they were in accordance with 
established procedures and in agreement  with current design practices. Also the results 
of Boeing's analyses were considered to be reasonable. Flutter protection was provided 
in the design to  speeds in excess of 12070 of V D  (the dive speed), and no unusual dynamic 
response characteristics were found for either positive or negative gusts within the 
design limits. The analysis of the gust intensities in the accident area at the time, 
prepared by the U. S .  Weather Bureau, demonstrated that the weather was severe but 
not unusual. Thus, except for the remote  chance of an extr erne gust encounter, the 
maximum gusts which the flight might have encountered w e r e  within the design limits. 
Zt was therefore  concluded that the single event possibilities of excessive g u s t  loading 
or flutter were not the di rec t  cause of t h e  final accident manoeuvre. Accordingly,  the 
Board concluded that no single catastrophic event was the cause of the final manoeuvre, 
(This view was corroborated by the results of the wreckage trajectory studies and the 
f l ight  recorder readout analyses. ) 

The t r a j ec to ry  study helped establish that the air craft s t ruc ture  was essen- 
t ially intact throughout mos t  of the final mmoeuvre and that  the initid separations did 
not occur until the  air craf t  had descended below 10 000 ft. 

The  s t ruc tu ra l  strength data review also tended to  support a breakup at a 
lower altitude. Although the design regulations required that strength be provided fox 
only a - 1G limit load, the aircraft design incorporated strength ia the negative direction 
considerably in excess of that value, The horizontal  tail could withstand the high loads 
associated with manoeuvring to  - 3 . 2 C  in the early part of the noseover, and would not 
be expected to fail under this condition unless  the elevator was deflected upward suddenly 
at an extremely high rate, wel l  in excess of the rate indicated by the recorder  readout 
analysis. However, the manner in which elevator and stabil izer did fail suggested that  
this type of loading did occur later in the dive. The forward fuselage c w l d  also with- 
stand the initial high negative G loading and would not fail until the horizontal tail sepa- 
rated. The wing could be expected to exceed its design strength at either of the high 
negative G loadings, but would have been more cr i t ical  at the lower altitude loading. 

The  early analogue and digital recorder readout studies by Boeing (See 
F igures  14 and 15) showed that the aircraft was intact during the initial steep climb, the 
noseover, and during at l e a s t  most of the dive. The most significant and initially p u z -  
zling finding was that the final manoeuvre required - 

(a )  f u l l  nosedown stabil izer trim and f u l l  down elevator; 
(b) full down elevator for about 8 seconds; 
( c )  a r e tu rn  t o  the full  up elevator position about 9 seconds later. 

Th i s  one finding was perhaps the most convincing of all the evidence indicating an essen-  
t ial ly intact aircraft down to a lower altitude, even when the inherent limitations of the 
overal l  digital study were  taken into account, For gus t s  t o  be considered as the major 
contributory generating source for the initial negative G portion of the manoeuvre, their  
velocities wcruld have to have been incsnceivably high because of the l a rge  g u s t  gradient  
(rate of gust onset) required and the relatively long time interval (about 10 seconds) over 
which the negative G built up to its maximum value. Gust velocities inconceivably greater 
than the most severe gusts measured during the NSSP would be required. The results 
of the simulated gust computer studies provided still another indication that gusts and/ or 
draughts alor even of the type and magnitude believed to  have been imposed on Flight 70 5, 
would not generate  a G trace of the type shown on the f l i g h t  recorder record. 
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~h~ picture of the final  manoeuvre that e m e r g e d  f r o m  init ial  consideration 
of the evidence was that of an intact aircraft descr ib ing  a path in space a s  a result of 
unusual longitudinal control displacement% Two Of the t h r e e  broad conclusions outlined 
in the summary of the December 1964 Northwest-Battelle study a r e  in essen t ia l  agree-  
ment with the Board's assessment of the evidence. They  a l so  conclude tha t  the 
examination disclosed no physical evidence of a f a i l u r e  which caused the accident and 
that Itanalysis of flight recorder data has produced s t r o n g  evidence that  positioning of 
the elevator and horizontal stabilizer Were directly responsib le  fo r  the final  manoeuvre 
from the airplane did not recover. " In a r r i v i n g  at the i r  th i rd  conclusion that 
immobilization of the elevators due to freezing p rec ip i t a ted  the pilot-in- command, 
control inputs, they chiefly relied on the previously repor ted  incidents of balance bay 
freezing, and on their own calculations of the t e m p e r a t u r e  environment in the balance 
bay area at the time of the accident. The Board, a l so ,  was aware  of the  significance 

the previous incidents and early in the investigation had reques ted  Boeing to Provide 
test data bearing on the possibility of balance bay f reez ing .  The  balance bay temperature 
lapse-rate  data collected in late 1963 during a joint Northwest-Boeing flight test pro-  
gramme ,--early demonstrated that the pertinent t e m p e r a t u r e s  were  at l e a s t  as high as 
the ram air  temperature,  and for  certain components w e r e  appreciably higher, Since 
the ram air temperature determined f rom the S .  Weather Bureau radiosonde data 

and the flight recorder  airspeeds showed the r a m  air t empera tu re  would have been 
above 4 0 0 ~  for the entire flight, the Board believed it reasonable to conclude that balance 
bay freezing was not a factor in the accident. Af te r  detailed study of the Northwest- 
~ ~ t t ~ l l ~  study report  the Board found no sound Just i f icat ion for  modifying this conclusion. 

The Boeing Performance Analysis r e p o r t  was useful in forming an a s s e s s -  
ment of the events that transpired during the final  manoeuvre.  

The NASA wind tunnel tests  and their  subsequent longitudinal control force 
analysis provided of the elevator and control t ab  hinge moment pict u r e  on 
the 7208. Although the control forces  derived from the  f u l l  s ca le  t e s t s  were  not appre-  
ciably different f r o m  the ear l ie r  predicted values, the  elevator control force did show 
the same lightening effect at l a rge  down elevator angles but did not r e v e r s e  withi, the 
range of negative lift coefficients used in the NASA analysis.  The analysis did that 
any in the conditions of the analysis would allow control t o  larger negative 

lift would further reduce the Push a s  a r e su l t  of the associated aerody- 

namic characterist ics.  Moreover* in quantitatively establishing the control force sensi- 
tiviw both to  small variations in cove gap clearance and SAE tab riggings qUalitati- 
vely to aeroelastic wing bending effects, the analysis indicates t o  the Board that contr 01 
force lightening to  within the system friction band or  even mild f o r c e  reversa l  is possible - 
on service a i rcraf t .  

When questions a rose  regarding the possibility of making a successful r e  - 
covery f r o m  a vert ical  dive below 20 000 ft. Boeing provided the Board in November 1964, 
with the results of a study they had made in this area.  Their  study showed that with 

of full up elevator the a i rc ra f t  was recoverable from a 95O dive at l4  f t  
and 320 kt with full a i rcraf t  nosedown t r im-  The level-off altitudewouldbe about 

000 
~h~ airspeed at which fie recovery is commenced is most  important because zero dive ' 
=gle must  be reached before the speed in the dive exceeds 480 kt. Beyond this 

it 
is not possible to  maintain 1G flight with full  airplane nosedown stabil izer trilll and full 
up elevator. ~t the s t a r t  of the recovery at 14 200 ft,  application of full  up elevator 
would develop a + 4 ~  airplane load fac tor  and require 185 lb  of. pull f o r c e  on the control 
column. while full up elevator throughout the recovzry,  the developed air - 
plane load factor would c o n t i n u o ~ ~ l y  decrease due to loss  in elevator effectiveness with 
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increasing ai rspeed until the maximum dive speed (472 kt) was reached. However, in 
this same  interval  the  elevator control column load would inc rease  t o  a maximum value 
of 320 lb  shortly before level-off. The total  t ime  consumed in the recovery was found to 
be 3 1 seconds. The Board found these resu l t s  extremely enlightening and indicative of 
the difficult problem confronting a pilot in such a recovery.  

Some of the  prel iminary resu l t s  of the  extensive NASA rough air  penetration 
studies shed considerable light on the overal l  turbulence flying problem and were  of g rea t  
ass is tance to  the Board in its assessment  of this  accident. Of par t icular  in teres t  was 
NASA's finding tha t  pilot workload, cockpit accelerat ion environment, a i r  craft  charac - 
t e r i s t i c s ,  cockpit instrumentation displays, and piloting technique can al l  be fac tors  in 
precipitating an upset  in some cases .  During extensive flight simulation t e s t s  in a spe -  
cifically designed s imulator ,  it was found that  the simulator,  without any pilot control 
inputs, can fly through the mos t  severe  NSSP gust/draught his tory without excessive G 
excursions, l a rge  a i r speed  variations or great  altitude changes but with, in many cases ,  
l a rge  changes in pitch attitude. The inherent or  augmented stability of the simulated 
a i rc raf t  will in this  type of t r i a l  provide the res tor ing forces  required to maintain the 
t r i m  condition. In mos t  of the t r i a l s  with a pilot "in the loop", the simulator could be 
flown successfully through the "storm" and the extent of the G, airspeed,  and altitude 
excursions depended la rge ly  on how close the pilot t r ied  to  maintain the desired pitch 
attitude. Some of the t r i a l s  revealed oscillations in the recorded pa ramete r s ,  some - 
t imes  quite l a rge  in amplitude, indicating pilot control input out-of-phasing with.the 
simulator motions induced by the imposed gust/draught his tory.  In a few t r i a l s  the o s -  
cillations became divergent and an upset occurred.  When the pilot was told t o  deliber - 
ately ignore the pitch attitude display, and to  re ly  chiefly on controlling airspeed during 
the simulated penetration, la rge  oscillations of all  pa r ame te r s  invariably resulted. The 
prel iminary resu l t s  of the programme led the Board to conclude that, under certain 
conditions and circumstances ,  the unfavourable coupling of pilot control inputs and tur  - 
bulence-induced a i rc ra f t  motions can crea te  a hazardous in-flight situation. 

A paper presented by Captain Paul  Soderlind (Manager, Flight Operations 
Resea rch  A d  Development Division, Northwest Airl ines)  in la te  1963 r e  -emphasized the 
precautions to  be taken in making rough a i r  penetrations, especially at  higher altitudes. 
Another paper presented in mid-1964 discussed potential pilot "miscues" f rom p r imary  
cockpit flight instruments and some pilot sensory  cues which can be misleading under 
cer ta in  weather conditions., The importance of using the attitude indicator as  the chief 
reference instrument in turbulence. and the need for still fur ther  i m ~ r o v e m e n t s  in  

A 

attitude inst rument  design were  amongst the significant conclusions reached by Captain 
Soderlind in this  l a s t  paper.  

Additional comprehensive rough air penetration computer simulation studies 
were  conducted by Boeing to  provide m o r e  information on the general  problems associated 
with rough a i r  penetrations. Severe  turbulence his tory profiles f rom the NSSP data and 
f r o m  actual t ranspor t  encounters we re  used in the simulations. The prel iminary resu l t s  
of th is  study showed that  providing the entry speed i s  not appreciably lower than the r e -  
commended values, the  a i r c r a f t  will do a pret ty  good job of flying itself through the 
"storm". Little i s  gained by trying t o  maintain r igid attitude control since this  can produce 
excessive a i rc raf t  loadings without appreciably affecting the altitude and airspeed excur-  
sions that occur during severe  encounters. Large  pitch attitudes of 40° nose up can occur 
in severe  turbulence but moderate  counteracting elevator inputs will prevent excessive 
speed reductions that  could resu l t  in a stall .  The use  of the autopilot on Manual Mode 
offers some advantages but considerable stabil izer t r i m  activity can occur in some types 
of turbulence and could present  a ser ious  danger if the autopilot were  disengaged either 
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deliberately or  inadvertently at a t ime when the t r i m  varied appreciably f r o m  the in - t r im 
setting. Simulations of rough air  penetrations with an autopilot "modified" s o  as  to  
deactivate the stabilizer t r i m  showed that this type of autopilot configuration would do a 
very satisfactory job of flying through the rough air .  It was found that the principal  cues 
available during instrument flying in rough air  can be confusing and contradictory and 
that the attitude indicator was the most  consistently reliable reference instrument  for 
rough a i r  penetrations. 

The Board found it difficult to  agree in every detail with the suggested 
sequence in either the Boeing o r  Northwest-Battelle studies. F r o m  the evidence avail- 
able a generalized picture was obtained of the events which took place during the a i rcraf t ' s  
las t  45 seconds of flight. 

Shortly after 1347 the a i rcraf t  entered an a r e a  of severe  turbulence. The  
climb that s tar ted a t  about this  t ime was most  probably initiated by the pilot and by air  
draughts. The rapidly decreasing airspeed,  increasing r a t e  of climb and the high nose 
attitude that soon developed would provide the necessary cues for  any pilot t o  take d ras t i c  
action to  prevent what would appear to  be an impending stall. It is  therefore mos t  prob-  
able that the pilot, who was at the t ime subjected to  severe  vibrating accelerations f r o m  
the turbulence, used full down elevator and a i rcraf t  nosedown stabil izer trim to change 
the a i rcraf t ' s  flight path. Although the flight path analysis study indicated that the s ta -  
bilizer t r imwas  applied before the elevator, the Board found it difficult t o  believe that  a 
pilot would use t r i m  before using elevator in a situation of this type and was m o r e  in- 
clined to  believe that  they were used in combination. 

Although these la rge  control displacements would have the effect of a r r e s t -  
ing the speed decrease and high climb r a t e  and would re turn  the nose high pitch attitude 
to  a near  level attitude, they would also develop extremely high negative G forces  on the 
aircraft .  The negative G forces  shown on the flight recorder  would resul t  in a chaotic 
situation in the cockpit of any air l iner  with a crew totally unaccustomed to  forces  of 
this type and magnitude. Besides the distraction of warning lights and ringing bel ls  which 
were probably actuated under the negative G conditions, loose i tems such as  br iefcases ,  
charts,  logbooks, etc. , would be tossed around. The crew members ,  themselves,  would 
be forced upward against their  belts and the' average airl ine pilot would probably have 
difficulty keeping his  feet on the rudder pedals and his  hands on the control wheel. Fo r  
this reason the Board found it inconceivable to believe that the pilot continued to  apply 
full  down elevator during the initial high negative G period and believed that the elevator 
control forces  lightened in the manner revealed by NASA's analysis of the wind tunnel 
resul ts ,  but to  a greater  extent than was established in that analysis.  Control force  
lightening to within the system friction band range o r  actual force r eve r sa l  very likely 
did occur. W i t h  the control forces  reduced to  ze ro  or reversed  and the pilot's hands off 
the control wheel a s  a resul t  of the high negative G effects, the control column would 
remain in fu l l  forward or  nosedown position. 

When the pilot managed to  place his hands on the control wheel some 
8 seconds la ter ,  the a i rcraf t  was in a vert ical  dive at  about 16 000 f t ,  and the airspeed 
was building up rapidly. At this t ime the flight recorder  G t r a c e  changes toward posi-  
tive G, indicating a recovery attempt was initiated. However, the recorder  flight path 
analysis indicated the elevator was returned initially to  neutral,  remained the re  for a 
few seconds, and then moved to  the full up position. By this t ime the airspeed was at  
or beyong 470 kt, the altitude was nearing 10 000 f t ,  and the ver t ical  acceleration was 
again moving in a negative direction, indicating that the excessive airspeed and a i r  loads 
were precluding a successful  recovery at this time. During the dive the pilot undoubtedly 
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attempted to r e - t r i m  the stabil izer in the a i rc ra f t  noseup direction, but these at tempts 
were  unsuccessful because the high down elevator loads had by that t ime stalled the 
stabil izer e lec t r ic  dr ive motor,  preventing sys tem operation by the pilot control column 
t r i m  switches. Although the Boeing recovery calculations indicated that a successful  
recovery could be made f rom about 14 000 ft and an ai r  speed at or below 320 kt, it would 
be unreasonable t o  blame the crew for not being able to  do so  in view of the cockpit 
conditions existing at  the t ime and the extremely high control forces  required throughout 
such a recovery. Besides,  it appears  that the rapid upward elevator displacement r e -  
quired by the Boeing recovery calculation might only have precipitated an ea r l i e r  elevator 
and horizontal ta i l  fai lure.  

Many fac tors  were involved in this  accident which i s  a c lass ic  il lustration 
of the man-machine - environment causal  triangle concept. Ai rcraf t  character is t ics  also 
played an important pa r t .  The cockpit accelerat ion environment induced by fuselage 
bending response in heavy turbulence, together with the accelerat ion amplification a t  
the pilot's head a s  a r e su l t  of pilot- sea t  belt-cushion response,  probably caused blurring 
of the instruments and was annoying-to-alarming to the crew. In i t s  extreme,  this  
character is t ic  can have a significant effect on a pilot's actions and reactions during rough 
a i r  penetrations. This  unfavourable charac ter i s t ic  i s  present  in a l l  large,  swept-wing 
t ransports .  The lightening of elevator control forces  a t  high down elevator angles in 
pitching manoeuvres i s  another undesirable character is t ic .  In the Board's  opinion ex-  
tensive control force  lightening to  at  leas t  within the sys tem friction band provided the 
only reasonable explanation for the approximate 8 seconds of down elevator input and, 
accordingly, was an important contributing factor in this  accident a s  the pilot was then 
faced with a hazardous problem. The powerful effect of the moveable horizontal stabi-  
l i ze r  was another a i r c r a f t  charac ter i s t ic  involved in the final manoeuvre. However, the 
moveable stabil izer feature  i s  essent ia l  to  the a i rc raf t  design, and other methods can be 
utilized to preclude ser ious  out-of-tr im conditions. 

Flight on instruments in heavy turbulence can present  a difficult problem 
t o  any pilot who departs  too far  f r om the recommended pract ice  of using the attitude 
indicator a s  the main reference instrument for maintaining control. If the pilot places 
undue emphasis on any other flight ins t rument  during h is  normal  scan routine, a ser ious 
miscue with d ras t i c  consequences can occur.  Similarly,  at tempts to  maintain "perfect" 
attitude control can be equally hazardous,  because of the high loadings induced, the 
danger of overcontrolling by. the use  of l a rge  control displacements, and the possibility 
of inducing an undesirable oscil latory motion of the  a i rcraf t .  "Loose" attitude control, 
or moderate  counteracting control inputs, appears  t o  be  the bes t  method of counteracting 
the effects of heavy turbulence. 

The H Z - 4  attitude indicator installed in the subject a i r c ra f t  provided an 
adequate attitude reference  display for normal  or near normal  pitch attitudes. However, 
during high pitch angles, interpretation of the attitude is extremely difficult because the 
horizon reference line on the indicator recedes  f rom the face of the instrument. This 
r e su l t s  f r om the sphere  within the instrument rotating, and the  l ine moving deeper into the 
instrument housing, away f rom the face. While this  display peculiarity may  not have 
been a factor in the initial climb portion of the manoeuvre, it almost certainly would 
have been a complicating factor during the noseover and recovery attempt. 
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Other f ac to r s ,  such  a s  the l imi ted  exper ience  of the  pi lot  in th i s  a i r c r a f t  
type, h i s  r e c e n t  r e t u r n  f r o m  an extended leave ,  and cockpit  workload,  occas ioned in 
p a r t  by the l a r g e  number  of communicat ions t o  and f r o m  ATC might  a l s o  have had  s o m e  
influence on h i s  flying technique. The  pilot, who was  bel ieved t o  b e  flying the  a i r c r a f t ,  
had a wide exper ience  in many a i r c r a f t  types  and in all types of L e a t h e r .  H e  w a s  qualified 
and had average  o r  be t t e r  flying abi l i t ies .  The  Board  was  convinced tha t  a c l e a r e r  u n d e r -  
standing of the  "l imits"  of an "average"  a i r l i ne  pi lot  m u s t  be  found in o r d e r  t o  e n s u r e  a 
sa fe  matching of the  m a n  to the  machine  and the  environment.  S ta t i s t i ca l  methods  nlay 

I I have to  b e  applied in p re sc r ib ing  a r e a l i s t i c  capabili ty range fo r  the  average"  p i lo t  in 
o r d e r  t o  provide the  a i r c r a f t  des igner  with m o r e  meaningful da ta  t o  u s e  in achieving 
a s a f e  design that  provides  f o r  full  considera t ion of all assoc ia ted  human fac tor  e l emen t s .  

2. 2 Conclusions 

Findings 

The  c rew w e r e  qualified and had cons iderab le  flying exper ience .  

The  a i r c r a f t ' s  computed take-off g r o s s  weight and cen t r e  of g rav i ty  w e r e  
within the  allowable limits. 

While a t  M i a m i  the  outflow valves  w e r e  cleaned and a leaking r i v e t  at the  
No. 4 r e s e r v e  fuel  tank was  plugged. No other  maintenance was  pe r fo rmed .  A t  the  t i m e  
of the  accident  the  a i r c r a f t  was airworthy.  

Because  of the 1300 hour  rou te  f o r e c a s t  and other  weather  informat ion 
provided, the c r ew of Fl ight  705 should have been a w a r e  that  s o m e  of the  w o r s t  wea ther  
was  s t i l l  nor thwest  of Miami. T r a n s m i s s i o n s  between the  pilot and cont ro l le r  showed 
t h e r e  was  a misunders tanding of t h e  intended depa r tu re  route.  

E v e r y  poss ible  avenue of invest igat ion that could b e  explored was  cons idered  
during the Boa rd ' s  lengthy evaluation of t h i s  accident  and it was  found that  m o r e  than  one 
f ac to r  played a p a r t  in causing it. Seve re  turbulence  was  in s t rumen ta l  in producing a 
longitudinal upset  and the  a i r c r a f t ' s  c h a r a c t e r i s t i c s  a l s o  had a s ignif icant  bear ing  on t h e  
pilot 's  con t ro l  d isplacements  on the  f ina l  noseover  manoeuvre .  The Board  the re fo re  
concluded t h a t  the unfavourable in teract ion of high v e r t i c a l  a i r  c u r r e n t s  and l a r g e  longi-  
tudinal control  d isplacements  r e su l t ed  in the  a i r c r a f t ' s  enter ing a s t eep  dive during which 
the  design limits w e r e  exceeded and dis in tegra t ion followed. 

Since the  Boeing r ecove ry  calculations indicated that  a succes s fu l  r e c o v e r y  
might  have been poss ible ,  the  Boa rd  p r e f e r r e d  t o  avoid s tat ing tha t  a success fu l  r e c o v e r y  
could not  have been made  although t h e r e  w e r e  some  r e a s o n s  t o  bel ieve this l a t t e r  p o s s i -  
bility is m o r e  nea r ly  co r r ec t .  In any event t h e r e  is no intended implicat ion tha t  the  pi lot  
did not  do everything poss ible  t o  r ega in  and mainta in  control  under the  m o s t  ~ n u s u a l  
conditions and c i rcumstances .  

Cause  o r  - - 

Probab le  cause(s )  

The  Board  concluded tha t  the  probable cause  of t h i s  accident  was  the  unfa-  
vour able in ter  action of s e v e r e  ve r t i ca l  a i r  d raughts  and l a r g e  longitudinal con t ro l  d i s  - 
placements  which resu l ted  in a longitudinal "upset" f r o m  which a succes s fu l  r e c o v e r y  was  
not made.  
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Regarding the problems as sociated with safe flight in turbulence, the Board 
recommended that a unified, cohesive federal  p rogramme be formulated, with a high 
level  board or commission as signed the responsibility for integrating and co- ordinating 
the  efforts of all government agencies present ly  working in this  field, and for 
providing appropriate liaison with all pertinent private groups and industry organizations. 

The work currently underway within the Interdepartmental  Committee for  
Meteorological Services could wel l  form the nucleus for this broader programme which 
should include not only the meteorological aspects of the problem, but also the operational, , 

human factors, and aircraft design characteristic aspects. 

Pending the establishment of a federal  turbulence programme, the Board 
believed that ear ly  FAA and industry attention should be directed t o  the following: 

(1) Explore the possibility of increasing the horizontal stabilizer drive 
motor torque capacity so as to  preclude motor stalling under anticipated 
conditions, taking proper c a r e  against s t ruc tura l  damage in the case  of 
a runaway of the more powerful motor.  

(2 )  Consider modifying the elevator control force  charac te r i s t ics  t o  elimi- 
nate any appreciable stick force  lightening under all reasonable flight 
conditions inside and outside of the normal operational flight envelope. 

(3) Evaluate the desirability of providing a "Turbulence Mode" feature on 
the autopilot wherein the stabilizer trim and Mach t r i m  systems would 
be de-activated in this mode. 

(4) Expedite the mandatory installation of improved attitude indicators which, 
by means of size, markings, let tering and/or colour coding methods, 
would provide greater  ass is tance to the pilot in maintaining attitude 
control even at high pitch and r o l l  angles. 

(5)  Develop improved flight s imula tors  that can more real is t ical ly duplicate 
a i rcraf t  moiions and rough air penetrations, and requ i re  their use  in 
initial and recurrent  flight t raining p rogr  amrne s, 

(6) Seek further improvement in the utilization of airborne and surface radar 
to more safely navigate a i r c ra f t  through a r e a s  of severe weather. 

\ 

On 27 May 1964, short ly after the NASA longitudinal control force  analysis 
report had been received and evaluated, the Board forwarded t o  the FAA a recommend- 
atLn covering essentially the aforementioned area of elevator control f o r c e  lightening. 
It was recornmended that - 

(a)  a spot check of the Boeing 720 f leet  be conducted t o  determine if the 
cove gap and SAE tab tolerances were within Boeing specifications; 

(b) Boeing be requested t o  make a detailed evaluation of aeroelas t ic  effects  
on control f o r c e s  in the down elevator range at high negative 
load factors ;  and 

( c )  BoeinR be requested to assess the feasibili ty a n d  advisability of m o d i f y -  
ing the SAE tab linkage as to preclude the lightening of control forces .  
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h a reply, dated 30 Decernber 1964, FAA advised that  after a tharcugh study and eval-  
uation of al l  available information, it was their opinion that the data did not justify a 
requirement for modifying the longitudinal control sys tem to preclude control fo rce  
lightening during extreme conditions such as those experienced in this accident. The 
replies regarding a,  b and c above were as follows: 

(a)  an assessment  of operational information obtained f rom eight opera tors  
regarding their ability to  maintain the pertinent cove gap and SAE tab 
tolerances indicated no discrepancies were  found which would indicate 
"out of tolerance" settings were probable; 

(b) Boeing was asked to provide information on the aeroelast ic  effects on 
control forces ,  and the information supplied showed the net aeroelas t ic  
effect would reduce the control force lightening; and 

(c)  they concurred with ~ o e i n ~ l s  conclusion that neither modification was 
justified because the SAE tab linkage would become too complex, and 
changing the cove gap to  improve the down elevator charac ter i s t ics  would 
resul t  in undesirable force character is t ics  for other important flight 
conditions. 

FAA advised that  current  industry actions directed toward avoiding ext reme 
regimes of flight beyond the a i rcraf t  design envelope will provide needed improvements 
in the level of safety for turbulence operation of this and other t ranspor t  a i rcraf t .  Some 
of the current  actions noted were improvements in attitude indicators and stabil izer t r i m  
setting displays, better turbulence penetration techniques, and flight and simulator 
studies of crew environment and airplane character is t ics  during turbulence penetration. 

4. Action taken 

Since this accident occurred the entire aviation community has devoted 
considerable attention and effort t o  the "upset" problem, and many r e a l  safety changes 
in today's operations have been brought about as a resul t  of this concerted industry 
effort. Among the many programmes initiated by the FAA, their  programme for edu- 
cating the pilot to  the potential hazards of turbulence has received, perhaps,  the grea tes t  
attention. Many safety bulletins dealing with piloting technique and a i rcraf t  character  - 
is t ics  have been circulated to  pilots and FAA inspectors have been instructed to  ensure 
proper attention to  the problem in airl ine training programmes. Plans underway to 
expedite the remoting of U.S. Weather Bureau weather radar  displays on ATC radar  
scopes a r e  expected to  resul t  in better weather information being relayed to flights. 
FAA's assistance to  NASA in an intercentre  rough air  penetration programme has 
enabled NASA to proceed expeditiously with that programme. Finally, FAA has  taken 
the initiative in stimulating the industry to develop improved attitude indicators. The 
broad, comprehensive NASA rough air penetration programme has already produced 
extremely significant data, and is being continued in an effort to provide more  informa- 
tion on the involved fundamentals. The a i rcraf t  manufacturers have developed improved 
recommended rough air  penetration techniques and have res t r ic ted  a i rcraf t  nosedown 
electric stabilizer t r i m  l imits  so a s  to reduce the likelihood of ser ious  out-of - t r i m  con- 
ditions. The U.  S. Weather Bureau is actively engaged in many turbulence r e sea rch  
programmes,  al l  aimed at developing a greater  understanding of the basic problem: 
Airlines have devoted increased attention to  turbulence in their training programmes 
with the resul t  that  pilots today a r e  more  aware of the hazard and the proper techniques 
fo r  save penetrations. 

ICAO Ref: AR/87 1 
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No. 12 

Pan American World Airways,  Inc. , Boeing 707-121, N 709PA, accident 
near  Elkton, Maryland, U. S. A. on 8 December  19 6 3 .  Civil Aeronautics 

Board ( U  . .  S A . A i r c r a f t  Accident R e ~ o r t .  Flle No. 1-00 15. 
re leased  3 March 1965 

1 .  Investigation 

I .  1 History of the flight 

Flight 214 was a scheduled domestic flight f rom San Juan,  Puer to  Rico,  to 
Philadelphia, Pennsylvania with an intermediate stop a t  Bal t imore,  Maryland. Before 
departing San Juan the pilot was br iefed,  on the weather along h i s  intended route and a 
SIGMET indicating possible thunderstorm and turbulence was brought to h is  attention. 
The a i r c r a f t  took off f rom San Juan a t  1610 hours  eas te rn  standard t ime and a r r i ved  a t  
Baltimore a t  1935 where i t  was refuelled and a visual  inspection performed. While a t  
Baltimore a Pan American operations representat ive thk pilot-in-command with 
the 1900-hour ea s t  coast  weather sequence repor t s  and advised that  a front  would be in 
Philadelphia a t  approximately 2025 hours. The a i r c r a f t  departed Baltimore a t  2024 hours  
with an  IFR clearance to the P o r t  Herman Intersection via Victor 44 and Victor 433, a t  
4 000 ft. Fur ther  clearance af te r  Po r t  Herman via Victor 433 to the New Castle VOR 
thence d i rec t  to Philadelphia was to be expected. The Baltimore r ada r  which monitored 
the flight until 203 1 hours  revealed neither unusual flight p rog re s s  nor significant 
weather. Communication was then established with New Cast le  Approach Control. At 
2042 hours the flight reported over the New Castle VOR a t  5 000 ft, and control was then 
t r ans fe r red  to Philadelphia Approach Control which then provided the l a t e s t  Philadelphia 
weather. Having been advised that five a i r c r a f t  were awaiting on holding pat terns  
because of extreme winds the c rew a l so  elected to wait and were instructed to hold west 
of the New Castle VOR on the 270 radial and to  expect an approach clearance time of 
2 1 10. Pe rmiss ion  was granted to use  two-minute legs  in the holding pattern and a t  
2050:45 hours the c rew advised ATC that they were ready to s t a r t  an approach. Eight 
minutes la te r  Philadelphia Approach Control heard  the c rew sending a "MAYDAY" and 
stating that the a i r c r a f t  was out of control. Seconds l a t e r  a message  was received f rom 
Flight 1 6  which was in the same holding pat tern 1 000 f t  h igher ,  stating that Flight 2 14 
was going down in flames. A la rge  portion of the left  wingseparatedin flight and the 
a i r c r a f t  crashed in f lames a t  2059 in open country 2 mi les  e a s t  of Elkton, Maryland. At 
the time of the accident it was cloudy, light rain was falling, and there  was lightning in 
clouds. 

I .  2 Injuries to persons  

L 

Injuries 

Fatal  - 
Non fatal 

None 
I 

Others  Crew 

8 

Passengers  

7 3 
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1. 3 Damage t o  a i r c r a f t  

The a i r c r a f t  was  dest royed by explosion, impac t  and f i re .  

1. 4 Other  damage 

No damage was sustained by objects  other  than the a i r c ra f t .  

1. 5 Crew information 

The pi lot- in-command,  age 45, held a valid a i r  t r anspor t  pilot 's  cer t i f ica te  
with type ra t ings  for  var ious  a i r c r a f t  including the Boeing 707. He a l s o  held a naviga- 
t o r ' s  rating. His total flying experience amounted to 17 049 hours  of which 2 890 hours  
were  on th is  a i r c r a f t  type. He w a s  physically fit. 

Theco-pilot ,  age  48, a l s o  held a valid a i r  t r a n s p o r t  pi lot 's  ce r t i f i ca t e ,  with 
a type rat ing for the Boeing 707, and a navigation rating. His flying exper ience totalled 
13 963 hours  including 2 681 hours  on the Boeing 707. 

The second off icer ,  age  42, was a l s o  sa t is factor i ly  cer t i f ica ted and had flown 
10 008 hours  of which 2 808 hours  were on the Boeing 707. 

The flight engineer held a n  a i r c r a f t  and power plant mechanic ' s  cer t i f ica te  and 
a flight engineer ' s  cert i f icate.  He had flown approximately 6 000 hours  which included 
76 hours  on the Boeing 707. 

Also  aboard  the flight were 4 cabin at tendants  who were  proper ly  t ra ined and 
qualified for  the i r  respect ive  positions. 

1. 6 A i r c r a f t  information 

The subject  a i r c r a f t  had flown a total of 14 609 hours .  The l a s t  ma jo r  inspec-  
tion was performed on 25 March  1963, and the l a s t  layover t r a n s i t  inspection was on 
7 December  1963. It had been maintained in accordance with FAA and approved Pan  
Amer ican  d i rec t ives  and procedures .  The r e c o r d s  revealed no  his tory  of fuel l e a k s ,  
lightning. s t r i k e s  o r  s ta t ic  d ischarges .  The lightning protect ion requi rements  of the FAA 
had been satisfied. 

No mention was made in  the r e p o r t  of the a i r c ra f t ' s  g r o s s  weight and cen t re  
of gravity a t  the t ime of the accident. 

On a r r i v a l  a t  Bal t imore ,  during a visual  inspection, the a i r c r a f t  was examined 
for  fuel l eaks  and was  then refuelled. Twenty-seven thousand four hundred pounds of 
Type A fuel were  added,  which resulted in the following quantit ies and mixtures :  Nos. 1 
and 4 r e s e r v e  tanks - a n  es t imated 1.8 1 gal of res idual  fuel ,  about 6970 Type B; Nos. 1 
and 4 main tanks - 12 000 l b  of fuel each ,  3 170 Type B; cen t re  tank, est imated 15. 05 gal 
res idua l  fuel ,  100% Type B. Fuel  t empera tu res  were  es t imated  to by 42OF in the r e s e r v e  
tanks and 3 6 O F  in  the main ones. 

Type A i s  a kerosene  type turbine fuel with a flashpoint of 1100 - 150°F. 
Type B i s  a wide-cut gasoline type turbine fuel with a n  unspecified flashpoint and a maxi-  
m u m  Reid vapour p r e s s u r e  of 3 psi.  The flammability limits of a mix ture  of these  two 
kinds of fuel fall somewhere  between the l imi t s  of e i ther  fuel examined  separately.  The 
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l imits  vary  according to  the tempera ture  and p r e s su re .  Flammabil i ty is a l so  affected 
by mist ing o r  foaming of the fuel. 

Exper t  testimony a t  the hearing indicated that the f u ~ l  vapours a t  the t ime of 
the accident were  well within the flammable range. 

1. 7 Meteorological information 

Before leaving San Juan the pilot-in-command was briefed on the weather con- 
ditions to  be expected along the route to Philadelphia, and the briefing included d i scus -  
sion of SIGMET No. 3 ,  which mentioned possible thunders torm activity and turbulence. 
The t imes  of frontal passage a t  cer ta in  e a s t  coas t  c i t ies ,  including Balt imore and 
Philadelphia, were  a l so  discussed. The pilot was a l so  provided with a flight folder which 
contained the required weather documents. 

The t r ip  to Balt imore was uneventful, While t he r e ,  the pilot-in-command 
was provided with copies of the 1900-hour e a s t  coas t  weather sequence repor t s  and was 
advised that the front would be a t  Philadelphia a t  about 2025 hours .  Depar ture  f r o m  
Balt imore was a t  2024 hours. 

Shortly after the flight repor ted  over the New Cas t le  VOR a t  2042 hou r s  a t  
5 000 f t ,  control was t r ans fe r red  to  Philadelphia Approach Control,  who supplied the 
following weather information: 

I I . . . Philadelphia weather,  now, seven hundred sca t te red ,  

measured  eight hundred broken, one thousand overcas t ,  s ix  
mi les  (visibility) with ra in  shower,  a l t imeter  two nine four 
f ive,  the surface wind i s  two hundred and eighty degrees  a t  
twenty (knots) with gusts  to  thir ty (knots). . . I I 

Turbulence,  thunders torms and icing were included in a l l  routime fo recas t s  a s  
well a s  SIGMETS for the a r e a  surrounding the accident  si te  during the period the flight 
was operating in that region. 

Nine mi les  e a s t  of the accident  si te  the weather a t  2100 hours  (i. e. one minute 
a f te r  the accident) was reported a s :  

"900 sca t te red ,  measured  4 400 overcas t ,  visibili ty 8 m i l e s ,  
thunders torms,  light ra in ,  t empera ture  44, dew point 43, 
wind west-southwest 10 k t ,  thunders torm began a t  2054, 
thunder s t o r m  we s t ,  movement unknown, lightning in cloud, 
cloud to ground west-northwest-northwest.  " 

The c rew of another a i r c r a f t  (National Ai r l ines '  DC-8 - Flight 16)  observed a 
lightning s t r ike  on their  own a i r c r a f t  while in the s ame  holding pat tern 1 000 f t  higher 
than Flight 2 14. 

One hundred and forty ground witnesses  were interviewed. Ninety-nine reported 
sighting an a i r c r a f t  o r  flaming object in the sky. Seventy-two saw lightning, and seven 
stated that they saw the lightning s t r ike  the a i rc raf t .  Three  other persons  saw a ball of 
f i r e  appear  a t  the fork o r  one end of the lightning stroke. Seventy-two witnessess  indi- 
cated that the ball of f i r e  appeared concurrent  with o r  immediately following the lightning 
stroke. 

(See a l so  paragraph 1. 16 for  fur ther  discussion on Lightning. ) 
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1. 8 Aids to navigation 

Not pertinent to the accident. 

1. 9 Communications 

Communications were normal  between Philadelphia Approach Control and the 
a i r c r a f t  f rom shortly af ter  2042 hours  up until about 2058:56 when a "MAYDAY" mes -  
sage was heard on frequency 124. 6. 

1. 10 Aerodrome and ground facilit ies 

No information was contained in the report.  

1. 11  Flight r ecorders  

The flight r ecorder  tape was torn  and crumpled but had little f i re  damage. 
About 95% of the tape was reassembled and read out. It showed an elapsed time of 
about 32 min 50 sec f rom lift-off a t  Baltimore until ground impact. The record  of the 
f i r s t  32 minutes indicated no severe  turbulence. The abnormal  excursions appeared 
32: 15 minutes a f t e r  take-off. The tape showed that the a i r c r a f t  stayed a t  5 000 ft for 
about 15 seconds af ter  the beginning of the unusual excursions and then descended rapid- 
ly to ground level with lit t le change in heading. The flight r ecorder  tape of National's 
Flight 1 6  showed no major  differences between i t s  t r a ce s  and those of Flight 214 insofar 

- 

a s  evidence of turbulence was concerned. 

1. 1 2  Wreckage 

The accident site was about 10 NM southwest of the New Cast le ,  Delaware VOR 

Nearly 600 pieces of wreckage were s t rewn outside the main impact c r a t e r  in 
an a r e a  approximately 4 mi les  long and 1 mile wide. The long axis of this  a r e a  was on 
a bearing of 255O t rue  f rom the eas ter ly  end through the impact c r a t e r  near  the westerly 
end. However, there  were two dist inct  wreckage paths and three concentrations in this 
a rea .  

Examination of the wreckage in conjunction with consideration of the wreckage 
distribution disclosed multiple indications of lightning damage,  f ire and disintegration in 
flight. 

The complete left wind t ip,  with portions of the left  outer a i leron and spar  webs 
stil l  at tached,  was found approximately 1. 8 mi les  east-northeast  of the main impact a rea .  

1. 1 3  F i r e  - 
Following a lightning s t r ike the a i r c r a f t  caught f i r e ,  and an in-flight explosion 

then occurred.  Witnesses a l so  mentioned that an explosion took place a t  impact. 

1. 14 Survival aspec ts  

No information of this type was contained in the report .  
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I .  15 Tes t s  and resea rch  

Toxological examination of the flight c rew showed no evidence of alcohol o r  
elevated carbon monoxide levels. Carbon monoxide t e s t s  of passengers  a l so  indicated 
no elevated levels. 

Fuel  samples  were taken f rom the supply sources  a t  Idlewild, Balt imore and 
San Juan for analysis. However, no discrepancies  were noted. 

The a i rc ra f t ' s  le f t  outer wing and other pa r t s  were examined and analysed by 
the National Bureau of Standards in an  effort to detect  ignition points and confirm lightning 
damage. .Special attention was  given to the leftwing tip and pa r t s  of the No. 1 r e s e r v e  
tank; the left  fuel vent surge tank; the H F  antenna probe cover;  a piece of top skin f r o m  
the right side of the centre  fuel tank with float valve attached; and the float valve f r o m  
the r ight  wing rese rve  tank. 

Metallographic examination of severa l  a r e a s  of lightning damage showed 
character is t ic  deposits of porous fused metal  on the damaged sur faces  and a dist inct  
boundary between the affected and unaffected metal. 

Metal splat ters  on the leading edge of the horizontal stabil izer were identified 
by spectrographic analysis  as being formed f rom two different aluminium alloys. These 
al loys could not be identified since the chemical composition of the deposites di t  not 
conform to any alloy used in the a i rcraf t .  

Pan  American World Airways conducted a flight t e s t  in a Boeing 707 to de te r -  
mine i f  fuel would discharge through the tank vent sys tem r a m  air inlet,  in flight condi- 
tions simulating moderate to rough a i r  turbulence with skidding two minutes turns.  There  
was no visible discharge of fuel a t  any t ime during the test. There  was evidence that  
fuel entered the vent system,  collected in the surge tanks,  and returned to  the proper  
fuel tanks (See Figure  16). 

1. 1 6 Lightning 

A U. S. Weather Bureau witness was called to testify in this  connexion a t  the 
hearing,  and var ious technical r epor t s  were reviewed. 

A lightning s t roke begins when the a i r ' s  res is tance to the passage of e lectr ic i ty  
breaks down. At  that t ime a faintly luminous stepped leader  advances toward an  a r e a  of 
opposite potential, the ea r th  in the case  of cloud to ground lightning. The difference in 
e lectr ical  potential between a cloud and the ground may be in the o rde r  of ten to one 
hundred million volts and discharge cur ren t s  may exceed 100 000 a m p e r e s  with 10 000 
ampere s  pe r  micro-second ra te  of cu r r en t  r i se .  

The stepped leader  advances toward the ground in a s e r i e s  of d iscre te  branch- 
ing movements,  forming an ionized path down f rom the cloud. As a branch of the stepped 
leader  is approaching the ground, the intensified e lec t r ic  field causes  an upward moving 
s t r eamer  to fo rm a t  a ground projection and advance toward the stepped leader.  As  the 
oppositely charged l eaders  meet ,  completing the ionized channel, an avalanche of e lectron 
flow follows, discharging the cloud to the ground. This ent i re  sequence i s  accomplished 
in approximately one millisecond. Additional charge ce l l s  in the cloud may then suc-  
cessively discharge through this main ionized channel a s  a single flickering flash \\.hich 
may l a s t  a s  long a s  one second. The electron flow suddenly heats  the ionized channel 
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to about 15 0000C, expanding the air  supersonically outward with a thunderclap. The 
discharge can also occur between oppositely charged regions within a cloud, or  in dif- 
ferent clouds, 

If the stepped leader of a stroke approaches a flying aircraft ,  the intense 
electric field induces streamers from the extremeties of the aircraft  out toward the 
approaching stroke. The stepped leader contacts one of these aircraft  s treamers,  corn- 
pleting the ionized channel to the aircraft  and raising the potential of the aircraft  to the 
order of 100 rnegavolts. This high potential produces s t reamers  from all  the extremities 
and high gradient points of the aircraft, These streamers can have sufficient energy to 
ignite fuel vapours, Meanwhile, the stroke leader continues on from the aircraft  to 
another cloud or to the ground to complete the ionized channel for the electron avalanche. 

Lightning discharges can be hazardous to aircraft  fuel systems by possibly 
igniting the fuel vapour within the tanks, Direct strokes rnay penetrate the wall of the 
tank or  cause internal sparking, either form the high resistive and/or inductive voltage 
developed across  internal discontinuities, or  from possible high voltages induced in the 
fuel probe wiring, In addition, flame can propagate through the vent system, from fuel 
vapours ignited a t  the vent outlet by direct strokes, streamering, or  blast pressure 
waves, spark showers, and possible plasma penetration from direct strokes. Accel- 
erated studies have recently been completed into these hazards to provide technical data 
on their probable occurrence and control. These studies have also indicated the struc- 
tural damage that would be caused by the different causes of ignition. Neither blast 
wave compression nor induced streamer ignition would leave visible evidence of the 
cause of ignition, The various types of sparking could also cause ignition without leaving 
identifiable evidence but might leave such evidence if  the sparking energy is sufficiently 
high to produce visible pitting or fusion of metal surfaces, 

The majority of lightning strikes to aircraft  occur a t  ambient temperatures 
near the freezing level, This correlates with thunderstorm electrification theories that 
charge separation occurs about the freezing level, The subject aircraft  was a t  or near 
the freezing level just prior to the accident, 

Immediately following tfie accident the Federal Aviation Agency (FAA) spon- 
sored research to improve protection from ignition of fuel by lightning strikes to aircraft. 
The circumstances and facts of the accident were applied to the planning of the research 
programme. Its scope and intent were to provide information that could be applied 
industry wide, Only that portion of the programme which is relevant to the subject 
accident i s  discussed hereafter, 

The Coordinating Research Council reviewed al l  available data concerning the 
relative safety of Type A and Type B jet fuels and mixture thereof. It concluded that 
while there a r e  differences, the adoption of a single type of aviation turbine fuel by the 
entire industry would not significantly improve the overall excellent safety record of 
commercial aviation. Also, additional research into the nature and effect of lightning 
str ikes and electro-static discharges is warranted and more information is desirable 
regarding the phenomena of fuel spray, misting, and localized vapour-air mixtures in 
tanks under actual flight conditions, The Federal Aviation Agency implemented re search 
and test  programmes to accomplish, in the main, the Coordinating Re search Council's 
recommendations, 
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It was demonstrated that d i rec t  lightning s t r ikes  to over wing filler caps and 
access  plates of the type used on the ill fated a i r c r a f t  can produce sparks  inside the fuel 
tank. However, no evidence of a direct  s t r ike on these par t s  was found on the a i rc ra f t .  
Pract ical  means whereby these potential hazards can be eliminated, a s  demonstrated 
within the l imits  of the testing facility, were developed and, in the case  of a c e s s s  plates ,  
have already been applied to a i rc ra f t  in service. Testing failed to demonstrate any 
hazard f r o m  induced voltages in the fuel quantity measuring system. A complete wing 
section essentially identical to that of the ill fated a i rc ra f t  was tested for internal  
sparking in the rese rve  tank. Simulation of lightning s t r ikes  to the extent of the testing 
facility capability dit not produce any recorded evidence of sparking within the tank. 

Analysis and conclusions 

2. 1 Analysis 

Examination of the wreckage disclosed multiple indications of lightning damage, 
f ire and disintegration in flight. 

There was  evidence that the four engines separated f rom the a i r c r a f t  in flight 
due to excessive load factors ,  but no evidence of engine failure o r  malfunction pr ior  to 
separation we r e  found. 

No evidence of pre-impact fai lure was found in the hydraulic o r  e lectr ical  sys -  
tems. The fuel dump valves were found to be in the closed position. 

Multiple lightning s t r ike marks  were found on the left wing tip. There was an 
a r ea  of extensive damage on the top surface of the tip along the end r ib ,  in and adjacent 
to the joint where the wing tip cap and the top wing skin were attached to the end rib. The 
damaged a r e a  extended f rom the trailing edge of the wing to a point about 3 f t  8 in f rom 
the leading edge, measured along the end rib. Within this a r e a  there  were numerous 
spots where the metal  surface and rivet  heads showed indications of melting, and asso-  
ciated dendritic patterns were visible on the wing surface. The larges t  single indication 
of lightning damage was an i r regular  shaped hole about 1 - 1/2 inches in diameter. There 
was evidence of high heat in this a r e a  and fused metal  was found around the hole. 

The surge tank was intact except for a 2 .2  inch opening along the top extending 
f rom spar  to spar.  The interior of this tank was heavily sooted of a l l  sides and the 
sealant was burned inside. The exter ior  of the wing fuel tank r a m  vent was moderately 
sooted inboard of the recess  in the bottom skin. The heaviest concentration of soot was 
below and aft of the tank vent screen.  

There was evidence of in-flight f i re  part icularly on the left wing aft  of the r e a r  
spar ,  the ai lerons and spoilers on both sides (with the exception of the outer half of the 
left outboard aileron),  the left horizontal stabilizer and the left side of the ver t ical  
empennage. In view of this ,  the possibility of a fuel leak in the trailing edge of the left 
inboard wing was explored. It was determined that such fuel leak was not sufficient to 
explain the observed in-flight f i re  damage pr ior  to failure of the wing and that explosions 
did occur in the left,  r e se rve ,  centre and right reserve  fuel tanks. The initial explosion 
occurred in the left r ese rve  tank and no f i re  damaged par t  separated from the a i rc ra f t  
prior to the explosion. The exact sequence and timing of the subsequent explosions and 
in-flight f i res  was not determined. 
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Fires w e r e  observed on both wings of the a i rcraf t  before impact. It was con- 
eluded that main tanks which contained fuel and were adjacent to the reserve and centre 
tanks were structurally disrupted when same or all of the aforementioned tanks exploded; 
fuel was spilled and ignited, Such spillage from the opened outer end of the No. 1 main 
tank and fire damage to parts aft thereof, including the still attached inner ends of the 
outer panel rear spar and outboard aileron, w e r e  quite apparent. Early separation of the 
outboard engines in the sequence of events may have contributed, at least in part, to t h e  
large fires that w e r e  observed on the wings, 

The evidence failed to disclose the precise mechanism of ignition which 
triggered the explosion in the left reserve fuel tank. Witnesses, including same who 
were particularly well qualified, observed a cloud to earth lightning discharge , desc r i bed  
as  being of exceptionally great magnitude, in the immediate location from which, m o -  
ments later, the burning aircraft emerged, Before observing the aircraft, a glow o r  
light was observed near the location of the lightning discharge, There was, therefore, 
a direct  correlation in time and location between the lightning discharge and s ta r t  of 
events which culminated in the accident. 

None of the lightning damage (believed to be of recent origin) in the left wing 
tip area was on wing skin that encompassed fuel tank or vent system space of the aircraft. 
Consequently, a direct  correlation of any of this damage with the tank explosion was not 
possible, 

Extensive efforts were  made to try and find evidence of an electrical  discharge 
that may have ignited the flarnrnable mixture in the left reserve  tank with negative 
resuits. 

Physical evidence of the means by which ignition occurred was not found. 
However, certain phenomena aseociated with lightning diechargee, which leave no physi- 
cal evidence can ignite flammable mixtures, h e  of the most significant is the develop- 
ment of s t reamers  from extremities and/or surface discontinuities as a lightning stroke 
develops in the step leader stage. These s t reamers  have been found to be in the duration 
and energy range required to ignite flammable mixtures, Other phenomena, of which 
less is known because of generation and measuring difficulties, that are considered 
potential ignition sources are plasma, shock waves and sparking due to induced voltage 
from extremely high current r i se  rates that occur, Although much has been Learned 
about lightning and its effekts through research and study, many questions are still 
unanswered and the upper limits of voltage, current and total energy that m a y  be asso- 
ciated with lightning are  not conclusively defined, In view of the known facts of this 
accident, there was no logical explanation for ignition of the flarnrnable vapour a other 
than some effect stemming directly from the lightning strike, A s  the vent system inter - 
connects al l  fuel tanks and the vent outlets through passages capable of transmitting 
flame when filled with flammable mixtures, the initial, ignition could have occurred 
inside the left reserve tank itself or inside the left surge tank, or at the left vent outlet. 

2, 2 Conclusions 

Findings 

The crew were properly certificated and qualified for the flight, There was 
no evidence of c rew incapacitation. 
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L !,2 2.'. raft had been properly maintained, and there was no history of fuel 
leaks,  ligVning s t reaks  o r  stat ic discharges. No fuel leaks were noted during the visual 
?spect,cn ; ~ t  I3altl 1 :are. - 

On the subject flight a mixture of Type A and Type B fuel was being used. The 
fuel vapours were well within the flammable range. 

The weather service provided a t  San Juan was satisfactory but was not com- 
plete a t  P ' t imore.  However, a l l  the weather data available indicated that the cold front 
would be , ,n i t  Philadelphia, and the weather would be improving upon their  a r r iva l .  At 
the time and place of the accident a thunderstorm was present  and lightning was observed. 
Turbulence in the a r e a  was not of the strength normally associated with a loss  of control 
or  s t ructural  failure. Even though the a i r c r a f t  was operating in precipitation a t  o r  near  
the freezing level, icing was not considered to have been a factor contributing to the 
accident. 

It was determined that explosions occurred in the left r ese rve ,  centre and 
right rese rve  fuel tanks. The precise  mechanism which t r iggered the initial explosion 
in the left r ese rve  fuel tank could not be determined f romthe  physical evidence available. 
There w a s  no logical explanation for ignition of the flammable vapours other than some 
effect stemming directly f rom the lightning strike. Initial ignition could have occurred 
inside the left r ese rve  tank, inside the left surge tank, o r  a t  the left vent outlet. 

Following these explosions fuel was spilled and caught f i r e ,  the complete le f t  
wing t ips,  with portions of the left outer ai leron separated from the a i rc ra f t  which fell 
down in flame. 

Gause o r  
probable  cause(s)  

The probable cause of this accident was lightning-induced ignition of the fuel/ 
a i r  mixture in the No. 1 rese rve  fuel tank with resultant explosive disintegration of the 
left outer wing and loss  of control. 

3 .  Recommendations 

In a le t ter  dated 17 December 1963 the Civil Aviation Board submitted the 
following recommendations to the Federal  Aviation Agency for consideration: 

1. Install static discharge wicks on those turbine powered a i rc ra f t  not so  
equipped. 

2. Re-evaluate problems associated with incorporation of flame a r r e s t o r s  
in fuel tank vent outlets.. . i t  i s  believed that positive protection against  
fuel tank explosion f rom static discharge ignited fuel/air mixtures  a t  fuel 
tank vent outlets can be provided by flame a r r e s t o r s  having sufficient depth. 

3 .  A possible al ternate to No. 2 that may be considered i s  to render the 
mixture emitting f rom the vent outlet non-ignitable by the introduction of 
a i r  into the vent tube. 
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4. It is believed that the surge  tanks located just outboard of the rese rve  
tanks, by virtue of their  location near  the wing tip, a r e  vulnerable with 
respect  to  lightning str ikes.  Burn marks  on the skin in the tip a r e a  of 
the subject a i rc ra f t  (N 709PA) substantiates this belief. This being the 
case,  it is believed a measure  of protection will be attained i f  the wing 
skin is not utilized a s  part of the surge tank walls. This could be accom- 
plished by providing an inner wall with an air gap between it and the wing 
skin to  fo rm the surge tank. I t  is recommended that this concept be con- 
sidered. Another al ternate appears  to  provide sufficient thickness of the 
skin in this a r e a  to prevent burning through by lightning str ikes.  

5. Suggested for consideration i s  the requirement that only J e t  A fuel be used 
commercially. Vapour flammability temperature l imits  charts  provided 
by Esso  show that much l e s s  of the operations would occur with the vapour 
in the flammability range while using Je t  A fuel a s  compared with J e t  B 
fuel. 

6. Every effort should be expanded to a r r i ve  at  a practical  means by which 
flammable air/vapour mixtures a r e  eliminated f rom the fuel tanks. There 
appear to  be at  leas t  two approaches to accomplish this aim - 
a )  the possibility of inerting the spaces above the fuel by introduction of 

an  i ne r t  gas;  

b) introduce sufficient air circulation into the tanks t o  maintain a fuel/air 
rat io too lean for combustion. Other approaches to attain this goal 
should be explored. It is felt  that the resolution of this problem is  
attainable at a cost  commensurate with the benefits. It is recommended 
that  FAA/CAB solicit the aid of the aviation and petroleum industry a s  
well as government and defence agencies to  provide a solution to this 
problem that i s  applicable to a i rc ra f t  in service as well as new aircraft .  

4. Action taken 

On 12 March 1964 the Federal  Aviation Agency advised the CAB that the fore- 
going recommendations and suggestions had been carefully considered along with other 
ideas for achieving impr.oved protection against lightning str ikes.  It a l so  advised that 
the FAA was engaged in a' programme of studies, tes ts  and investigations to provide 
information essential  to the development and application of superior protective measures  
and applied the following precautionary measures:  

1 .  On 13 December 1963 a NOTAM was issued which aler ted pilots and 
traffic control lers  to lightning hazards,  the need for thunderstorm 
avoidance, and encouraged the use of PIREPS (pilots' repor ts ) ;  

2. On 18 December 1963 a te legram was sent  to a i r  c a r r i e r s  and a i rc ra f t  
operators  recommending the installation of stat ic dischargers  on all a i r  - 
craf t  gsing turbine fuels; 

3 .  On 4 February 1964 an Airworthiness Directive was issued requiring 
modification of fuel tank access  door bonding on Boeing 707, 720 and 727; 
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1. Cn 2 1 F e b r u a r y  1964 an  Airworthiness Directive was i ssued requiring 
overlay on surge tank skin on Boeing 707 and 720 a i r c r a f t  for  improved 

".i?ection against  penetration, 

25 February  1964 information on a l l  aspec ts  of the FAA programme was  given to the 
f'o:=rd of Inquiry a t  Philadelphia. Briefly,  the programme sta tus  a t  that time was a s  
f ~ l l r > ' ~ V s :  

Technical Committee 

A Technical Committee on lightning protection for a i r c r a f t  fuel sys tems  had 
been formed, composed of representation f rom the FAA,  CAB, National Aeronautics 
and Space Administration, U. S. Weather Bureau, U. S. Air  Force and U. S. Navy. 1 t 
m e t  regularly and provided guidance and ass is tance  in pianning and car ry ing  out specific 
actions. 

Installation of stat ic d ischargers  

Response to the te legram sent on 18 December 1964 was completely favou rable. 
Installations were made as pa r t s  became available. Reports  (around March 1964) showed 
that about 24 air c a r r i e r  a i rplanes  had yet  to have d ischargers  installed. ~ v a i l a b i l i t Y  
parts  was the main factor in completing the remainder.  

Collection and analvsis  of data 

Lightning s t r ike data was being received f rom a l l  available sources  and was 
being consolidated and analysed with the ass is tance of the Technical Committee. 

Contract  wi th  Atlantic Resea rch  Corporation (30 January 1964) 

This work was to include the evaluation of flame a r r e s t e r  design fo r  effect ive-  
ne s s ,  and studies and t e s t s  on other ways  of protecting the vent system - such as  explo- 
sion suppression and ventilation of vent outlet, Equipment calibration tests were also 
conducted, 

Contract with Lightning and Transients Re sea rch  Institute ( 4  February  1 9b4) 

The possibility of internal  arcing on typical wing tank construction w a s  being 
investigated to evaluate means of eliminating any a r c s  found to exist. Proof t e s t s  of 
promising flame a r r e s t e r  designs were to  be conducted subsequently. The tes t  a r t i c l e  
was in place and initial d ischarges  were being f i red to check out the equipment. 

Planning for comprehensive resea rch  and development projects  

A more  comprehensive programme of r e sea r ch  and development was requi red  
to refine design c r i t e r i a ,  make advanced studies of protection concepts - in gene ra l  
covering a r e a s  of investigation not possible in the shor t  range contracts with ~ t l a n t i c  
Research  Corporation and the Lightning and Transients  Resea rch  Institute. The Tech- 
nical Committee cunsidered suggestions for the scope and nature of the projects. 
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Fuel studv 

The question raised concerning the relative safety of JP-4, kerosene, and 
mixes of the two were studied. The FAA asked the Coordinating Research Council (CRG) 
to undertake a review of all available data on the subject. The CRC proceeded with this 
work which served to define the "state of the ar t" ,  identified a reas  where research may 
be needed and recommended how to accomplish any needed research. FAA also issued 
Advisory Circular No. AC 20-20, which furnished some general information on the 
subject. 

Re-evaluation of aircraft  in service 

Based on information on hand, which was later  supplemented by information 
derived from the contract work and the accident investigation, the FAA proceeded with 
a re-examination of the basis for approval of lightning protective features of a l l  turbine - 
engined aircraft.  

ICAO Ref: A ~ / 8 7 2  



FIGURE 16 

ACCIDENT TO BOEING 707- 121, N 709PA, 
O F  PAN AMERICAN WORLD AIRWAYS, 
INC. ,  AT ELKTON, MARYLAND, U.  S. A. 

8 DECEMBER 1963 . 
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No. 13 

Norseman V ,  CF-BHW (Skiplane), accident 73 miles  northwest of Pickle 
Lake, Ontario, Canada,on 22 January 1963. Accident Report No. 1902, 

re leased bv the D e ~ a r t m e n t  of T r a n s ~ o r t .  Ganada. 

1. Investigation 

1. 1 History of the flight 

The a i rc ra f t  took off f rom Pickle Lake, Ontario on a flight to Round Lake, 
Bear Skin Lake, Trout Lake and Big Beaver House. The type of flight and time of 
departure were not stated in the report. The a i rc ra f t  did not a r r i v e  a t  any of the inter-  
mediate points nor a t  its destination. Nothing further was heard o r  seen of it  until it 
was found on 30 May 1963 approximately 73 miles  northwest of Pickle Lake (52O24'N - 
90°54'w). 

The investigation showed that break up of the left wing had occurred in flight 
pr ior  to impact. The time of the accident was calculated to be 1215 hours central  
standard time. 

I .  2 Injuries to persons 

The pilot, the sole occupant of the a i rc ra f t ,  was killed on impact. 

. 
Injuries 

Fatal  

Non fatal 

None 
> 

1. 3 Damage to a i rc ra f t  

The a i rc ra f t  was destroyed. 

I .  4 Other damage 

Crew 

1 

No damage was sustained by objects other than the aircraf t .  

1 .  5 Crew information 

Passengers  

The pilot held a Senior Commercial  Pilot 's Licence and had flown a total of 
2 886 hours ,  including 1 277 hours on the subject a i rc ra f t  type, of which 130 hours were 
flown during the 90 days before the accident. 

Others 

A 
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1. 6 Aircraf t  information 

A Certificate of Airworthiness had been issued for the a i rc ra f t .  

1. 7 Meteorological information 

The weather conditions existing a t  the time of the accident were:  

ceiling: unlimited, visibility: 1 to 6 miles in ice c rys ta l s ,  
temperature:  colder than -25OF, dew point: lower than -30°F, 
wind: f rom the northwest a t  22 mph. 

1. 8 Aids to navigation 

No information in this regard was contained in the report .  

1. 9 Communications 

Not mentioned in the report.  

1. 10 Aerodrome and ground facilities 

Not relevant to the accident. 

1. 11  Flight recorders  

Not mentioned in the report.  

1. 12  Wreckage 

P ieces  of the left wing were found along the wreckage t r a i l ,  which extended 
for about 3/8 of a mile on a track of 150°M. 

The a i rc ra f t  was inverted and buried deeply in muskeg a t  the main point of 
impact. The engine and propeller were buried deeply in the muskeg and were not 
recovered. 

1.13 F i r e  - 
Fi re  burned the aft  portion of the cabin, fuselage and par t  of the tai l  section. 

It had destroyed the right wing except for metal  par ts  and heavy spar  timber. 

1. 14 Survival aspects 

In spite of an  extensive sea rch ,  the a i rc ra f t  was not located until 30 May 1963 
(i. e. approximately 4 months af ter  the accident occurred).  

1. 15 Tes ts  and research  

The top portions of the lift s t ru ts  and the associated wing fittings and the inboard 
wing fittings were removed from the a i rc ra f t  for  laboratory examination. A Department 
of Mines and Technical Surveys Report (IR63-71) indicated that the failure of the upper 
forward eyebolt of the left wing s t ru t  was pr imari ly  due to fatigue and that the crack 
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initiated in a thread root, It  then propagated through about one-third of the cross sec- 
tion, a t  which stage a brittle fracture of the remaining c ross  section occurred. A 
significant feature of the fracture was that initiation and propagation were parallel to 
the axis of the c ross  head bolt along the longitudinal axis of the aircraf t .  (A similar 
failure occurred in 1958, and the cracks  in both cases  had initiated in a thread root and 
extended through the same a r e a  of c ross  section, ) 

Further  tes ts  and examination of a number of sample eyebolts were carr ied  
out and revealed substantial dimensional and material  differences in the part. However,  
i t  was considered unlikely that the fatigue properties of any eyebolt in service would be 

* 7 , -  

~i~n' i ' f icant ly lbwer because of these factors. It was suggested by the laboratory that 
some additional loading in excess of normal flight loads must have been superimposed, 
The appearance of the f rac tures  was consistent with the imposition of cyclic plane bending 
loads, which could have been caused by an unobserved structural  defect, excessive 
clearance in the main root fixtures or by t ransverse flexure of the wing. It was  not 
possible to establish that any of these factors prevailed during the operation of this 
aicraft. 

2. Analysis and conclusions 

2, 1 Analysis 

Examination of the left wing wreckage eliminated the possibility that the a i r -  
craf t  may have been struck by a foreign objecc Both left and right flap operating jacks 
were in the fully retracted position, All aileron hinges and control cables appeared to 
be airworthy prior to separation of the left wing. Examination of the left wing s t ru t  
revealed that-the upper forward eyebolt had failed from fatigue, and the fatigue failure 
area had extended about 30% ac ross  the break prior  to failure. Failure of this eyebolt 
was followed by separation of the wing in an upward motion towards the r e a r  of the 
aircraft .  

2. 2 Conclusions 

Findings 

The pilot" licence was  valid at  the time of the accident, and he had flown 
approximately 1 277 hours on this type of aircraft .  

A Certificate of Airworthiness had been issued for the a i rcraf t ,  and there 
was no evidence of any fault in the engine or  controls prior to the accident, While en 
route a fatigue failure of the upper forward eyebolt of the left wing resulted in break up 
of the left wing while in flight, and the a i rc ra f t  crashed. 

Cause or  
Lr obable cause( s) 

The accident was attributed to fatigue failure of the front eyebolt on the left 
wing strut. 
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3 , Re commendations 

f t  was not possible at the time this report  was released to determine c o n c l ~ -  
s i v d y  the primary cause of this failure. However ,  further laboratory work  was bein,: 
car r ied  o u t  and in the event  of any significant findings, this  report was to be revised. 

Pending the  receipt of any additional information relat ing to this fa i lure ,  ~ i t ~ i l -  

pfiance wi th  Airworthiness  Direct ive  6 3 -  6 6 ,  dated July  1963, should serve  a s  an adeyu:%te 
safeguard against repetition of this type of failure. 

ICAO Ref:  -4K/884 
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No, 14 

Natianal Airways Corporation DC- 3 C ,  ZK-AY 2, accident in the Kairnai 

28 November 1963,  released b the Minister in Charge of Civil c 
I ,  Investigation 

I ,  1 History of the flight 

Flight 441 was a scheduled domestic flight f r om Whenuapai Airpor t ,  Auckland 
to  Tauranga, The a i r c r a f t  took off at 0821 hours local t ime f rom Whenuapai Airpor t  and 
reported over the Browns Bay locator a t  0826. At  0835 i t  reported at  its cruising al t i -  
tude of 5 500 ft and gave its ETA at Tauranga as 09 14 hours. * The aircraft's heading at 
this  t ime was  est imated as  1 16O.  At 0904 hours the crew called Tauranga and amended 
its ETA to 0908 hours, This was  confirmed at 0906 when the flight requested permission 
to descent to 4 100 f t ,  the minimum safe altitude for the route Auckland to Tauranga, 
The request  was granted by Tauranga Control. The wind velocity over the first  30 to 
35 mi les  of the trip was a s se s sed  as 070°/30 to  35 kt. This would give a ground speed 
at cruising altitude of about 130 kt and a drift of starboard, compared with the flight 
plan ground speed of 123 kt  and drift of 1 3° starboard.  It was believed that the a i r c r a f t  
initially drifted to por t  of its intended t rack  and, when the s t ronger  winds s ta r ted  to 
take effect, drif ted back t a  be approximately on track when it c rossed  the southern coast- 
line of the F i r th  of Tharnes , at 0849 hours  with a ground speed of 137 kt. (A calculation 
at this point, based on a ground speed of 137 kt,  would have resulted in an ETA Tauranga 
of 0908 hours, ) The weather forecast  could have led the c rew to believe that the wind 
would dee rease in  strength over the remainder of the trip, However,  from the F i r th  of 
Tharnes , the wind, though retaining roughly the same direction,  became progressively 
s t ronger ,  reaching a maximum of between 70 and 80 k t ,  and the a i r c r a f t  drifted starboard, 
while the ground speed diminished, At  0857 the a i r c r a f t  was about 3 NM abeam Paeroa 
and was seen by ground witness within 3 miles of that position. The crew,  at that t ime,  
would have expected to s ee  Waihi. At 0904 the aircraft reported to Tauranga that it w a s  
at 5 500 f t  and estimating Taqranga four minutes later .  It was given the Tauranga 
weather picture and the alt imeter  setting ( 1  01 1 mb). (The setting of this  pressure 
datum on the a l t imeter  caused i t  to overread by at  l ea s t  150 ft. ! At 0906 hours  the flight 
reported it was two minutes out and requested descent clearance to  4 100 f t .  The a i r -  
craft was c leared to  descend and the crew acknowledged the message,  Shortly there- 
af te r ,  the descent was commenced. Approaching 0908 a descending turn onto 0560 was 

r ~ h e  flight plan time of 48 minutes for the t r i p  appears to have been added to the set 
heading time of 0826 hours from the Browns Bay locator to give the ETA of 09 14. The 
two-minute discrepancy is due ta the fallowing: 

1) No allowance was made for the portion of the cl imb achieved a t  Browns Bay 
locator. 

21 The distance from Browns Bay locator to Tauranga is 90 rniles compared 
with 93 miles  f rom Whenuapai to Tauranga. 



XCAO G i r  cular 78-AN166 1 3 9  

initiated so as to t rack  over the beacon and commence the let-down procedure. The turn 
was completed, and the a i rcraf t  probably encountered a severe dawn draught of the o r d e r  
of 2 000 ft/rnin, which caused a rapid and unavoidable descent. It was then subjected to 
severe turbulence, The a i r c r a f t  was seen and heard by several witnesses as i t  tracked 
along the western side of the Kaimai Range until two witnesses (in the Gordon area) heard 
the noise of the engines cease abruptly. At approximately 0909 hours  i t  c rashed into a 
face of rock on the Kairnai  Range 660 yds from the summit of Mount Ngatamahinerua and 
came to r e s t  in a cleft at an altitude of 2 460 f t  amsl at a point about 16 NM west of  
Tauranga Airfield, 

l .  2 Injuries to persons 

i .  3 Damage to aircraft 

The a i rc ra f t  was destroyed by the impact and subsequent fire, 

1.4 Other damage 

No damage was sustained by objects other than the a i rcraf t .  

1, 5 G r e w  information 

The pilot-in-command, age 35, held a valid airline t ranspor t  pilot's licence 
and instrument rating. He had flown a total of 6 639 hours including 3 244 hours  in 
command practice and as pilot-in-command, His DC 3 experience amounted to 
5 687 hours, including 146 hours  during the three months preceding the accident. This  
figure w a s  well within the fl ight time limitations imposed by regulation. H i s  l a s t  rou- 
tine DC-3 training check was car r i ed  out on 26 February  1963 and a routine LBO-day 
route check was completed on 19 March 1963. He was rated a s  satisfactory on both. A t  
the time of his  last medical examination in March 1963 he was physically fit. 

Theco-pilot, age 38,  held a valid commercial pilot's l icence and instrument 
rating at the time of the accident. He had flown a total of 10 014 hours including 
6 694 hours as co-pilot on DC-3 aircraf t .  On 17 April  1963 he satisfactorily completed 
a 180-day route check. On 2 July 1963 (the day before the accident) he successful ly  com- 
pleted a routine DC-3 training check. A t  the t ime of his last medical examination in 
August 1962 he was physically fi t .  

The air hostess had been with the Hostess Section since 4 April  1963. 
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1 ,  6 Aircraft information 

The aircraft had flown F total of 18 629 hours which included 17 604 flown 
since it was in service with the airline (December 1953). Its last major overhaul was 
car r ied  out on 29 March 1963 concurrently with the modification to "Skyliner" specifica- 
tions, From that t ime it had been in continuous service and had flown 465 hours, 

The aircraft's engine8 were  w e l  within their approved engine life at the time 
of the accident, 

The aircraft was equipped with one magnetic compass, two altimeters, two 
radio compasses and distance measuring equipment (DME). Prior to the departure of the 
flight theco-pilot of the standby crew checked the radio compasses and distance rneaeur- 
ing equipment (DME). However, maintenance records of the subject aircraft showed a 
disturbing number of anserviceability reports of the DME. Between 1 April 1963 and 
2 July 1963 this aircraft carried out 96 flights. On 24 of theae a defect report on the 
DME was made by the pilots, It is possible, therefore, that on the day of the accident 
the DME equipment was not operating satisfactorify, 

The gross weight of the aircraft was 26 819 fb, slightly under the maximum 
authorized weight of 26 900 lb, The centre of gravity was not mentioned in the report. 

The type of fuel being used on the aubject flight was not stated in the report, 
It  was estimated that the fuel tanks contained about 300 gal of fuel at the time of the 
accident, 

1, 7 Meteorological information 

The area: and zone forecasts for the period 0700 to 1400 hours were completed 
at 0540 by the duty forecaster at the Auckland meteorological office and were then trans- 
mitted by teletype to Whenuapai Aerodrome, The pilot-in-command and co-pilot of the 
duty standby crew arrived at the aerodrome at 0655 hours, checked the weather, obtained 
the flight forecast and prepared the flight plan for Flight 441, which was approved by the 
pilot-in-command of flight 441 when he arrived at 0735 hours. The salient features of 
the forecast for the zone, which included the route Whenuapai to Tauranga, were: 

winds 3 000 ft ' . 0 7 0 0 ~ 3 5  kt 
5 000 f t  0700/40 kt 
7 000 f t  0600/40 kt 

10 000 ft 0 600/35 kt 

The height of the cloud base was forecast at 1 000 to 3 000 f t  with patches 
down to 600 ft. The amount of cloud was estimated to be between 5/8 and 
8/8. 

Freezing level - estimated at 7 000 f t  
I 

Patches of light rain 

Terminal forecast for Tauranga: 

wind 0900/15 to 25 kt with gusts to 30 kt, intermittent light rain, visibility: 
3 to 10 miles; cloud base: 1 000 to 2 000 ft, 
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The actual weather conditions existing over the route from 0800 to 1000 hours on 
3 July  were ,  briefly: 

rain - continuous and mode rate to heavy in and/near the ranges 

cloud and visibility - cloudy to overcast over the whole route. In the area 
of moderate to heavy rain the cloud base was 500 to 1 000 ft, and the 
visibility on the ground was 1 to 2 miles. The top of the low cloud 
l ayers  may have been higher than 6 000 to 7 000 ft over the Kairnai 
Range, Over all there was a higher layer of cloud, probably between 
12 000 and 15 000 ?It, 

surface wind - from east to southeast about 15 to 20 kt except where this f low 
was considerably distorted by local topography. 

upper winds - the average wind over the whole route wag probably 0500 to 
0700/55 to 60 kt. The winds at 5 000 ft (cruising altitude of the flight) 
could well have been about 0700/30 to 35 kt  over a s  much as the first 
30 to 35 miles of the ratlte from Whenuapai to Tauranga. If this w e r e  
so, the average wind over the whole route a t  the time of the subject 
flight was probably 060 to 0800/55 kt. However, over the latter half of 
the flight the wind at 5 000 ft increased to about 75 kt,  or possibly more. 

icing - Freezing level at- noon was about 10 000 f t  over Auckland and airframe 
icing at 5 000 ft was considered improbable, 

down draughts - the conditions existing on 3 July suggest a maximum down 
draught of the order of 2 000 ft/rnin, about 1 000 to 2 000 ft above the 
crest of the ridge and sorne distance, possibly about a mile, downstream 
from it, The zone in which a down draught of this magnitude would 
occur appears to be quite limited in extent, and the magnitude of the 
down draught would drop off quite rapidly away from this zone, Evidence 
of local residents lent support to the existence of these conditions in the 
vicinity of the crash on themmorning of 3 July, 

turbulence - it did not seem likely that there would have been significant turbu- 
lence at 5 500 ft or even at 4 000 ft. Nearer to the level of the c re s t  of 
the range, and particularly just in the lee of it, turbulence could have 
been severe, 

1. 8 Aids to navigation 

There was  a beacon at Whenuapai, 3 miles oouthwest of the airfield, one at 
Tauranga and a locator beacon at Browns Bay, which is 6 miles northeast of the field. 
The track between Whenuapai beacon and Tauranga beacon is 123O. Between Browns 
Bay locator and Tauranga it is 1290. 

No DME equipment was available at Tauranga a t  the time of the accident. 
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The aircraft  radio equipment was tested prior  to take-off from Whanuapai and 
was functioning satisfactorily, The aircraft was in contact with Tauranga up until 
approximately 0906 hours and no  difficulties were reported, 

1 .  10 Aerodrome and ground facilities 

Not relevant to the accident. 

1 ,  11 Flight recorders 

No flight recorder was carried out, 

The wreckage w a s  contained within a narrow and nearly vertical U-shaped 
cleft about 30 f t  wide a t  i ts  entrance and extending inward for  a distance of 50 f t ,  The 
side and rear  walls of this cleft were precipitous and composed of rock and compacted 
earth. 

Impact  marks a t  the entrance to the cleft were compatible with the port and 
starboard mainplanes having been at relatively the s m e  level, Moreuver ,  the indenta- 
tions in the port mainplane and tailplane appeared to be vertical, The concluaion, there - 
fore,  w a s  that the aircraft was laterally level a t  impact. 

The entry of the aircraft  into the narrow opening had resulted in. both m a i n -  
planes being forced simultaneously rearward, as the fuselage moved fo rward  until i t  was 
brought to res t  by impact with the rock face at the innermost extremity of the cleft. The 
entire wreckage, with the exception of the starboard engine, was resting within the cleft 
on a heading of 054O, A clearly-defined swathe in the undergrowth indicated that the 
missing engine had rolled down 200 yds away from the wreckage after impact. There 
was no discernible t ree  damage on the adjoining ridges, indicating that the a i r c r a f t  had 
flown up the valley on a heading approximating that on which the wreckage lay. 

I., 13  Fire  
I 

The aircraft  caught fire on impact, and it was apparent that the f u e l  tanks had 
rupturedand that fuel had been thrown onto the surrounding rock face. An intense fire 
resulted which was concentrated mainly in the cabin a r e a  and almost completely des-  
troyed all cabin fittings and passenger seats. 

I ,  14 Survival aspects 

The wreckage w a s  sighted from the air about midday on 4 July 1963 and was 
reached by a ground party on the morning of 5 July. 

1, f 5 Tests and research 

A post-mortem examination of the co-pilot revealed a severe degree of coronary 
disease, however,  there was  no evidence that this condition contributed in any way to the 
accident, 

The magnetic compass was tested by the Dominion Physical  Labors-tory and 
was found to be serviceable, 



ICAO Cir eular 78-AN/ 66 

1, f 6  Air flow over mountains - (Mountain waves)  

Mountain waves a r e  well known to pilots as: phenomena to be avoided by aero-  
planes; however, the magnitude of the disturbances they cause may not be 80 widely 
appreciated, The Court was concerned a t  the somewhat general lack of knowledge in 
aviation circles  of the very rea l  dangers of the dynamic effects which can be produced 
by the a i r  f low over high ground and therefore extracts from the considerable amount of 
literature on this subject placed before the Court, a r e  given hereunder, 

In unstable air, vertical  air currents  associated with convection are liable to 
be more intense over mountains than over level terrain,  especially in strong t ransverse  
air streams, but in these cases  the distribution of vertical  currents  is irregular .  In 
stable air conditions, however, the disturbance of a t ransverse a i r  flow by a mountain 
range can s e t  up an organized flow pattern cornpriaing waves and/or large-scale eddies 
in which strong vertical currents  and turbulence can occur. These e f fec t s  are some- 
tirnee manifest to a considerable height above tbe level of the c res t ,  and the train of 
waves may extend for many miles downwind. Thus, whether the air be stable o r  unstable, 
mountains and ridges of hills may r ise  to strong vertical a i r  currents ,  

W i t h  transverse winds of about 20 k t ,  dawn currents  of 800 ft/min have been 
experienced on the lee side of mountains rising only 1 500 f t  above the surrounding 
terrain. Stronger winds can give rise to higher vertical  velocities, especially over 
higher ground with a steep lee slope. Indeed, vertical currents  of 2 000 ft/rnin have been 
recorded on r a r e  occasions in the lee of mountains only 3 000 f t  in height, whilst in the 
Sierra Nevada region of California (U. S. A, ) velocities have been known to exceed 
5 000 ft/rnin. 

When lee waves are  operating, the strangest surface winds are commonly 
found sweeping down the lee slope. These winds m a y  carry the cap cloud down the lee 
slope during the process of dispersal  by adiabatic warming, so  that the cloud resembles 
a waterfall known as the "cloud fall" or "fohn wall fr .  

If the waves are of large amplitude the flow may contain rotors  in the crests 
the waves a t  about the Level of maximum amplitude. Because of the large vertical 

.nd shear in the region, the characterist ic rotor or roll cloud which may form c o m -  
monly has the appearance of rotating about a horizontal axis, The low-li~vel winds 
beneath rotors  are much lighter than elsewhere and m a y  indeed even be reversed. 
Violent turbulence is Liable to be encountered in the vicinity of rotor clouds, 

If a ridge of substantial high ground has to be crossed when transverse winds 
are strong and waves a r e  likely, much greater hazard is likely to be encountered when 
doing so  against the wind than for downwind flights. There are two reasons for this: 

1) when flying into wind the a i rcraf t ' s  ground speed is reduced, and it 
wil l ,  therefore, remain in the down currents longer; 

2)  where no attempt is made to counteract height changes, the a i rcraf t ' s  
height variations when flying into wind are out of phase with any air - 
stream waves, so that the aircraft is liable to be at i ts  lowest height 
when actually over the highest ground, 

Above the friction layer,  which may extend to a considerable height above the 
c res t  of the high ground, f l igh t  through mountain waves is l ike ly  to be v e r y  smooth. 
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Within the friction layer ,  however, and par t icular ly  in the rotor or roll cloud zone, the 
turbulence encountered may be more violent than that occurring in t he  most violent 
thunderstorms. Thus ,  a region of severe turbulence m a y  be suddenly encountered when 
height clearance above the terrain has  become marginal. If there are  reasons  to e x p e c t  
strong effects, e ,  g. from the forecast ,  appearance of the clouds, ar from the pilot's 
experience, the cruising flight level should be a t  least one and a half t imes the height of 
the mountains above surrounding terrain, and preferably higher.  

From the point of view of navigation, the largest  tracking (and timing) e r ro r s  
are  l ikely to occur when an  aircraft i s  f lying parallel to a long  ridge lying across  the 
general wind. When mountain waves are  operating the  pilot must expect  marked depar- 
tures to occur,  both from the forecast winds and from those recently measured in flight. 
In mountainous regions, therefore,  where the available navigational aids do not provide 
constant and accurate track and ground speed checks, the c ru i s ing  height selected must 
allow for maximum deviations from the intended track. 

In determining safety heights far each sector of a route, account should be 
taken of the configuration of the ter ra in ,  the alignment of any high ground relative to the 
intended t rack ,  the maximum wind velocity normal to  the high ground, and the cruising 
speed and climb performance of the aircraft.  Where the route forecast  o r  the pilot's 
past experience of the route indicate a possibility of lee waves operating over high ground, 
an adequate safety marg in  should be added to the normally accepted ter ra in  clearance 
heights to ensure that any height fluctuations caused by wave phenomena will not bring 
the a i rc ra f t  dangerously close to the high ground, 

2 ,  Analysis and conclusions 

2, 1 Analysis 

Examination of the wreckage indicated that na structural  or engine malfunction 
or failure occurred prior to impact of the a i rc ra f t  within the cleft. Both hydraulic flap- 
jacks and hydraulic landing gear  jacks w e r e  found in the fully retracted position and 
although the starboard flap and landing gear were too badly damaged to ascertain their 
respective position, it was considered that both flaps and landing gears  were retracted 
at the time of impact. Evidences w e r e  found indicating that the aircraft was sinking at a 
high rate of descent and that the attitude of the aircraft was 70 nose up at the time of 
initial impact, 

Foreca~t t s ,  although designated by routes,  apply to a zone o r  a r e a ,  and the 
wind velocities given are the averages for that area ,  It was established that the pre- 
dicted average velocity of winds for an area can be quite misleading as  to a particular 
locality within that zone, 

Based an the material  available to him, i t  was believed that the conclusions 
reached by the Whenuapai forecaster regarding the weather situation w e r e  a s  accurate 
as could reasonably be expected, however it was considered tha t  the fo recas t  issbi=*d a t  
Whenuapai could have given more information for the zone cover ing  th i l i gh t  of the sub- 
ject aircraft. No warning was given of the possibility of turbulence and down draughts  in 
the Kaimai a r e a ,  although a s torm commenced to rage dur ing the night of 2 July, and 
power supplies were  cut off in the early hours of 3 July due  to poles being blown down in 
the vicinity of Gordon. 
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According to Regulation 38 (4)  of the Civil Aviation Regulations (1953): regard-  
ing minimum te r ra in  clearance altitudes - 

"No a i rcraf t ,  unless landing o r  taking-off, shall  be flown in accordance 
with instrument flight rules a t  a lower height than 1 000 f t  above the 
highest obatacle located within 5 NM of the estimated position of the 
a i rc ra f t  in flight: 

"Provided that in a r e a s  of mountainous t e r ra in  a clearance of at leas t  
2 000 ft shall be maintained. " 

To determine the minimum safe altitude for the route f rom the Browns Bay 
locator to Tauranga beacon, Mount Te Aroha, which is 3 126 f t ,  was used a s  a basis  
for calculation. Following consideration as to whether the route t e r ra in  clearance a r e a  
contained t e r ra in  which should be classified as mountainous, it was the unanimous opi- 
nion of the Operations Planning Section, Civil Aviation Administration, that mountainous 
te r ra in  clearance was not required,  and the minimum safe altitude for the route was 
fixed a t  4 100 f t ,  i. e. 3 126 + 1 000 f t ,  rounded off to the neares t  100 ft. 

It appeared that the a i r c r a f t  was flying in accordance with this regulation. 

I t  was considered that when the subiect flieht was over the Thames coastline. 
.a - 

the crew probably obtained an  accurate  position by visual reference to the ground. Failing 
such a ground sighting, a DME reading f rom Whenuapai would have made possible a 
ground speed calculation, and a back bearing on the radio compass on Browns Bay locator 
would have given a t rack check. Having considered many combinations of wind strength,  
headings, t racks ,  and ground speeds,  the Court concluded that a t  the halfway point in 
the flight the a i rc ra f t  was probably on t rack and ahead of time. Judging f rom the weather 
forecas t  provided, the crew might have expected the wind would decrease  in strength over 
the last ar t  of the t r ip ,  since the wind velocity south of Tauranga at 5 000 f t  was given 
a s  0600 7 25 kt compared with 0700/40 kt f rom Whenuapai to Tauranga. However, the 
wind actually increased up to a maximum of 70 to 80 kt ,  resulting in a dr i f t  to starboard 
and in a reduced ground Based on the evidence of 29 witnesses, who heard  o r  
saw the a i rc ra f t  between Kerepehi and Gordon, together with a knowledge of the wind 
velocity, it was possible to plot the track of the a i r c r a f t  with reasonable accuracy. 
Evidence of the weather in the a r e a ,  combined with the testimony of experienced pilots,  
led the Court to conclude that for the grea ter  portion of the l as t  15 minutes of flight the 
radio compasses were affected by ter ra in  and precipitation s tat ic ,  and were not giving 
adequate tracking guidance. At 0904 the flight reported that it  would be reaching Tauranga 
four minutes later .  Although the changed ETA had probably been calculated 15 minutes 
ea r l i e r ,  i t  was felt that Tauranga was not advised of the amendment, because the crew 
believed that satisfactory communications were unlikely until the flight had passed to the 
eas t  of the Kaimai Range. Also, they may have been waiting for another position check. 
If the radio compass was operating satisfactorily i t  probably s tar ted  to settle down around 
0904 hours ,  and this would have indicated to the c rew that the a i r c r a f t  was approaching 
Tauranga on the starboard side of the beacon. The crew unaware of the displacement of 
the a i rc ra f t  to the west ,  would have believed they were close to the Tauranga beacon and 
in a good position to turn onto 056O, the bearing of the outbound leg of the let-down 
procedure. Shortly thereafter  the a i rc ra f t  made its descending turn,  encountered the 
severe down draught and turbulence then crashed. As there was evidence that additional 
power was applied during the last few seconds of flight, i t  was believed that an  abortive 
attempt had been made to  regain height a t  that time. 
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2, 2 Conclusions 

Findings 

Both pilots we re satisfactorily certificated and had considerable experience 
on DC-3 aircraft, During their latest medical examination they were found to be physi-  
cally f i t ,  Although a post-mortem exarninatian revealed that the co-pilothad a severe  
degree of coronary disease, there was  no evidence that it contributed in any way to the 
accident, 

The aircraft was airworthy and na failure or deficiency of the engines contri- 
buted to the accident, Its gross weight was within the authorized limits. The centre of 
gravity was not mentioned in the report. The aircraft  was equipped with various aids to 
navigation, including distance -measur ing equipment (DME). Maintenance records 
indicated a number of unserviceability reports of the DME and this equipment might not 
have been operating satisfactorily on the day of the accident. Furthermore at that time 
Tauranga Airfield was not equipped with DME. Also the aircraft  radio compaeses were 
probably affected by terrain and precipitation static during the las t  15 minutes of the 
flight, 

The a rea  weather forecast induced the crew to believe that the wind strength 
would diminish during the last part of the flight whereas it actually increased considera- 
bly. This resulted in a drift  to starboard and in a reduced ground speed of which the 
crew was unaware. Believing they were close to the Tauranga beacon and in good posi- 
tion to start the let down procedure, a descending turn to 065 was initiated. The aircraft 
then encountered turbulence and a severe down-draught of the order of 2 000 ft/min and 
crashed in a cleft of the Kaimai Range, 327 f t  below the summit of Mount Ngatarnahinerua 

Cause or 
>robable cause( s) 

The main cause of the accident was a strong downward current in the lee of the 
Kairnai Range close to the Gordon quarry. This downward current carried the aircraft  
below the level of the c res t s  of the range whe re ,  under the ciondition~l prevailing a t  the 
time, the aircraft encountered an area  af extreme turbulence in which it was impossible 
for the pilot to regain effective control and recover height. 

Contributory causes of the accident were: 

a)  The pilot-in-command of the aircraft was unaware of his true position 
and initiated a prernature descent, However, i t  must be appreciated 
that he decided to descent only to the level officially designated as the 
minimum safe altitude in the area of his descent. 

b) The decision of the Civil Aviation authorities to classify the Kaimai 
Range as non-mountainous terrain for the purpose of determining the 
safe altitude for the route. 

c) The misleading forecast of the upper winds between Whenuapai and 
Tauranga. 
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Following this accident the Court recommended that: 

- the installation of DME a t  aerodromes  used by air t ranspor t  opera tors  be 
accorded pr ior i ty  and that reliable a i rborne  DME equipment be provided on 
passenger a i rc ra f t  operating on scheduled flights; 

- a cr i t ical  examination be made of existing minimum safe altitudes for air 
routes in New Zealand, and that such an  examination be made in conjunction 
with meteorological experts  and those who have made a specialized study of 
ver t ical  air currents  (such as the gliding fraternity);  

- where the forecast  wind velocity is 30 kt or  grea ter  a t  planned cruising 
level ,  the minimum safe altitude for DC-3 a i rc ra f t  on any route be increased 
by 1 000 f t  and where the forecast  wind velocity is 55 kt o r  grea ter  DC-3 
flights be cancelled; 

- a climbout procedure be initiated for instrument flight rules  depar tures  
from Tauranga so  that a i rc ra f t  s e t  heading a t  the Tauranga beacon a t  not 
l e s s  than 3 000 f t ;  

- when DME equipment is not available, o r  is suspect for any reason, a i r c r a f t  
flying under instrument flight ru les ,  arr iving a t  Tauranga, remain a t  the 
en route cruising altitude until overhead the beacon. Other routes which 
involve high ter ra in  and lack of positive fixing should a lso  be examined with 
this precaution in mind; 

- ballpoint pens be used by a i r  traffic control officers and no superimposed 
alterations to figures be permitted; 

- a forecas ter  be made available a t  Whenuapai Airport  to brief and de-brief 
crews; 

- where possible and practicable, specific winds be furnished ra ther  than an  
average for the route and forecas ters  be encouraged to comment on any 
suspected unusual weather phenomena along the route; 

- an investigation be ca r r i ed  out into the feasibility and cost  of fitting a c rash-  
proof radio beacon to a i r c r a f t  which would operate on impact and be available 
to guide searching a i rc ra f t  to the accident si te;  

- the possibility of installing flight recorders  on turboprop and jet a i rc ra f t  
should be promptly and carefully investigated part icularly in the light of 
recent practice and compulsory requirements in certain other countries. 
(The Court was not disposed to  recommend the fitting of flight r eco rde r s  to 
DC-3 a i rc ra f t  because it doubted the expense was justified. ) 
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4, Action taken 

Folfawing the accident, the complementary ground equipment required for the 
u s e  of DME was installed at Tauranga Field. 

On 8 July 19 63 (i, e. 5 days after the accident) the minimum safe altitude of 
the ~ h e n u a ~ a i / ~ r o w n s  Bay - Tauranga route was raised to 5 126 f t ,  an  addition of 
1 026 f t ,  a s  a precautionary measure, due to the possibility of excessive down draughts 
around the Kaimai Range. 

ICAO Ref: AR/883 
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No. 15 

1. Investigation 

1. 1 History of the flight 

Flight 221 was a scheduled domestic flight f rom San Francisco to Los Angeles 
International Airport. It had been dispatched as combination Flights 220/221, Los Angeles - 
San Francisco  - Los Angeles. When at San Francisco the pilot-in-command checked the 
la test  weather information for the re turn  flight to Los Angeles. The a i r c r a f t  took off 
f rom San Francisco a t  2206 h r s  Pacific Standard t ime, on an IFR clearance with the same 
crew and 40 passengers.  At 2315, in the vicinity of Bakersfield, California, the crew 
received the 2300 Los Angeles surface weather observation broadcast. 

After the flight had a r r ived  in the Los Angeles terminal  a r e a  the approach con- 
t ro l le r  informed the crew of the weather conditions at the a i rpor t ,  provided normal  vec- 
toring services  and cleared the flight for an  Instrument Landing System (ILS) approach to 
runway 25L. At 233 7 the flight reported over  the outer marke r  inbound and was given 
Precision Approach Radar (PAR) advisories af ter  having intercepted the ILS glide slope. 
The a i rc ra f t  was on course and on the glide slope 4 miles and 2 I / L  miles  f rom touchdown; 
a t  1 1/2 miles  and 1 mile it was still  on the glide slope but 100 ft left of course;  a t  3/4 a 
mile f rom touchdown it was 200 f t  left of course and the c rew was told to execute a 
missed approach i f  they did not have visual contact with the runway. 

The c rew advised the tower that  they then had visual contact with the runway. 
The a i rcraf t ' s  radar  target  was observed by the PAR controller to co r r ec t  back to the 
course centreline pr ior  to reaching the touchdown zone. The pilot-in-command called 
for full flaps. At this point the a i rc ra f t  was slightly to the left of centreline, but a co r -  
rection was made, and the approach was continued on course. The pilot-in-command 
a l so  stated that there  was a t  l eas t  1/2 mile visibility on the approach end and about 6 to 
10 runway lights were visible. The approach was continued with visual reference to the 
runway. The landing gear was down, the landing lights extended and on, the flaps fully 
extended (500) and all propel lers  were s e t  at 2 300 rpm. The flareout was normal and 
the touchdown, described by the crew as a little harder  than usual,  was made 1 000 f t  
down the runway. Immediately after  landing the a i rc ra f t  entered a fog condition, which 
reduced visibility to zero. The pilot hesitated to apply power because sight of the run- 
way lights was momentarily regained. However, a lmost  immediately the a i r c r a f t  again 
entered dense fog and the pilot-in-command stated that he then called for full power, 
200 flaps, and initiated a go-around procedure. He rotated the a i r c r a f t  a t  V2 (100 k t ) ,  
and it became airborne. Shortly af ter  the check pilot warned the pilot-in-command that 
the a i rc ra f t  was sinking and to  pull up. The pilot at this time was preoccupied with 
trying to maintain V2 climbout speed (100 kt) and the heading and attitude of the aircraf t .  
A noise was heard and the a i r c r a f t  was not performing at all, however, it was st i l l  a i r -  
borne and s tar ted to climb out on full power until it reached the top of the fog at about 
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350 to 400 ft amsl .  The pilot-in-command stated that he then accelerated the a i r c r a f t  to 
120 kt and called for gear up, METO power and flaps up a t  about 500 f t .  However the 
copilot stated that the command for "gear up, flaps up" was  given subsequent to the noise 
and that he then raised the landing gear handle to the up position and the f laps handle 
from the 200 detent to  the full up position. The airspeed increased to 135 kt. During 
the clirnbout the check pilot noted the No. 2 engine oil p ressure  warning light comin on, 
and the No. 2 engine tachometer indicating l e s s  than 1 000 rpm. He ordered to featner 
propeller No. 2 ,  and the second officer engaged the No. 2 feathering switch. The a i r -  
craf t  obtained a clearance to Lockheed Air  Terminal a t  Burbank and proceeded there 
where i t  w a s  vectored to the ILS final approach course for runway 7. While en route to 
Burbank a visual  inspection of the a i rc ra f t  revealed that No, 2 propeller was missing and 
that No. 2 engine nacelle was drooped. Following a landing g e a r  check by the Burbank 
tower the a i rc ra f t  landed at  0005 h r s  (18 December) without further incident. 

The accident at  Los Angeles occurred a t  2341 h r s ,  

l , 2  Injuries to  persons 

l ,  3 Damage to a i rc ra f t  

The a i rc ra f t  was substantially damaged. 

No. 2 engine nose case and propeller assembly separated from the engine a t  
the forward section of the front power case.and was heavily damaged by impact. Four of 
the six engine attach mounts had separated f rom the mounting, and the forward section 
of the engine nacelle drooped a t  an  angle of about 70, No. 1 engine cowling and propeller 
dome spinner were damaged by propeller fragments and the blades of No. 1 propeller 
were bent and 1 /2 inch of the tips was grounded off. 

I . .  4 Other damage 

No damage was sustained by objects other than the aircraf t ,  

1 .  5 C r e w  information 

The pilot-in-command, age 40, held a valid FAA airl ine t ransport  pilot's 
certificate with type ratings for the DC-6B and DC-7. He had flown a total of 15 200 h r s  
including 5 000 on the DC-6B. He was requalified a s  pilot-in-command on DC-6B a i r -  
c raf t  on 21 November 1963 and it was h is  f i r s t  flight as  pilot-in-command since June 1 9 6 ~  
Five days before the accident occurred he underwent a f i r s t -c lass  FAA physical exarnina: 
tion which he passed satisfactorily. 
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The co-pilot, age 32, held a valid FAA corrunercial pilot's certificate with air- 
craf t  single and multiengine land, and instrument ratings. His last proficiency check on 
the subject a i rc ra f t  type was on 1 October 1962, and h is  last line check on DC-6B was on 
20 September 1963. He had flown a total of 2 200 h r s  including 750 h r s  on DC-6B. His 
medical certificate was a lso  valid a t  the time of the accident. 

The second officer, age 26, held a valid FAA flight engineer 's  certificate and 
a commercial  certificate with single and multiengine land a i r c r a f t  and instrument ratings. 
His las t  line check on the DC-6B was on 9 October 1963. He had flown a total of 360 h r s  
a s  flight engineer including 344 h r s  on the DC-6B. On 3 May 1963 he successfully passed 
a second-class FAA flight physical. I 

Both s tewardesses  had completed recur ren t  training in emergency procedures 
on al l  equipment in November 1963. 

Also aboard the a i rcraf t ,  in the jump sea t ,  was  a company check pilot, age 43, 
who had flown in this capacity f rom 1 July 1950 to 1 October 1959 and f rom 1 February  
1960 until the subject accident. He was assigned to the flight to requalify the assigned 
pilot-in-command for the route involved. He held a valid airl ine t ranspor t  pilot's cer - 
tificate with numerous type ratings including DC-6Bs. His last line check on DC-6B was 
on 14 March 1963, and his  last proficiency check on the same a i rc ra f t  type as on 27March 
1963. His flying experience amounted to 14 600 h r e  including 8 000 h r s  on the DC-6B. 

1. 6 Aircraf t  information 

I 
I 

I 
I 
I 

The a i r c r a f t  had flown a total of 13 743 hre. Since l a s t  overhaul, engines 
No. 1, 2,  3 and 4 had flown 841, 103, 189 and 324 h r s  respectively. 

No maintenance was required o r  performed at San Francisco.  

The a i rcraf t ' s  computed landing gross  weight (74 993 lb) a t  Los Angeles and 
its centre of gravity (21. 9% MAC) were within the operating limitations. 

The type of fuel being used and amount car r ied  on the a i r c r a f t  were not men- 
tioned in the report. 

1. 7 Meteorological information 

The Company dispatcher at Los Angeles responsible for Flight 200/221 d is -  
cussed the weather forecast  for  Los Angeles with the pilot-in-command during the 
briefing a t  1915 hrs.  He advised the pilot to expect fog conditions with low visibility on 
his re turn to Los Angeles rather  than the c lear  skies  called fo r ,  a f te r  1900 h r s ,  in the 
U. S. Weather Bureau forecast  issued a t  1445 h r s  and valid f rom 1500 on 17 December to 
0300 on 18 December. 

At San Francisco the pilot-in-command and check pilot checked the la tes t  
weather information for Los Angeles and points en route in preparation for Flight 221 
which was planned to a r r ive  at  Los Angeles a t  2336. The la test  weather reported for 
Los Angeles at that time was the 2100 hour U. S. Weather Bureau sequence report ,  
giving: par t ia l  obscuration, 16 000 f t  scat tered,  visibility 2 miles ,  haze,  smoke tem- 
perature  55OF, dewpoint 52OF, wind E N E / ~  kt ,  a l t imeter  setting 30. 11 in RVR runway 
07 - 1/2 mile ,  runway 24 - 1/4 mile ,  runway 06 - l e s s  than 3/16 mi le ,  visibility west 
1 mile. Also,  the terminal forecast  for Los Angeles issued by the U. S. Weather Bureau 
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at 2045 was available and was valid for 12 hours  beginning a t  2100, At 2315 h r s  when 
the flight was near  Bakersfield, California, it received the regularly scheduled weather 
broadcast  on the Bakersfield low frequency radio range. This included the 2300 
Los Angeles surface weather observation which was  as follows: 

part ia l  obscuration, visibility 1/2 mi le ,  ground fog, smoke,  ternpe r a -  
ture  510F, dewpoint 49oF, wind southwest 3 k t ,  a l t imeter  30, 10 inches,  
runway visual range (25L) 6 000 f t  plus,  runway 07 runway visibility 
314 mile,  runway 24  runway visibility 1/2 mile ,  runway 0 6  runway 
visibility less than 3/16 mile, f o g  obscuring 3/10 of the sky, surface 
visibility 7/8 mile. 

The published approach minima for runway 2 5 L  w e r e  200 f t  ceiling and I / L  
mile visibility o r  2 400 f t  Runway Visual Range (RVR). 

After the flight arrived in the Los Angeles terminal area the following weather 
observation for the Los Angeles International Airport was t ransmitted by approach 
control: 

"sky part ial ly obscured;  visibility: 1 / ~  mile, ground f o g  and smoke" 

A t  2340 hrs  a t  about the t ime the flight was inbound from the outer marker, 
the U. S. Weather Bureau at  Los Angeles recorded the following local weather observation: 

sky part ial ly obscured; surface visibility 3/4 mi le ,  tower visibility 
1/2 mile ,  ground fog and smoke; temperature  4 7 O ~ ,  wind south- 
southwest 4 k t ,  a l t imeter  setting 30. f 1 inches. Fur ther  r emarks  
were: runway 25L visual range 5 000 f t ,  runway 07 runway visibility 
l e s s  than 3/16 of a mi le ,  runway 06 runway visibility l e s s  than 3/16 
of a mi le ,  fog obscuring 4/10 of the sky,  sur face  visibility 3/4 of a 
mile, 

The U, S, Weather Bureau's transrnissometer record  indicated that the RVR 
for  runway 25L went below 6 000 f t  at about 2338 hours and varied between 5 000 and 
6 000 f t  f r om 2340 to 2345, A t  2347, i. e. s ix minutes af ter  the accident,  i t  dropped to 
l e s s  than f. 000 ft, 

Following the accident the pilot-in-command stated that after  he had made 
visual  contact with the runway there  was at l e a s t  1/2 mile visibility on the approach end 
of runway 25L with about 6 to  10 runway l ights visible and that immediately af te r  landing 
the a i r c r a f t  had entered a fog condition which reduced visibility to zero.  

1 . 8  Aids to navigation 

ILS and Precis ion Approach Radar (PAR)  were available a t  Los Angeles Xnter- 
national Airport ,  

The flight was in contact with the Precision Approach Radar  controller  during 
the inst rument  approach, No communications difficulties were  experienced, 
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1. 10 Aerodrome and ground facilities 

Runway 25L a t  Los Angeles International Airport  is 12 000 f t  long and 200 f t  
wide, and i t s  threshold i s  displaced 650 f t  to the west to provide proper approach clear- 
ance for  a i r c r a f t  above ground obstacles located near the approach end of the runway 
~h~ ground a t  the approach end of the runway i s  91.  4 f t ,  and the effective r;n, 

way gradient is +0. 27%. 

A standard configuration "A" approach lighting System with Sequenced flashing 
(s t robe)  lights i s  installed for this runway. High intensity, directional,  runway lights 
parallel both sides of the runway, 10 f t  outboard of the runway edge and spaced 200 f t  
apart .  

p,ll components of the approach and runway lighting sys tems were on and 
operating a t  their highest intensity setting a t  the time of the accident, The runway lights 
were positioned to the east .  

1. 11 Flight recorders  

No information in the report.  

1 .  12 Wreckage 

Not pertinent to the accident. 

1. 1 3  F i r e  - 
There was no f i re .  

1. 14 Survival aspects  

Not applicable. 

1. 15 Tes ts  and research  

No information of this type was contained in the report. 

2. Analysis and conclusions 

2. 1 Analysis 

~t was determined that the subject flight was properly dispatched in accordance 
with company procedures. 

There was no evidence of malfunction o r  fai lure of the a i r c r a f t  o r  any of its 
components pr ior  to impact. 

Initial propeller s lash marks  f r o m  the No. 2 engine were found on the runway 
start ing a t  a point 5 489 f t  beyond the displaced threshold and approximately 59 f t  beyond 
the initial t i re  marks  left by the lef t  main landing gear. These s lash marks continued 
for,  a distance of 48 1 / ~  f t .  The impact point of the No. 2 engine propeller and nose case 
was approximately 11 f t  beyond the las t  s lash mark  made by this propeller ,  These 
ponents were found on the runway 850 f t  beyond this point. 
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Propel ler  s lash m a r k s  f rom the No. 1 engine s ta r ted  f rom a point 5 522 f t  
beyond the displaced threshold and continued for approximately 114 1 / ~  ft. 

There  was no evidence that any pa r t  of the a i r c r a f t  other than the Nos. 1 and 
2 propel lers  and both main landing gea rs  made contact with the runway. 

Based on the observations of the tower and the U.S. Weather Bureau personnel,  
the a i rpor t  remained above published minima throughout the approach. However, i t  i s  
considered that the prevailing visibility of 1/2 mi le ,  which was reported to the flight, 
and the RVR value of 5 000 ft, were not truly representative of the RVR for runway 25L. 
Although the RVR for this  runway remained above 5 000 ft throughout the approach of the 
flight, i t  must  be noted that this value was only representative of the t ransmissivi ty  of 
the atmosphere over the 750 f t  baseline of the instrumentation, which i s  a t  the approach 
end of that runway. I t  was not representative of the fog-induced non-homogeneous con- 
ditions which existed beyond the approach end of the runway. Similar ly ,  the a r e a  of 
thick patchy fog was beyond the visual range (1 /2  mile)  of the observer  in the tower and 
w a s  therefore ,  not detectible f rom his  location. 

During the approach to runway 25L the crew sighted the runway lights when 
the a i r c r a f t  was nea r  the middle marker .  The dense fog condition which existed beyond 
the pilot's forward visibility range would not have been discernible a t  this point, nor 
would it have been discernible to the crew subsequently during the f lare and landing t r an-  
sition. In the light of the existing conditions, the c rew's  visual  acuity would have been 
enhanced had the landing lights been extinguished a t  touchdown, thereby eliminating the 
resultant  glare. 

According to c rew,  touchdown was effected about 1 000 ft beyond the runway 
threshold. However, computations based on applicable performance data gave an average 
accelerat ion of 2. 2 kt /sec  and elapsed time of 11.8 s e c ,  f rom lift-off ( 100 kt) to initial 
impact  ( 126 kt) ,  and resulted in a lift-off point about 3 250 f t  beyond the runway threshold. 
Thus,  based on this  lift-off point and on c rew testimony regarding elapsed t ime between 
touchdown and the initiation of go-around procedures i t  appeared that the a i r c r a f t  actually 
touched down between 2 000 and 2 400 f t  beyond the runway threshold. 

The DC-6B performance curves  showed that ,  a t  a g ross  weight of 80 000 lb ,  
the a i r c r a f t  in landing configuration can climb at the r a t e  of 725 ft/min a t  sea  level ,  on 
a standard day,  when full power on the four engines i s  used and an indicated ai rspeed of 
100 kt maintained. To  establish a climb f rom a level attitude on the runway, with take- 
off power applied for a go-around, and flaps extended 50°, a 50 nose up rotation of the 
a i r c r a f t  is required. As  the flaps a r e  re t rac ted  f rom the 50° to the 200 position, an 
additional 3O rotation, o r  about 8O noseup attitude i s  required to maintain climb. 

The evidence showed no tai l  skid contact with the runway which proved that the 
longitudinal attitude of the a i r c r a f t  was l e s s  than 5O nose up a t  impact. It was therefore 
concluded that the a i r c r a f t  was not rotated a sufficient amount to maintain a positive 
ra te  of c l imb during or  a f te r  the transition of the flaps to the 2 0  position. 

Following the accident the crew stated that the landing gear  handle was not 
placed in the "up" position until af ter  impact had occurred. However contact of the pro-  
peller  with the ground is impossible with the landing gear extended and locked without 
p r io r  damage to the gear.  Therefore ,  the Board concluded that the landing gear  handle 
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was placed in the "up" position shortly after initial lift-off for the go-around by ei ther  
the co-pilot or  the second officer and that the landing gear  was retracting a t  the t ime 
the a i rc ra f t  settled onto the runway with its Nos. 1 and 2 propellers.  Had the gear been 
in the down and locked position, the a i rc ra f t  would most  probably have bounced off the 
runway, continued the climbout and little or  no damage would have resulted. 

A t  the time of the accident the procedures in effect to be followed for a go- 
around from a normal  approach (gear  down, flaps 50°, a l l  engines operating),  were s e t  
forth in two Company manuals a s  follows: 

DC-6B Airplane Manual 20 July 1954 - 
a )  Apply full necessary power and attain best  climbing speed . . . 
b) Raise the landing gears .  
c )  Retract  the wing flaps to the 200 take-off position. 

Pilots Manual - March 1963 - 

1. Apply necessary power and attain best  climbing speed . . . 
2 .  Retract  the wing flaps to the 200 take-off flap position. 
3 .  Raise the landing gear a s  quickly a s  possible after  obtaining a 

positive rate  of climb. 

These company procedures were conflicting regarding the sequence of landing 
gear and flap retraction. 

On 14 November 1963 the Company issued a Flight Operations Memorandum 
(No. 63-27) to all flight personnel, which changed the duties of the first officer (co-pilot) 
and the second officer with respect  to throttle handling during take-off and gear  r e t r ac -  
tion and extension for take-off and landing. The memorandum read,  in part .  

"4. Throttle Handling During Take -off 

In application of power during take-off, the second officer instead of the 
first officer will follow up on the right-hand se t  of thrott les (or  left-hand 
throttles if the airplane is being flown from the right) and will  make the final 
adjustment and setting in accordance with the command received . . . 
5. Gear Retraction and Extension 

Hereafter ,  the retraction and extension of the landing gear will be handled 
by the f i r s t  officer instead of the second officer , . . 
Note: Until the flight c rews become accustomed to the changes in procedure - 

in i tems Nos. 4 and 5 ,  the captain should brief his crew pr ior  to take- 
off that - 

a )  the second officer on command wil l  se t  power; and 

b) the f i r s t  officer on command wi l l  r e t rac t  and extend gear. 
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Although this memorandum was quite recent  and the crew was operating 
together fo r  the first time the pilot-in-command d i t  not brief his crew regarding these 
changes. 

A lack of crew co-ordination and understanding concerning the procedures had 
probably occurred a s  ~ h o w n  by the fact that the co-pilot assumed the duties of the second 
officer during the go-around by placing the rpm control forward pr ior  to retracting the 
flaps to 20°. 

2 .  2 Conclusions 

Findings 

The crew were well qualified and experienced. A check pilot was abroad to 
requalify the pilot-in-command for the route a s  it was the la t te r ' s  f i r s t  t r ip  a s  pilot-in- 
command since June 1960. 

The a i r c r a f t  was airworthy and i ts  g ross  weight and centre of gravity were 
within the permissible  l imi ts  a t  the time of the accident. 

The crew were well briefed regarding the weather conditions to be expected 
a t  Los Angeles. However, the visibility (1/2 mile)  and the RVR value ( 5  000 f t ) ,  which 
were transmitted to the flight were not actually the conditions that the a i r c r a f t  encountert 
when landing. Beyond the approach ent of the runway there  existed fog-induced non- 
homogeneous conditions. The pilot's actual  visual  range probably varied f rom 5 000 f t ,  
to near  z e ro  in patches of fog. However, the weather conditions warranted continuation 
of the approach to touchdown and permitted the landing. According to the c rew,  touch- 
down took place about 1 000 f t  beyond the runway threshold. Calculations made following 
the accident 8 howed that the actual touchdown was made between 2 000 and 2 400 f t  
beyond the threshold. 

It was determined that a t  impact the longitudinal attitude of the a icraf t  was less 
than 5O nose up and that the a i rc ra f t  was not rotated sufficiently to maintain a positive 
ra te  of climb during o r  a f t e r  the transition of the flaps to the 200 position. According to 
the crew landing gear re t ract ion was not called for ,  and the landing gear handle was not 
put in the up position until a f te r  impact. Since propeller  contact with the ground could 
not be possible with the landing gear extended and locked without pr ior  damage to the 
gea r ,  i t  was concluded that  the landing gear handle was, in fact ,  placed in the re t racted 
position shortly af ter  initial lift-off for the go-around by ei ther the co-pilot o r  second 
officer. 

At the time of the accident there were in effect conflicting Company procedurec 
regarding the sequence of landing gear and flap retraction during go-around. A lack of 
c rew co-ordinationandunderstanding may have existed concerning these procedures. 
Although the crew members  were flying together for the first t ime and some of the r e s -  
pective duties of the co-pilot and the second officer were recently interchanged, tht. 
pilot-in-command failed to brief them prior  to the subject flight regarding their duties. 

Cause or  
Probable cause(s )  

The probable cause of this accident was the failure of the pilot to maintain a 
positive ra te  of climb and the premature  retraction of the landing gear during a go-arounc 
in fog conditions. 
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3. Recommenaat ions  

Follov;.ng the E a s t e r n  A i r  L ines  DC-7B, N 81 5D, accident  a t  Idlewild In te r -  
national A ; r p o r t ,  iuew York,  U. S.A. on 30 November 1962*, it was recommended that: 

1. The A i r  Traff ic  Control  p rocedures  r equ i r e  the t r ansmiss ion  of all 
operat ionally significant weather information in t e rmina l  a r e a s  to 
approaching a i r c ra f t .  The FAA by l e t t e r  dated January  8, 1963, s ta ted  
tha t  the n e c e s s a r y  procedura l  changes were  being prepared .  

2 .  An al ternat ive  method be developed to de t e rmine  runway visibi l i ty when 
the RVR is  inoperative. This  was to be accomplished by utilizing runway 
o b s e r v e r s  cer t i f ica ted by the Weather Bureau. The Weather Bureau 
indicated concurrence with the recommendation on Janua ry  8 ,  1963. On 
January  14, 1963, the FAA sta ted that  this  p rocedure  would be imple-  
mented on a t r i a l  b a s i s  in New York, Chicago, and Los  Angeles. 

3. The Weather Bureau amend thei r  methods of observing and repor t ing p r e -  
vailing weather where "par t ia l  obscurat ions" a r e  present .  The Weather  
Bureau indicated concur rence  with th is  recommendation on Janua ry  8 ,  
19 63. 

4. The "Remarks"  port ion of weather  r e p o r t s  be broadcas t  to a i r c ra f t .  The 
FAA informed the Board that  a pr ior i ty  project  had been initiated to 
s tandardize  the t r ansmiss ion  of weather information f r o m  ATC faci l i t ies  
to a i r m e n  in flight. 

5. The RVR instrumentat ion in the recent ly  commiss ioned IFR room of the 
Idlewild Tower was inadequate. Also,  the Board requested a study of the 
physical a r r a n g e m e n t  in a l l  towers  where PAR is installed. On January 11 
1963, the FAA sta ted that  cor rec t ive  act ion w a s  being taken and tha t  a new 
p rogramme would p e r m i t  installation of five RVR indicators  in a tower 
facility. 

Both the Board and the Adminis t ra tor  a r e  a w a r e  of the possible de t r imen t s  t o  
take-off and landing caused by unrepor ted weather phenomena such a s  the thick patches 
of fog encountered by WAL Flight 221 a f t e r  touchdown. It is recognized that  non- 
homogeneous fog conditions when existing beyond a n  RVR instal lat ion o r  outside of the 
sphere  of v isual  observat ion points used for determining prevail ing visibili ty can ,  under 
the p re sen t  methods of measur ing  visibi l i ty,  r ema in  unreported.  However,  a s  outlined 
in the FAA Advisory Ci rcu la r  ACC 00-13A, effective F e b r u a r y  2 4 ,  1964, p lans  a r e  now 
in effect to improve the "state  of the art" in these a r e a s .  It i s  anticipated tha t  in  the 
future one o r  m o r e  additional t r a n s m i s s o m e t e r s  may be located on o ther  por t ions  of the 
runway for  the purpose of providing m o r e  representa t ive  repor t s .  

*Note by ICAO Sec re t a r i a t :  See ICAO Ci rcu la r  7 1 - A ~ / 6 3  A i r c r a f t  Accident Digest  
No. 14, Summary  23, pages  85 to  90 inclusive. 
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Moreover, on a i rpor t s  equipped with one o r  more  RVR installations, a ten- 
minute mean of RVR values of all runways reporting RVR is contained in the hourly 
weather sequence reports.  This is shown on the sequence repor t  a s  a Visual Range and 
is given in feet. This value does not pertain to, nor control operations on any individual 
runway but is given as an  information i tem to assist in the overall appraisal  of a i rpor t  
conditions. I t  is anticipated that the highest and the lowest one-minute value recorded 
during this period will a l so  be given, together with the ten minute average. 

Also, it is planned that RVR equipment will serve  all runways equipped with 
an  instrument landing sys tem,  and take-off runways where deemed necessary.  All 
presently installed Runway Visibility Systems will be converted to Runway Visual Range 
Systems as soon as computers and digital readout equipment become available. 

ICAO Ref: AR/813 
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No. 16 

Phil ippines Air  Lines  DC-3C, PI-C489,  accident  a t  Mt. Boca, Sitio Kiniledan, 
Phil ippines,  on 2 March  1963. Repor t  r e l e a s e d  by the Phil ippine A i r c r a f t  

Accident Investigation Board  on 7 Ju ly  1966. 

1. Investigation 

1. 1 His to ry  of the  flight 

Fl ight  984 was  on a scheduled domes t ic  f l ight  f r o m  Zamboanga t o  Davao, 
with an in te rmedia te  stop at Cotabato. It depar ted  Cotabato a t  0940 hours ,  with a c r e w  
of t h r e e  and twenty-four pas senge r s ,  es t imat ing Davao at 1C25 hours .  At 1002 h o u r s  
the  flight repor ted  t o  the  Company rad io  s tat ion a t  Cotabato that  it was halfway t o  Davao, 
a t  Flight l eve l  60, descending. L a t e r  on, i t  contacted the Company r ad io  s ta t ion at 
Davao and reques ted  the Davao weather .  Af ter  having received weather  information the  
flight advised tha t  its a r r i v a l  would b e  delayed on account of bad weather .  No a i r c r a f t  
difficulty was r epo r t ed  and th i s  was the last m e s s a g e  f r o m  the  flight. When the  a i r c r a f t  
fai led t o  a r r i v e ,  30 minutes  af ter  its ETA a s e a r c h  was s ta r ted .  The  a i r c r a f t  was  s u b s e -  
quently found on Mt. Boca, approximate ly  50 m i l e s  SE of Davao Ai rpor t ,  whe re  it had 
c ra shed  a t  an alt i tude of 3 000 f t  around 1130 hours .  

1. 2 In jur ies  t o  pe r sons  

1. 3 Damage t o  a i r c r a f t  

The  a i r c r a f t  was  des t royed.  

In jur ies  

Fatal 

Non fa ta l  

None 
+ 

1 .4  Other  damage 

P a s s e n g e r s  

24 

- 

Crew 

3 

None repor ted .  

O the r s  

1. 5 Crew information 

The  pi lot- in-command held a valid Airline T r a n s p o r t  P i lo t ' s  Licence  r a t e d  
fo r  the DC-3C; his  l a s t  proficiency check took place  on 22 F e b r u a r y  1962. H i s  med ica l  
cer t i f ica te ,  C la s s  1, was c u r r e n t  without waivers .  H e  had flown a to ta l  of 10 320 h o u r s ,  
including 6 500 on DC-3C. He  had been flying on the s a m e  rou te  fo r  a lmos t  nine y e a r s ,  
f ive of which w e r e  a s  DC-3C and Otter  p i lo t - in-command;  and was  ve ry  f ami l i a r  with 
the  rou te  and with the  prevai l ing weather  conditions. 
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The co-pilot held a Commercial  P i lo t ' s  Licence with a DC-3C rating,  and 
had a total flight t ime of 870 hours.  His  medica l  cer t i f icate  was current  with no waivers 

1.  6 Aircraf t  information 

The past  his tory and records  of the a i r c r a f t  disclosed nothing of an unusual 
nature. No malfunction was reported by the pilot a t  Cotabato. It was test if ied that at  
the t ime of take-off f rom Cotabato the a i r c r a f t  was airworthy and that i ts  gross  weight 
and center  of gravity were  within the prescr ibed  limits.  The type of fuel used was not 
mentioned in the report .  

1. 7 Weather information 

Weather en-route was not furnished to the pilot, since this was the f i r s t  
flight of the day on the Cotabato-Davao segment and that the only source of information 
on en-route weather in that a r e a  was weather r epor t s  by pilots. 

The Company radio operator a t  Davao testified that the prevailing weather 
over the a r e a  was: 

500 to 1 000 ft overcast ,  visibility 1 to 2 mi les ,  wind 5 to 8 kt,  a l t imeter  
setting 29. 94 in Hg. 

1. 8 Aids to navigation 

Not mentioned in the report.  

1. 9 Communications 

Communications with the Company radio stations were normal  until just 
pr ior  to the t ime of the accident. 

1. 10 Aerodrome and ground facilit ies 

Not of significance. 

1. 11  Flight r ecorders  . , 

No mention of flight r ecorders  was made in the report .  

1. 1 2  Wreckage 

See 2. 1. 

1. 13 F i r e  - 
No f i re  took place. 

1. 14 Survival aspects  

All  aboard were fatally injured a t  impact. 
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1 .  1 5  T e s t s  and r e s e a r c h  

No informat ion  in  th i s  r e s p e c t  w a s  contained in t he  r epo r t .  

I .  16 N I L  

2. Ana lys i s  and Conclus ions  

2. 1  Ana lys i s  

T h e  a i r c r a f t  was  on a  heading of 030° approach ing  t he  sho re l i ne  of Digos 
when i t  hit  t r e e  t o p s ,  both wings s e p a r a t e d  and  f ina l ly  the  a i r c r a f t  c r a s h e d  in a n  ups ide  
down a t t i tude  a f t e r  hi t t ing a  t r e e ,  t h r e e  fee t  in d i a m e t e r .  The  landing g e a r  w a s  down and 
locked a t  the t i m e  of impac t  and  engines  w e r e  developing power .  The  B o a r d  be l ieved 
that  the  pilot w a s  not flying a t  n o r m a l  c ru i s i ng  power  on  account  of the bad wea the r .  

The  probable  fl ight pa th  of the  fl ight was  r econs t ruc t ed .  I t  was  be l i eved  
that  the a i r c r a f t  had dr i f ted  inland due to  the  e a s t e r l y  8 - 1 2  kt wind. When the  pilot 
a sked  f o r  Davao w e a t h e r ,  h e  p robab ly  be l ieved that  h e  w a s  o v e r  Digos sho re l i ne ,  how- 
e v e r ,  he w a s  3 - m i l e s  off the  rou t e  in  poor  v is ib i l i ty  a n d  approx imate ly  5 -mi l e s  inland 
of Digos when h e  s t a r t e d  h i s  descent .  The  B o a r d  be l ieved tha t  t he  pilot having flown 
that  rou te  f o r  a l m o s t  nine y e a r s  w a s  too  confident of h i s  posi t ion without n e c e s s a r i l y  
taking into account  the  ex i s t ing  c rosswind .  

2. 2 Conclusions 

Findings  

T h e  a i r c r a f t  and fl ight c r e w s  w e r e  p r o p e r l y  cer t i f ica ted .  

T h e r e  was  no evidence  tha t  the  a i r c r a f t  was  not in  a n  a i rwor thy  condition 
p r i o r  t o  the  acc ident .  

T h e  pilot did not r e p o r t  any  opera t iona l  difficulty en - rou t e ,  except  the  
wea ther .  

The  Mani fes t  showed tha t  the  a i r c r a f t ' s  weight and  ba lance  w e r e  within 
the  approved  l imi t s .  

The  v is ib i l i ty  o v e r  the a r e a  w a s  one m i l e ,  with e a s t e r l y  wind a t  8 - 1 2  k t ,  
o v e r c a s t .  

T h e  fl ight c r ew  and  p a s s e n g e r s  died instantaneously.  

T h e  a i r c r a f t  w a s  des t royed .  

Cause  o r  
P r o b a b l e  cause ( s )  

The  probable  cause  of the acc iden t  was  due  to  navigat ional  e r r o r ,  en - rou t e  
and dur ing  let-down. Cont r ibu to ry  f a c t o r s  w e r e  the  l imi ted  v i s ib i l i ty  and the c rosswind ,  
a l l  ex is t ing  on  the  f inal  phase  of the  flight. 



162 IGAO Circular 78-AN/66 

3. Recommendations 

The Board recommended that an Air Traffic Control Service be established 
in Davao Airport; and that in the interim, all airline pilots be enjoined to strictly adhere 
with the established let-down procedure when the weather is IMC. 

ICAO Ref: AR/906 
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No. 17 

ITAVIA Airline Company, Douglas DC- 3 ,  I-TAVI, c rashed  into mountainous t e r r a in  
south of Rome, Italy on 30  March 1963. Report re leased  by the Directorate of 

Civil Aviation, Italy (undated) 

1. Investigation 

1, 1 History of the flipht 

Flight IT 703 was a scheduled domestic flight f rom P e s c a r a  Airpor t  to 
Kome/Ciampino. The a i rc raf t  which had departed Rome a t  1526 hours  GMT, took off 
from P e s c a r a  with the same  crew a t  1736 hours  on an IFR plan and climbed to flight 
level 100, its cruising altitude. At 1739 hours  the pilot requested radar  guidance f r o m  
the P e s c a r a  defence radar  "FIONDA", which i s  not normally  available for  flight inform-  
ation serv ice  to civil a i rcraf t .  The f i r s t  par t  of the flight was intentionally ca r r i ed  out 
south of the direct  route to avoid heavy cloud formations.  

At 1750 hours the P e s c a r a  defence radar  picked up the flight in the Ortona 
a r ea  and at approximately 1803 hours  it passed to the flight "QDM Ciampino 265O, 
distance 80 NM". At 1805 hours  the pilot reported this  position to the Rome ACCIFIC, 
After having directed the flight around some curnulo-nimbus the P e s c a r a  defence r ada r  
lost the a i r c r a f t  a t  1812 hours. 

At 1816 hours  the pilot enquired whether the a i r c r a f t  had been picked up 
by the Rome surveillance radar .  Two minutes l a t e r  he  reported to Rome ACCIFIC that  
he was crossing the eas tern  edge of a i rway A 14 and requested a clearance to Rome NDB 
"LJ" 

At 1822 hours he reported having Rome in sight and requested authorization 
to descend f rom flight level  100. - Two minutes l a t e r ,  upon confirmation that Rome was 
in sight,  the flight was c leared to proceed to Rome NDB and to descend to 6 000 ft. At 
1828 hours the pilot reconfirmed that he had Rome in sight and requested clearance to 
descend further.  The flight was then given instruction to contact Ciampino tower ,  but 
was unable to establish communication ei ther on the tower frequency o r  on 120. 1 o r  
124. 1 M C / S  and therefore  came back on the Rome ACCIFIC frequency. At 1830 hours  
the pilot reported that he was unable to tune on Rome NDB and had to keep out of the 
clouds since h is  radio compass was not working properly. At that t ime the Rome 2 
defence radar  which had f i r s t  picked up the flight around 1802 hours ,  lost i t s  t r a ce  in 
the Arpino a rea .  Around 1832 hours ,  on a request f rom Rome ACC/FLC, the pilot r e -  
ported that he was in  the vicinity of Mount Cavo, of which he could s ee  the antennae. 
One minute la ter  the flight lost  visual  contact with the ground and,  since the pilot believed 
that his radio compass was out of o rde r ,  he requested clearance to proceed on Ostia VOR. 
At 1835 hours  he was cleared to Ostia VOR a t  6 000 f t ,  but reported that h is  VOR was 
not giving rel iable information and that  he would fly on a heading of 270° and break  over  
the sea.  This was the last  message  of the a i r c r a f t .  

The a i rc ra f t  was subsequently foundon a very  steep slope on the southeast 
side of Mount S e r r a  Alta at  an elevation of 1 630 m. 
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The accident occurred around 1837 hours. 

1. 2 Injury to persons 

1. 3 Damage to a i rc ra f t  

Injuries 

Fatal  

Non fatal 

None 
C 

The a i rc ra f t  was completely destroyed. 

1 .4  Other damage 

None reported. 

Others  Crew 

3 

1. 5 Crew information 

Passengers  

5 

The crew consisted of a pilot-in-command, a co-pilot and a trainee steward. 

The pilot-in-command held a valid a i r l ine  t ransport  pilot licence with nu- 
merous type rating including one f o r  DC-3 and inst ruments  and night flying qualifications. 
His last  medical  examination took place on 4 January 1963. He had a total of 1 0  731 
flying hours ,  2 296 of these being on DC-3 a i rc ra f t .  He had flown a total  of 85 hours  
during the 30 days p r io r  to the accident and of 17 hours  during the 7 days p r io r  to the 
accident. 

The co-pilot held a valid a i r l ine  t ransport  pilot licence with a rating for  
DC-3, and his las t  medical  examination took place on 5 February  1963. His total flying 
t ime was 832 hours ,  including 134 hours during the las t  three months, a l l  of them on 
DC-3 aircraft .  

1. 6 Aircraf t  information 

The a i rc ra f t  had a cert if icate of a i rworthiness  valid until 2 August 1963. 
It had flown a total of 13 941 hours ,  including 244 hours  since i t s  las t  overhaul. The 
engine total t imes were 8 734 and 4 414 hours ,  including 244 and 942 hours respectively 
since their  last  overhaul. 

The a i rc raf t  was equipped with an ADF rece iver  and indicator,  a VHFIVOR- 
ILS receiver  and indicator,  and a VOR radial  se lector  (OBS). Within 10  days pr ior  to 
the accident the OBS and the ADF receiver  were  replaced and the ADF timing scale had 
been aligned. 

At the t ime of the accident,  the computed weight and centre  of gravity 
position were  within specified l imits .  
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The  type of fuel used was not indica ted  in. the repor t ,  

1 .  7 MeteoroLoeical information 

The weather: situation over  Italy at 1800 hours  Z on 30 ,March 1963 was:  

a)  At ground level: 

A l a rge  depress ion extended from Southern England to Cent ra l  Europe and  
Italy wi th  two main lows over the Gulf of Genova and the Venetian region. 
M a s s e s  of cold air  moving in f rom the Rhone Valley and the Gulf of Lyons 
had invaded the Italian peninsula. The rnain cold front which constituted 
the front edge of this cold a i r  invasion extended a t  1800 hours  GMT from 
Venice a l o n g  the Adria t ic  to Lecce a n d  was rnoving from the west toward 
the east. The f ron ta l  cold mass  w a s  very unstable with extensive m a s s e s  
of heavy cumuZus a n d  curnulo-nimbus accompanied by r a i n  s t o r m s  and 
snowfall  on high ground above 5 000 f t ,  At 1800 hours  GMT a secondary 
cold front was taking shape from the u p p e r  Tyrrhenian to the E a s t e r n  Coast 
of Sardinia and Tunisia, which was a l so  moving in a n  eas t e r ly  direction. 

b) Situation a t  5 000 and 10 000 f t  levels:  

Vast  regular  depress ion with low point over  Lombardy. Cur ren t s  f r o m  
N W  over  Gulf of Lyons, Genova, Cors i ca ,  30 - 40  kts. 
Wester ly  winds 30 - 40 kts over Sardinia ,  the  middle and l o w e r  Tyrrhenian.  
SW currents 30 - 40 kts  over  midd le  and lower Adriat ic .  

The weather fo recas t  fo r  the Rome - P e s c a r a  route a s  supplied to the  
pilot-in-command before  take-off from Rome was: 

- Sky v e r y  cloudy, locally over  cast: 

Low clouds: 318  to 518 stratocurnulus: base  1 500 - 2 000 f t ,  
top 5 000 - 7 000 f t ;  218 to 418 cumulus: b a s e  
1 500 - 2 000 f t ,  top 1 2  000 - 14 000 f t  

Middle clouds: 318 to 518 altocumulus and al tostratus:  base 
10 000 f t ,  top 14 000 - 16 000 ft; isolated 
cumulonimbus, top 21 000 f t  

- Moderate turbulence and i c ing  conditions along ent i re  route; s t rong  
turbulence and heavy icing conditions in  heap clouds 

- Freezing level: 5 000 f t  

- Surface visibility: f 0 krn 

- Upper winds: 5 000 ft  220°/25 kt 
10 000 ft 240°(40 kt 

Weather  conditions at the t ime  and s i te  of accident were :  
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Cloud cover: 6 1 8  stratocumulus and  cumulus: base about 3 000 f t ,  top 
est imated at 8 000 - 9 000 f t  

Light s teady rain in area t o w a r d s  west  with possibility of local thunder- 
storms 

Surface wind  2 0 0 ~ 1 1 0  - 1 5  kt 
W i n d  at: 3 000 ft :  260"/25 kt 
Wind  at. 6 000 ft: 2 6 0 ~ 1 3 5  - 40 kt 
Wind at  10 000 ft: 260Of 40 kt 

Temperature and dew point: 

Surface visibility: 10 km 

U p p e r  a i r  visibility, outside of cloud: good 

Risk  of turbulence due to t e r r a in  features  and thunderstorms in  the area 

General r isk of light icing conditions within cloud f r o m  5 000 f t  to 1 0  000 ft  

No  information regarding the wea the r  was requested at Peseasa, however, 
the pilot-in-command was aware of t h e  weather conditions a long the route because he had 
f lown the route Rome - P e s c a r a  a few hours before  and had exchanged information wi th  
the pilot of anather flight en-route f rom Pescara to Fongia. 

I .  S Aids to nav iga t ion  A 

The radio aids to navigation along the P e s c a r a  - Rome route included f o u r  
VTORts (Ostia,  Bolsena, Teano and Ancona), seven NDBg s (Bolsena, Teano, Fro sinone, 
Rome, B racciano, Ciampino and Cuidonia), Rome survei'llance radar, Rome defence 
radar, Brindisi  defence radar, and VDF1s at Mounts Silvano and Guarcino. Ciampino 
Airport  instrument approach aids are ILS, GCA, VDF/APP and an NDB at  Pratica di  
M a r e  for  missed approaches. ~ r o m  the time of departure to the time of accident, no 
report  of unsatisfactory performance w a s  received for those aids. 

The radio communications between the a i rc ra f t  and the ground stations 
were  satisfactory except that contacts wi th  FIC Rome w e r e  made on the mil i tary control 
frequency 122,l M c f  s instead of on frequencies 120. 1 and 124. 1 specified for traffic 
entering the Rome Terminal  A r e a ,  because of communication difficulties on the appro- 
pr ia te  frequencies as  reported by the pilot. 

1. 10 Aerodrome and ground facilities 

Not pertinent to the accident. 
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1 .  1 1  Flight recorciers 

Not r r .~at ioned in the report .  

The accident s i te  was located a t  70 m f r o m  the mountain c r e s t ,  which a t  
this point -cached an altitude of 1670 m. The wreckage was lying on the snow in a l imited 
a r e a  with the axis of the fuselage oriented 282O and the nose of the a i rc ra f t  pointing 
towards the mountain c r e s t  (See Figure  17). 

The forward and cent ra l  pa r t  of the fuselage was destroyed together with 
the left wing. The aft  par t  of the fuselage and the ta i l  assembly  appeared to be  intact. 

1. 13 F i r e  - 
The left fuel tank was smashed on impact and the escaping fue l  caught f ire.  

The f i r e  completely destroyed the cent ra l  par t  of the fuselage. 

1. 14 Survival aspec ts  

Due to adverse  weather conditions and t e r r a in  difficulties the accident s i te  
was reached three  days af ter  the accident. 

1.15 Tes ts  and r e sea r ch  

Tes t s  were  made of the a l t ime te r ,  the elapsed t ime clock, and the VOR 
Omni-Bearing Selector in the a i rcraf t .  The al t imeter  was set  a t  1 013. 2 mb ,  the clock 
indicated 1 hour 4 minutes and the magnetic heading was between 2690 and 270°. 

2. Analysis and conclusions 

2. 1 Analysis 

Evidence a t  the accident s i te  indicated that the a i rc ra f t  was flying at  a 
heading of approximately 300° in a near ly  straight  and level altitude and that i t  was con- 
verging with the slope of the mountain a t  an angle of approximately 600. The left wing 
and propeller  s t ruck f i r s t  some t r e e s ;  the propeller  became detached, the wing was bent 
backward and i ts  tip together with the a i leron broke off and was found 15 m to the left 
of the main wreckage. This swung the a i r c r a f t  anticlockwise, the fuselage s t ruck  some 
t r e e s ,  came into contact with the ground and was deflected upward by the slope to finally 
come to a halt on a l a rge  stump. The right side bu r s t  open and the bodies of the passen-  
ge r s  were  thrown outside. 

At the same  t ime the right wing was stopped by a la rge  t ree .  

NO evidence of damage o r  fa i lure  of the a i rc ra f t  o r  i t s  engine p r io r  to impact 
were found. 

The autopsy did not reveal  any evidence of incapacitation of  the crew. 

Negligence in the preparation of the flight was found: no weather inform- 
ation was requested a t  Pescara before depar ture  and the flight plan did not take into 
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account the winds and the minimum safety altitudes requested for obstacle clearance 
along the planned route. However, the pilot-in- command w a s  aware of the weather 
along the route because be had flown the route Rame - Pescara a few hours before and 
also had exchanged weather information with  the pilot of another flight, 

The Board considered that the following psychological factors might have 
played a role in the decision of the pilot to carry out this flight in spite of the very bad 
weather conditions and the Late hour: 

- overconfidence in  his abilities supported by the fact that he was v e r y  
famil iar  with this route 

- the fact that he was  chief pi lot instructor  of the airl ine 

- the fact that the Vice-President of the airline was a passenger. 

A f t e r  take-off, the pilot intentionally departed from the flight plan and f l ew 
south of the approved direct  route Peacara - Rome (See Figure 18). He,  however, failed 
to report  this change to the appropriate ATC units. During the f i r s t  part  of the flight, 
he received radar assistance from P e s c a r a  defence radar and was therefore able to 
circumnavigate curnulo-nimbus which w e r e  numerous at the time. At 1803 Pesca ra  
radar gave him a fix, and he reported accordingly to R o m e  ACCIFIC. This was the 
only accurate position repor t ,  all subsequent position reports  and estimated time of 
arrival to report ing points were either incomplete o r  erroneous. The fact that the pilot 
enquired at 1816 hours i f  Rome had radar contact with him and reported at 1818 hours 
that he was crossing airway A 14 indicated that he believed being far more  to the north- 
west than he really was,  Fur thermore ,  if  he had been aware of his exact position he 
would never have requested, four minutes later, clearance to descend, a s  there were 
several  peaks above 6 600 ft in the area. 

An examination of the flight positions recorded by R o m e  2 defence radar 
l e d  to the conclusion that when the pilot  r epo r t ed  seeing the lights of Rcme a n d  shortly 
after the Mount Cavo antennae, he actually.was in the Arpino-Frosinone-Sora area and 
probably mistook the lights of Sora,  o r  Frosinone, fo r  those of Rome and the Mount 
Favone antennae for those of Mount Cavo, This erroneous estimate of his pasition made 
him believe that his radio compass w a s  out of order,  when he was unable to tune on 
R o m e NDB I'LJ", fn fact ,  he was probably out of range to receive the radio beacon 
signals, especially wi th  the pres'ence of cumulo-nimbus in the area .  The Rome surveil- 
lance radar was not able to pick up the aircraf t  that f a r  away because of the weather 
conditions and the terrain.  The unreliable indication given by the Qstia VOR, a s  reported 
by the pilot, might be explained by the fact that the aircraft w a s  flying at low altitude over 
mountainous te r ra in ,  Fur thermore ,  as the pilot reported that his instrument l ~ j  w e r e  only 
partly efficient due to flight conditions, it was concluded that afterdhaving lost the ass i s t -  
ance of Pesca ra  radar  he ran  into clouds and heavy turbulence and had difficulties in 
maintaining the a i rcraf t  altitude and route. No  reasons were found to explain why  the 
crew failed to request the assistance of the V D F  stations available a t  Mounts Silvano and 
Guarcino and of Rome 2 defence radar. Whether the crew deliberately neglected such 
assistance or w e r e  unable to do s o  could not be determined, Fatigue was also considered 
a s  a possible contributing factor in this accident. 
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2. 2 Conclusions 

Findings 

Both pilots were properly certificated and qualified for the route. The 
pilot-in-command had a l a rge  experience of the route. 

The a i rc raf t  had a valid cert if icate of a i rworthiness  and a t  the t ime of the 
accident its g ross  weight and centre of gravity were  within the specified limits.  

The weather along the route was par t icular ly  bad with strong head winds 
and numerous curnulo-nimbus clouds. No weather information was requested a t  P e s c a r a  , 
however, the pilot-in-command was well aware  of the situation a s  he had flown the 
route Rome-Pescara  a few hours  before and had discussed the weather with the pilot 
of another flight. 

No evidence of damage o r  fai lure of the a i rc ra f t  o r  i t s  engines p r io r  to 
impact were found. 

After take-off the flight intentionally departed from the flight plan and 
flew south of the approved direct  route Pesca ra -Rome without reporting s o  to ATC. 

During the f i r s t  portion of the route,  the flight, which was receiving a s s i s t -  
ance from P e s c a r a  defence r ada r ,  was able to c i rcum navigate heavy cumulo-nimbus and 
was given a fix at  1803 hours  QDM Ciampino 265O, distance 80 NM. This was the only 
accurate  position report: passed by the flight to Rome ACC/FIC. 

When P e s c a r a  defence radar  lost the a i rc ra f t  a t  1812 hours the a i r c r a f t  
probably ran into clouds and heavy turbulence and the pilot had difficulties in flying the 
a i rc raf t  and navigating. Estimating h i s  position f a r  m o r e  north-west than he actually 
was,  he s tar ted to descend in a region of high peaks and crashed on the south-east side 
of Mount S e r r a  Alta a t  an altitude of 1 630 m. 

Assis tance of two VDFs and of Rome 2 defence radar  available along the 
route were not requested. 

Cause or  
P r o b a b k  cause(s) 

1. Significant e r r o r s  by the pilot in est imating h is  own position with 
consequent presumed identification of lights in the Rome a r e a  and 
of the Mount Cavo antennae, which led him to: 

a )  misjudge the effectiveness of the a i r c r a f t  radio and navigational 
equipment; 

b) request clearance to descend to 6 000 f t  and subsequently below 
the specified level in o rde r  to maintain a t  a l l  costs  visual  contact 
with the ground, with the resul t  that he c rashed  into the mountain 
because of inability to achieve the desired visual  contact. 
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2.  Par t i cu la r ly  adverse  weather conditions over the las t  segment of the 
route flown a t  night. 

3. Fa i lu re  to report  to the var ious ATC units the depar tures  f rom the 
flight route indicated in the P L N  submitted pr ior  to depar ture  and in 
the subsequent P L N  transmit ted by the pilot a f t e r  departure.  

4. Added to the above, the unfortunate concurrence of a s e r i e s  of facts 
and circumstances that a l l  played against the pilot. 

3. Re commendations 

1. As regards  the ITAVIA Airline Company: 

a )  pending completion of the replacement programme of DC-3's with 
other a i r c ra f t ,  DC-3's and a i rc raf t  of s imi lar  type should be  used 
on the Rome - P e s c a r a  route with some caution in view of the 
t e r r a in  features  along this  route and the violent thunderstorms 
frequently encountered; 

b)  eve ry  effort should be made to modernize and improve the efficiency 
of their  flight operations organization, flight planning, study of 
routes and efficiency of station operations at var ious stopping points; 

c) the attention of their  pilots should be  drawn to the need for: 

i) ea r ly  reporting of any change in the current  flight plan to the 
ATC units concerned, 

i i )  utilization of a l l  available a ids ,  regard less  of weather conditions. 

2. While recognizing that r ada r  information serv ice  (recently established 
on a t r i a l  bas is  and proved to b e  v e r y  useful) i s  s t r ic t ly  limited to pro-  
viding information to pilots who request  ass is tance,  and therefore i s  
quite separate  f rom ATC se rv ices ,  nevertheless i t  would be highly 
desirable  to exp.edite studies to achieve optimum co-ordination between 
the r ada r  units sklected to provide this  information serv ice  and the ATC 
units,  and to establish the necessary  procedures for  rapid communica- 
t ions between these services .  

ICAO Ref: AR/891 
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No. 18 

Indian Airl ines Corporation, Hiper DC-3, VT-AUL, accident near Pathankst, India, 
on 3 June 1963. Report  re leased  by the Indian Ministry of Civil Aviation on 

30 September 1964. 

1 .  1 History of the flight 

The a i rcraf t  was on a scheduled domestic flight f r o m  Amritsar  to Srinagar- 
It took off at 1115 hours (local t ime) with 29 persons on board and 7 minutes la ter  it 
reported its position, 25 miles  f r o m  Amritsar .  No further communication was received 
f r o m  the aircraf t .  Shortly after 1200 hours a report  was received by telephone a t  
Amri tsar ,  stating that the a i rcraf t  had crashed in a field near  the Sarna railway station, 
about f ive miles  f r o m  Pathankot. The c rash  took place at a point where the a i rc ra f t  had 
to  make a lef t  turn  of 70° to  proceed on its normal  course to  Srinagar. Eyewitness 
evidence indicates that  the a i rc ra f t  made a lef t  turn, went out of control and lost  height 
rapidly. It then attained a climbing attitude, broke up and crashed to the ground, catching 
f i r e  on impact. 

1 .2  Injuries t o  persons 

1. 3 Damage to  air craf t  

The a i rcraf t  was destroyed. 

Others Injuries 

Fatal 

Non fatal 

None 

1.4  Other damage 

None reported. 

Crew 

4 

1. 5 Crew information 

Passengers  

25 

The pilot-in-command and the co-pilot each had considerable experience, the 
f i r s t  had flown 2 700 hours as  pilot-in-command on DC-3's a n d  the second 4 000 hours 
as CO-pilot on DC-3's. However, neither had had much experience with the Hiper Dc-31 
during the pas t  s ix  months the pilot-in-command had flown Hiper DC-3's for l e s s  than 
16 hours,  and the co-pilot for 51 hours. Both pilots had flown the subject a i rc ra f t  on 
1 ,  2 and 3 June. 
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Although impact and f i re  had totally destroyed and consumed the bodies so 
that positive identification was impos sible, there was evidence to indic-ate that the co- 
pilot was flying the aircraft  from the left seat, 

Note: Other information on the crew was contained in an Appendix to the report, but 
the Appendices were not received by fCAO. 

1.6 Aircraft information 

VT -AUL originally was a C-47 manufactured in 1944, In 1956 it was con- 
verted into a Hiper Dakota, the main changes being the installation of more powerful 
engines (P ra t t  & Whitney R-2000-D 5),  of a geared rudder t r im tab (servo t r im tab), 
and bungee springs to  the rudder controls. The purpose of the geared rudder trim tab 
was to reduce the rudder forces to be applied at minimum control speed on one engine. 
This increased the tendency to rudder force reversal  or rudder lock, which was already 
existing on normal DC-3. To correct  this the conversion also included installation of 
bungee springs to the rudder controls. There was evidence that these bungee springs 
were neither installed assyrnetrically as specified in the drawings provided for the con- 
version nor rigged strictly in accordance with specifications and that this was not cor - 
rected during subsequent overhauls. The auto-pilot was a Jack & Heintz A-3A type. 
There was a placard on the instrument panel prohibiting the use of the auto-pilot and a 
second placard, affixed in December 196 1, stated: 

ftPossible sudden force revers  a1 and/or sudden lock may be experienced in this 
aircraft  if sudden application is  not co-ordinated with lateral  control. Avoid 
yawed flight, " 

The aircraft  had a Certificate of Airworthiness valid until 21 January 1964. 
The la& 200 -hour check took place on 18 M a y  1963,  

The all-up weight of the aircraft  was within the permissible limit, No 
information about the centre of gravity position was available. , 

The type of fuel used was not mentioned in the report. 

1.7 Meteorological information . 
There was no turbulence. Windspeeds were low - 3 to 4 kt at lower levels, 

10 to 15 kt between 5 000 - 10 000 feet altitudes. Visibility was good and there was no 
cloud, 

1.8 Aids to  navigation 

Not pertinent. 

1.9 Communications 

Communications were normal until 1123 hours, the time of the las t  message 
from the air craft, 

1. fO Aerodrome and ground facilities 

Not pertinent, 
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1, 11 Flight records 

Not mentioned in the report, 

1. 12 Wreckage 

Fire destroyed the aircraft  completely. However, indication of br eak-up 
in the air was given by the finding of components of the aircraft lying in a small area  
north east from the main wreckage. This confirmed that the aircraft  was in a left turn 
before it crashed, 

1. 13 Fire 

Fire  occurred after impact, and could not be checked, 

1 .  14 Survival aspects 

None. 

1 ,  15 Tests and research 

None mentioned ;in the report, 

h view of the placard prohibiting the use of the Jack & Heintz auto-pilot 
enquiries were made regarding the suitability of this auto-pilot on Hiper DC- 3. It was 
confirmed that this type of auto-pilot was considered satisfactory but that each aircraft  
so  fitted should be flight tested after conversion to ensure that the follow-up ratio ad- 
justment of the rudder was correct, otherwise oscillations in yaw might occur. It ap- 
peared that this was not done by the operator and therefore the placard was not removed. 
However, there was evidence that during their conversion to  Hiper DC-3, pilots were 
t o l d  that  they could u s e  the auto-pilot between 125 and 180 mph and that some pilots did 
in fact use it although the auto-pilot control was supposed to be wire locked. Several 
instances of loss of control were reported by pilots, in some cases the aircraft  went 
into a spiral when the pilot engaged or disengaged the auto-pilot. Although the operator 
was aware of the infringements to the ban and of the resulting incidents no action was 
taken. Any malfunction or mishandling of the auto-pilot has greater consequences on a 
Hiper DC-3 than on the normal DC-3, because of the greater sensibility of the rudder 
installed on the Hiper DG-3, 

2 .  Analysis and conclusions 

2 ,  1 Analvsis 

The aircraft ,  which was flying at approximately 8 000 feet in excellent 
weather conditions, went into a spiral to the left at a point of its route where normally 
a 700 left-hand turn was initiated. 

No indication of malfunction or failure of the engines was found. 

Ten instances of malfunction were reported before arid after the placard 
regarding the possible rudder force reversal and/or rudder lock was placed in the Hiper 
aircraft. Pilots had experienced malfunctioning of the r u d d e r  and a c~nsequent  loss of 
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control both in calm weather and in turbulent  conditions, Xn almost all cases t he re  was 
no obvious defect  or explanation of this malfunctioning. In most  of these  cases ,  repor ts  
of the incident w e r e  made by the pilots and test flights w e r e  in some instances ca r r i ed  oiit 
without establishing any positive resu l t ,  In t h r e e  cases  the nlalfunctioning was e x p e r i e n c e d  
while engaging o r  d i sengag ing  the auto-pilot. In other  cases,  the a i r c ra f t  was being 
turned when the rudder  lock o r  reversa l  o c c u r r e d ,  The  nlalfunctioning m i g h t  have r c -  
sulted f r o m  an uncoordinated turn  o r  f rom an unanticipated rr~affunctioning of the auto- 
pilot which produced conditions l ead ing  to  l o s s  of control,  Flights a in led  solely a t  testing 
the capacity and functional efficiency of the  auto-pilot were  never undertaken although 
the rnanufactur e r  s and the CAA repeatedly ernphasised the absolute necessi ty of specif i-  
cally testing the  adequacy  of the  auto-pilot and accomplishing its approval  in accordance 
with the instructions l a id  down. The recovery  was made somet imes by kicking t h e  oppo- 
s i te  r u d d e r  pedal with considerable force ,  ance by the use  of differential engine power 
but, more f requent ly ,  by working the t r i m  tab. The  mat te r  was not investigated and no 
technique for effecting recovery  was evolved or  recommended nor were  s teps  taken to 
check the rudder rigging or t o  investigate the auto-pilot system. Ground t e s t s  cannot 
be accepted as proof of the matching of: the auto-pilot sys tem,  because of the aerodynanlic. 
forces on an a i r c r a f t  in flight. W i t h  more powerful engines and a g rea te r  air speed, the 
follow-up ra t ios  might well  need al terat ion or  some other adjus tment  might become 
necessary.  

According t o  the evidence, nei ther  the  pilot-in- command nor the co-pilot 
had had any experience af rudder lock or  rudder r e v e r s a l ,  though they might have heard  
of it. The pilot-in-command contrary to the categorical direct ive,  occupied the right - 
hand seat  when the  a i r c ra f t  left Amr i t sa r  and it may be assumed that d u r i n g  the next 
half hour he continued to occupy the s a m e  seat.  It should be noted that from this place he  
was not in a position to r each  eas i ly  the  rudde r  t r im tab  control, 1t was concluded that  
when the turn  was being effected whether with o r  without the auto-pilot engaged, the 
rudder became locked, ;It is not known what and how soon cor rec t ive  action to make a 
recovery was taken, but it proved ineffective. In the course of the rapid descent  follow- 
ing the los s  of control, speed built up  rapidly and dur ing an effort t o  "pull up" s t ruc tu ra l  
fa i lure  occur red  due to avers t ress ing .  The loss of control, w a s  in a U  probability, d u e  
t o  one o r  seve ra l  af the following causes:  

(1) The r u d d e r  bungee sys tem was not installed cor rec t ly  and this accentu- 
ated the  tendency of the rudder to  lock or r eve r se .  

(2) The Jack & Heintz A-3A auto-pilot had not been specifically tes ted for 
its suitabili ty in this air craft. 

( 3 )  An improper handling or malfunctioning of the auto -pilot  a t  the t ime  of 
taking the tu rn  might have caused rudder lock. 

(4) The pilot might have made an inadvertent yawed t u r n  which caused the 
rudde r  to  lock and the a i r c r a f t  t o  tu rn  sharply  to  one side. 

(5) The fac t  that neither the pilot-in-command nor the co-pilot had pzevious 
experience of this type of malfunctioning might have retarded the pro-  
ces s of effecting a recovery.  Neither of them might have thought of 
u s i n g  differential engine power o r  operat ing the t r i m  tab handle and in-  
sufficient fo rce  was applied to  unlock the rudde r .  
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2.2 Gonclusions 

Findings 

The air craft held a valid Certificate of Airworthines s. 

The aircraft loading was within permissible limits though the centre of 
gravity had not beep determined. 

The members of the crew held valid licences. 

The navigational equipment on board the air craft was adequate for the flight. 

The installation of the rudder control system was improper inasmuch as 
the bungees were not properly installed and adjusted during the initial rigging and this 
was not corrected during subsequent overhauls, There was no item relating to the rig- 
ging of the bungees crr attending to  the trim tab in the overhaul schedule and therefore it 
had probably escaped the attention of the engineers and mechanics carrying out the over- 
haul, 

The pilat and the co-pilot had flown this very aircraft on the Ist, 2nd and 3rd  
June without experiencing loss of cmtrol. 

The pilot's seat was occupied not by the pilot-in-command, but by fhe co- 
pilot while the pilot-in-command sat on the co-pi lot 's seat, 

The rudder installed on the Hiper Dakota is more sensitive than the one on 
standard Dakota and it had a gseat;er tendency to  lock or reverse in certain conditions. 

The Jack & Heintz A -  3A auto-pilot which was originally installed on the 
aircraft before its conversion was not after conversion tested by means of specific test 
flights, This type of auto-pilot is not being used in the U.S.A. on civil aircraft and in 
the opinion of the Federal Aviation Agency, approval of this auto-pilot "should be accom- 
plished in accordance with the instructions contained in note 13(g) of FAA Specification 
A-669,  " This was not done by the operators. 

No proper investigation regarding the question of the suitability of the auto- 
pilot was  made by the operators and although a placard forbidding its use d u r i n g  flight 
was prominently displayed in the cockpit, pilots cantinued to disregard this injunction 
and used the auto-pilot. 

Mishandling af the auto-pilot at the time of engaging or disengaging it, un- 
coordinated turn or a sudden s i d e  gus t  of high intensity can, in the case af Hiper Dakota, 
cause sudden reversal or rudder lock, 

As many as nine previous instances of similar loss of control, though not 
resulting in an accident, had been experienced and reported by pilots to I. A. C. 

The weather at the time of the accident was calm and free from turbulence. 

The Department of Civil Aviation did not take the initiative t o  enquire into 
the suitability of the auto-pilot and by remaining passive, allowed a curiously anomalous 
state of affairs to continue whereby despite the tacit approval of the auto-pilot, a placaxd 
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banning i ts  u s e  continued to be displayed and yet most pilots, disregarding th= injunction, . 
brought the auto-pilot into u s e  and even broke the wir e-lock when they found that the 
auto-pilot had been rendered inoperative by this means. 

Loss of control was experienced during the course 02 a turn and s t r u c t u r a l  
fai lure of the a i rcraf t  followed in an attempt at recovery, 

Cause or 
Probable catlse(s)  

The accident was caused by structural failure of the aircraft in the air 
foffowing aver -stressing as a result of loss of control. 

The loss of control was caused by improper rigging of the rudder  bungee 
system which helps t o  prevent the masked tendency of the rudder of the Hiper Dakota 
to reverse or lock under conditions of yawed turn andlor on encountering a severe s ide  
gust. It is equally likely that malfunctioning or improper operation of the auto-pilot may 
have initiated a yaw and accentuated the tendency of the rudder to lock. 

3 .  Recommendations 

I If Hipers  are to be flown in India, they should be subjected t o  the tests 
suggested by the U.  S. Federal Aviation Agency, both for the removal of 
the placard relating to yawed flight and achieving the approval of the Jack & 
Heintz type of auto -pilot, U n t i l  this is done, the widest publicity of the 
characteristics of the Hiper Dakotas must be given t o  the pilots after making 
sure of the proper r igging of the rudder. Also the use of the auto-pilot must 
be prohibited. 

The lndian Airlines Corporation's machinery for reporting, tabulating and 
co-ordinating reports on malfunctioning particularly those relating to inci- 
dents involving loss of control of aircraft must be improved and remedial 
action should be taken promptly. A suggestion dur ing  the investigation was 
made that certain directions were  given by the Director General of Civil 
Aviation as a result of a meeting. These directions must be enlarged and 
implemented with greater vigour and promptness. 

3 The Indian Airlines Corporation should have a proper engineering department, 
other than its normal  maintenance staff, to a s s e s s  the aerodynamic and s t r u c -  
t u r a l  problems arising out of modifications, evaluate their  inlplications to  
the operator and suggest practical methods of implementing them. 

4 When similar aircraft are used by civil operatar s and the Air Force, there 
should be a prompt and reciprocal exchange of information on all significant 
defects and incidents experienced by each. Steps should be taken to imple- 
ment this on a high priority. 

ICAO Ref:  A311902 
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No. 19 

Air-Inter  Viscount 708 F-BGNV, accident nea r  Lyonf Bron,  
France  on 12 August 1963. Report re leased  by the Ministry of 

Public Works and Transpor t ,  F rance ,  on 1 October 1964. 

1. Investigation 

1. 1 History of the flight 

Flight IT 2611 was a scheduled domestic flight f r om Lille to Nice with an  i n t e r -  
mediate stop a t  Lyon. It took off f rom Lille a t  1151 hours GMT, on a n  I F R  flight plan. 
Estimated flying t ime between Lille and Lyon was 1 hour 21 m i n . ,  cruising a t  flight 
level  150. Until 1300 hours,  when i t  began i t s  descent,  the flight had been normal ;  a t  
1309:50, i t  reported to Marsei l les  Control that  i t  was above Tramoyes a t  flight level  40, 
and was cleared to Lyon Approach, which was contacted at  approximately 1310:ZO. The 
flight was then in  position fo r  a direct  approach to runway 17. At this  point Lyon Control 
having a Caravelle ready t o  take off asked the a i rc ra f t  to  hold momentari ly over Tramoyes  
a t  flight level 30. After having f i r s t  agreed ,  the flight reported that i t  was in a severe  
s to rm and requested permission to descend below flight level 25, a t  1313 hours .  Lyon 
then c leared  the flight for a straight-in approach to runway 17. This was acknowledged 
by the a i rc ra f t ,  Subsequent ca l l s  f rom Lyon Control were not replied. 

The flight was seen by witnesses in the hear t  of a s t o r m  flying very  low in an 
easter ly  direction around 1320 hours. At 1326 the a i rc ra f t  was not visible on Satolas 
Control radar .  It was subsequently found that the a i r c r a f t  had hit t r e e s ,  the roof of a 
farmhouse and a telephone pole before crashing into a field, 15 km f rom Lyon/Bron 
a i rpor t ,  a t  an  altitude of 300 m (100 me t r e s  higher than the a i rpor t )  a t  approximately 
1319 hours.  

1. 2 Injuries to persons 

1. 3 Damage to a i rc ra f t  

The a i rc ra f t  was totally destroyed. 

1.4 Other damage 

Material  damage was done to a farmhouse,  an  e lectr ical  cable,  and crops .  

- 
Othe r s 

1 

2 

Injuries 

Fatal 

Non fatal 

None 
1 

Crew 

4 

Pa e senge r s 

11 

1 

> 
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1. 5 C r e w  information 

The pi lo t - in-command,  age  38, held a val id a i r l i n e  t r a n s p o r t  pilot licence. 
He was qualified a s  p i lo t - in-command on Viscount 708 a i r c r a f t  and had pas sed  a medica l  
examinat ion four  months  before  the accident .  He had flown a t o t a l  of 7 ,400  hours  
including 1, 125 hours  on Viscount 708's and had made 36 landings a t  Lyon in 1963, 2 4  of 
which following i n s t r u m e n t  approaches .  

The co-pi lo t ,  age 33, held a c o m m e r c i a l  pilot  l i cence ,  with type qualification 
on Viscount 708's .  His med ica l  examinat ion was up- to-date ,  and he had a total  flying 
t ime  of 5 795 hours .  Both pilots had t h e i r  l a s t  a i r l i ne  flight check in March  1963 and 
t h e i r  flying act ivi ty p r i o r  to  the accident  did not subs tant ia te  the poss ib i l i ty  of fatigue. 
The two s t e w a r d e s s e s  held val id l icences .  

1 .6  A i r c ra f t  information 

The a i r c r a f t ' s  ce r t i f i ca te  of a i rwor th ines s  was val id  unt i l  8 September  1963. 
Maintenance of the a i r c r a f t  had been proper ly  c a r r i e d  out and i t s  weight and cen t r e  of 
gravi ty  w e r e  within the p r e s c r i b e d  l imi t s ,  both a t  take-off and a t  t he  t ime  of the accident .  
The type of fuel  being used  was not mentioned in  the r e p o r t ,  but a t  the  t i m e  of the 
accident  2700 l i t r e s  of fuel  w e r e  remaining aboa rd  the  a i r c r a f t .  

1. 7 Meteorological  informat ion 

The c r e w  w e r e  provided with the  following wea ther  f o r e c a s t  a t  L i l l e :  

At the  s t a r t  of the  flight: cloudy 4-518 cumulus ,  900 m base  1 500 - 1 700 top. 

Af te r  Dijon: many s t o r m s  between Dijon and  Le-Puy ,  local ly 3 - 518 cumu-  
lonimbus ,  ba se  400 m top 10 000, s e v e r e  icing i n  the cumulonimbus ,  s e v e r e  turbulence.  
Wind a t  3 000 m .  260°/30 kt  a s  f a r  as Dijon then 20 kt  f r o m  Dijon to Lyon. Wind a t  
5 000 m. 2500/40 kt as far a s  Lyon; O 0  i s o t h e r m  r i s ing  f r o m  2 600 to  4 100 m;  ground 
visibi l i ty:  10 to  20 k m  except  below thunde r s to rms ,  where  reduced to  3 o r  5 km. 

Lyon landing fo recas t :  Surface  wind: 180°/6 kt with occas ional  gus t s  t o  23 kt 
Visibil i ty:  15 k m ,  occasional ly 2 - 5 km 
w e a t h e r '  , Cloudy, with occas ional  showers  and 

thunder s t o r m s .  
Clouds : Lower l a y e r :  218 Cb,  base  600 m 318 Cu,  

base  750 m occasional ly 618 Cb ,  base  300 m 
higher  l a y e r :  718 Ac ,  base  2 700 m occasional ly 
818 Ac ,  base  2 000 m .  

The following wea ther  information w e r e  supplied to  the con t ro l  tower  by the 
Lyon MET Office PPI: 

1245: - Special  r a d a r  r e p o r t s ;  two bands of t h u n d e r s t o r m s ,  one frorn Amber t  
to  P o n t a r l i e r ,  the o the r  f r o m  Puy-en-Velay to  Satolas .  Squall towards  North-  West. 
Watch f o r  sudden gus t s  f r o m  North-West  to  North.  

1300 o r  shor t ly  t he rea f t e r :  - QAN 100°/11 kt - QBA 8 km QNY thunders to rm 
in South-East and North-West - QBB 718 a t  1 000 m e t r e s ,  518 a t  2 500 m e t r e s  - 
QNH 1C09 - QFE 985. 
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f 3 2 0 :  - Thunderstorm warning 

1345: - 320°/10 kt - QBA 800 metres QNY thunderstorm &BB y/8 
300 metres  and 818 at  800 metres - C2NE-I 2011 - QFE 987,  

The dete rioration report (AVB) prepared at 13  17 hours was not sent becauek ' 

the tower controller and the telephone were fully occupied with a i rcraf t  traffic, The 
only indication was a simple thunderstorm warning a t  1320,  

Between 1300 and 1305 hours, the following weathe r information was t rans-  
mitted to flight IT 26 11 by Lyon approach: 

Here i s  the latest  weather report .  The wind i s  rather variable, force 8 knots, 
Visibility 10 km.  Ceiling 4 /8  a t  1 200 met res ,  7 / 8  above Z 500 metres .  

QNH 1010. P re s su re  a t  ground level 987. Temperature 22O 8. I would point 
out that there  is definitely going to be a fairly sudden change. There a r e  two bands of 
thunderstorms, one f rom North  - North-West extending from Ambert to Pontarlier and 
another i n  the South from Puy-en-Velay as far  as Satolas for the moment. They a r e  
cumulonimbus and fairly violent s torms.  

This was acknowledged by the flight, which soon afterwards indicated that it 
was running into severe turbufence. 

At the time of the accident the Lyon region was affected by a m a s s  of unstable 
hot, moist air, in  the heart  of which many s torm cells were building up, 

The bulk of a thunderstorm which seemed t o  be moving in a southeasterly 
direction towards the airfield, finally passed north of i t  and only the southern portion 
affected the station. There was a roll cloud and a great deal of lightning a t  low level: 
rain shower a t  1305 hours, hail a t  1315; squall and gust 020°/30 kt a t  1317 hours. 
Certain statements and reports irnplied that the electrical  field was  abnormally high 
near  ground level, similarly a l l  reports s t ressed  the very black clouds and dark sky. 
All the reports  mentioned the frequent, intense, electrical  phenomena. 

Horizontal visibility below the clouds and inside the precipitation was in the 
order  of 500 metres  and slant visibility was probably less .  

According to the radiosonde estimated height of the cumulonimbus base  and 
top were 800 and 10 000 metres  respectively, Underneath the cumulonimbus, appendant 
pannus clouds developed, and in the centre  of the cumulonimbus the pannus adhered to  
their  base to form virtually a single mass.  

The intensity of the thundershowers was  58 .3  mm/h between 1313 and 1338 at 
Lyon/Bron. Some of the showers included hail. Hailstones 12  rnm in diameter  were 
reported at Montluel (near the si te of the accident) between 131 5 and 1345 hours. 

The temperature shift (squall depression) was a s  much as  - 3 . ~ ~  a t  Lyon at  
1317 hours (from 22.10 to 18.9O). The pressure  shift was + 2 . 3  mb a t  Lyon a t  1317 hours. 
In the centre  of the Trarnoyes s torm the  squall depression was estimated at about 3 to 
4 mb, a value rarely reached during s torms in France. 

Witnesses in the Tramoyes region were unanimous in  stating that at the t ime 
of the accident, the s torm was very severe,  with rain, wind and hail, At Tramoyes,  
horizontal visibility was less than 500 metres ,  
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1.8 Aids to navigation 

The following a ids  were  available a t  Lyon/Bron: 

An R T F  t r a n s m i t t e r ,  frequency 602 kHz located at Tramoyes ,  a t  15 k m  oa the 
0070 VOR beam from Lyon ( F N L ) .  Power  a t  the t ime of the accident 150 kW. 

A locator ( B R )  frequency 388 kHz,  located 6.64 nautical miles (1 2 .  300 krn) 
f r o m  the end of runway 35 and aligned with the cent re  line. Power  40 W and rated 
coverage 35 NM. 

A V O R  ( F N L ) ,  frequency 117.4 MHz, located on the aerodrome.  

An ILS, ( L Y ) ,  frequency 110.3 and 335 MHz, with three  m a r k e r  beacons. 
ILS approaches  a r e  lined up on 349O. 

A l l  those a ids  were  operating normally a t  the t ime of the accident.  At 
1310 hours there  was a brief failure of the glide path t r a n s m i t t e r  caused by the s t o r m ,  

1.9 Cammunications 

During the LilZe-Lyor. flight and  before the accident,  the a i r c r a f t  had some  
ifficulty in  receiving communications f r o m  Marse i l les  Control  on 126 MHz; at 1300 - 
301 hours,  another a i r c r a f t  of the same company ac ted  as a t empora ry  relay. After 

th i s  F- BGNV's communications again became normal .  The record  shows tha t ,  between 
1300 and 1305, F -BGNV received and understood a weather r epor t  t ransmi t ted  by Lyon 
Approach, 

1.10 Aerodrome and  ground facili t ies 

Not pertinent.  

1.11 Flight r e c o r d e r s  

Not reported,  

1. 12 Wreckage 

The wreckage of the a i r c r a f t  was located l e s s  than a kilometre away f r o m  the 
Tramoyes (FOL) wi re l e s s  pylon and near ly  15 km f r o m  the beginning of runway 17. The 
t ip  of the a i r c ra f t ' s  lef t  wing hit a t r e e  and separa ted  f r o m  the a i r c ra f t ;  20 m f a r t h e r  t h e  
a i r c r a f t  hit another t r e e ,  bounced on the roof of a farmhouse and disintegrated against  a 
concrete  te legraph pole, a t  a distance of 160 rn f r o m  the f i r s t  t r ee .  Impact m a r k s  r a n  i n  
a 1 iQO direct ion.  

1 - 1 3  F i r e  

There  was no f i r e ,  

1. 14 Survival  aspec ts  

The a l e r t  phase was dec la red  a t  1321 hours ,  the d i s t r e s s  phase a t  1350 hours.  
Rescue party reached the wreckage a t  1340 hours.  
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1. 15 Tes t s  and r e sea r ch  

The panel clock of the a i rc ra f t  and the CO-pilot 's watch were  sent  f o r  expert ise  
to Besanqon. It was found that both stopped under a shock a t  1323 hours and 1412:36 hours, 
respectively. 

The engines and propel lers  were sent  to the C E P  a t  Saclay fo r  detailed exami-  
nation. It was concluded that the engines were  a l l  operating a t  the t ime  of impact and 
that the pitch of the propel lers  were  between 270 and 28O. It was est imated that the  
power developed by the engines was somewhere between 250 and 620 hp and that the 
speed of the a i rc ra f t  a t  the t ime  of the f i r s t  impact  was 120 kt o r  l e s s .  

The radio e lectr ical  equipment was sent  to the Air  Navigation Technical 
Service (STNA). It was found that VHF No. 1 was st i l l  working af te r  the accident. 
Although the antenna of VHF No. 2 had been s t ruck  by lightning,examination of the valve 
f i lament in U .  K. revealed that both VHF No. 2 and the radio a l t imeter  were  working a t  
the t ime of impact.  After replacement of a valve the radio a l t imeter  was st i l l  working 
with an accuracy of - 10 feet.  

Also indication of the RMI did correspond to the heading of the a i r c r a f t  (1 lo0) .  
It was therefore  concluded that no fai lure of the e lec t r ic  supply did occur p r io r  to impact.  

2. 1 Analysis 

No evidence of damage o r  fai lure of the a i r c r a f t  o r  i t s  engines p r io r  to the 
f i r s t  impact were found. The a i rc ra f t  was flying in a fair ly level attitude with under-  
ca r r i age  re t rac ted  and 20° of flaps. The gyrosin reading of 140° was somewhat incorrec t  
but it might have been shifted i n  the accident. 

The heading indicated by the radiocornpas s e s  were  080° and 3 30°, respectively. 
However, i t  was not ascer ta ined that this corresponded to the headings indicated in flight 
in relation to FOL and BR beacons. The s t o rm  might have interfered with medium 
frequency reception and the indication might have been a l te red  a s  soon a s  the e lectr ical  
supply failed during the accident. 

The QDM given by No. 2 VOR on the RMI (used to receive Lyons VOR) was 
slightly incorrec t  (172O instead of 194O) but the las t  phase of the flight was ca r r i ed  out 
below the l imit  fo r  normal  reception of the VOR. The "left, right" needle on the ILS 
indicator was over to  the left in  the normal  way. The brief fai lure of the glide path 
t ransmi t te r  recorded a t  1310 hours could not have caused any trouble to the crew which 
were a t  the t ime on the reverse  QFU, probably using the back beam of the local izer  
which was operating normally a t  a l l  t imes .  It was a l so  noted that the pilot-in-command 
of another a i r c ra f t  flying a t  the edge of the s t o r m ,  had obtained relatively usable bearings 
f rom the Tramoyes RTF transmit ter .  

The Lyon Approach (121. 1 MHz) and Marseil le Control (126.  7 MHz) frequencies 
were displayed on the No. 2 and No. 1 VHF, respectively. Expert  examination showed 
that  despite marks  of lightning on No. 2 antenna, the VHFs were  in good working order .  

Weather conditions were exceptionally bad in the a r e a  of the accident. A 
violent thunderstorm existed a t  the time with a g rea t  deal of low-altitude lightning, rain 
and hail ,  and heavy turbulence, the horizontal visibility on the ground being between 0 
and 500 m .  Although the crew was properly briefed of the weather situation before 
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depar t ing,  the Board believed that nei ther  the approach control ler  nor  the pilot-in- 
command of the a i r c r a f t  did fully real ize  tha t  the weather  situation was s o  exceptionally 
bad in  the Tramoyes  a r e a  when the a i r c r a f t  reached i t .  

Even though the weather  r a d a r  of Lyon/Bron was usually operated on a p e r m a -  
nent b a s i s ,  observat ions w e r e  only in termit tent  due to shor tage of personnel .  F u r t h e r  
more, when cumulonimbus passed  ove r ,  the r a d a r  and power were  switched off. Also,  
except when cloud base  and visibility were  respect ively  below 300 m and l e s s  than 2 km,  
QAMs w e r e  normal ly  t r ansmi t t ed  by the weather  s ta t ion to the  control  tower  on a n  hourly 
bas i s  only. This explained why the l a t e s t  weather  r epor t  t r ansmi t t ed  to  the a i r c r a f t  
around 1305 hours was in  f ac t  the 1200 hours QAM, supplemented by the 1245 hours 
spec ia l  r a d a r  observat ion,  why the approach cont ro l le r  did request  the a i r c r a f t  to hold 
on the F O L  beacon and why the pi lot- in-command a g r e e d  to  this  request .  

F r o m  the evidence available the Board concluded that  the accident  occur red  
around 1319 hours .  However,  i t  was believed tha t  something se r ious  occur red  around 
1313 hours  because ,  although the VHF equipment of the  a i r c r a f t  was i n  good working 
condition no ca l l ,  o r  reply to ca l l s ,  were  made  a f t e r  that t i m e  and a l s o  because the 
co-pi lo t ' s  watch received a significant shock a t  that  t ime.  It was a l s o  concluded that the 
a i r c r a f t  was  in  s l ight  descent ,  a t  a ve ry  low alti tude (around 100 m )  fo r  a t  l ea s t  two 
minutes p r i o r  t o  the accident.  Several  hypothesis were  examined in t rying to explain 
why the c r e w  did not apparently r eac t  before hitting the t r e e s .  

Loss  of control .  The Board did not believe that i f  a l o s s  of control  had 
occur red  i n  heavy turbulence around flight level  40 cont ro l  of the a i r c r a f t  would have 
been regained before  hitting the ground. 

Deliberate low flying. The pi lot- in-command did reques t  at 13 12 :20 hours 
pe rmis s ion  to descend below flight level  25, which was a l r eady  below the minimum safe  
flight altitude. However,  the Board considered that  should de l ibera te  low flying have 
been c a r r i e d  out during the l a s t  two minutes  of the fl ight,  i t  would have been c a r r i e d  out  
on a VOR radial  leading away f r o m  the R T F  antenna and not in  a wes t  to e a s t  direct ion.  

Al t imeter  e r r o r .  The QNH a t  the t ime  of the accident  was 1010 mb ,  one of the 
a l t ime te r s  was found i n  the wreckage a t  1011 mb,  the o ther  one a t  1013 mb. The impact  
with the f i r s t  t r e e  o c c u r r e d  a t  a n  elevation of 1015 ft.  It was found that  taking into 
account all possible e r r o r s ,  the,  a l t ime te r s  could have been overes t imat ing the t rue  
altitude by a maximum of 100 ft. and 185 ft., respect ively.  The Board concluded tha t  this  
could not be sufficient t o  explain the accident .  

Mis interpre ta t ion of the a l t ime te r  reading. A reading of 1055 ft .  o r  1110 ft. 
on a Kollsman t h r e e  pointers  a l t ime te r  could not be mis in te rpre ted  f o r  a reading of 2000, 
2500 o r  3000 ft .  

The fact  that one of the a l t ime te r s  was s t i l l  a t  the QNH set t ing,  ins tead of 
being a t  the QFE set t ing,  was a l s o  considered.  Had the c r e w  believed that  i t  was se t  a t  
the Q F E ,  a s  i t  should have been,  this  would have resul ted  in  overes t imat ing the alt i tude 
of the a i r c r a f t  by approximately 670 ft .  The Board considered,  however,  tha t  this would 
not explain the shock a t  1313, the absence of communication a f t e r  that  t ime  and the e a s t -  
e r l y  c o u r s e  during the l a s t  two minutes of flight. F u r t h e r m o r e  evidence w a s  found that 
the radio  a l t i m e t e r  was working on low alti tude sca l e  a t  the t ime of impact .  
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Lack of crewco-ordinat ion.  It was de te rmined  that the co-pi lot  was  flying the 
a i r c r a f t  f r o m  the right hand sea t  and  w a s  also assuming  the radio  communicat ions during 
the f i r s t  p a r t  of the flight. It was a l s o  de te rmined  that the pilot-in-command took ove r  
the rad io  communications with Lyon Approach,  but whether  he a l s o  took ove r  cont ro l  of 
the a i r c r a f t  could not be  determined.  However, the pi lot- in-command and the co-pilot 
having flown 30 hours together  during the s ix  months p r i o r  to the accident ,  including 28 
take-ffs and landings,  the Board conside red that  a  lack of c r e w  co-ordination w a s  highly 
improbable.  

Llg. Evidence was found that  the VHF No. 2 antenna of the a i r c r a f t  had 
been s t ruck  by lightning. Although the e lec t r ica l  supply, the VHFs and the in s t rumen t s  
were  not damaged,  the c rew might have been subjected to electrocution o r  dazzling. 
Electrocution of both pilots simultaneously was considered a s  improbable ,  but the p o s s i -  
bility that both pilots had been dazzled by one o r  m o r e  bolts of lightning jus t  in f ront  of 
them appeared  much m o r e  probable.  Severa l  ins tances  of dazzling with t e m p o r a r y  l o s s  
of v is ion,  last ing f r o m  30 seconds to  seve ra l  minutes ,  were  quoted a t  the inquiry. 

2 . 2  Conclusions 

Findings 

- The c rew was proper ly  cer t i f ica ted and fully qualified f o r  the fl ight;  

- The a i r c r a f t  had been equipped, maintained,  loaded and balanced in 
the usua l  way and was a i rworthy.  No evidence of damage  to  o r  fa i lu re  
of the a i r c r a f t  s t r u c t u r e  o r  sys t ems  p r i o r  t o  impac t  was found and i t s  
engines were  operat ing a t  the t i m e  of the accident.  

- The exceptionally inclement weather  conditions were  not fully recognized,  
both by the approach cont ro l le r  and the pilot-in-command. F o r  this r e a s o n  
the flight was requested and a g r e e d  to  hold on FOL,  in o r d e r  that  a  
Caravel le  might take off f r o m  Lyon/Bron.  The Board noted that  the pilot- 
in-command of another  a i r c r a f t ,  who was in a  be t t e r  position t o  apprec ia te  
the violence of the s t o r m  over  T r a m o y e s ,  received a s i m i l a r  reques t  
around the s a m e  t ime ,  but p r e f e r r e d  to hold away f r o m  the s t o r m .  

Cause  o r  
Probable  cause ( s )  

The Board considered:  

- tha t  the a i r c r a f t  would probably have landed safely i f  i t  had been ab le  to 
c a r r y  through the approach i t  had initiated; 

- that the accident  resul ted  f r o m  the exceptionally bad wea ther  conditions 
in  the a r e a  where  the a i r c r a f t  was holding a t  the request  of Lyon Approach.  

The Board did not rule out the possibili ty of a  f lash  of lightning dazzling the 
c rew and causing t empora ry  bl indness o r  appreciably  incapacitating both c rew m e m b e r s .  

ICAO Ref :  AR/897 
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No. 20 

Swissai r  SE-210 Caravel le  HB-ICV, accident  a t  Durrenasch  
(nea r  Zurich/Kloten Ai rpor t ) ,  Switzerland on 4 September 1963. 

Repor t ,  dated 10 March  1965, r e l eased  by the Swiss 
Accident Investigation Commiss ion 

1. Investigation 

1. 1 History of the flight 

Flight SR-306 was a scheduled internat ional  flight f r o m  Zur ich  to Rome, with 
a n  in termediate  s top  a t  Geneva. Dense fog was  existing a t  the t ime of depa r tu re  and a t  
0600 hours the flight was informed that the R V R  was 180 m fo r  runway 34 and 60 m fo r  
runway 16, and that  t h e r e  was a light nor ther ly  wind (1  to  2 kt). At 0604 hours the flight 
was authorized to tax i  to runway 34 behind a n  accompanying vehicle.  At 0605 the c rew 
repor ted  that they will  taxi  half way down runway 34 to  inspect  the fog condition and then 
r e tu rn  to take-off position. This  was done,  using a t  t i m e s  considerable  engine power 
probably in  a n  a t tempt  to  d i spe r se  the fog.   round 0612 hours the a i r c r a f t w a s  back to 
the threshold of runway 34 and p e r m i s s i o n  to take-off was granted.  The flight took off a t  
0613 hours and s t a r t ed  to c l imb to  flight level  150, its cruis ing altitude. (See F igure  19) 
F o u r  minutes l a t e r  wi tnesses  on the ground noticed a whit ish t r a i l  of smoke on the left 
s ide of the a i r c r a f t  and  suddenly a long f lame f r o m  the lef t  wing-root. Around 0620 hours 
the a i r c r a f t  reached a n  alt i tude of approximately 2 700 m,  i t  then began to  loose height, 
entered a gentle lef t  t u r n  loosing height m o r e  rapidly and finally went into a s teep dive. 
P a r t s  of the a i r c r a f t  b e c a m e  detached and a t  0621 hours a "MAYDAY" m e s s a g e  was 
received. At 0622 hours  the a i r c r a f t  c r a s h e d  in to  the ground on the outski r ts  of 
Durrenasch ,  a t  a n  elevation of 559 m ,  approximately 35 km f r o m  Zurich/Kloten Airpor t .  

1.2 Injur ies  to pe r sons  

1. 3 Damage to  a i r c r a f t  

The a i r c r a f t  was des t royed.  

Others  

1 

1 . 4  Other damage 

P a s s e n g e r s  

74 

Injur ies  

Fatal 

Non fatal  

None 
& 

Damage to  proper ty  on the ground was considerable  and amounted to "a lmost  
100 000 Swiss f rancs" .  

C r e w  

6 
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1. 5 Crew information 

The pilot-in-command, age 39, had a valid a i r l ine t ranspor t  pilot's l icence 
and a total of 7 600 flying hours including 380 hours on Caravelles.  He was in good 
health, with an  above-average rating; he had had two days r e s t  before the flight. 

The co-pilot, age 39, had a lso  a valid air l ine t ransport  pilot 's licence. He 
had over 6 000 hours of flying with Swissair ,  more  than 380 hours being on Caravelles. 
He was in good health, his rating upon retraining f o r  Caravelle was average,  and he had 
had three days res t  before the accident. 

Qualifications of the four cabin attendants were not mentioned in  the report .  

1 . 6  Aircraf t  information 

The certificate of airworthiness of the a i rc ra f t  was valid until 31 December 
1964. 

The l as t  250-hour T check had been ca r r i ed  out on 30 August 1963, around 
35 flying hours before the accident.  The entr ies  in the relevant documents indicated 
that  the prescr ibed maintenance and servicing had been ca r r i ed  out a t  the prescr ibed  
t imes.  No major  defects o r  deficiencies had occurred,  nor  had the a i rc ra f t  been 
damaged a t  any time. A "K-check" and a llV-checkll were ca r r i ed  out a t  Zurich and 
nothing abnormal was found. 

At the t ime  of departure the a i rc ra f t ' s  g ross  weight was 44 635 kg and the 
centre  of gravity was 29. 8q0, both within the permissible  l imits .  

The type of fuel used was not mentioned in the report .  

1 .  7 Meteorological information 

The general  meteorological conditions were marked by a high-pressure ridge 
over Central  Europe. The rising warm a i r  increased the cloud formation and extensive 
fog descended in the ear ly  morning. Zurich a i rpor t  was shrouded in dense fog. Above 
the fog there  were 218 Sc a t  3 000 m and 418 to 618 Ci a t  7 000 to 8 000 m. An observa- 
tion station 550 met res  f rom the end of the runway 34 reported the following: 

a t  0550 hours a t  0620 hours 

runway visual range: 60 m 300 m 

vert ical  visual range: 90 ft  100 ft  

The mobile station a t  the beginning of runway 34 reported a runway visual 
range of: 210 m at 0500, 180 m a t  0600 and 210 m at 0632 hours. 

1 . 8  Aids to  navigation 

When taking off on runway 34, two beacons (OZ and Rhein) located respectively 
a t  5.5 km and 11 km f rom the end of the runway, may be used. 
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1 . 9  Communicat ions 

Communicat ions w e r e  n o r m a l  unt i l  0616 hours  approx imate ly ;  then,  a f t e r  a 
s i l ence  of  about 5 min ,  the  emergency  ca l l  was  sent .  This  was  the  l a s t  m e s s a g e  of the 
a i r c r a f t .  

1 .  10 Aerod rome  and  ground fac i l i t ies  

Runway 34 is 3 700 m long and l ights  on the  edge of the runway a r e  spaced 
30 m .  

1. 11 F l igh t  r e c o r d e r s  

The a i r c r a f t  was  equipped with a Fa i r ch i ld  fl ight r e c o r d e r .  The tape  was  
damaged during the accident ,  however,  m o s t  of i t  was readable .  

In the  per iod  f r o m  0608:46 to 06 11 :55, no in te r rup t ion  in  the  readings  of m i n o r  
speed  i n c r e a s e s  due to  ve r t i ca l  acce le ra t ion  o r  changes  i n  d i rec t ion  normal ly  a s soc i a t ed  
with the halting of a n  a i r c r a f t  w e r e  observed.  The speeds  during th i s  per iod w e r e  occa -  
s ional ly somewhat  g r e a t e r  than n o r m a l  dur ing taxiing opera t ions .  The following a v e r a g e  
speeds  w e r e  read  out:  

d i s tance  speed  

- f r o m  parking locat ion t o  runway No. 34 (1  000 m) 10 kt  

- taxiing on funway No. 34 (1 450 m )  13 kt 

- taxiing back on runway No. 34 (1  800 m) 18. 5 kt 

Take-off began a t  0612:43, lift-,off a t  0613:25. Other  r e a d  out of i n t e r e s t  w e r e :  

0613:45 Changes c o u r s e  to 220 (over  ou te r  m a r k e r ) .  

:55 Speed i n c r e a s e s  somewhat  i r r e g u l a r l y  to  202 kt,  alt i tude 
i n c r e a s e s  s teadi ly to  6 500 f t  above s e a  level.  

0618:31 Speed drops  - slowly a t  f i r s t  - then increas ing ly  rapidly 
to 155 kt,  alt i tude i n c r e a s e s  s teadi ly  to  8 600 ft above 
s e a  level .  

06 19:52 Speed i n c r e a s e s  again  towards  175 kt ( speed  unreadable  
he rea f t e r ) .  Altitude i n c r e a s e s  s teadi ly to  8 780 f t  above 
level .  

0620:05 Altitude d e c r e a s e s  t o  8 600 f t  above s e a  level .  

0620:43 Ver t i ca l  acce le ra t ion  indica tes  swi tch-over  i n  e l e c t r i c a l  
c u r r e n t .  Altitude d e c r e a s e s  m o r e  rapidly.  

0620:50 At 7 900 f t  above s e a  level  (al t i tude unreadable  he rea f t e r ) .  

0621:04 (Emergency  m e s s a g e :  MAYDAY - MAYDAY) 

Accelera t ion  record ings  c e a s e  ( fa i lure  of c u r r e n t )  
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1. 12 Wreckage 

Following the c r a s h ,  f r agmen t s  of the  outer  locking r ing of the t i r e  of No. 4 
wheel,  a grounding cable complete with connecting cab le s ,  a " b l ~ w - o f f ~ ~  m a r k ,  a s  well  
a s  s m a l l  quanti t ies  of hydraulic oil  we re  found on the threshold  of runway 34. The t r a c k  
of the  a i r c r a f t  during the take-off run was  visible  f o r  a d is tance  of approximate ly  1600  m 
f r o m  the runway threshold.  The "blow-off" m a r k  was found between the  t r a c k s  of the  
two p a i r s  of wheels  of the lef t  landing g e a r .  Af te r  that  point t r a c e s  of hydraulic  oil  w e r e  
found a t  r e g u l a r  in te rva l s  of approximate ly  140 c m  ove r  a d is tance  of a round  60 m on the  
left  s ide of the  t r a c k .  F r a g m e n t s  of the t y r e  of No. 4 wheel w e r e  found between 1 350 m 
and 1 700 m f r o m  the threshold  of runway 34. 

Along the  fl ight path, over  a distance of approximate ly  12 km,  a number  of 
p a r t s  of the  a i r c r a f t  w e r e  found, originating f r o m  the left landing g e a r  shaf t ,  the r e a r  
port ion of the lef t  wing, the lower  su r f ace  of the  fuselage behind the t rai l ing edge and 
the ta i l .  In the vicinity of the c r a s h  s i t e  the number  of p a r t s  i n c r e a s e d  steadily.  
Important  components of the b rake  parachute  instal lat ion w e r e  found 5 k m  f r o m  the a c c i -  
dent s i t e ,  those  of the bracing of the ta i l  hull 3 km,  the lef t  landing f lap 2 k m ,  and the 
ta i l  gangway 1. 7 k m  f r o m  the accident  s i te .  

The devastat ion caused  by the  accident  covered  a rectangle approximate ly  
400 m by 230 m .  About one th i rd  along i t s  longitudinal ax i s ,  t h e r e  was  a c r a t e r  20 m 
in  d i ame te r  a n d  about 6 m deep. Most of the wreckage was found a t  the c r a s h  s i t e ;  
r ema ins  of pas senge r s  and  c r e w  w e r e  only found a t  this  location. Approximately 90% of 
the en t i r e  a i r c r a f t  s t ruc tu re  was recovered  and identified. 

1. 13 F i r e  - 
F u r t h e r  t o  the ini t ial  in-flight f i r e ,  a violent f i r e ,  which l a s t e d  about  2 1 / 2  

hours ,  broke out a t  impact .  

1. 14 Survival  a spec t s  

None. 

1. 15 T e s t s  and r e s e a r c h  

The f ragments  of No. 4 wheel 's  r i m  flange which w e r e  found on the  runway,  
and f r agmen t s  of No. 3 wheel  r i m  revealed in t e rg ranu la r  f r a c t u r e  s t r u c t u r e ,  which could 
only be duplicated a t  t empera tu re s  of ove r  250°C. It  a l s o  revea led  deposi ts  of burned 
hydraulic oi l .  

Detailed mechanico-technological, meta l lographic  and X- ray  examinations of 
the wheels '  body did not revea l  defects  o r  flaws. T i r e  p a r t s  w e r e  examined ,  s igns  of 
explosion w e r e  found on No. 1 ,  2 and 4 wheels '  t i r e s  (left  landing g e a r ) ,  whe reas  no sign 
of explosion w e r e  found on No. 5 to  8 wheels '  t i r e s  ( r igh t  landing gea r ) .  

Braking t e s t s  w e r e  conducted both on the t e s t  bench and dur ing  a i r c r a f t  taxiing. 
I t  was found during the bench t e s t s  tha t  when the  b rake  d i s c s  became white hot,  the  wheel 
flange b u r s t  off f r o m  the whole c i rcumference  of the  wheel rim with f r agmen t s  flying off 
a t  high speed. The f r a c t u r e  s t r u c t u r e  was identical  in  shape and  na tu re  ( i n t e rg ranu la r )  
to  that found on No. 4 wheel. Following the  f r a c t u r e ,  hydraulic? o i l  leaking f r o m  the 
f r ac tu red  leads  and the t i r e  padding caught f i r e .  
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Fog d ispersa l  method 

The following fog d ispersa l  method was contained i n  paragraph 10. 2 .  7 of the 
"Flight Training and Flying Procedures  SE-2 lo", Training Manual 1s t Edition, published 
by Swissair  in  November 1961: 

"FOG DISPERSAL-TAKE- O F F  

If ground fog pe rs i s t s  with a runway visibility below the normal  take-off 
minimum of 400 m,  fog may be temporari ly lifted with the following conditions: 

a )  Visibility on the runway a t  leas t  100 m. 

b) Wind speeds l e s s  than 3 kts (no obvious drifting of fog). 

c )  Back t rack  on the runway fo r  a t  l eas t  1 ,000 m close to  runway edge 
for take-off, r pm 6,000 - 6,  500, b rakes  smoothly applied to avoid 
acceleration of a i rcraf t .  

d) Stop twice on the way down (112 way + 100 m before take-off point), 
apply 7,000 - 7,500 r p m  fo r  15 s e c . ,  reduce power again to 6,000 
and s t a r t  taxiing on. 

e )  Assistance of ground van inspecting visibility increase  i s  of utmost 
value. 

f )  Star t  take-off a s  quickly a s  possible. This fog d i spersa l  procedure 
will provide a tunnel 40 m wide, 25  feet high, visibility 400 - 800 m ,  
effective for  2 - 5 minutes. 

g) Warning: 'It must  be s t r e s sed  

- that crosswind will close the tunnel again and 

- that careful  use  of brakes is necessary  t o  avoid hot brakes on 
take -off. 

This was deleted f r o m  the 2nd Edition of the Training Manual published in  
November 1962. However the method was mentioned during the retraining course 
followed by the two pilots of the ill-fated a i rcraf t ,  f r om November 1962 to February  1963. 

2. Analysis and conclusions 

2. 1 Analysis 

It was determined that the wheel flange of No. 4 wheel spli t  while the a i rc ra f t  
was performing a turn in  o rder  to position itself in  the take-off direction and that  the t i r e  
exploded a s  a direct  consequence thereof. The condition of the brake discs  and tappets, 
a s  well a s  of the brake shoes,  indicated that the brake sys tem had become overheated 
p r io r  to  take-off, a s  a resul t  of prolonged braking. Tes ts  and calculations showed that  
such overheating could lead to  a wheel f rac ture  of this kind. 
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At l ea s t  at the beqinning of i t s  outboard run down runway 34 the  a i r c r a f t  was 
taxiing at a re la t ively  high number  of revolutions p e r  minute; the r e tu rn  run  showed 
occasional  high r p m  and was'most l ikely c a r r i e d  out without any in te rmedia te  s tops.  
The pilot-in-command m o s t  l ikely did not u s e  the fog d i s p e r s a l  method but t r i e d  to 
improve  runway visibili ty t empora r i ly  by increas ing  engine power without stopping. 

It was considered tha t  del ibera te  braking by the pi lot- in-command m o s t  
probably caused  the overheating of the b rakes .  Whether intentional o r  accidental  braking 
caused ar.7 additional effects ,  was not ascer ta ined .  T h e r e  w e r e  no positive indications 
of accidenta l  braking due to i r r e g u l a r i t i e s  o r  defects  i n  the braking sys t em.  However, 
although overheating of the brakes  was found on both landing g e a r s ,  the possibili ty of 
a n  accidental  braking could not be ruled out. 

Test imonies  revealed a rapid  t rans i t ion ,  a few minutes  a f t e r  take-off,  f r o m  a 
white smoke t r a i l  to  a n  extensive f i r e  in  the a r e a  of the left  landing g e a r  shaft. T e s t s  
and calculations showed that  the wheel r i m s  reached  the i r  max imum t e m p e r a t u r e s  only 
a few minutes  a f t e r  the braking operat ion.  Examination of the wreckage revealed that  a 
p r i m a r y  source  of f i r e  existed i n  the left  landing g e a r  shaft  in  the  a r e a  of Nos. 3 and 4 
wheels ,  and that  No. 3 wheel burned in  the air. T r a c e s  on the runway showed that 
hydraulic oil  mus t  have leaked f r o m  the  No. 4 wheel braking s y s t e m  and burned,  even a t  
the beginning of the take-off run.  

Therefore  the outbreak of the f i r e  might  have been caused  e i the r  by the f r a c -  
tu re  of No. 3 wheel in  the a i r ,  due to overheating of the b rakes ,  o r  the spreading of the 
f i r e  caused by the f r ac tu re  of No. 4 wheel on the runway. 

Evidence of heavy demands on the en t i r e  braking s y s t e m  before take-off was  
found. Stat is t ics  proved tha t  No. 4 wheel was one of the wheels bear ing a n  above-average 
load, however th is  did not exclude a s i m i l a r  possibi l i ty f o r  No. 3 wheel. It i s  quite 
possible that the rim of No. 3 wheel only reached i t s  c r i t i ca l  t e m p e r a t u r e  dur ing flight. 
Exactly when No. 3 wheel b u r s t  in  the a i r  was not de te rmined ,  but it was not cons idered  
a s  par t icular ly  essent ia l .  

The f r a c t u r e  of the r i m  might have damaged fuel l ines  and the leaking fuel  
might have become ignited on the overheated brake  p a r t s .  The neighbouring fuel  l ines  
might a l s o  have been damaged by the f r a c t u r e  o r  might have mel ted  due to  the f i r e .  The 
overheating due to  the heat f r o m  the b rakes  and the f i r e  a l s o  bu r s t  Nos. 1 and 2 wheels .  
This caused fu r the r  damages  which m u s t  have led  to fu r the r  spreading of the f i r e .  
Subsequently, the f i r e  - -  fed by fuel - - s p r e a d  f r o m  the left landing g e a r  shaft  to both 
the outside.and inside of the fuselage and  a l so  affected the r e a r  of the fuselage and the  
ta i l  unit. 

Another possibili ty was that  the f i r e  which resul ted  f r o m  the f r a c t u r e  of No. 4 
wheel on the runway, had not been quite extinguished when the landing g e a r  was r e t r ac t ed  
Following lift-off and immediately p r i o r  to re t rac t ion ,  the f i r e  might have been fed by 
hydraulic oil  leaking f r o m  the wheels o r  might have become re-ignited a f t e r  having been 
temporar i ly  extinguished. Such a f i r e  might f i r s t  have s p r e a d  to ttie t i r e s  and then to 
the wheel r i m  of No. 3 wheel. Because of the a i r  c u r r e n t  prevail ing in  the landing g e a r  
shaft  during flight No. 3 wheel mus t  have been especia l ly  exposed to  the effects of the 
burning gases  f r o m  No. 4 wheel which was located just above i t .  Also the deformation 
of the r i m  f ragments  f r o m  No. 3 wheel could hardly  be explained without p r i o r  effects of 
burning with local ized,  concentrated i n c r e a s e s  in  t empera tu re .  '1t there fore  appea red  
m o r e  likely that the f r a c t u r e  of No. 3 wheel was a consequence of the f r a c t u r e  of No. 4 
wheel (See F igu re  20) .  
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The flight appea red  n o r m a l  f o r  the f i r s t  f ive minutes  following take-off. The 
increas ing  loss  of speed  which o c c u r r e d  a f t e r  0618 hours  ref lec ted  the  first obvious 
effects of the f i r e  on the  a i r c r a f t ' s  pe r fo rmance .  It  was  a s s u m e d  that  the  c r e w  became 
then fully a w a r e  of s e r i o u s  difficulties and t r i e d  t o  identify and  c o r r e c t  them. This  would 
explain the radio s i l ence  at that  t ime.  

The flight r e c o r d e r  data showed that  difficulties i n c r e a s e d  a f t e r  0620 hours :  
the  a i r c r a f t  vee red  t o  the lef t ,  i t s  alt i tude d e c r e a s e d  rapidly,  switch-ove r opera t ions  
ind ica teda  malfunctioning of the  e l ec t r i ca l  s y s t e m .  As a r e su l t  of the f i r e ,  different  
a i r c r a f t  p a r t s  broke off with increas ing  f requency and the f laps w e r e  presumably  extended 
to  approximately 20° i n  a n  a t tempt  to  keep cont ro l  of the a i r c r a f t .  Whether the lef t  
power plant had been del ivera te ly  cut off,  o r  l o s t  due to  a n  in te r rup t ion  in  the fuel supply, 
was  not determined.  The emergency  ca l l  a t  0621 was sen t  when the  c r ew rea l ized  that  
t he i r  efforts  were  hopeless  and that  d i s a s t e r  was  inevitable.  The f inal  l o s s  of control ,  
which was c l ea r ly  indicated by the dive,  was caused  by one o r  m o r e  of the following 
f ac to r s  : 

- The s t r u c t u r a l  s t i ffness of the lef t  wing, the r e a r  of the fuselage and 
the flight con t ro l  s y s t e m  might have diminished under  the influence 
of the hea t  and resul ted  i n  a considerable  de te r io ra t ion  of the a i r c r a f t ' s  
flying qual i t ies .  

- The hydraulic  s y s t e m  might have been damaged in  such a way as to  
possibly cause  l o s s  of a i l e ron  e leva tor  and rudder  control .  

- The des t ruc t ion  of the r e a r  of the fuselage might have damaged the 
sett ing of the e levator  unit to  such an  extent  a s  to  make the  e leva tor  
control  ineffective.  

The explosions a t  impac t  w e r e  caused  by the  mechanical  effects  of the  impac t  
and  the subsequent a tomizat ion of fuel which c rea t ed ,  a t  l e a s t  in some  a r e a s ,  a n  explo- 
s ive  gas  mix ture .  

Conclusions 

Findines 

The pilot-in-command' and the co-pi lot  w e r e  duly ce r t i f i ca ted  and qualified fo r  
the flight. 

The a i r c r a f t  had a valid ce r t i f i ca te  of a i rwor th iness  and had been proper ly  
maintained. Its g r o s s  weight and cen te r  of gravi ty  a t  the t ime  of depa r tu re  were  within 
p e r m i s s i b l e  l imi t s .  

Extensive fog ex is ted  on runway 34 a t  the t ime of take-off and the  pilot-in- 
command decided to  taxi halfway down the runway t o  inspec t  the  fog condition and then 
r e t u r n  t o  take-off posi t ion.  

During this  p r o c e s s  overheating of the b rakes  o c c u r r e d ,  No. 4 wheel 's  rim 
flange exploded and hydraulic oil  leaks  caught f i r e .  When the unde rca r r i age  was re t rac ted  
a f t e r  take-off, the f i r e  s p r e a d  i n  the lef t  g e a r  shaft  and No. 3 wheel  exploded in  t u rn ,  
probably damaging fuel l ines .  The f i r e  became in tense ,  different  p a r t s  of the  a i r c r a f t  
b roke  off and damage t o  the  a i r c r a f t ' s  s t r u c t u r e  finally resul ted  in  a complete l o s s  of 
control .  
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Cause o r  
Probable  Calls e(s) 

The c r a s n  was due to the dest ruct ion of e s sen t i a l  s t r u c t u r a l  p a r t s  of the air-  
c r a f t  by a f i r e  caused by overheating of the brakes  during the taxiing phase.  

3 .  Recommendations 

No recommendations were  contained i n  the repor t .  

ICAO Ref:  ~ R / 8 8 6  
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ACCIDENT T O  SE-2 10, CARAVELLE HB-ICV, 
OF SWISSAIR, AT DURRENASH, SWITZERLAND. 

4 SEPTEMBER 1963 

TAXIING AND T A K E - O F F  PHASE 

FIGURE 19 
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ACCIDENT T O  SE-2  10,  CARAVELLE HB-ICV, 
O F  SWISSAIR, A T  DURRENASH, SWITZERLAND. 

4 S E P T E M B E R  1963 

PRESUMED P A T H  O F  T H E  F I R E  

FIGURE 20 
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No. 21 

Indian Airlines Corporation Vicker s-Armstrong Viscount VT-DfO accident 
near Patti ,  h d i a  on 11 September 1963. Report released by the Ministry 

of Civil Aviation of hdia on 30 September 1964 

1. Investigation 

1, I History of the flight 

On 10 September 1963, Viscount aircraft  VT-DL0 was on a scheduled domestic 
flight, operating the Night Air Mail Service on the route ~ a d r a s / ~ a g ~ u r / ~ e l h i .  It took 
off from Madras at 2240 hours Indian standard time and the flight to Nagpur w a s  un- 
eventful. The aircraft  took off from Nagpur with another crew at  0237 hours on 
11 September. Gommunications difficulties were encountered commencing at 0258 hours; 
the last  message known to be sent by the aircraft  was at  0336  hours; at that time VT-DIO 
was flying normally at an altitude of 16 500 ft, the sky was clear and the estimated time 
of arrival  to the Delhi Control boundary w a s  given as 0405. There was enough fuel in 
the aircraft to maintain flight until 0950 hours. At approximately 0400 hours,  the 
aircraft crashed in a field near village Patti ,  15 miles from Agra. The impact resulted 
in immediate explosion and f i r e ,  all aboard being killed. 

1.2, Injuries to persons 

1. 3 Damage to aircraft  

The aircraft  was cornpletely destroyed. 

1.4 Other damage 

None reported. 

1. 5 Crew hformation 

Both the pilot-ln-command and the co-pilot had considerable flying experience 
and held valid licences. The pilot-in-command has passed the regular six-monthly 
medical examination on 29 August 1963, although the Medical Board had advised him to 
reduce his weight, The co-pilot was also physically f i t ,  =% 

::: Note from the Secretariat: Detailed information regarding the age, flying experience 
of the pilots and qualifications of the radio operator were contained in Appendices to 
the report.  he& Appendices were not attached to the report received by the 
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1. 6 A i rc ra f t  information 

The a i r c r a f t  had a valid ce r t i f i ca te  of a i rwor th ines s ,  i t s  l a s t  overhaul  was  
c a r r i e d  out on 6 August 1963. 

A n o r m a l  pre-f l ight  check had been c a r r i e d  out a t  Madras  be fo re  d e p a r t u r e  
and the a i r c r a f t  was  found a i rworthy.  At Nagpur the a i r c r a f t  was  refuel led  with 3 200 1 
of fuel and had enough fuel  to fly until 0950 hours .  A through-flight inspect ion was  a l s o  
c a r r i e d  out,  although th is  had no bear ing  on the accident ,  i t  was found that  i t  had  been 
c a r r i e d  out r a t h e r  hur r ied ly  and was ce r t i f i ed  by somebody who was  not p r o p e r l y  
ent i t led to do so. 

The al l -up weight of the a i r c r a f t  was within the p e r m i s s i b l e  l imi t .  

1. 7 Meteorological informat ion 

A rou te  weather  fo recas t  was  provided to the p i lo t - in-command just  before  
taking off f r o m  Nagpur. Weather conditions throughout the journey f r o m  Nagpur to  the  
c r a s h  s i t e  w e r e  in eve ry  a spec t  favourable.  The sky was  c l e a r ,  vis ibi l i ty  was  good, 
t h e r e  w e r e  no high winds and the a tmosphe re  was  f r e e  f r o m  turbulence and icing. 

1. 8 Aids to navigation 

Not re levant .  

1. 9 Communications 

At 0258 h o u r s  the a i r c r a f t  es tabl ished communicat ions with New Delhi,/Palarn 
to r e p o r t  i t s  posi t ion,  however,  communicat ion diff icul t ies  w e r e  exper ienced  and the  
posi t ion r e p o r t  was not  rece ived  by P a l a m .  Subsequent ca l l s  made  by P a l a m  w e r e  not  
repl ied  by the a i r c r a f t .  At 0336 hour s  the a i r c r a f t  es tabl ished communicat ion with 
Bombay/Santa C r u z ,  pas sed  i t s  posi t ion r e p o r t  and r eques t ed  that  i t  be  re layed  i m m e  - 
diately to Santa Cruz.  This was  not done until 0436 hours .  Th is  w a s  the l a s t  m e s s a g e  
of the a i r c r a f t .  

1. 10 Aerodrome and ground faci l i t ies  

Not re levant .  

1. 11 Flight r e c o r d e r s  

Not mentioned in the r epo r t .  

1. 12  Wreckage 

Most of the wreckage lay inside o r  just  outside a huge c r a t e r .  The r e s t  of the 
wreckage was sca t t e r ed  fan-wise around the c r a t e r  within a r ad ius  of about 100 yds.  

1 .13 F i r e  

Explosion and f i re  occu r red  upon impac t ,  completely destroying the a i r c r a f t  
and burning the bodies of those on boa rd  beyond recognition. 
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1. 14 Survival aspects 

Not applicable. 

1. 15 Tes t s  and r e sea r ch  

The ent i re  wreckage was t ransported to New Delhi, laid out in a hangar and 
carefully examined. Engineers from Rolls Royce and Dowty Rotols Ltd. examined the - 
engines and the propel lers .  The flame tubes of the engines were sent to the Rolls Royce 
laboratories for a special  hardness  t e s t ,  in o rde r  to determine their temperature  at  
t ime of impact. These t e s t s  revealed that the temperature  of the tubes a t  the time of 
crumpling were comprised between 600°C and slightly over 700°C. There  were  also 
evidence of high speed rotation part icularly in the bending of the turbine blades and 
compressor  rotator  guide vanes against the direction of normal  rotation. It was the re -  
fore concluded that the four engines were operating a t  the t ime of impact. 

The eight fuel booster pumps and two fuel gauges were sent  at  the Aircraft  
Laboratories,  Bri t ish  Aircraft  Corporation, Weybridge. It was determined that both 
booster pumps of No. 1 engine and one booster pump of No. 4 engine were operating at  
the t ime of impact and that one booster pump of No. 3 engine was not operating. No 
conclusions were reached concerning the other four pumps. No useful conclusions were 
reached,  on the fuel c a r r i ed  by the a i rc raf t  a t  the t ime of impact f rom the fuel contents 
gauges. 

The Bendix Airspeed Indicator was a lso sent to Weybridge. Radiograph of 
this  instrument indicated that the relative positions of the quadrant and cog corresponded 
to a rotation of the pointer to an indicated speed between 120 and 180 kt. 

2. Analysis and conclusions 

2. 1 Analysis 

The las t  message  sent by the a i rc ra f t  was a position repor t  at  0336 hours ,  
there  was nothing to indicate any difficulties, sky was reported a s  c lear  and the a i rc ra f t  
was flying a t  16 500 ft. Witnesses ' statements indicated that some 6 mi les  before the 
c r a sh  s i te ,  the a i rc raf t  appeared to be flying normally ,  but that soon af terwards,  it 
descended steeply and crashed.  T,he a i rc ra f t  s t ruck  the ground almost  vert ically,  
slightly on i ts  back and with the right wing low. The flaps,  nose-wheel and main under- 
ca r r i age  were in the re t rac ted  position. The engines were  operating and the pitch angle 
of the propel lers  was between 48O and 51° a t  the t ime of impact. Although the radiograph 
of the a i rspeed indicator indicated a speed between 120 and 180 kt i t  was believed that 
the a i rc ra f t ' s  speed was more  of the o rde r  of 250 to 330 kt a t  impact. Several  hypothesis 
were  considered in an attempt to discover the probable cause(s)  of this accident. 

No evidences were found to substantiate any of the following hypothesis: 

s t ructural  fa i lure ,  explosion or  f i re ;  
malfunction of flying controls; 
engines or  propel lers  malfunctioning o r  fai lures;  
fuel contamination o r  shortage; 
icing; 
sudden incapacitation of the pilot-in-command; 
sudden decompression of cabin; 
severe  turbulence f rom wing-tip vort ices  of another a i r c ra f t .  
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The only LWO hypothesis which were  considered a s  a possible explanation of 
this accident a r e  discussed hereunder:  

Maliur, ilc'.~~Jlg of the auto -pilot - 

Numerous malfunctioning of the Viscount auto-pilot had been reported in the 
past.  Between 1 January 1960 and 30 August 1963 a s  many a s  129 auto-pilot snags were  
reported OR the subject a i rcraf t .  However, they were not of a ser ious nature  and never 
lead to a 10:;s of control of the a i rcraf t .  

The only ser ious  auto-pilot malfunctioning which involved a par t ia l  loss  of 
control and a loss  of about 4 000 f t  of alti tude, occurred on 22  August 1963 on another 
a i rcraf t .  However, this incident occurred  during a descent through clouds with the 
auto-pilot engaged and was considered to be par t ly  due to pilot e r r o r .  

In the present  case  the a i rc ra f t  was flying on a steady course ,  at  an altitude 
of 16 500 ft and i t  was concluded that under these c i rcurr~stances  no mishandling of the 
auto -pilot could have occurred.  

Fa i lure  of the e lec t r ica l  sys tem 

In case  of a complete DC and A C  fai lure (or even of a par t ia l  AC fa i lure)  the 
vital flight ins t ruments ,  radio and auto-pilot would fail. The crew would be confronted 
with a very difficult situation, especially during a dark  night. The a i r c r a f t  would tend 
to fly in accordance with the t r i m  setting existing a t  the t ime the auto-pilot stop func- 
tioning. This might further disorientate the pilot who will fly by that t ime only f rom 
sensations. 

Evidences were found that the AC supply to both art if icial  horizons and the 
omnibearing indicator had been cut off at  some stage p r io r  to impact. This could infer  
ei ther that the pilot had deliberately turned off those inst ruments  o r  the fai lure of the 
AC current .  It was believed that the second inference was more  probable than the f i r s t  
one, especially in view of the fact that no radiotelegraphy or  radiotelephony messages  
were  received from the a i rc ra f t  between 0336 hours and 0400 hours ,  the t ime of the 
accident. 

2. 2 Conclusions 

Findings 

The a i rc ra f t  held a valid cert if icate of airworthiness. 

The a i rc raf t  loading was within permiss ib le  limits.  

The members  of the crew held valid licences. 

The navigational equipment on board the a i rc raf t  was adequate for  the flight. 

The quantity of fuel c a r r i ed  by the a i rc raf t  was adequate. 

The weather at  the t ime of the accident was calm and free  from tr~rbulence.  

The pilot sent the usual departure message after becorning airborne and an 
hour l a t e r ,  at 0340 hours ,  t ransmitted another message givinq his position 
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There  was no f i r e  o r  explosion in the a i rc ra f t  while i t  was a i rborne and the 
a i rc ra f t  descended and crashed  to the ground as one integrated unit. F i r e  and 
explosion followed impact causing the death of a l l  the persons  on board and 
total destruction of the a i rcraf t .  

Cause o r  
Probable cause(s )  

The cause of the accident could not be established. 

Although there  i s  l i t t le substantial evidence to support the assumption,  i t  i s  
possible that a sudden malfunctioning of the auto-pilot and/or a sudden failure of the 
e lectr ical  power may have created conditions which made i t  impossible for the c rew to 
re ta in  control of the a i rc ra f t ,  thus causing it to lose height rapidly and c r a sh  to the 
ground. 

3. Recommendations 

I )  Snag Reports  should be attended to more  promptly and a s  fa r  a s  possible 
snags should not be ca r r i ed  forward and there  should be no attempt to 
conceal information on this  point f rom the Director of Aeronautical 
Inspection. 

2 )  All ser ious  snags ,  and more  par t icular ly  repor ts  of loss  of control of 
a i r c ra f t  should be enquired into with g rea te r  care .  

3)  Through Flight Inspection should be made by a properly  licenced Aircraft  
Maintenance Engineer. 

4 )  Instructions regarding the minimum fuel permiss ib le  in tanks should be 
carefully observed. 

5)  A sample of the fuel uplifted by the a i rc ra f t ,  taken a t  the t ime of refuelling, 
should be retained after  24 hours  i f  a question regarding the contamination 
of the fuel i s  likely to a r i se .  

6) Deficiency l i s t  for the Viscount a i r c ra f t  duly approved by the Department 
of Civil Aviation should be issued without any further delay. 

7) Relighting of at  leas t  two engines must  be ca r r i ed  out during six monthly 
flight checks. 

8) A portable flash light must  always be ca r r i ed  on a l l  a i r c ra f t  undertaking 
flights involving night flights. 

ICAO Ref: AR/903 
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No. 2 2  

Finna i r  DC-3 ,  O Y  -LCA,  acc iden t  n e a r  Mar i ehamn  A i r p o r t ,  F in land,  on 
8 November  1963. R e p o r t  r e l e a s e d  by the Min i s t ry  of Communica t ions  

and  Pub l ic  Works  of *'inland on 29 J a n u a r y  19 64. 

1. Inve s t igat ion 

H i s to ry  of the fl ight 

F l igh t  AY 217 was  on a  scheduled d o m e s t i c  f l ight  f r o m  Hels inki  t o  Mar i ehamn  
with a n  i n t e rmed ia t e  s t op  a t  Turku.  The fl ight t o  T u r k u  was  rout ine and the a i r c r a f t  
took off f r o m  Turku  a t  1620 GMT,  with a  c r e w  of t h r e e  and 21 p a s s e n g e r s  p lus  one f o r m e r  
F inna i r  pilot* who was  in the cockpi t  without t i cke t  o r  p e r m i t .  The flight f r o m  Turku  to  
Mar i ehamn  was  c a r r i e d  out a t  a n  al t i tude of 2  000 f t  and  nothing a b n o r m a l  was  r epo r t ed  
by the a i r c r a f t .  The  app roach  t o  the M a r i e h a m n  NDB (MAR) was  m a d e  f r o m  the E a s t -  
Nor th -Eas t  and a t  1657 h o u r s  the a i r c r a f t  r e p o r t e d  o v e r  the NDB on the inbound t r a c k  to  
runway 20. Dur ing  the final  app roach  the a i r c r a f t  which w a s  flying s t r i c t l y  on the inbound 
t r a c k  s t r u c k  t r e e s  in a  n e a r l y  hor izon ta l  a t t i tude 1 470 m e t r e s  be fore  the th resho ld  of  
the runway. Upon i m p a c t  the  a i r c r a f t  f l ipped o v e r  on its back a round  its longitudinal 
a x i s  and caught  f i r e  immedia te ly .  The acc iden t  o c c u r r e d  a t  1659 hou r s .  

1. 2  In ju r ies  t o  P e r s o n s  

1. 3  Damage  t o  A i r c r a f t  

The  a i r c r a f t  was  de s t royed  by the i m p a c t  and the subsequen t  f i r e .  

O t h e r s  

1::: 

I 

1 . 4  O the r  Damage  

P a s s e n g e r s  

19 

2 

. 
In ju r ies  

F a t a l  

Non fa ta l  

None . 

None repor ted .  

C r e w  

2 

1 

1. 5  C r e w  Informat ion  

The p i lo t - in-command,  age  3 0 ,  held a val id  a i r l i n e  pilot  l i cence  with i n s t r u -  
m e n t  and type ra t ings .  He had flown a to ta l  of 7  228 h o u r s  including 2 772 h o u r s  as  pi lot-  
in -command  of DC-3 a i r c r a f t .  

The  co-pi lo t ,  age  26,  held a  val id  c o m m e r c i a l  pi lot ' s  1 with i n s t r u m e n t  
and type r a t i ngs ;  he  had flown a to ta l  of 1  078 hou r s .  
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The s tewardess  was a lso  properly certificated. 

No adverse  r emarks  were made regarding the physical and mental  state of 
the c rew,  o r  i t s  behaviour during the days p r io r  to the accident. 

1. 6 Ai rc ra f t  Information 

The a i rc ra f t ' s  cert if icate of a i rworthiness  was valid until 30 Apri l  1964. It 
had flown a total of 30 672 hours ,  including 476 hours  since the l a s t  major  overhaul. All 
inspections,  r epa i r s  and maintenance had been performed in accordance with inst ruc-  
tions and approved procedures. However, the maintenance record  of the pilot-in- 
command's  a l t imeter  had an entry regarding the replacement of the "toothed sec tor  and 
hand axis" ,  and i t  was found that the toothed wheel was replaced but not the toothed 
sector.  It was not possible to establish whether the counterweight of the toothed sector  
had been the object of any manipulation. 

The a i rc ra f t ' s  weight and centre of gravity were within the prescr ibed limits.  

The type of fuel used was not mentioned in the report.  

I. 7 Meteorological Information 

Before taking off f rom Turku the following weather information was available 
to the crew: Turku and Mariehamn: Horizontal visibility 600 m ,  fog, ver t ical  visibility 
200 ft; Stockholm/Arlanda: Horizontal visibility 10 k m ,  clouds 4/8 a t  2 10 m ,  8/8 a t  
3 000 m. 

In flight the crew received for Mariehamn the following information f rom the 
ATC a t  1637 hours:  Surface wind 180/6 k t ,  ver t ical  visibility 200 f t ,  horizontal visibility 
600 m ,  fog, QNH 989 mb; a t  1657 hours:  Surface wind 180/3 kt ,  QNH 989 mb. This was 
acknowledged by the c rew and information on the approach lights was requested. The 
a i r  t r a f f i c  controller  confirmed that the approach lights were on, but that he could not 
see  them because the visibility was somewhat poorer .  

1. 8 Aids to Navigation 

There  were two radio beacons located on the extended center line of runway 20 
for aid on approach and landing: the NDB "h4.AR1' (392 kc/s)  and the locator "ST' r e s -  
pectively located a t  6 800 m and a t  1 420 m f rom the runway threshold. It i s  known that  
the signals emitted by these low frequency beacons a r e  not always very  clear ly  received 
a t  long distance because of other t ransmi t te rs  working on the same  o r  adjacent frequen- 
c ies  and of atmospheric phenomena. However it was not established i f  th is  had any 
bearing on the accident since the a i rc ra f t  was close to the beacons. 

There  i s  no GCA a t  Mariehamn and although the installation of ILS equipment 
s ta r ted  two years  before the accident, i t  had not been completed because of land acquisi- 
tion problems. 

1. 9 Communications 

These were normal  until the time of the accident. 
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1. 10 Aerodrome and Ground Facil i t ies 

Mariehamn Airpor t  has  low intensity runway and threshold lights and a line 
of low intensity approach lights which begins 1 020 m before the threshold of runway 20. 
At the beginning of the line of approach lights there i s  a flashing light, which i s  located 
amongst t r e e s  approximately a t  the break off point of the obstacle clearance surface.  

1. 11  Flight Recorders  

Not mentioned in the report .  

1. 1 2  Wreckage 

No detai ls  or  d iagrams on the distribution of the wreckage were provided in 
the report .  

1. 13 F i r e  

F i r e  commenced immediately a f te r  contact with the ground and destroyed the 
ent i re  fuselage except the r e a r  section,  which had broken off on impact. - No informa- 
tion on f i re  fighting i s  provided in the report .  

1. 14 Survival Aspects 

When the Air  Traffic Controller did not receive any reply f rom the a i r c r a f t  to 
h is  radio ca l l s ,  he immediately initiated sea rch  operations. The f i re  brigade and other 
rescue se rv ices  were a le r ted  between 1705 and 1708 hours.  The a r r i va l  a t  the scene of 
the accident was hampered by the fog and the lack of appropriate service  roads towards 
the approach line. 

A s  a resu l t  of the impact the sea t s  in the cabin were torn f rom the cabin 
floor and were packed together against  the cockpit wall. The f r ames  of the sea t s  were 
part ly bent but did not break and the s ea t  belts probably res is ted.  The accelerat ion 
forces at impact were est imated to be arount  12 g.  

1. 15 Tes t s  and Research  

The engines and their  accessor ies  were dismantled and investigated a t  
Kuorevesi with help f rom the Finnish Air  Force .  The inst ruments  were checked f i r s t  
a t  the Airpor t ,  and then a t  the Air  Force  Depot and par t icular  c a r e  was taken in checking 
the a l t imeters .  

It was found that the pilot-in-command's and the co-pilot ' s  al t imeter  set t ings 
were respectively 988. 3 mb and 988.4 mb. The QNH transmitted to the a i r c r a f t  two 
minutes before the accident was 989 mb. This would account only for a maximum e r r o r  
of about 20 ft. When the pilot-in-command's a l t imeter  was opened a t  the Air Force  
Depot the counterweight of the toothed sector  and i t s  screw were found loose and the 
aneroid capsule was dented. It was determined that the damage to the aneroid capsule 
had been probably caused by overpressure  when the extinguishers exploded in the f i re  
subsequent to the accident. Also the s c r ews ,  which a r e  normally locked by lac o r  paint ,  
were not locked. 
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1.  16  Weather minima a t  Mariehamn Airport  

The instrument approach char t  for Mariehamn Airport ,  published in January 
1962 by the Department of Civil Aviation, gave an  obstacle clearance l imit  (OCL) of 
566 feet ( ams l )  for the approach to runway 20, when using the two NDB approach 
procedures.  

The landing minimum on the instrument approach char ts  for Mariehamn 
Airpor t ,  used by Finnair and approved by the DCA, is 316 feet ( asml ) ,  which is  250 feet 
below the OCL. The "planning minima" approved for Mariehamn a r e  ver t ical  visibility 
150 ft above the aerodrome and horizontal visibility 700 m. 

2. Analysis and conclusions 

2. 1 Analysis 

No evidence of malfunction o r  failure were found in the a i rc ra f t ,  controls,  
engines o r  systems. Under the prevailing weather conditions there was no r isk of icing 
a t  2 000 f t  and nothing indicated that carburetor icing might have occurred during the 
approach. 

The weather information available to the crew a t  Turku indicated for Mariehamn 
an horizontal visibility of 600 m ,  i. e. 100 m below the company's "planning minima". The 
decision of the pilot-in-command to c a r r y  out the flight was probably influenced by his 
knowledge of the route and of the weather inconstancy a t  Mariehamn under the prevailing 
meteorological conditions. However when the pilot-in-command was informed over "MAR" 
NDB that the visibility had worsened, he should have discontinued the approach. At the 
time of the accident the aerodrome and the approach sector  to runway 20 were covered by 
a comparatively thick fog, although a few minutes after the accident s t a r s  were visible 
f rom the ground and the weather improved fo r  about one hour. It was concluded that the 

- 

pilots had no visual reference to the ground during the final approach and that the low 
intensity runway and approach lights were hidden by the hill located before the beginning 
of the approach lights. Also the flashing light at  the beginning of the approach lights was 
located amongst t r e e s  and could not be seen f rom faraway, especially a t  low altitude. 
Finally no obstruction light existed a t  the time on the highest point of the obstacle profile. 

In trying to explain why the a i rc ra f t  was too low during the final approach i t  
was considered that  the pilots might have misjudged their  altitude o r  position o r  both. 

The normal  practice amongst the Finnair c rews is for the pilot-in-command 
to monitor continuously the altitude and for theco-pilot to be mainly responsible for the 
look out. 

It was considered that the pilot-in-command's al t imeter might have begun to 
work incorrectly during the flight. It is highly probable that the counterweight was 
already loose during the flight. Although the tes ts  had shown that the absence of the 
counterweight does not, by itself, occasioned any important e r r o r s  in the alt imeter 
values,  i t  i s  possible that the counterweight o r  i t s  screw,  by getting wedged in the alti- 
mete r  mechanism during the flight could have occasioned an operational disturbance of 
the alt imeter.  As a resul t  the pilot-in-command might have had a false idea of h is  alti- 
tude. If the pilot tr ied to keep the minimum altitude, a s  it  i s  normally done when approach- 
ing to a locator beacon, a sudden e r r o r  in the alt imeter indication of about 130-140 feet in 
the dangerous direction would be enough to occasion the impact against the t r ee s  in the 
condition in question. 
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The use  of the rese rve  stat ic sys tem could a l so  have occasioned an e r r o r  in 
the a l t imeter  indication of near ly  the s ame  magnitude. The control lever  of the sys tem 
was found af ter  the accident,  in the lower position i. e. " reserve  stat ic" but i t  was 
impossible to ascer ta in  whether i t  was in that position p r io r  to o r  a s  a resu l t  of the 
accident. The State Institute for Technical Resea rch  could only establish that  the con- 
t ro l  lever  was bent a s  a resu l t  of some blow it had received. 

The Board did not find any reason why the pilot should have shifted over to 
r ese rve  s ta t ic  system. The pre-flight checks include the checking of this lever  in i t s  
upper position ("pilot-static system") a t  take -off. There  is a possibility that  the r e s e r v e  
stat ic system had been t r ied  during the flight and that the lever  was forgotten in that  
position, but this  does not s eem probable. The magnitude of the e r r o r  occasioned by the 
use of the rese rve  static sys tem is  variable to a cer ta in  degree and highly dependent on 
the flying speed. Therefore any pilot who would have t r ied  the r e se rve  stat ic sys tem 
before beginning the approach would have carefully shifted over to  the normal  s y s t e m  
again,  especially in the prevailing weather conditions. 

Another reason,  which might have given the pilot an erroneous conception of 
his alti tude, would have been the correction of a known a l t imeter  e r r o r  in the wrong 
direction by mistake. As  reported by another pilot, the pilot-in-command's a l t imeter  
of the subject a i r c r a f t  indicated about 50 feet  too much on the day p r io r  to the accident 
(the maximum e r r o r  permissible  i s  65 feet). If e r r o r  had been the s ame  on the day of 
the accident and if the pilot had mentally performed the correct ion in the wrong d i r ec -  
tion, there would have been an e r r o r  of 100 feet. In this case  the e r r o r  would have been 
in the dangerous direction. 

Howe~rer ,  an e r r o r  of this magnitude would not have been sufficient by itself 
to occasion an impact with the t r e e s  a t  the place in question. But if the pilot deliberately 
o r  unconsciously had flown some 30 o r  40 feet below the minimum permitted an impact  
against  the t r e e s  would then have been the result.  Even a conscientious pilot could 
deliberately go that much below the minimum a s  there  would s t i l l  remain a margin  of 
about 100 feet provided that the pilot i s  aware  of the value of the a l t ime te r ' s  e r r o r  and 
had taken i t  into account in the right way. 

The Board considered i t  obvious that the pilot-in-command had an e r roneous  
conception of h is  altitude. He was flying a lmost  exactly horizontally when he s t ruck  the 
t r e e s ,  awaiting to be passing the locator "S" on final approach,  and to see  the line of 
approach lights appear.  It is not likely that he consciously flew a t  the altitude a t  which 
he was actually flying, a s  he was perfectly aware  of the c i rcumstances  and the obstacle 
heights in the approach sector .  

It is a l so  possible that  the pilot-in-command of the a i r c r a f t  had an er roneous  
conception of the a i rc ra f t ' s  position and that ,  assuming that he had already passed the 
locator ,  he went below the minimum altitude permissible  in o rde r  to be able to s ee  the 
line of approach lights o r  the runway lights. 

After the accident,  Finnair  pilots stated that with the radio compass  tuned to 
the locator "S" frequency sometimes wrong indications were obtained. As a resu l t  a 
pilot might believe having passed the locator on final approach though he ,  in real i ty ,  
would not have passed i t  yet. 

The wrong indication of the radio compass  i s  a specific deficiency of the s y s -  
t em in question, especially appearing when the a i r c r a f t  i s  fa r  away f rom the locator.  
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The repor ts  of the Finnair pilots mostly concerned cases  of this kind. But, when the 
a i rc ra f t  i s  near the locator ,  e r r o r s  of some importance a r e  scarce ly  possible. This 
was confirmed by experts  f rom the State Institute of Technical Research  and The Board 
of Pos t s  and Telegraphs. The Board therefore  considered that there  was no evidence to 
prove that  the pilot of the a i r c r a f t ,  believed having already passed the locator.  The 
a lmost  horizontal flight path of the a i rc ra f t  a t  impact  gives no support whatever for such 
a hypothesis. 

In the opinion of his  super iors  a s  well a s  of h i s  subordinates the pilot-in- 
command of the fatal flight was an  extremely conscientious and careful  pilot. It i s  there-  
fore very  unlikely that he consciously and deliberately flew 130 to 140 feet below the 
minimum permissible  altitude, endangering the safety of the flight. 

2. 2 Conclusions 

Findings 

The c rew were properly cert if icated.  

The cert if icate of airworthiness of the a i r c r a f t  was valid. The maintenance 
of the a i r c r a f t  had been performed in accordance with instructions and approved proce-  
du re s ,  however, a discrepancy was found in the maintenance record  of the pilot-in- 
command's a l t imeter .  

The a i rc ra f t ' s  weight and center of gravity were within the prescr ibed l imits  
a t  the t ime of take-off f rom Turku. 

The weather a t  Mariehamn was below the company prescr ibed minima. 

The counterweight of the toothed sec tor  and i t s  s c r ew  were found loose in the 
pilot-in-command's a l t imeter .  The a i r c r a f t  flew into t r e e s  in the final approach to run- 
way 20 when making an NDB approach pracedure ,  probably because of a wrong altitude 
indication. 

Cause nr - - - -  - -  
Probable c a u s e ( ~ )  

The Board considered that the ultimate cause of the accident was the pilot's 
misconception of h is  altitude. It was impossible to determine whether this  was due to a 
wrong indication of the a l t imeter  or  to human e r r o r .  The defect,  found in the pilot-in- 
command's a l t ime te r ,  was regarded however a s  sufficient to have brought a wrong indica- 
tion of the altitude which the pilot could not foresee.  The cause of the accident was there-  
fore established a s  follows: 

As a resu l t  of a wrong indication of the a i rc ra f t ' s  pilot 's a l t imeter  during an 
instrument approach car r ied  out in weather conditions worse than the weather minima 
approved for runway 20 a t  Mariehamn, the a i r c r a f t  came below the safe flying altitude 
and hit t r e e s  on the approach line. 

3 .  Recommendations 

The improvement of landing aids  a t  a i rpo r t s  should be s ta r ted  urgently. It 
should urgently be endeavoured to acquire ILS and GCA radar  equipment for 
facilitation of aeronautical activity in Finland; 
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The weather minima related to NDB procedures  for Finnish ae rodromes  should 
be revised taking into consideration the OCL values recommended by ICAO; 

The concept "Planning minima", vh ich does not appear  in the recommenda- 
tions of ICAO should be entirely abolished; 

When determining the length of the line of approach lights the t e r r a in  and 
obstruction profile of the corresponding approach sec tor  should be taken into 
consideration so that the lights cannot be hidden by the obstruction of t e r r a in  
profile even in the case  of an a i r c r a f t  flying a t  a low altitude. All a e rod romes  
should be equipped with l ines of high intensity approach lights; 

In overhaul and repair  of a l t imeters  and other s imi la r  aeronautical  ins t ru-  
men ts ,  the possibility of fixing s c r ews  in f rame  and mechanism becoming loose 
should be taken into consideration; 

Improvement of the fastening of sea t s  and the endurance of sea t  belts a t  
reasonable costs  should be examined; 

During approach pilots should follow uniform working procedures  to ensure  a 
continuous utilisation of both a l t imeters  and speed indicators and comparison 
of their  readings; 

All a i r  traffic control units should be equipped with sound recorders  for r ecord-  
ing radiotelephone conversations with a i r c r a f t  and o rde r s  given in connexion 
with a l a r m  and rescue activity; 

Meteorological observations and weather data should be brought to a degree of 
accuracy higher than they a r e  a t  severa l  meteorological stations a t  present ;  

The possibility of increasing the number of A T C  personnel a t  smal l  a i r p o r t s ,  
where the traffic frequency i s  relatively smal l ,  should be considered; 

In the immediate vicinity of the center  l ines of approach and climbing s e c t o r s  
of runways a t  a i rpo r t s ,  catastrophy and serv ice  roads to a length of a t  l e a s t  
1. 5 - 2 k m  f rom the end of the runway should be built; 

A l a r m  s i r ens  at a i rpor t s  should be modified to work automatically; 

Rescue serv ice  training should be intensified by arranging joint exe rc i ses  for 
part icipants f rom different administrat ions;  

The station service procedures  a t  a i rpor t s  should be revised s o  that embarca -  
tion of outsiders should be rendered impossible; 

Authorities supervising a i r  traffic and air l ine  operators  should intensify their  
supervising activit ies and adopt methods such to ensure  the observance of a i r  
serv ice  regulations and prescr ibed weather minima. 

ICAO Ref. : A R / ~  11 
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PART I1 

AIRCRAFT ACCIDENT STATISTICS 1963 

INTRODUCTION 

GENERAL COMMENTS 

1. This  sect ion of the Ai rc ra f t  Accident Digest No. 15 contains a detailed analys is  
of the s ta t i s t i cs  fo r  the year  1963, as well  as se lected data  for  the y e a r s  1925 t o  1965 
inclusive. F i g u r e s  for  the y e a r s  subsequent t o  1951 w e r e  obtained l a rge ly  f r o m  the 
ICAO Air  T r a n s p o r t  Reporting F o r m s  G (Ai rc ra f t  Accidents;  s e e  pages 215and21h)filed 
by Contracting States.  In o r d e r  t o  a r r i v e  a t  a s  complete a picture a s  possible of accidents  
in which public a i r c r a f t  were  involved, other  sou rces  had to  be used for  those countr ies  
which have not yet filed the requi red  report ing F o r m .  

2. . The s ta t i s t i cs  shown a r e  the bes t  available to  date but a r e  subject t o  adjus t -  
ment when additional F o r m s  G a r e  filed. 

DESCRIPTION O F  TABLES AND CHART 

CHART P a s s e n g e r  fatal i ty r a t e  and t r a f f i c  on scheduled a i r  s e r v i c e s  1945 - 
1965. 

TABLE A-1 Accidents with passenger  fa ta l i t ies  on scheduled a i r  s e rv i ces  
1925 - 1965. 

TABLE A-2 Number of fa ta l  accidents ,  passenger  fa ta l i t ies  and surv ivors  
of turbo- je t ,  p rope l le r -dr iven  (turbine and piston) a i r c r a f t  - 
scheduled a i r - s e r v i c e s  1960 - 1965. 

4. T h r e e  tables  a r e  given fo r  the y e a r  1963. The accident  da ta  have been recorded  
under the country in which the a i r l ine  which suf fe red  an  accident is r eg i s t e red ,  not under 
the country where the accident  took place. These  t h r e e  tab les  give the following in forma-  
tion; 

TABLE B P a s s e n g e r  fa ta l i t ies  occurr ing on scheduled internat ional  and 
domes t ic  operations.  

TABLE C Ai rc ra f t  accident s u m m a r y  of a l l  opera tors  engaged in  public a i r  
t r anspor t .  

TABLE D Ai rc ra f t  accident s u m m a r y  of all ope ra to r s  engaged in  public a i r  
t r anspor t  by type of operation. 

SAFETY RECORD 

5. The pre l iminary  r e p o r t s  so  f a r  received on accidents  i n  world a i r  t ranspor t  
in the y e a r s  1964 and 1965 show a substantial  fu r ther  d r o p  in  accident r a t e s  on scheduled 
se rv ices  (international and domes t ic  combined). These  a r e  the  four th  and fifth success ive  
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years  in which accident ra tes  have improved. As can be seen f rom Table A- 1, the 
passenger fatality rate  has in fact been halved in five years ,  falling f rom 0. 78 fatalities 
per 100 million passengcr-kilometres in 1960 to 0. 38 in 1964 and 0. 35 in 1965 (1.25 to 
0. 6 2  and 0. 56 respectively, fatalities per 100 million passenger-miles).  The reduction 
in the absolute number of fatal accidents and passenger fatalities was, of course,  not so 
great ,  owing to the steady expansion in the volume of operations and in the number of 
passengers carr ied per a ircraf t ,  but this figure, too, has  fallen: the number of fatal 
accidents, at 24 in 1964 and 1965, was at its lowest since 1952. A la rge  element of 
statistical chance enters  into these figures,  since they a r e  based on a relatively small 
number of accidents and it must be noted, for  example, that the addition of a single 
accident involving the collision of two large a i r l ine rs  could have raised the number of 
passenger fatalities for 1964 t o  a figure above the record figure of 847 experienced in 
1960. Nevertheless, the consistency of the downward trend-in the accident ra tes  and in 
the absolute number of fatalities suggests that all the work being done to improve a i r  
safety i s  producing substantial results .  Had the accident ra tes  of ten years  ago for  
instance, been applicable in 1964, there  would have been about 50 fatal accidents instead 
of 24 on scheduled a i r  services ,  and about 1 500 passenger fatalities instead of 658. 

6. Table A-2 shows how accidents on world scheduled a i r  services ,  1960 to 1965, 
were divided among turbo- jet, turbo-propeller  and piston-engined a i rcraf t .  With regard 
to 1964, it will be seen that the turbo-jets had an  extremely satisfactory year from the 
point of view of safety. The turbo-props did not have quite such a good record,  but the 
absolute number of fatal accidents remained at  approximately the same level a s  in past 
years ,  in spite of some increase in their  operations. The absolute number of fatal 
accidents for  the turbo-jet and piston-engined a i rcraf t  for 1965 comes close t o  the 
average figure over the six years ,  while the turbo-props had an extremely satisfactory 
year f rom the point of view of safety (the lowest number in the six-year period). With 
regard t o  the number of passengers killed, the turbo-prop a i rcraf t  showed a very  good 
safety record in 1965; the turbo-jets did not have quite such a good record,  although the 
absolute number was at approximately the same level a s  in past years ;  the piston-engined 
aircraf t  had, however, the worst  record since 1960. Complete figures of passenger- 
kilometres for these three broad types of a i rcraf t  a r e  not available in order  to  compare 
their  safety records in detail, but it seems c lear  that the turbo-jets achieved considerably 
lower accident ra tes  than either the turbo-props or  the older piston-engined aircraf t .  
In such comparisons, the number of flights made produces a part icularly meaningful 
measure of exposure-to-risk, since a high proportion of fatal accidents takes place in 
association with landings and it is, of course,  true that the turbo- jets on the average fly 
considerably longer stages than the turbo-props or  piston-engined a i rc ra f t .  Even allow- 
ing for this  factor, however, it is estimated that the turbo-jets have about half the 
accident rate of the other types. 

7. As in previous years ,  the fatal accidents contained a h igh  proportion of cases  
where aircraf t  flew into the ground, or  into mountains, in bad visibility - emphasizing 
once again the need for  accurate and reliable information in the cockpit concerning the 
aircraf t ' s  exact height above the ground. 

8. The number of fatal accidents t o  civilian transport-type a i r c r a f t  on other than 
scheduled a i r  services  increased f rom the exceptionally low figure of 7 in 1963 to about 
11 in 1964, and 12 in 1965. Prel iminary accident reports  in  this sector a r e  often 
incomplete and it  i s  possible that some of these accidents should be excluded for some 
reason. Reliable stat ist ics a r e  s t i l l  not available a s  t o  the volume of non- scheduled 
passenger operations, but it is estimated to  be no more  than about 12 per  cent of sched- 
uled operations (including the operations of char ter  operators a s  well a s  the charter  
flights of the scheduled airlines) so  that t o  have half the number of fatal accidents i s  ce r -  
tainly not a good record,  However, their  1965 rate is probably a n  improvement on 1964. 



2 10 ICAO Circular 78-AN166 

PASSENGER FATALITY RATE AND TRAFFIC 

Fatal i ty  SCHEDULED AIR SERVICES 1945 - 1965a Traff ic  in 
Rate Mil l ions  
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I o t a 1  Scheduled Opers t~ona  
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COXTRACTINCr S T A T E S  O F  ICAO 

AIRCRAFT ACCIDENT SUMMARY FOR 1963 
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AIR TRANSPORT REPORTING FORM. 

AIRCRAFT ACCIDENTS 
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FORM G 

I N S T R U C T I O N S  

Form to be filed by each State, in respect of operators, Non-revenue relates to operations such as positioning flight,, 
registered in the country, which ore engaged in public air test flights, training flights, etc. 
transport, regardless of the occurrence of aircraft accidents. International, territorial and domestic are classifications 
This form is to be filed ANNUALLY, not later than 2 months according to the rules given below for the classification of 
after the end of the year to which i t  refers. flight stages, a "flight stage" being the operation of an air- 

craft from take-off to landing: 
. ~ .~ - ~ .  . 

DATA TO BE REPORTED 

Data in columns a to n for an individual operator is to be 
reported only if its aircraft i s  involved in -an accident (re- 
gardless of where the accident takes place). 

Data should be reported in columns c and d relating to the 
total activities of the operator during the year, subdivided 
into the types of operation indicated. 

Data should be reported in columns e to n opposite the type 
of operation in which the aircraft was engaged at the time 
of the accident. 

NOTES: 

A collision between two w more aircraft should be reporled separately 
for each operator involved, and addition01 detoils should be  provided 
under "Remarks". 

Accidents resulting in only minor injuries or damages should not be  reported. 

Each State is to report the 'hours flown' and 'landings made' 
in the lower left hand corner of the Form,whether or not 
an accident has been reported. 

EXPLANATION OF TERMS 

Aircraft accident means an occurrence associated with the 
operation of an aircraft which tokes place between the 
time any person boards the aircraft with the intention of 
flight until such time as all such persons have.disembarked, 
in which: 

a) any person suffers death or serious injury as a result 
of being in or upon the aircraft or by  direct contact 
with the aircraft or anything attached thereto, or 

b)  the aircraft receives substantial damage (Annex 13). 

Scheduled and non-schaduled operations relate to opera- 
tions for which remuneration i s  received. The terms apply to 
the stages of an operation, but not necessarily to the operator; 
thus, an airline whose operations are predominantly scheduled 
may, from time to time, operate non-scheduled flights. 

International: 

A "flight stage" with one or both terminals in the terri- 
tory of a State other than the one in which the airline 
is registered. 

Territorial: 

A "flight stage" with both terminals in the territory of the 
State in which the airline i s  registered, passing, for rela- 
tively substantial distances, over foreign territory or inter- 
national waters. 

Domestic: 

A "flight stage" not classifiable as 'international' or 
'territorial'. 

COLUMNS 

Number of landings (Column c and lower left): 

If the number of landings cannot be ascertained without 
difficulty, an estimate may be given and a note inserted 
under "Remarks" indicating that the figure i s  an estimate. 

Aircraft hours (Column d and lower left): 

Report to nearest number of whole hours. Indicate under 
"Remarks" basis used - such as "block-to-block", "wheels 
off -wheels on", etc. 

Passengers injured (Columns I ,  i ) :  
Include the total number of passengers involved, both 
revenue and non-revenue. 

Crew members injured (Columns k, I): 
Include hostesses, stewards and supernumerary crew in 
addition to flight crew. 

Others injured (Columns m, n): 

Include all persons injured other than those aboard the 
aircraft. 
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PART I11 

SURVIVAL IN THE OUTBACK 

Reprinted f rom Aviation Safety Digest No. 46, 
June 1966, published by the Australian 

Department of Civil Aviation 

When an a i rcraf t  is forced down in d ry ,  a r i d  pa r t s  of the Australian outback, 
the occupants need no longer die of th i r s t  i f  their water rese rves  become exhausted 
while' awaiting rescue. A few small i tems of equipment car r ied  in the luggage compart- 
ment can now make al l  the difference. A simple water still has  recently been developed 
which, using the energy of the sun, can ext rac t  small amounts of water f rom soil that 
looks quite dry. 

This method of obtaining drinking water f rom the ground in dry  a r e a s  has  been 
developed by Doctors R. D. Jackson and C. H. M. van Bavel, of the United States Water 
Conservation Laboratory in Arizona. I t  was demonstrated recently in Australia by the 
C. S. I. R. 0 and we a r e  grateful to Dr. R. 0. Slatyer,  of their Arid Zone Research Section, 
for providing us with the mater ia l  for this art icle.  

Basically, the still consists of a sheet of c lear  polythene which is placed over a 
hole in the ground, preferably containing freshly cut o r  broken-off pieces of dese r t  
shrubbery. The sun shining through the polythene heats the soil and plant surfaces ,  
causing water to evaporate f rom them. Some of the resulting vapour then condenses on 
the polythene sheet, which i s  kept relatively cool by the outside air blowing over it. The 
sheet i s  weighted with soil o r  stones so a s  to sag in the centre and form an inverted cone 
over a container placed underneath in thehole,  and the condensed droplets then run down 
the sheet and dr ip into the container. In this way, about one pint of water per  24 hours 
can be obtained f rom a hole about three feet square dug in apparently dry  dese r t  soil. If 
the soil i s  moist ,  o r  i f  green vegetation is available, up to three pints of water can be 
obtained per  day,but it is wise only to count on one pint per  hole. 

In mid-summer,  the average person requires  at least  six pints of water daily 
for indefinite survival. He can survive on l e s s  for a short  t ime, provided he r e s t s  a s  
much a s  possible, preferably in any shade that may be available. To ensure survival fo r  
several  days therefore,  i t  is necessary to have four or  more  sheets of polythene, each 
about four feet square,  for each person in the a i rcraf t ,  and a small  container for each 
sheet,  capable of holding 2-3 pints. It i s  suggested that pilots should c a r r y ,  in their lug- 
gage lockers ,  enough sheets of polythene to  provide for the maximum number of persons 
that can be seated in their a i rc ra f t ,  an  appropriate number of containers, and a shovel. 
It is a lso  desirable,  but not essential ,  to c a r r y  a length of polythene tubing for each hole, 
so that water can be sucked out of the containers as it accumulates, without having to 
remove the sheet. 

Clear polythene which "wets" easily i s  best  for this purpose but ordinary c lear  
kitchen polythene sheet ( o r  preferably the thicker -004-in. variety such a s  i s  laid down 
before concrete f loors,  e tc . ,  a r e  poured) is satisfactory, particularly i f  its surface is 
roughened so that the droplets of water will cling to it  more  easi ly  and a r e  not wasted by 
dropping off before they run down to the point of the cone. It i s  wise to cut the sheets to 
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size and roughen them with sandpaper before they a r e  stored in the a i rcraf t ,  ra ther  than 
waiting until one is stranded somewhere in the outback. If a "nesting" se t  of containers 
a r e  obtained and the sheets and tubing rolled inside them, a very compact bundle can be 
made. But see that it is very well wrapped - it may have to l ie around in the luggage 
compartment for a long time before it is needed. 

SETTING U P  THE SURVIVAL KIT 

DIRT 10 ANCHOR. PLASTIC SHEET 

. .. 
I . a .  

Schematic Diagram of Water Sti l l .  

Select a spot close to your a i rc ra f t  but in the sun, well away f rom the shade of 
trees.  If possible, choose moist  soil ,  o r  a small  depression o r  creekbedwhere the soil 
is likely to  be more  moist. However, this is not essent ial ,  since water can still be 
obtained from soil which appears  quite dry. 

Dig four holes for each person, preferably completely setting up each hole before 
starting on the next one. The holes should be about 3 feet  square,  8 inches deep a t  the 
edges, tapering to about 18 inches deep in the centre i f  green leaves, roots,  etc. , a r e  to 
be placed in i t ;  shallower i f  these a r e  not available nearby. Make an additional small  
excavation in the centre of each hole. Place a container in this, with a piece of tubing 
starting from the very bottom of the container and extending right outside the hole. If no 
sticky-tape i s  available to  secure the tube to the side of the container, wedge the end of 
the tubing in with a clean d ry  stick o r  stone. 

If green leaves o r  shrubbery a r e  available, pick an armful,  break i t  up and place 
it in the hole. Although this is desirable i t  is not essential ,  particularly i f  the soil is 
moist.  Make sure  the leaves do not touch the lip of the container o r  the plastic sheet ,  
l e s t  they give the water a bad taste. Cover the hole with the polythene sheet a s  quickly 
a s  possible and place soil all around the edges to prevent the water vapour escaping. 



Place n stone or a handful of sand in &e centre so &at &e plaeltic Bags to farm an hve r t ed  
cone, Carefully centre Urre p0"i.n.t. of &e cane w e r  It)re conrt;liner, sa &at wales droplets 
will r m  do- f i e  sheet and drip b t o  &e canhinxler (8ee picture bela+, 

The f i s a t  still i s 7  now operational, and o&er hales can be dug and set  up in fie 
same way. W a d e r  will  generally begin to condense in about six hours,  and enough wil l  
be available far dsi&ing aa hour or two later, Do not remove Ule sheet at %is  a b g e ,  
hawever, Instead, obtak .l;l-rs water by suckhg  through &e &be, If ns tubing i s  available, 
it i~ best to remove the w a k r  a a  infrequenay aa poseible, preferably late at might after 
f i e  soil. has cooled off, to amid upsetting &e operatian of &a still, After  about 24 hours 
moat of ;tihe water  available in the tap inch af sail, and in the pZant mter ia l ,  will have 
evaporated, A t  this stage, remove the polyf iene  and hke  out the canhinsr, Deepen 1;Xle 
hole by scraping out an h e h  or 80 of sail and replace the vegeh t ioa  wi& lreeh material. 
Body wastes, ecraps 05; f a d ,  etc, , can also be  added to Qtlle hale, since pure water wil l  
be obtained from them also provided af m u r s a  ~ a P  case is %ken mat to coabrninate the 
canhiner or &e plastic sheet by direct cantact. The conhiner  can fiea be replaced, the 
hale re-covered, and &e at iU i c l  operational again. 

If you do not have as much polyllhane ehaeting as has bean suggeelecl, i t  ie still 
was& aettiag up as m n y  etilla a a  you can wi& whateves material i s r  available, Even If 
you only obbin one pint a day, it wil l  increaee your chances of eurvi-val and enable you 
to eke out your o ~ e r  source8 of water ,  such as in fad and & r i d s .  

The beet way af reducing your a- w a b r  rewiremenee l a  to m&e a shelter 
from f i e  w h d  and a m  and s k y  in it protected, as far a8 paeeibla, from exposure, And 
don" wait tao long before sbrt ixlg to carry rrut these jobs, Exhaustion can came very 
suddenly oace you a re  only a litUe dehydrated: A further article in Llra next iseue of 
Aviation Safety Digest w i l l  discuss ~ e s e  artpscts of def~ert survival in greater debil,  

Hat only 
more r ead i l y  discernible te &e c r e w  of a searching airera& &am people an the gromd 
or even laid-out gmwd aigrcr;lls, This may eeern an abvioua, ektement, but experience 
has shown &at it i a  not generally sealirsed how difficult it 18 to 8ight a person on ~e 
ground from .tSle air  i f  ha is not near same m o r e  easily recognisable object euch as an 
aircraft, vehicle, tent or hut. The@o.a, &e track likely to have been f l o w  by a misshg 
aircraA i s  usm12y in some a y  predicable from &e infor-lioa pieced togalher by fie 
search and reacue organieatioa, 'but ~e direction, r u x v i v o r a  of a domed aircrarfC might 
b v e  a s n ,  could be any-krdy % guesa! 
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The instructions contained in this ar t ic le  a r e  not intended to imply that equip- 
ment for constructing water stills can be regarded as a substitute for carrying adequate 
rese rves  of water. F a r  f rom it! In fact, i t  would be hard  to sum up the situation better 
than in the old adage. "A bird in the hand is worth two in the bush" - the water-still  
equipment should only be regarded a s  a back-up to  water rese rves  car r ied  in the aircraft .  

Remember that in the Australian outback there is virtually no wet season and it 
i s  always dangerous to fly without adequate water reserves .  Be well prepared on both 
counts, should you be unlucky enough to make a forced landing remote f rom help. The 
advice contained in this a r t ic le  could save lives. 



ICAO Circular 7 8 - A ~ / 6 6  22 1 

APPROACH SPEED CONTROL 

Reprinted f rom the Boeing Air l iner ,  
December 1965, published by the Boeing Company 

During the final approach before touchdown, pilots must  maintain s t r i c t  control 
of speed and rate  of descent. A speed that i s  too high at touchdown requi res  more  stop- 
ping effort because the kinetic energy of the aeroplane that must  be dissipated during a 
stop var ies  roughly a s  the square of the aeroplane speed. On the other hand, a speed 
that i s  too low may cause the aeroplane to land shor t  of the runway. A lower than recom- 
mended approach speed i s  believed to have been a factor in several  of the short  landings 
that have occurredsince jetliners have entered commercial  service. 

Basic differences between jet and prop-powered aeroplanes in their response 
to power applications a t  low speeds appear to remain a problem, particularly with new 
pilots and their limited experience in jets. Analysis of the short  landings to date indicate 
another possible complicating factor that may have contributed to shor t  and/or hard  
landings. This factor is the decay o r  fall-off in wind velocity as the aeroplane gets 
c loser  to the ground. These two factors a r e  considered in detail  in the following analysis.  

POWER APPLICATION TO INCREASE LIFT 

FIG. 1 - Difference in  sta l l  speed of propeller-driven airplanes w ~ t h  power on and 1 ~ 1 t h  
power of f  resul ts  from prop-wash around wings. Jet airplanes exhib i t  essent ia l ly  the same 
sta l l  pattern w ~ t h  or w ~ t h o u t  power due to lack of air stream from props. 

A s  explained in the a r t i c le ,  "Leading-Edge Flaps ,  l 1  (page 3 ,  ALRLINER for 
December 1958) and charted in Fig. 1 ,  propeller aeroplanes have two stalling speeds - 
one with power off and a lower one with power on. This difference in stalling speeds is 
due to  the s l ipstream effect f rom the propel lers  around the wings. When power i s  on, 
the propel lers  generate a flow of a i r  around the wing that does not occur when power is 
off. This increased flow of a i r  generates additional l i f t  and allows a propeller aeroplane 
to fly slower than if the airflow around the wings comes only f rom the aeroplane's  
forward motion. 
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J e t  aeroplanes ,  on the other hand, show a much smal le r  difference between 
power-on o r  power-off operation a t  low speeds. On a jet, airflow around the wing va r ies  
only when the forward speed of the  aeroplane va r i es .  

This difference between the lift charac ter i s t ics  of the propeller  and jet a e ro -  
planes with and without power requ i res  a different handling technique during landings. 
For  example,  when a prop aeroplane appears  to be settling down a t r i f l e  shor t  of the 
intended touchdown spot on the runway, a pilot can ease  the thrott les forward slightly to 
increase  power. Immediately, a s  the engine and props increase power, the added a i r -  
flow around the wing generates additional lift. With more  lift ,  the aeroplane reduces i ts  
ra te  of descent  and s t re tches  its glide to  reach the des i red  touchdown point. During this 
manoeuvre, there  may bevery  lit t le change in the propeller  aeroplane's forwardvelocity. 

Such a procedure i s  not possible with the jets due to their  lack of propeller  
s l ips t ream. When a jet appears  to be settling in shor t  of the des i red  touchdown point, 
the nose should be ra ised with elevator control to increase  lift and establish a new glide 
path. At the same t ime,  thrott les should be advanced to provide the additional thrust  
needed to counteract the added drag  resulting f rom the increased angle of attack. When 
correct ing glide path in this  way, the des i red  approach speed should be maintained 
( r a t h e r  than increased)  with engine thrus t  a s  the glide path angle i s  adjusted with elevator 
control. Without propel le rs ,  additional lift to change the glide path can be generated 
quickly only by increasing the angle of attack of the wing. A jet 's glide path can be 
readily adjusted provided enough elevator control and additional thrus t  a r e  applied soon 
enough. Since drag  inc reases  rapidly with increased angle of a t tack,  throttles must  be 
advanced rapidly, even more  than might be required for sustained operation, then 
re tarded a s  necessa ry  to maintain the des i red  ai rspeed.  

LOW ALTITUDE WIND GRADIENTS 

F o r  y e a r s  pilots have known that  winds tend to dec rease  in velocity near  the 
ground. The extent of this wind-velocity gradient i s  generally known to be s imi lar  to 
the curves  shown in Fig. 3. Studies indicate that the grea tes t  changes in wind velocity 
occur between 300 feet and the ea r th ' s  surface. Most of the information on wind 
gradients ,  a s   show,^ in Fig. 3, pertain only to winds over grassy  and otherwise unob- 
s t ructed terrain .  It i s  known, however, that wind gradients can be affected by t e r r a in  
contours,  wind velocities a t  alti tude, the temperature  lapse ra te ,  and convective 
influences due to heating or  cooling,of the surface. Although wind velocities a t  various 
heights above the ground a r e  difficult to predict ,  wind direction remains  fairly constant 
below the 300-foot level. Another factor that complicates the problem of attempting to 
anticipate wind gradients during approaches i s  the non-uniform height a t  which wind 
velocities a r e  measured at  a i rpor t s  around the world. Measuring heights may vary  
f rom 5 to 100 feet a t  different a i rports .  
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WlND VELOCITY (MPH) 

FIG. 2- Average wind veloci ty differ- 
ences relative to heights above the ground. 
By u s ~ n g  this chart, p ~ l o t s  can relate wind 
speeds t o  be expected at ground level to 
the height where wind veloci t ies are meas- 
ured. Data from CAM 4b. 

RATIO OF WIND VELOCITIES 

FIG. 3-Variation of wlnd velocity ex- 
pressed as ratios of wind velocity on the 
ground to velocity at various heights above 
the ground. Data from Handboak of Gee= 
physics, ARDC, U. S. Air Force. 

Wind gradient effects normally benefit an aeroplane during takeoff, because,  a s  
the aeroplane cl imbs into increasing wind velocity, the indicated a i rspeed  inc reases  
fas te r  than the aeroplane actually acce lera tes  relative to the ground. Jus t  the opposite 
occurs  on landing. A high level headwind that  dec reases  a s  the aeroplane approaches 
the ground causes  a decrease  in indicated a i rspeed  that could, under cer ta in  conditions, 
allow the aeroplane to touch down ea r l i e r  than expected. This i s  part icularly t rue  if the 
approach i s  over t r e e s  o r  relatively high buildings. At l eas t  one of the shor t  landings 
reported during 707 operations to date ha s  been laid to a sudden drop off in headwind 
velocity coupled with a lower than recommended approach a i rspeed  before touchdown. 

Following the analysis  of wind gradient e f fec ts  on approaches and landing, a 
change to the 707 Pi lot  Training Manual (Document D6-3529)  has  been recommended 
calling for an increase  in the indicated a i rspeed  to be used during approach. Due to the 
lack of definitive information on a wind gradient a s  i t  might ex is t  a t  a destination a i r p o r t ,  
the following rule of thumb i s  being incorporated in the Pilot  Training Manual to p a r -  
tially compensate for wind gradient effect. 



224  ICAO Circular 78-AN/66  

One-half of the tower-reported wind velocity should be added to the Vref  on the 
approach to obtain the target  speed. During this approach procedure,  the airspeed bug 
should be left a t  the Vre f  for the part icular g ross  weight. As the aeroplane descends to 
the runway some bleed-off in airspeed should be expected. During the last portion of 
the descent,  a pilot should be prepared to add considerable thrus t  to accelerate  the ae ro -  
plane in case  the airspeed bleed-off due to wind gradient i s  more  than expected. To 
isolate the effects of wind gradient,  flaps should be completely extended to the full 
landing position and airspeed stabilized before reaching the 300-foot level above the run- 
way. Under these conditions, changes in airspeed due to wind gradient a r e  readily 
apparent. In other words, a s  aeroplane passes  through the 300-foot level above the 
runway, a irspeed indication should be Vref  + 1/2 Vwind (wind velocity a s  reported by 
the tower) with landing flaps fully extended. As noted below the 1/2 Vwind addition 
should not exceed 20 knots. The curves in Fig. 3 indicate that a considerable wind 
gradient can be expected under certain conditions. 

Gustiness must  a lso  be considered. Theoretically a t  leas t ,  gust effects should 
be added to any wind gradient correction. However, because the pilot can partially com- 
pensate with power and elevator control and some margins a r e  already built into the 
1. 3 V s  reference speed recommended for approaches,  t h e  total speed  correction added 
to the 1. 3 Vs  should not be more  than 20 knots (maximum for combined gust and wind 
gradient corrections).  Theoretically, the incremental  approach speed increase due to 
gradient and gustiness approaches zero  for the 90-degree crosswind. However, gustine as 
should still call for a speed increase cver V because of the possible directional shifts r e f  
in the gusts. To cover both of these theoretical considerations, the following paragraph 
i s  being added to the Pi lot  Training Manual: 

"The full value of the gusts should be added to  Vref in addition to the allowance 
for the wind gradient effect, except that the total velocity increment for both gusts and 
gradient need not exceed 20 knots. In the case of crosswinds,  the component of wind 
down the runway only need be considered fo r  gradient allowance; however, the full gust 
allowance would still apply regardless  of wind direction. I I  

What could happen i f  a headwind should fall off 10 knots below 300 feet is 
diagramed in Fig. 4. The short  approaches indicated would occur only i f  a pilot made 
no correction to engine power o r  aeroplane attitude to extend h i s  glide. Both d iagrams 
show the flight paths followed by aeroplanes that  hold the same airspeed as the wind 
velocity falls off. These examples, show two things: 

1. That pilots must  be a l e r t  to changes in the glide path and make appropriate'  
corrections to enable them to touch down 1000 feet from the end of the runway. 
When an allowance for headwind has  been added to the reference speed, a i r -  
speed should be permitted to bleed off ra ther  than attempt to hold the approach 
speed plus the 1 /2 V,ind allowance. 

2. Corrections a r e  more  difficult during a flat approach with a low ra te  of descent 
(Fig. 4B) than during a normal  approach along an ILS glide slope (Fig. 4A). 
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down point. (B) Flat glide slope requires greater correction to prevent landing short when 
wind velocity falls off close to the ground. 

The pi lot 's  judgment should r e m a i n  the controlling factor  during any landing,  a s  
the wind pa t te rn  and behaviour on eve ry  landing approach can v a r y  considerably.  Any 
rule o r  s ta tement  regarding wind c h a r a c t e r i s t i c s  n e a r  the ground can at bes t  be only a 
crude g'eneralization. The above d i scuss ion  on the na ture  of wind gradients  should help 
to c l ea r  up some of the quest ions and make pilots m o r e  a w a r e  of the na ture  of wind e f fec t s  
during approach and landing. 

APPROACHPATHANGLE 

Closely a l l ied  with speed control  dur ing approach i s  the control  of glide path 
angle (F igs .  4A and 4B). A s  the t ra in ing manual  indicates ,  final approach a t  Vref  with 
a descent  r a t e  of 600-800 feet/minute works out to a glide path angle v e r y  c lose  to 
3 d e g r e e s ,  which is quite often the ILS glide slope angle for ins t rument  approaches .  
At tempts  to fly the 707/720, o r  any a i rplane a t  a f la t ter  angle than the 2. 5 to 3-degree  
recommended glide slope makes  judgment of height  over the ground and glide path a i m  
point ex t remely  difficult ,  par t i cu la r ly  a t  night, If o ther  f ac to r s  should be l e s s  than 
optimum, a flat glide path angle could eas i ly  r e s u l t  in an  inadvertent  touchdown s h o r t  of 
the runway. Due to the inherent  d i f ferences  between propel ler  -driven and jet ae rop lanes  , 
pilots should p rac t i ce  the 3-degree  glide path approach evf,n when visibili ty conditions do 
not requi re  the use  of ILS. 
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A recommended approach and landing consists  pr imari ly  of - -  
1. Aiming a t  a point on the runway about 1000 feet f rom the end and maintaining a 

close control over a irspeed during the final approach. 

2.  Making a slight but definite f lare  to reduce sink rate. 

3 .  Getting the main gear wheels onto the runway immediately af ter  the f lare  (even 
if forward speed should exceed the desired touchdown speed). 

If pilots will consistently follow these procedures ,  there will be l e s s  chance of 
undershooting the runway or  of over-running the end of the runway due to floating. If 
runway surface conditions a r e  l e s s  than ideal, using up available runway by "floating" 
will make it  difficult to stop the aeroplane within the remaining runway. (See "Stopping 
Under Adverse Conditions, "AIRLINER for December 1960, page 3 .  ) 
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STOPPING UNDER ADVERSE CONDITIONS 

Reprinted f r o m  the Boeing Air l iner ,  
December 19 65,  published by the Boeing Company 

Adverse weather conditions a t  a destination a i rpor t  have contributed to severa l  
landing incidents in which a 707 has either partially lost  directional control and veered 
to the side of the runway o r  has  gone beyond the end of the runway. Since adverse  
weather can affect a number of factors  during a landing, i t  is important to the safe  and 
efficient operation of 707 and 720 airplanes for pilots to know how to - 

1. Operate the airplane during the approach in a way that will minimize 
stopping requirements after  touchdown without running the r i sk  of landing "short.  " 
These a r e  "in-the-air" factors. 

2 .  Stop the airplane in the shortest  distance when the runway is wet, short  
(runway remaining from point of touchdown), o r  icy. These a r e  "on-the-ground" 
factors. 

Obviously it is more  difficult to stop an airplane within the available runway if 
it touches down 20 knots over the recommended touchdown speed. A number of other 
fac tors ,  such a s  excessive height over the threshold, glide path angle, drag  and lift con- 
figuration, and gross  weight a lso  affect stopping requirements. Many of these factors  
a r e  within the control of the pilot. Once on the ground, stopping distance var ies  with 
the coefficient of friction between t i r e s  and runway surface,  timing and technique of 
braking action, operation of thrus t  r e v e r s e r s ,  and control surface handling technique. 
An analysis of these a i r  and ground factors will enable operating personnel to utilize 
fully the maximum stopping ability of the airplane under whatever conditions may be 
existing during a landing. 

In the accompanying char ts ,  total landing distance is defined a s  the measured 
distance from the point a t  which the airplane is a t  a height of 50  feet with an airspeed of 
1. 3 V s  ( V s  = stall speed) to the point where the airplane i s  stopped (Fig. 1). The total 
landing distance should not be confused with the handbook landing field length which i s  
grea ter  and i s  used for planning. 

Fig. 1 - Defined distances and nomenclature used in the text. Total landing 
distance i s  based on a reference condition where the airplane is 50 feet over the end of 
the runway and touches down 1 000 feet f rom the end. The t e r m ,  total landing distance,  
should not be confused with handbook field length which i s  used for planning. 

AIRPLANE STOPPED 
AT END OF 
LANDING ROLL 

J 

TOTAL URDI f f i  DISTANCE 
AS USE0 IN CHARTS 

HANDBOOK FIELD LENGTH 

RUNWAY 

FIG. I -Defined distances and nomenclature used in- the text. Total landing distance 
is based on a reference condition where the airplane is 50 feet over the end of the runway 
and touches down 1000 feet from the end. The term, total landing dtstance, should not be 
confused with handbodc field length which is used for planning. 
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With so many factors  affecting total landing distance,  a meaningful analysis  can 
only be madeby holding a l l  other factors  constant while varying the one factor. This 
method of analysis  will not achieve any absolute values,  but i t  will show trends. Once 
these t rends a r e  understood, they can be compared to determine which of the factors  a r e  
most  important  and which a r e  negligible. 

Trends for the fac to r s  which affect landing a r e  shown in Figs. 2 to 9. Although 
these curves  were drawn specifically for 720 aeroplanes ,  they a l so  apply to 707 ae ro -  
planes when allowances for g ross  weight differences a r e  applied. 

IN-THE-AIR FACTORS 

Aeroplane handling by the pilot during the final approach can affect the total 
stopping distance,  but pilots should be warned against trying to touchdown near  the end 
of the runway. Aiming at a touchdown point 1000 feet f rom the end of the runway will 
s t i l l  provide sufficient distance to bring the aeroplane to a stop. Landing shor t  of the 
runway can have even more  ser ious  consequences than overrunning the end a t  low speed. 
Floating just off the runway surface for severa l  thousand feet before touchdown must be 
avoided a s  this procedure u se s  up a la rge  portion of the available runway. If the ae ro -  
plane should be over the recommended speed a t  the point of intended touchdown, decelera-  
tion on the runway is about three  t imes  g rea te r  than in the a i r .  Therefore ,  in such a 
c a s e ,  the aeroplane should be s e t  onto the runway a s  near  the 1 000-foot point a s  possible 
ra ther  than allow the aeroplane to float in the a i r  to bleed off speed. 

TOTAL LANDING DISTANCE-1000 FEET 

FIG. 2 - T r d  l h  fa effect d vary- 
ing approach speeds on landing distance. 
Example lines shua how to use different 
trend lines w h  other conditions, such as 
slick rumay, bi@ approach, a other var- 
iables change imding distance from 4000 
feet to 6500 feet. 
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Appi-oac-h veloci ty  d i f f e r ences  af fec t  to ta l  landing d i s t ance  in acco rdance  w t h  
t h e  t r e n d s  in E'ig. 7 .  Cons ide r  zn ae rop l ane  tha t  u.ould n o r m a l l y  app roach  a t  130 knots  
an.' requ:!. a r~i,rr .  a 1  landing d i s t ance  oi 4OOOfeet. With o the r  condi t ions cons t an t ,  

. . . . .. 
~ ,I-, 7 o-"~.. : _.,- - _ t !?e ti'ri.sl-:?:d ..i.itk~ 10  r ~ n ~ t s  r : icess  speed a t  140 and touching down  i G  knots  

7 - . - - . r soe r i i  . ~ . o ! ~ i c i  i n c r e a s e  to ta l  landing d i s t ance  only 330 feet .  If t h i s  10 knots  e x c e s s  
sne-c: 1s  ->~e+>rr in  t9e a l r  ~ e f o r e  touchdown, landing d i s t ance  v:ill be i n c r e a s e d  by abou t  
i 2 0 0  to  1 >o{.iieet. See E'ig. 3. 

INCREASE IN APPROACH SPEED 
OVER 1.3 VS - KNOTS 

FIG. 3 -Floating before touchdown pen- 
alizes landing distance. Bleeding 10 knots 
below correct speed in air before touch- 
down increases landing distance by 1000 
feet. If appaach is 10 knots overspeed, 
floating and touching down on speed uses 
1100 feet compared to 350 feet if decelera- 
tion is  on runway rather than in air. 
TVPICAL LANDING WEIOHT 
COEFFICIENT OF FRICTION =R25 
FLIGHT PATH ANGLE = 3O 

Under s l i ck  runway condit ions,  i f  6 500fee t  to ta l  landing d i s t ance  would be r e q u i r e d  a t  
a n  app roach  speed  of 130 KWS, coming in  a t  140 knots  and  touching down 10 knots  o v e r -  
epepd u,ould i n c r e a s e  d i s t ance  by 500 f e e t  i n  acco rdance  with the dotted l i ne s  shown in  

1 Fig.  -. 

C; 20 40 50 80 100 

O A T  - O F  

FIG. 4 -Trend lines for effect of out- 
side air temperature on total landing dis- 
tance. Here again, which trend line to be 
u ~ e d  depends on what landing distance 
would be required for any combination of 
variables other than OAT. Once a dis- 
tance is knmn, trend l iner shw the varia- 
t i w  expected for a change i n  OAT. 
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Height of the aeroplane over the end of the runway a lso  has  a very significant 
effect on total landing distance. The relatively steep trend l ines of Fig. 5 show this 
effect for a range of glide slope paths. This cha r t  indicates a change in total landing 
distance directly. Fo r  example,  flying over the end of the runway a t  100 feet altitude 
ra ther  than 50 feet could increase  the total landing distance by 950 feet on a 3-degree 
glide path. This change in total landing dis tance,  resu l t s  pr imari ly  because of the 
length of runway used up before the aeroplane actually touches down. Glide path angle 
a l so  affects  total landing distance a s  shown in Fig. 5. 

CHANGE IN TOTAL LAYDING DISTAYCE-1000 FEET 

FIG. S-Flat glide slope p t h  and ex- 
cessive height wer end d runway combine 
to extend- landing distance required due to 
runnay used before tauchdwn. Reference 
condi tims call fa 50 feet over tlueshold 
while on 34egree glide slope path. 

Even while maintaining the 50-foot height over the end of the runway, total landing dis-  
tance i s  increased a s  the approach path becomes flatter.  A combination of excess  height 
over the end of the runway and a flat approach u se s  up runway in a hurry.  Glide path 
angle i s  a function of pilot technique and best resu l t s  will be obtained a t  a normal ILS 
glide slope angle. 

Usually, a wet o r  slick runway condition i s  accompanied by adverse  weather 
conditians. Under these conditions an  unsatisfactory approach may cause the aeroplane 
to run off the runway. If weather should contribute to a poor approach,  pilots should be 
prepared to make an  ear ly  decision to go around rather  than touchdown far  beyond the 
I 000-foot a impoint  and run the chance of overrunning the end of the runway. 
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ON-THE-GROUND EFFECTS 

Regardless  of a pilot 's technique in the a i r ,  the aeroplane must  s t i l l  be brought 
to a stop on the ground. Here again,  pilot technique and the conditions existing a t  the 
a i rpor t  affect the total landing distance. 

Probably the most  important factor that affects total landing distance i s  the 
coefficient of friction between t i r e s  and runway surface,  This coefficient i s  a resu l t  of 
many var iab les ,  such a s  t i r e  t read  design,  runway mate r i a l ,  water o r  ice  cover on the 
runway, a i r  tempera ture ,  and rolling speed of t i r e s .  A normal  effective coefficient of 
friction on dry  concrete may be expected to vary between . 2 5  and . 30. On icy runways 
a t  tempera tures  near  32OF, t i re  friction may drop a s  low a s  . 05. The range can be 
considerable,  and the effects of these variat ions a r e  shown in F i g .  6. It can be seen 
f rom this char t  that landing distance can be significantly increased when a runway is 
covered with water and/or ice with other conditions constant. 

10 

9 
If the landing distance is 4000 f a t  with a 
cafficient of kiction of .a, then a chnge 
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COEFFICIENT OF FRICTION 

FIG. 6 -Trend lines for coefficient of friction shuw increase 
in stopping distance an wet a icy runway surfaces. Trend lines 
show anly effect of friction; Which trend line used must be de- 
termined from length d r m y  required by variaiion of all other 
factors that affect distance. 

Two related fac to r s ,  coefficient of lift (CL)  and coefficient of drag  ( C D ) ,  during 
the braking roli  also affect landing distance e v e n  though the aeroplane is on the graund. 
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Basically, the CL i s  constant for any specific aeroplane a t  the same configuration. How- 
ever ,  aeroplane attitude and speed brake deflection affect CL. Keeping the nose wheel 
off the ground, for example, produces a higher angle of attack for the wing than if the 
nose gear  i s  rolling on the runway. This higher angle of attack develops lift and prevents 
the brakes f rom working to their full capacity, regardless  of the condition of the runway. 
Therefore,  immediately af ter  touchdown, the nose wheels should be lowered to the run- 
way and held there  positively until taxi speed is reached. Speed brakes increase drag 
and lessen or  "spoil" wing lift and, therefore,  affect CL during landing. The chart  in 
Fig. 7 shows how a variation of CL affects total landing distance. Aeroplane drag i s  not 
increased by keeping a nose-high attitude on the ground during landing roll. 

-.20 0 +.M t.40 t.6C +.80 t1.M) 

CL-COEFFICIENT OF LIFT IN TAXI  ATTITUDE 
50" FLAPS 

FIG. 7-Trend lines show variations in coefficient of lift. 
Difference in l ift  with speed brakes deflected and not deflected 
are shown between lines. Flaps are extended to 50 degrees. 
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Coefficient of d rag  (CD)  affects  landing dis tance in accordance  with the c h a r t  
in Fig. 6 above. The ma jo r  change in CD over  which a pilot h a s  control  i s  speed brake 
position. The e f fec t s  of reduced l i f t  and increased  d r a g  a r e  additive in shortening 
landing distance,  

T O T A L  LANDING DISTANCE-1000 FEET 

FIG. 8-T rend  l ines show effects of 
drag. As landing distance increases due to 
other factors, effect of speed brakes be- 
comes progressively greater. Flaps are as- 
sumed at 50 degreesfor both example lines. 

T h r u s t  r e v e r s e r s  can be used to  shor ten  the stopping distance once the z e r o -  
plane i s  on the ground and,  thereby ,  shor ten  the total  landing distance.  By operat ing 
the th rus t  r e v e r s e r s  a t  published l imi t s  dur ing no rma l  operat ion f r o m  touchdown to  
60 knots indicated a i r  speed,  significant reductions in landing distance can be achieved. 
Fig. 9 (based  on 60 knots cutoff) indicates  how much of a reduction in landing dis tance 
i s  possible under the stated conditions. Normal ly ,  ingestion of exhaust  g a s e s  m a y  cause  
engine surging i f  t h r u s t  r e v e r s e r s  a r e  continued in full u s e  at speeds  below 60 knots. 
P a r t i a l  r e v e r s e  th rus t  can be used until taxi  speed without ingestion. 

I ~ f f z r -  
cu t  o f f  

I ki iots, 
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Transit ion t ime between touchdown and brake application affects total landing 
distance in accordance with the char t  in Fig. 10. 

TRANSITION TIME - SECONDS 

FIG. 10 -De lay  in applying brakes in- 
creases landing distance as shown for 
different speeds at  touchdown. Normal 
time between wheels rolling on runway and 
brake application is two seconds. 

STOPPING TECHNIQUES 

Actually, due to the many allowances applied in developing landing field lengths, 
a jetliner can normally be stopped with a good portion of the runway remaining. A num- 
be r  of fac tors  which increase  landing distance might combine to extend the normal  dis-  
tance required.  Landing far  beyond the 1000-foot a i m  point may shorten the available 
distance to a crit'ical length. If the runway i s  a l so  sl ick,  the combination of landing too 
fa r  down the runway and the reduced braking effectiveness may require  more  runway 
distance than i s  available for normal  stopping. Under emergency conditions, every 
available means for stopping should be exercised.  

The importance of timing during the use of a l l  means for stopping the aeroplane 
can not be over-emphasized. As  soon a s  it i s  definitely known that the main wheels a r e  
rolling on the runway, use e levators  to bring the nose wheels onto the runway smoothly 
and hold them there. Immediately, r a i se  speed brakes  to their  full 60-degree deflection, 
apply wheel brakes ,  and actuate thrust  r eve rse r s .  

As noted e a r l i e r ,  raising speed brakes  reduces  wing lift and inc reases  d rag ,  
both of which help to slow the aeroplane. Bringing the nose gear down to the runway 
a l so  reduces wing lift and inc reases  the effectiveness of the brakes.  Throughout the 
landing rol l ,  keep enough forward p ressure  on the control column to  hold the nose wheels 
on the runway. Keeping the nose wheels on the runway noticeably improves directional 
stability part icularly in cross-winds. 
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Thrust  r e v e r s e r s  should be used symmetr ical ly  a t  high power a s  soon a s  pos- 
sible during the landing roll. The brakes  and thrus t  r e v e r s e r s  should be applied together.  
Due to the 3-to-5 second delay before the build-up of full effective reverse  thrus t ,  brakes  
will normally be operating before r eve r se  thrust.  Braking thus counteracts any pitch-up 
tendency that may develop. Since thrus t  r e v e r s e r s  a r e  most  active in reducing landing 
distance when applied during the high speed portion of the landing rol l ,  i t  is important  
that they be in operation ear ly  a t  maximum allowable power. Under emergency conditions, 
the normal thrust  r eve r se r  engine and ground speed res t r ic t ions  may be exceeded by 
using full throttle down to a complete stop. Normally, of course ,  thrus t  l imitations for  
reverse  thrust  applicable to each aeroplane must  be observed. Engine surging may be- 
gin to occur a t  around 60 knots due to c r o s s  ingestion of exhaust gases. When this  
happens, it may be desirable to back off on the inboard engine thrott les to minimize su rg -  
ing. Actually, when a jet engine i s  surging,  i t  i s  developing ve ry  lit t le thrust ;  therefore ,  
nothing i s  lost  by reducing throttle position. Outboard engines a r e  not sensitive to inges- 
tion of exhaust gas when thrott les a r e  reduced on inboard engines. Should i t  be necessary  
to reduce inboard engine power, i t  i s  preferable to leave the inboard engines in r eve r se  
a t  about 40-45 per cent of N 1  R P M  rather  than idle forward to eliminate the forward 
thrust  which would be present.  Fig. 9 shows the advantage of keeping the engines in 
r everse  below 60 knots ra ther  than idle forward. This i s  part icularly applicable to turbo- 
fan engines that develop considerable thrus t  a t  idle. 

FIG. 11-During cross-wind landing side thrust from thrust reversers, once airplane is  
canted to centerline, plus cross-wind can drive airplane off rmway. To correct path, return 
all engines to forward thrust at I& power to return to center,-use differential braking to 
straighten roll path then reverse thrust to stop. 

CROSSWIND 

REVERSE THRUST 
SIDE FORCE 

FORCE C O Y P O N E N T J - ~ ~ ~ ~ N E ~ ~  REVERSE THRUST 

y- SIDE-FORCE COMPONENT 

I 

CROSS TOUCH BRAGS OFF S T R A ~ H T E N  APPLY THRUST 
WIND DOWN REVERSE FORWARD ROLL PATH REVERSERS 

THRUST THRUST MMMETRICALLY 

Thrust  r e v e r s e r s  must  be used symmetrically a t  high power and the application 
of differential r eve rse  thrust  should be avoided. During the application of r eve r se  thrus t ,  
a l l  l eve r s  should be rotated simultaneously. If one r eve r se r  should fail to move into 
reverse  position immediately, its opposite should a l so  be left a t  the interlock. The pair  
of engines that were originally le f t  a t  interlock may be tr ied again in case a slow-acting 
ra ther  than a malfunctioning r eve r se r  caused one r eve r se r  lever to stop a t  the interlock 
position. 
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Attempting to use asymmetr ical  thrust  will not gain any stopping advantage, 
because brakes  mus t  be eased off on one side to keep the aeroplane headed straight. The 
reduction in braking offsets any benefit that might be derived from using asymmetr ical  
thrust. Also, when runway conditions a r e  slick, brakes may not be sufficient to prevent 
asymmetr ical  thrust  f r o m  veering the aeroplane to one side (Fig. 13). Under certain 
conditions, reverse thrust  and a strong cross-wind may drive the aeroplane off the 
centerline. Corrective action to straighten the aeroplane roll path is to return al l  engines 
to forward thrust  ( to  reduce the thrust  element tending to drive the aeroplane to the side 
and to get the aeroplane back near  the center on the runway) and use differential wheel 
brakes and rudder to straighten the landing roll. Once the aeroplane i s  straight with the 
runway and near the center ,  thrust  r eve r se r s  should again be se t  up symmetrically if 
needed. 

Reverser  lights in the cockpit are. for the purpose of indicating when thrust  
r everse r  clam-shell doors a r e  not in their c ru ise  position. They should not be used as 
a guide to indicate when reverse levers  may be lifted to apply reverse  thrust.  This can 
be determined by the release of the reverse  lever interlock. 

The 707 anti-skid system prevents excessive skidding or  a locked wheel condi- 
tion under al l  runway and operating conditions. During a landing, a sensor in each tandem 
pair of wheels senses  a wheel skid and automatically relieves hydraulic p ressure  to those 
wheels until they begin rolling again. The rate of anti-skid cycling during a landing roll 
depends on how much brake p ressure  is being applied and the coefficient of friction 
between t i re  and runway surface. During a portion of every skid cycle, a wheel i s  
producing considerably l e s s  braking effort than when it is rolling but being braked to the 
point just before starting to skid. During cycling when brake p ressure  is being relieved 
and later  reapplied, t i r e s  produce little braking. Therefore,  excessive cycling of the 
anti-skid system reduces total braking effort roughly in proportion to the cycling rate  
(Fig. 12). 

I I 1 
ONE RELEASE CONTINUOUS 
AT 2-3 SECONDS 

FIG. 12- Braking effectiveness drops as 
rapidity of anti-skid cycling increases. 
One release about every 2 to 3 seconds 
develops near the maximum braking pos- 
sible under existing conditions. 
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Maxirr~um braking efiort  f rom wheels occurs  when only enough brake pedal 
p r e s su re  i s  used to produce an occasional anti-skid brake re lease ;  that  is, approximately 
one re lease  every 2 to 3 seconds. A pilot can feel anti-skid cycling f rom a "kick" in the 
brake pedals. Large differences in cycling r a t e s ,  due to the difference in brake p r e s s u r e  
to left  and right landing gea r ,  a cross-wind,  or runway conditions could cause an ai rplane 
to veer  off to one side or  the other (Fig. 13). 

A<-%- --,+-*+-;' -* - 
CORRECT ROLL 

I 1 I PATH W I T H  BRAKES 

TOUCH EXCESSIVE RELEASE KEEP AIRPLANE 
DOWN ANTCSKID BOTH NEAR CENTER 

CYCLING BAAKES WITH BRAKES 
REVERSE THRUST 
AS REQUlRED 

FIG. 13-Reduced braking effectiveness due to antiskid cycling on one side may cause 
airplane to veer tward one side of the runway. Corrective action fa this is to release pres- 
sure to both brakes, then apply brakes to one side. When airpbne is again headed toward 
center of runway, apply all brakes to slow airplane. Reducing pressure to rapidly cycling 
brakes increases braking capability. 

Under wet or  icy runway conditions relatively light pedal p r e s su re  can produce 
excessive cycling. The pilot must  realize that the pedal p r e s su re  which keeps h im  at a 
minimum cycling ra te  provides the bes t  braking possible under the existing conditions. 

To co r r ec t  an aeroplane's  veering course  due to anti-skid cycling and c r o s s -  
wind effects,  l e t  off on both brakes while keeping wings level. Immediately apply 
differential braking on the side necessary  to bring the aeroplane back toward the center  
of the runway. When the aeroplane i s  again rolling paral le l  x~i th  the runway and nea r  the 
centre ,  apply pedal p ressure  to develop maximum braking, This ca l l s  for adjusting 
pedal p ressure  such that one anti-skid re lease  occurs  about once every  two to three  
seconds. An anti-skid re lease can be felt by a kick in the brake pedals. The rudder 
should a lso  be used to maintain directional control. Under emergency conditions nose- 
wheel steering can be used for directional control ra ther  than differential braking. 

In summary,  when a 707 is due to land on a runway that h a s  become sl ick due 
to ice ,  snow, o r  excessive water ,  the pilots should be warned before making the approach. 
The aeroplane should then be handled before touchdown in a manner that  will keep the 
total landing distance shor t  and use a s  much a s  possible of the full-strength runway 
surface without risking a "short" landing. During the approach a pilot should - -  

1. Aim for a touchdown about 1 OOOfeet f rom the end of the hard  surface 
runway. On the recommended glide slope path ( 3  degrees ) ,  this calls  for a 
50-foot height over the end of the runway. While it i s  important not to land long, 
it is even more  important not to land shor t  of the runway, 
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2.  Maintain a close control over approach speed to keep i t  a t  the speed 
recommended for existing conditions. Extreme ca r e  should be taken to keep speed 
high enough to avoid a par t ia l  s tal l  due to  gusts o r  to a decay in headwind velocity 
nea r  the ground. 

3 .  Control glide slope path to get the wheels on the runway a t  about 1 000 feet 
f rom the end of the runway. Probably the major  cause of long landings i s  holding 
the aeroplane off the ground. The aeroplane should be touched down a t  the a im  
point even i f  speed i s  excessive. 

In case an unsatisfactory approach i s  likely to  cause a touchdown far  down the 
runway, go around and make a second approach. 

Once on the ground, the c rew should s t r ive  for  - -  

1. Best  braking effectiveness and maximum reve r se  thrus t  consistent with 
existing runway conditions. This means keeping a s  much pedal p ressu re  on brakes  
a s  possible without excessive cycling of the antiskid re lease  and using thrus t  
r e v e r s e r s  immediately af ter  touchdown. 

2 .  Minimum lift coefficient; that is, speed brakes  60 degrees  and nose wheels 
on the runway. 

3. Maximum drag;  that i s ,  flaps full down, speed brakes  60 degrees ,  and 
aeroplane in taxi position. 

Keeping these factors  in mind will pe rmi t  stopping the aeroplane with the l eas t  
landing roll. 
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PAR T IV 

t , t  L-Z: . - .S  ,ind Kzgulations of S t a t e s  containing - 
~ro. : is ioi t?  1 .C~at in~7 to "A i r c r a f t  Acc iden t  

(Replac ing  l i s t  in D iges t  No. 14) 

A R G E N  TINA 

AUSTRALIA 

AUSTRIA 

1957 

1958 

BOLIVIA 

oct. 9 keso luc i6n  N h m .  100 ( S .  A. C .  ) - N o r m a s  p a r a  la inves t iga -  
c i6n d e  acc iden t e s  d e  aviac i6n  c iv i l  y d i r e c t i v a s  g e n e r a l e s  
p a r a  la invest igaci6n.  Ampl iada  el  8 d e  e n e r o  d e  1954. 

e n e r o  12 D e c r e t o  Nbrn.  299 - Creac i6n  d e  la Jrinta de  Inves t igac iones  
d e  Azc idzn tes  d e  Aviaci6n y conlpetencia  d e  l a  S u b s e c r e -  
tari'a de  Aviaci6n Civi l  y  Comando en  Je fe  de  12 "uerza  
A k r e a  Argent ina  en  la inves t igac i6n  d e   accident,,^ C iv i l e s  
y M i l i t a r e s  r e  spec t ivamente .  

julio 15 Ley Nbm.  14. 307 - C6digo Aerondut ico  d e  la Naci6n 
Ti'tulo XVIII, - Dispos ic iones  v a r i a s  (Ar t .  208). 

fe b. 19 N o r m a s  p a r a  inves t igac i6n  de  acc iden t e s  d e  a e r o n a v e  s de 
propiedad p a r t i c u l a r ,  

Aug. 6 The  A i r  Navigation Regula t ions ,  S. R. No. 112!!~ 17,  a s  
amended :  P a r t  XVI. - Accident  Inquiry (Regs .  270-297) 

Dec. 2  The  F e d e r a l  A i r  Law: Pa l .  VIII. - D) Invest igat ion of 
c iv i l  a i r c r a f t  acc iden t s .  

LMarch 29 Ordinance  No, 68 r e l a t i ng  t o  a i r c r a f t  acc iden t  invest igat ion.  

19 64 agos to  28 D e c r e t o  S u p r e m o  Niim. 06877 - Reglatnentaci6n Tgcnica  y 
Admin i s t r a t i va  d e  la Ley  de c r eac i6n  de la DGAC d e  
25 d e  oc tubrz  d c  1947: A r t .  1 t ) .  

BRAZIL 

19 48 Apr i l  1 5  Accident  Inquiry S e r v i c e  Regu1ati:lns ( D e c r e t o  N 6 m .  24. 749). 

195 1 July 2 4 P o r t a r i a  280 - Recommenda t ions  re la t ing  to a i r c r a f t  
acc ident  invest igat ion.  

1'455 Fe  b. 28 Aviso  Nilm. h - Estab l i shment  of  t ime  for t h e  a cc iden t  
inquiry s e r v i c e  r e rn l a t i ons .  

1 7 5 5  Sept. ',I 2:. i s o  ?;irn. N-CtLl-  i - Intercliction of a i r c r a f t  acc ident .  
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BULGARIA 

1963 

BURMA 

Law on Civi l  Aviation (Official  Gazet te  No. 1 - 1 J a n ~ a r v  
1963): VI. - Section 44. 

1937 

1949 August 

CANADA 

1960 Dec. 29 

19 64 Oct. 7 

CEYLON 

1950 March  29 

CHAD 

1963 a v r i l  11 

CHILE 

* 195 1 

CHINA (TAIWAN) 

The Union of Burma  A i r c r a f t  Act ,  1934 (XXII of 1934): 
Section 7. - Power  of the P r e s i d e n t  of the Union t o  make  
r u l e s  fo r  invest igat ion of accidents .  

The Union of Burma  A i r c r a f t  Ru le s ,  a s  amended: 
Part X. - Investigation of Accidents .  

Notice t o  A i r m e n  No. 5/1949 - A i r c r a f t  Accident and 
Incident Investigations.  

The A i r  Regulat ions,  O r d e r  in Council P. C. 1960- 1775 
(SOR/61-lo) ,  as amended:  P a r t  I. Sec.  101. (61, (7 )  - 
In terpre ta t ion .  Sec.  102. - Application. P a r t  VIII. 
Div. 111. - Accidents  and  Boards  of Inquiry. 

A i r  Navigation O r d e r ,  S e r i e s  VIII, No. 1 - A i r c r a f t  
Accidents  and  Missing A i r c r a f t  (SOR/64-433). 

A i r  Navigation A c t ,  No. 15/1950: P a r t  I. Section 12. - 
Power  t o  provide  fo r  investigation into accidents .  

Civil  A i r  Navigation Regulations: Ch, XVI. - Accident 
Inquiry (Regs.  260-271). 

D6c re t  No ~ ~ / P R / T P  por tan t  Code de  l tAviat ion Civile: 
L iv re  I e r  - T i t r e  IV. - D e s  Accidents.  

Manual s o b r e  Investigacibn de  Accidentes  de Aviaci6n 
(Publicaci6n d e  la Direcci6n de AeronAutica MT 4-9). 

1953 Oct. 2 1 Civil  A i r  Regulat ions No. 102 - Accident  Report ing and 
Investigation. 

- - 

::< The rext toes not ex i s t  in the f i les  of IC:?r). 
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COLOMBIA 

1960 julio 

COSTA RICA 

1949 oct. 

* 1957 nov. 

CUBA 

1964 sept.  

CZECHOSLOVAKIA 

1947 

1956 Sept. 

DAHOMEY 

1963 d6c. 

DENMARK 

1960 June 

EAST AFRICA 

18 D e c r e t o  S u p r e m o  NGm. 1721 por  medio  d e l  cua l  se c r e a  y 
o rgan iza  el Depar tamento  Adminis t ra t ivo  de AeronAutica 
Civil  y s e  f i jan s u s  funciones: 11. Ar t .  5 c ) ,  IV. A r t .  10 b ) ,  
XII. Ar t .  38 d ) ,  XIII. Ar t .  40 b ) ,  XXII. Ar t .  61. 

Manual  de  Reglamentos  Aeronduticos:  P a r t e  VIII. - 
Seguridad A k r e a  - 82. Invest igaci6n de Accidentes .  

18 Ley  Genera l  de  Aviaci6n Civil  NClm. 762: P a r t e  I. - 
Ti'tulo I. - Cap. 2 Secci6n VIII. - Accidentes .  

27 D e c r e t o  Ejecut ivo Ndm. 47 - Re gulaciones a g r e a s :  
Parte VI. Accidentes .  (La Gace ta ,  12. 12. 57) 

18 Ley Ntim. 1160 po r  la que s e  c r e a  e l  "Institute de  
Aerondutica Civi l  d e  Cuba": Ar t .  2. d).  (Gace ta  Ofic ia l  
Ndm. 30 - 22. 9. 64, p. 585) 

D e c r e e  of Min is t ry  of In te r io r  on acc iden t  inves t iga t ion ,  
No, 1600/47. 

24 Civil  Aviation Act: P a r a .  45. - Investigation of A i r c r a f t  
Accidents.  

Regulat ions on Adminis t ra t ive  Investigation of A i r c r a f t  
Accident  Causes .  

27 Ordonnance No ~ ~ / G R P D / M T P  por tan t  Code de  1'Aviation 
Civile e t  Commerc i a l e :  L iv re  I e r  - T i t r e  IV. - D e s  
Accidents,  

10 The Civil  Aviation Act. Came in to  fo rce  on 1 J a n u a r y  1962: 
Chapter  XI. - Investigation of Accidents  ( P a r a s .  134- 144). 

* 1965 

EAST GERMANY 

The Civil  Aviation (Invest igat ion of Accidents)  Regula t ions ,  
as amended.  

1963 July 31 Civil  Aviation Law: IX. Flight Operat ion - P a r a .  44 - 
Investigation of Incidents.  

* The text does  not ex i s t  in t h e  f i l r s  of ICA%O. 
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ECUADOR 

1954 : , ~ l i o  8 Acue rdo  Min is te r ia l  Ndm. 7 - Reglamento de Aerona1iti;-a 
Civil  d e l  Ecuador :  Ti'tulo 11. P a r t e  8. - Invest igaciones 
y encues tas  de  adcidentes  de aviaci6n.  

1955 d i c .  22 D e c r e t o  Ndm, 201 1 - Ley de  Aerondutica Civil:  Cap. X V .  - 
De la  Investigaci6n de Accidentes  A6reos  (Ar t .  1 7 3 - 1 8 7 ) .  

ETHIOPLA 

:::1961 lvlarch 1 Investigation of Accident  Regulations.  

19 62 Aug. 27 The Civil  Aviation D e c r e e  No. 4811962: 2. ( b )  (x iv)  - 
Power  of the Civil  Aviation Adminis t ra t ion  to provide 
f o r  investigation of accidents .  

FRANCE 

a v r i l  21 D g c r e t  re la t i f  & la dgclara t ion  d e s  accidents  d 'aviation. 

janv. 3 Instruct ion in t e rmin i s t e r i e l l e  re la t ive  3 la coordination 
de l ' informat ion judiciaire  e t  de l 'enquete technique e t  
admin is t ra t ive  en  c a s  d 'acc ident  survenu 2 un a6ronef  
f r a n ~ a i s  ou 6 t r ange r  s u r  le  t e r r i t o i r e  de  la  M6tropole 
e t  l e s  t e r r i t o i r e s  d ' o u t r e - m e r .  

juin 3 Ins t ruct ion  du  S e c r 6 t a i r e  d 'E t a t  aux Travaux  Publ ics ,  aux 
T r a n s p o r t s  e t  a u  T o u r i s m e  no 300 IGAc/sA, concernant  
l e s  disposi t ions 2 p r e n d r e  en c a s  d1 i r r6gu la r i t i . ,  d ' inc i -  
dent  ou d 'acc ident  d 'aviation. 

nov. 2 A r r e t 6  relat i f  aux commiss ions  d 'enquete s u r  l e s  accidents  
d'aviation. 

juin 20 A r r e t 6  por tant  organisa t ion  e t  a t t r ibut ions  du bureau 
"Enquetes  - Accidents"  2 l ' inspect ion g6n6rale  de l ' av ia -  
tion civile,  

GERMANY (FEDERAL REPUBLIC OF) 

19 59 Jan. 10 The Aeronaut ics  Act ,  a s  amended on January  8 ,  1961 : 
Ar t i c l e  32 6). 

19 60 Aug . 16 Genera l  Adminis t ra t ive  ru l e s  with : . >..C L t  to the technical  
inquiry in c a s e  of acc iden ts  oc.,.!lrring dur ing the o p e r a -  
tion of a i r c r a f t .  

GHANA 

Civil  Aviation Ac t ,  1958: P a r t  11. - P a r a g r a p h  8 - 
Investigation of Accidents.  

-1. The text  does  not exis t  in the f i les  of ICAO. 
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GREECE 

HONDURAS 

1957 

ICELAND 

1964 

INDIA 

Dec ,  30 Roya l  D e c r e e  on a i r c r a f t  a c c i d e n t  inves t iga t ion  
Nov, 20 (G,  G. 1 7 / ~ , / 5 6 ) ,  

Arneilded by Royal  D e c r e e  No. 377/'1963 
(G.  G .  No. 110/63/A). 

oc t. 28 D e c r e t o  Ndm. 563 - L e y  d e  Aviac i6n  Civi l :  CapKtulo X .  - 
De 10s s i n i e s t r o s  a e r o n d u t i c o s  ( A r t .  11 6 -  12 1) .  

sept .  3 3 e c r e t o  N4m. 146 - Ley de  Aerondu t i ca  C iv i l :  Ti'tulo I.  - 
Cap. II. - Direcci6n G e n e r a l  d e  Aeronfiutica Civ i l  - 
( A r t .  6 XIII). Cap.  XIV. - Inves t igac i6n  d e  A c c i d e n t e s  
A 6 r e o s .  

May 9 Aviat ion A c t  - C h a p t e r  11. - Fl igh t  Acc iden t s  
A r t i c l e s  141 - 147 - Invest igat ion of F l i g h t  Acc iden t s .  

19 3 4 Aug. 19 The Indian A i r c r a f t  A c t ,  1934: Sec t ion  7. - P o w e r  of 
C e n t r a l  G o v e r n m e n t  t o  m a k e  r u l e s  f o r  inves t iga t ion  
of a c c i d e n t s .  

1937 M a r c h  23 T h e I n d i a n A i r c r a f t R u l e s ,  1937, a s a m e n d e d :  P a r t X . -  
Inves t iga t ion  of Acc iden t s .  

IRAQ 

1939 Aug. 6 T h e  A i r  Navigat ion L a w  No. 41: A r t i c l e  5 (h).  

IRELAND 

T h e  A i r  Navigat ion and T r a n s p o r t  A c t s  1936 to 1959: 
No. 40/1936: Part VII. - Sect ion  60 - Inves t iga t ion  of 
Accidents .  

19 5 7 Feb. 9 T h e  Air Navigat ion ( Inves t iga t ion  of Acc iden t s )  
Regu la t ions ,  S. I. No. 19/1957. 

ITALY 

1925 Jan.  11 D e c r e e  L a w  No. 356 - R u l e s  f o r  A i r  Naviga t ion ,  as 
amended :  C h a p t e r  VII, 

1942 A p r i l  21 The  Navigation Code.  a p p r o v e d  by Royal  D e c r e e  No. 327 
of 30 M a r c h  1942: Second P a r t  - A i r  Navigation - 
Invest igat ion of Acc iden t s  ( A r t s .  826-833).  

* The t ex t  d o e s  not  e x i s t  in  the  f i l e s  of ICAO. 
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IVORY COAST 

1963  d6c .  2 6 Lo i  n o  63-528 re l a t i \ , e  2t l ' av ia t ian  c i ~ r i i e  e t  crj-:nerc:;li-: 
L i v r e  P r e m i e r  - T i t r e  IV. - D e s  a c c i d e n t s .  

J A W 4  ICA 

J A P A N  

The A i r  Navigation ( Inves t iga t ion  of A c c i d e n t s )  Regu la t ions  
No. 37/1953. 

1952 July- 15 C i ~ i l  A c r u n a u t i c s  L ~ u .  NO. 2 3 1 ,  a s  a m e n d e d .  Chap te r  9 - 
A r t .  132. - Inves t iga t ion  of Acc iden t s .  

JORDAN 

L a w  No. 55 on Civ i l  Aviat ion:  Inves t iga t ion  of Acc iden t s  
( A r t i c l e  106). 

KOREA 

1961 M a r c h  7 Avia t ion  L a w  No. 591: C h a p t e r  IX. - Invest igat ion of 
A c c i d e n t s  ( A r t i c l e  1  14). 

LEBANON 

1949 Jan .  ! 1 Avia t ion  Law:  C h a p t e r  111. - S u b - c h a p t e r  2 - Landing of 
A i r c r a f t  ( A r t i c l e  3 Y ) .  

LIBERIA 

LIBYA 

1956 

MALAYSIA (FEDERATION O F )  

Civ i l  Aviat ion Regu la t ions ,  e f fec t ive  Ju ly  1 ,  1963: 
Part VIII. - A i r c r a f t  Acc iden t  Invest igat ion.  

T h e  Civ i l  Avia t ion  L a w  No. 47 :  P a r t  VI. - Acciden t  
Inqu i ry  (Annex 13).  

::'1953 Nov. 1 A i r  Navigation ( Inves t iga t ion  of Ac.cidc~l ts)  Regula t ions  
(L.  N.  584/53). 

MALI 

19 62 janv. 1 5  Loi  n o  62-12 AN-RM r e l a t i v e  2 l ' av ia t ion  c iv i le  e t  c o m -  
m e r c i a l e :  l k r e  P a r t i e  - T i t r e  VI. - D e s  enque tes  s u r  
l e u  a c c i d e n t s  d 'aviat ion.  

MALTA 

::: 1 C, 5 6 Civ i l  Alriation ( Inves t iga t ion  of Acc iden t s )  Regula t ions .  

:? T h e  t e x t  d o e s  not  e x i s t  i n  the f i l e s  of ICAO. 
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MAURITANIA 

19 62 juil. 3 

19 62 

MEXICO 

1949 dic. 2 7 

1950 oct. 18 

MOROCCO 

1962 juil. 10 

NEPAL 

Loi no  62-137 por tant  Code de 1'Aviation c iv i l e :  
Ar t i c le  9. - Enquetes .  

D6c re t  por tan t  r6glementat ion d e  la navigat ion ah r i enne  : 
P r e m i & r e  P a r t i e  - T i t r e  VI. - D e s  enquetes  s u r  l e s  
acc iden ts  d 'aviation. 

Ley de  Aviaci6n Civil  ( L i b r o  IV de  la Ley  d e  Vi'as Gene-  
r a l e s  de  Comunicaci6n):  Cap. XIV. - De 10s Acc iden tes  
y de  la BGsqueda y Salvamento (Ar t .  358-361).  

Reglamento  p a r a  B6squeda y Salvamento  e Inves t igaci6n de  
Accidentes  A6reos  ( e n  vigor a p a r t i r  d e l  10 de  e n e r o  d e  
1951). 

D6c re t  no 2-61 -161 ( 7  safar 1382) por tan t  r6glementa t ion  
de  11a6ronautique civi le:  I e r e  P a r t i e  - T i t r e  VI. - D e s  
enquetes  s u r  l e s  acc iden ts  d 'aviat ion (Ar t .  106-114). 

19 59 Apr i l  22 

NETHERLANDS 

Act  No. 22 to  control  and regula te  civi l  avia t ion:  
Sect ion 5. - Power  of His  Majes ty ' s  Government  to  
i s s u e  r u l e s  pertaining to  investigation of acc iden ts .  

NEW ZEALAND 

19 48 Aug. 2 6 

1953 Nov. 11 

NICARAGUA 

NIGER 

1962 juil. 17 

Act  regulat ing the Investigation of Accidents  to Civi l  
A i r c r a f t  (St. B. 1936, 522). 

The Civi l  Aviation A c t ,  1948, a s  amended:  Ar t i c l e  8. - 
Power  to  provide for  invest igat ion of acc iden ts .  

The Civi l  Aviation (Invest igat ion of Accidents)  Regula t ions ,  
S e r i a l  No. 15211953 ( m a d e  in acco rdance  with ICAO 
Annex 13). 

D e c r e t o  Nbm. 176 - C6digo de  Aviaci6n Civi l :  T l tu lo  11. - 
Cap. V. De l a  Investigaci6n de  Acc iden tes  A6reos .  

L,oi no 62- 1 3  por tant  Code de  l lAviat ion civi le:  
L iv re  I e r  - T i t r e  IV. - D e s  acc iden ts  ( A r t .  63-65). 
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NORWAY 

PAKISTAN 

Sept, 21 Royal Decree  es tabl ishing a per rnanvnt  ctircrtlft  accident 
investigation Commission. ( 1 )  

Dec, 16 The Civil  Aviation Act, Came into f a r c e  ~ i n  1 January 1962 
with respec t  to civil aviation pursuant  to Order  of the 
King in Council dated 8 December 1961: Chapter XI. C .  
Investigation of Accidents (Paras.  164-  168). 

March 2 3  The Aircraft Rules (cor rec ted  up to 24 F e b r u a r y  1956): 
Part X. - Investigation of Accidents.  

- -  - -  

1963 

PARAGUAY 

agosto 3 Dec re to -Ley  NGm, 19 por el c ~ a l  s e  reglarnenta f a  
Aviacidn National: Tftulo If,  - Gap .  VIf, De fa fnves t i -  
gaci6n de Accidentes Agrees. 

enera 15 Resolucidn Ndm. 54 por la que se establece la definici6n 
"Accidentes de Aviaci6nt t  y las normas a ser  cumplidas 
en tales c a s a s ,  

1957 sept. 30 Ley N6m. 469 - C6digo Aerondutico: Tfiulo XVI. - 
Aceidentea Arsronbuticos, 

PERSIAN GULF TERRITORIES 
s m  

1958 March 2 The Bahrain Aircraft Accident Regulat ion,  Notice 211958. 

QATAR 

1957 Aug. 17 The Qatar A i r c r a f t  Accident Regulations.  

TRUCLAL STATES 

1958 March 2 Aircraft Accident  Regulation, Notice No. 1 /1958. 

PERU 

1963 Dic, 2 6  Decreto Supremo Ndm, 2 2  - Reglarntlntc? dt: i ieran8utica 
Civil del Perii. Modificada por Dec rct a s  Supremos 
Ndm. 9 y Ndm. 15 def 16 de abr i l  y dei 26  de mayo de 
1964: Tfiulo VE. Cap. I. - Accidentes .  

- -- 
( 1 )  The s r ~ t s t a n r c  ,,: iC.%Q Annex 1 3  i s  :ised in principle a t  a i r c r a f t  accident inquiries In 

N o r w a y .  Thc snnn.. is part ial ly implemented a s  regrlat ions t h r o ~ c f ,  that  D e c r e e .  
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POLAND 

1962 

PORTUGAL 

ROMANIA 

1953 

lMa y 9 The Civil  Aviation Regulations: Chapter  XVI. - A i r c r a f t  
Accident Investigation. 

June 20 The Civil  Aeronautics Act ,  No. 776: Chapter  V.  - 
Section 32 - Power  and Duties of the Adminis t ra tor :  
( 1  1) Investigation of Accidents. 

Civil Aviation Act: P a r t  V. - Chapter  Two - Art i c l e s  50. 2 
and 55. 

Oct. 25 D e c r e e  No. 20.062 - A i r  Navigation Regulations: 
Chapter  VIII. 

Dec. 5 D e c r e e  No. 516 - The Ai r  Code of the Romanian 
People ' s  Republic. Amended by D e c r e e s  No. 204 of 
11 May 1956 (B.  0. No. 15) and No. 212 of 20 June 1959 
(B.  0. No. 17): Chapter  VI. - Search  and Rescue  of 
Civil A i rc ra f t  in  D i s t r e s s  - Handling of flight accidents 
and incidents. 

SENEGAL 

1963 Feb. 5 Law No. 63-19 - Code of Civil  Aviation: Book IV. - Flight  
Personnel  Tit le  I. - General  Provis ions  - Chapter  11. 
Discipline (Ar t ic les  143- 146). 

SIERRA LEONE 

* 1953 Dec. 30 Civil  Aviation (Investigation of Accidents) Regulations 
(P. N. 114/53). 

SOUTH AFRICA (REPUBLIC OF) 

The Air  Navigation Regulations, G. N. 2762/1949, as 
amended up to 3 F e b r u a r y  1961: Chapter  29 - 
Investigation of Accidents  (Regs. 29. 1 - 29. 7). 

19 62 June 21 The Aviation Act  No. 74: Section 12. - Investigation of 
Accidents. 

SPAIN 

1948 m a r z o  12 D e c r e t e  d e l  Minis ter io  de l  Aire  sobre  investigaci6n d e  
accidentee y auxilio d e  aeronaves .  

19 60 julio 21 Ley Nbm. 48 sobre  Navegaci6n A6rea :  Cap. XVI. - De 10s 
accidentes ,  de  la as is tencia  y salvamento y d e  10s 
hallazgos. 

- - - 

:* The text does not exis t  in the files of ICAO. 
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SUDAN 

1960 

SWEDEN 

1957 June 6 

*I961 Nov. 2 4 

SWITZERLAND 

1948 d6c. 12 

1960 a v r i l  1 

THAILAND 

1954 Sept. 1 

1955 June  5 

TRINIDAD AND TOBAGO 

1954 Nov. 2 3 

UNITED ARAB REPUBLIC 

UNITED KINGDOM 

1949 Nov. 2 4 

195 1 Sept. 5 

The A i r  Ac t ,  No. 49/1960: Chapter  V. - Accidents  and 
Insurance.  

The Swedish A i r  Act. No. 297. Came into fo rce  on 
1 January  1962: Chapter  11 - P a r a s .  7-13 - Invest iga-  
tion of Accidents.  

Royal  D e c r e e  re la t ing  t o  air  navigation: 
P a r a s .  122- 134 - Investigation of Accidents.  

Loi fkdera le  s u r  la navigation agr ienne  ( en t r6e  en vigueur 
le 15 juin 1950): A r t i c l e s  23-26. 

Loi f 6 d 6 r a l ~  cnnce r r r an t  les e n q l ~ 6 t ~ ~  silr I P S  a c r i d ~ n t s  
d f a 6 r o n e f s ,  modifiant la  loi fi.di.rale s u r  la navigation 
akr ienne  de  1948. 

Ordonnance s u r  les enquetes  en  c a s  d 'acc idents  d ta6ronefs .  

The A i r  Navigation A c t ,  (B .  E. 2497): Chapter  7. - 
Accidents  (Sect ions 63 and 64). 

Civi l  A i r  Regulations No. 3 - A i r c r a f t  Accident  Inquiry. 

A i r  Navigation (Investigation of Accidents)  Regulat ions,  
. (G.  N.  205/54). 

D e c r e e  - A i r  Navigation Regulations: A r t i c l e  10. 

The Civil  Aviation Ac t ,  1949 ( 12 and 13 Geo. 6 ,  Ch. 67): 
P a r t  11. - Section 10 - Investigation of Accidents.  

The Civil Aviation (Investigation of Accidents)  Regulat ions,  
S. I. No. 1653. Came  into opera t ion  on i October  195 1. 

The Ai r  Navigation (Invest igat ion of combined mi l i t a ry  
and c iv i l  a i r  acc iden ts )  Regulations S. I. 1959, No. 1388. 
Amended by S. I. 1960, No. 1526. 

-- 
::: The text  d o ; , ~  n ~ t  ex i s t  in the files g j i  IChi ;  
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I.JN1TED KINCiDOM COLONIES - 
Art ic le  7 6  of the Colonial  Air  Niivigation O r d e r ,  1961,  

and Sect ion 10 of the Civi l  Aviation A c t ,  1949, app ly  
flhe l a t t e r  by v i r t u e  of the Colonial  Civi l  Av.iation 
~ p p l i c a t i o n  of Act) O r d e r ,  1952,  a s  a m e n d e d 7  - to t he  
unde rment ioned Colonies:  

Aden (Colony and P r o t e c t o r a t e )  
Bahamas  
Bar  bsdos  
Bechuanaland P r o t e c t o r a t e  
Bc r muda 
Br i t i sh  Cuiana 
Br i t i sh  Honduras  
Br i t i sh  Solomon Is lands  Protectorate 
C e n t r a l  and Southern  Line I s l ands  - Malden 

S t a rbuck  
Vostock 
C a r o l i n e  
F l i n t  

Fa lk land I s l ands  and  Dependencies  
F i j i  
G ib ra l t a r  
Gi lbe r t  and E l l i c e  Is lands  Colony 
Hong Kong 
Leeward  Is lands  - Antigua 

M o n t s e r r a t  
St. Ch r i s t ophe r  and  Nevis  
Virgin I s l ands  

Maur i t ius  
St. Helena and Ascens ion  
Seychel les  
Southern  Rhodes ia  
Swaziland 
Tonga I s l ands  
Windward Is lande - Dominica  

Grenada  
St. Lucia  
St. Vincent 

The  Civil  Aviation (Invest igat ion of Accidente)  Regu la t ions  
(G. N. 125/54).  

BAHAMAS 

;ic 1 9 5 2 ‘4% 1 A i r  Navigation (Invest igat ion of Acc iden t s )  Regula t ions .  

BARBADOS 

* 1952 ADri l  29 Ai r  FJavigation (Investigataori of Acc iden t s )  Regula t ions .  

* The  t,: - -. does  not c x 1 3 t  !n the  i i l t ,s  of !i:AO. 
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UNITED KINGDOM COLONIES (Cont 'd)  

BERMUDA 

* 1948 Dec. 18 A i r  Navigation (Invest igat lun of J.. ldents )  Regulat ions.  

BRITISH GUIANA 

*I952  Aug . 18 A i r  Navi a t ion (Invest igat ion of Accidents )  Regula t ions ,  
No. 19 f 1952. 

BRITISH HONDURAS 

* lo53  Dec. 19 A i r  Navi a t ion (Invest igat ion of Accidents )  Regula t ions ,  
(S. I. 1 f 54). 

F I J I  - 
*I952  May 1 Civi l  Aviation (Invest igat ion of Accidents )  Regula t ions ,  

(L. N. 90/1952). 

GIBRALTAR 

1952 Jan.  3  A i r  Navigation (Invest igat ion of Accidents )  Regulations.  

HONG KONG 

* 1957 A i r  Navigation (Invest igat ion of Accidents )  Regulat ions.  

LEEWARD ISLANDS 

*I952  July  3 1 Civi l  Aviation (Invest igat ion of Accidents )  Regula t ions ,  
( S . R .  0. 18/52). 

MAURITIUS 

* 1952 Sept. 4 Ci.vil Aviation (Invest igat ion of Accidents )  Regula t ions ,  
( d .  N. 200/52). 

ST .  LUCIA 

1948 Nov. 27 A i r  Navigation (Invest igat ion of Accidents )  Regula t ions ,  
(S. R. 0. No. 40/48). 

ST. VINCENT- 

* 1953 Jan .  8  A i r  Navigation (Invest igat ion of Accidents )  Regula t ions ,  
(S. R. 0. No. 6/53). 

SOUTHERN RHODESIA 

1954 March  26 Aviation Act  No. 10/1954: Section 4 ( s ) ,  ( t ) ,  Section 13 - 
Enqui r i es .  

1954 T . <, , 18 A i r  Navigation Regulat ions (F .  G .  N .  No. 246/1951): 
P a r t  18. - Ac~:ir!erlt:;. 

- 
9~ T h e  t e s t  dot:s not ex i s t  ir? the f i les  of ICAO. 
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UNITED STATES OF AMERICA 

The Federal  Aviation Act of 1958, a s  amended (Public 
Law 85-726, 85th Congress,  2nd Session; 72 Stat. 731; 
49 U .  S, Code): Title 11. - General Powers and Duties 
of the Civil Aeronautics Board - 204(a) General Powers ;  
Title 111. - Organization of Agency and Powers  and Duties 
of Administrator - Sec. 3 13(c) Power to Conduct Hearings 
and Investigations; Title VII. - Aircraf t  Accident Investi- 
gation; Title IX. - Penalties - Sec. 902. (0) - Interference 
with a i rcraf t  accident investigation. 

The Federal  Aviation Act of 1958, Annotated; Title VII 

U. S. Code of Federal  Regulations 

Title 14 - Aeronautics and Space (Chapter 11. - Civil Aeronautics Board Regulations) 

1950 Sept. 15 Procedural  Regulations - P a r t  303 - Rules of practice in 
a i rc ra f t  accident investigation hearings,  ( a s  issued 
September 15, 1950, 15 F. R. 6440); revised effective 
February 15, '1957, 22 F. R. 1026; P a r t  revised by 
Reg. PR-35, effective March 21, 1959, 24 F .R .  2224). 

1950 Sept. 15 Procedural  Regulations - P a r t  31 1 - Disclosure of a i r -  
c raf t  accident investigation information. (As  iseued 
September 15, 1950, 15 F. R. 6441; reissued effective 
April 1, 1963. 28 F. R. 582) 

Safety Investigation Regulations - P a r t  320 - Rules pe r -  
taining to a i rc ra f t  accidents, inflight hazards,  overdue 
a i rc ra f t  and safety investigations. (As reissued by 
Regulation No. SIR-4, effective April  1 ,  1963, 28 F. R. 
58 3) 

Organization Regulations - P a r t  386 - Delegation and 
review of action under delegation; Determination of the 
probable cause of a i rc ra f t  accidents. (As issued,  
effective April 7, 1964, 29 F. R. 5033) 

Policy Statements - P a r t  399 - Statements of General  
Policy (as issued,  effective May 25, 1955, F. R .  41 17; 
amended and codified, effective January 29, 1964, 29 F. R. 
1454): Subpart F - Policies relating to a i rc ra f t  accident 
investigations: 399. 70 - Investigation of accidents 
inv~lv ing  foreign aircraf t .  . 

Public Notice PN-13 - Request to  Administrator of Federa l  
Aviation Agency to investigate certain a i rc ra f t  accidents 
for a temporary period. (As issued,  effective December 
31,  1958, 23 F, R. 10492) 



ICAO TECHNICAL ' PUBLICATIONS 

The following summary gives* fke staiuc, and also has invited Contracting States to  notify any differences 
describes in generizl terms the contents of rhe various 3 -between their national practices and the PANS when the 
series of  tecltnicol publications is&ed :by  . fhe Inter-, knowledge of such differences' is important fo r  the 
'notional Civil Aviation Orgonizotion. It  does not include safety of air navigation. II 

spccialtzed . publicaiions fhat du not fall fpecificrr f ly  
u i fh in  one o f  the seriei, $such ns .tl;e ICAO AeronautiCal 
Chart 'Catalogue or t h e '  ~ e i e o r o l b ~ i c a l  Tables for 

n ,  

International Air Navigation, %, 

I ,  

INTERNATrUNAL STANDARDS AND RECOM- 
MENDED PRACTICES are adopted 'by the Council 
in accoidance with ' ~ r t i c l e s  54, 37 and 90 of the Con- 
vention on International Civil Aviation and are  desig- 
natcd, for convenience, as Annexes to the Convention. 
Tflc uniform .application by. Contracting S t a ~ c s  of the ' 
spccifidations conlprised in the International Standards 
is recognized as necessary for the safety or regufari't~ 
of  international air navigation while the uniform appli- A 

catiotl of the specifications in 'the Recommended Prac- 
tices is regarded as desirable in the interest of safety, 
:egularity or  e%ciency of international air navigation. 
Knowledge of any differences between the national r e w -  
lations o r  practices of a ~ i a t e  and those .established by . 
an International Standard is essential to the safety or 
regularity of internationd air  navigation. In the event 
of nun-compliance with an International Standard, a 
State has, in fact, an obligation, under Article 38 of 
the Convention, to notify the Council of any differences. 
~ n o w l e d ~ c  of di Rerences from Recommended Practices 
may also be important for the safety of .air navigation 
atzd, although the Convention does not impose any obfi- 
gation with regard thereto, t lk  Council has invited Con- 
tracting States to notify such differences in addition to 
those relating to International Standards. 

6 

PROCEDURES FOR AIR NAVIGATION SERV- 
ICES* (PANS) are approved by the Council for wortd- 
wide application. they comprise, for the most part, , 

operating proccdures regarded as  not yet having attained + 

a sufftcient degree of maturity for adoption- as Inter- , 

nat ionaf Standards and Recommended. Practices, as well 
as  material of a more permanent character which is 
considered too detailed for  incorporation in an Annex, 
o r  is susceptible to frequeyt amendment, 'for which the ' 

processes of the Convention would be too cumbersome. 
As i? the case of  Recommended Practices, the Council 

REGIONAL SUPPLEMENTARY PROCEDURES 
(SUPPS) have a status' similar to that of PANS in that 
they 'are apprbved by the Council, but only' for  applica- 
t i o ~  in *,the respective regions, They are prepared in 
consolidated form, since certain of' the apply 
to overlapping regions or  are  common to two o r  more 
P 
regions. 

The foil'owing pzcblications are prepared by aatftority 
o f  ihe Secretory ~ e n e m l  in accorda?ace with the 
principles and fiolicies approved by the Cozcnril. 

ICAO I;IELD MANUALS derive their status from 
the International Standai-ds, Recommended Practices 
and PANS from which" they a re  compiled. They# a re  
prepared primarily for  the use of personnel' engaged in 
operations in the field, as a service to those Contracting 
States 'who do not find it ,practicable, for  various 
reasons, to prepare them for their own use. 

TECNNICAk  MANUALS provide guidance and in- 
formation in amplification of the International 'Standards, 
Recommended Practices and PANS, the implementation 
of which they are  designed to facilitate. 

AIR NAVIGATION PLANS detail requirements for  
facilities and services for  international air navigation in 
the respective ICAO Air  Navigation Regions. They are 
prepared, on the authority of the Secretary Generat on 
thelbasis of recommendations of re'gional air navigation 
meetings and of. the Council ' action thereon. The plans 
a re  amended periodically to reflect changes in require- 
ments and in the status of implementation of the 
recommended f aciti ties and services. 

I 

ICAO CIRCULARS make available specialized in- 
formation of interest to Contracting States. This 
includes studies on technical subjects as well as texts of 
Provisional Acceptable Means of Compliance. 
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G- 

50-AN/45 -- Aircraft ~ccldent ~ i . ~ e s t  No. 7. 
. . . . . . .  .......... .... . . . . . , .  . . . . . . ,  1957. 245 pp. .*. :. :. .: 

!%-AN149 -- Aircraft Accident Digest No. 8. 
1958. 212pp. ............................................ !. 

89-AN161 - Aircraft Accident Digest No. 13. 
f964, 359  pp.. .++...........,............-.........~...n..u $5.50 

I 
C 

78-AN166 - Aircraft Accident Digest No, 15. 

PRICE: U. S. $4.00 
(or equivalent in other ct&en:ci$l,$, 

15, _. 
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UNITED STATES O F  AMERICA (Cont 'd)  

Publ ic  Notice PN- 15 - Statement  of Organizat ion and 
Delegat ions of Final  Authority.  Effective July 3 ,  1961, 
26 F. R .  7231: Sect ion 1. 2 - Functions of the Civil  
Aeronaut ics  Board  - ( c )  Safety Act iv i t ies ;  Bureau of 
Safety - Sect ions  5. 1 - 5. 9 ;  Section 7 .  2 - Functions of 
the Gene ra l  Counsel ;  Section 7. 3 - Delegated Authority;  
Sect ion 7. 6 - Redelegat ion of Authority t o  Assoc ia te  
Gene ra l  Counsel ,  R u l e s  and Legislation. (26  F. R.  7231) 

U .  S. Code of F e d e r a l  Regulat ions 

Tit le  22 - Fore ign  Relat ions 

URUGUAY 

Part 102 - Civil  Aviation - Subchapter  K - Economic ,  
C o m m e r c i a l  and Civi l  Aviation Functions: U. S. A i r c r a f t  
Accidents  Abroad;  Fo re ign  A i r c r a f t  Accidents  involving 
U.  S .  P e r s o n s  o r  P r o p e r t y .  ( A s  i s sued  in Depar tment  
Regulations 1 0 8  164, pffprt ive  Ortoher  1 , 195?. , I f  F. P.. 
8207; P a r t  102 as  republ ished,  effective December  23 ,  
1957, 22 F. R .  10871) 

1955 feb. 2 D e c r e t o  NGm. 23. 826 - Reglamento  p a r a  la investigaci6n 
de  Accidentes  d e  Aviaci6n de  C a r d c t e r  Civil. 

VENEZUELA 

1955 a b r i l  1 Ley de  Aviaci6n Civil: Cap. X. - De 10s acc iden tes  y de  
la biisqueda y r e s c a t e ,  

WESTERN SAMOA 

1963 Aug . 1 Civi l  Aviation Act. No. 6/1963: P a r t  VIII. - Accident  
Inquiry. 

YUGOSLAVLA 

1949 June 1 D e c r e e  on A i r  Navigation, a s  amended on 19 December  
'1951: IV. Fl ight  (Ar t ic le  28). 

ZAMBIA 

1954 March  26 A v i a t i o n A c t N o .  10/1954: Sec t ion . l (a ) ,  ( t ) ,  S e c t i o n 1 3 -  
Enquir ies .  

1954 June 18 Ai r  Navigation Regulations (F. G. N. No. 246/1954): 
P a r t  18. - Accidents.  

- END - 




