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PROVISIONAL ACCEPTABLE MEANS OF COMPLIANCE 

AEROPLANE PERFOFMANCE 

FOREWORD 

1. The Standards in Annex 8, Airworthiness of Aircraft, are of the nature of 
broad specifications stating objectives rather than methods of realizing those objectives. 
In order to indicate by example the level of airworthiness intended by the Standards of 
that Annex, some specifications of a more detailed and auantitative nature have been 
included in the same volume under the title "Acceptable Means of Compliance". The Foreword 
of Annex 8 indicates the obligation under the Convention, resulting from the introduction 
of Acceptable Means of Compliance. 

2. When the Annex was adopted on 13 June 1957, the Standards on the subjects: 
Aeroplane Performance, Strength under Flight Loads, Reciprocating Engines, Turbine Engines, 
Propellers, and Navigation Lights were supplemented by Acceptable Means of Compliance. 
The absence of provisions of that type pertaining to other subjects was considered either 
as recognition by the Council that the Seandards in themselves defined a sufficiently 
accurate level of airworthiness, or as recognition by the Council that due to the technical 
developments going on in a subject at the time of adoption of the Annex, it had not yet 
been possible to establish a more precise technical specification than that in the Standards 
themselves. 

3. It is the essence of the Acceptable Means of Compliance that they permit 
variations in overall methods as well as in detailed application. Therefore, Contracting 
States, in establishing national codes that will ensure compliance with the Standards, 
will sometimes need guidance as to the departures from Acceptable Means of Compliance that 
are suitable for the certification of aircraft other than those specified in their Range 
of Validity, and also as to the use of methods developed too recently to have behind them 
the suitable background of experience deemed necessary for introduction of an Acceptable 
Means of Compliance. 

4 .  The guidance material is established by ICAO as "Provisional Acceptable 
Means of Compliance", a class of specification that does not impose any obligation under 
the Convention. The Provisional Acceptable Means of Compliance are not, like the Standards 
or the full-fledged Acceptable Means of Compliance, established by agreement between 
Contracting States; instead, they reflect an agreement reached by an international body 
of experts to the effect that a specification is worthy of trial. 

5 .  Trial application of Provisional Acceptable Means of Compliance in national 
regulations or practices is intended to build up the amount of experience that, eventually, 
could lead to the introduction of an Acceptable Means of Compliance on the same subject. 

6 .  The Provisional Acceptable Means of Compliance presented in the First 
Edition of this Circular was prepared by the Airworthiness Committee, a body of experts 
authorized by the Council and functioning under the Air Navigation Commission. The Air- 
worthiness Committee proposed this Provisional Acceptable Means of Compliance in its 
report issued at the end of its Third Meeting which took  lace from 14 July to 10 August 
1959. The Air Navigation Commission, after satisfying itself that this Provisional 
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Acceptable Means of Compliance is properly co-ordinated with the Standards, the Acceptable 
Means of Compliance, and other Provisional Acceptable Means of Compliance, and that  the 
policies of the Organization have been followed, authorized issue of t h i s  Provisional 
Acceptable Means of Compliance a t  the Ninth Meeting of its Thirty-Second Session, on 
20 October 1959. It is to be noted that  i n  so doing, the Air Navigation Comrission did 
not pass judgment on, or endorse, the technical contents recoumended by the Airworthiness 
Committee. 

7. When Amendment 85 t o  Annex 8 and Amendment 135 t o  Annex 6 were adopted, in 
June 1957, two Acceptable Means of Compliance on Aeroplane Performance for  each of those 
Annexes were approved by the Council as i l lus t ra t ing  the level  of airworthiness intended 
by the  Standards re la t ive  t o  t h i s  subject. This reflected the f a c t  that, although a 
specif ic  level  of performance was recognized as required to  provide fo r  adequate safety, 
opinions diverged a s  t o  the means t o  ensure that  level  of performance. It was, however, 
apparent that  a def ini te  trend towards greater uniformity i n  the views of airworthiness 
authorit ies w a s  developing, largely due t o  the work undertaken by IW and in particular 
by its Standing Cormittee on Performance. 

8. Since then considerable work has been undertaken i n  several countries on 
the preparation of performance codes, or  on the improvement of existing codes, part icularlv 
i n  re la t ion t o  turbine-powered aeroplanes. After evaluating the progress made, the Mr- 
rorthiness Caaaittee, a t  i ts F i r s t  Meeting (October-November 1957), recognized that  there 
was good promise fo r  developing a s e t  of specifications which al l  its Members could wn- 
sider as worthy of trial. 

9. A tentative d ra f t  PAMC was developed a t  the Second Meeting of the Airutr- 
thiness Committee (July 1958). Although the Members of the  Airworthiness Carittee had 
agreed on a considerable number of points, there was still sole doubt on certain quanti- 
t a t ive  specifications. It was therefare decided t o  study the d ra f t  further with the 
in tent  of f inalizing the PMC a t  the Third Meeting of lrhe Corittee. 

10. A t  the Third Meeting, it  appeared that  several refinements t o  the specifi- 
cations i n  the d r a f t  had to  be made, but tha t  most of the o-tical values established at  
the Second Meeting were a s  sound as they could be i n  the l igh t  of technical knowledge..nd 
of operational experience obtained with turbine-powered transport aeroplanes. It vss 
recognized that further knowledge, increased experience, or  introduction of new types o r  
new nethods of operation i n  the future may necessitate some adjustrent, and the Airworthi- 
ness Col l i t tee  decided to bring the PAMC up to date a s  the need a~isee. The decision to  
keep the PAW d e r  review should not be taken a s  reflecting a lack of confidence i n  the 
specifications, but rather as  a wish t o  keep abreast with the technological developmemts 
of a technique so rapidly changing as c i v i l  aviation. However, in  the particular area of 
landing distances, the Airworthiness Copmittee has not yet established specifications i n  
which it has the same degree of confidence with respect t o  the i r  applicabil i ty t o  the f u l l  
range of aeroplanes to  vhich the PAMC is intended t o  apply during the next few years, as 
it has i n  the specifications covering other stages of f l ight .  It has rade plans, there- 
fore, for  further development of landing distance specifications t o  be iacluded i n  the  
PUIC as m~~on as they can be developed. 

ll. A t  the Fourth and Pif th  Meetings the Airworthiness Carrittee prepared arend- 
m s ,  including those introducing nev spedifications for landing distances. Sue of these 
-endrents were submitted t o  actual t e s t ,  t r i a l  applications and t o  ra t ional  analysis a d  
these resu l t s  were s u b d t t e d  t o  the Sixth Meeting. While the Hembers had f u l l  confidence 
i n  rost of the result ing specifications, they vere not prepared t o  r e c o r d  t o  the Air 
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Navigat ion  Commission t h e  immediate i s suance  o f  an amended P r o v i s i o n a l  Acceptable  Means 
of Compliance u n t i l  such t i m e  a s  a d d i t i o n a l  t r i a l s  had been conducted .  With r e g a r d  t o  
t h i s  some Members were convinced t h e i r  n a t i o n a l  a u t h o r i t i e s  would i n i t i a t e  t h e  n e c e s s a r y  
f l i g h t  t e s t  programmes t o  s u b s t a n t i a t e  t h e  amendments made a t  t h e  S i x t h  Meeting.  

12. A t  t h e  Seventh Meeting t h e  Ai rwor th iness  Committee examined t h e  proposed 
d r a f t  PAMC a s  prepared  by t h e  S i x t h  Meeting and i n  t h e  l i g h t  of t h e  f u r t h e r  s t u d i e s  and 
work under taken a f t e r  t h e  S i x t h  Meeting,  t h e  d r a f t  PAMC was amended accord ing ly .  T h i s  
was done wi th  t h e  i n t e n t i o n  of be ing a b l e  t o  recommend t o  t h e  A i r  Navigat ion  Commission 
t h e  i s suance  of a r e v i s e d  PAMC. Of t h e  number of amendments made, two were r ega rded  a s  
be ing of p a r t i c u l a r  s i g n i f i c a n c e .  These r e l a t e d  t o  t h e  a c c e l e r a t e - s t o p  d i s t a n c e  and t h e  
l and ing  s p e c i f i c a t i o n s .  With r ega rd  t o  t h e  former i t  was decided t o  d e l e t e  a l l  r e f e r e n c e s  
t o  wet runway s u r f a c e s  from t h e  Take-off D i s t ance ,  Take-off Run and Acce le ra t e - s top  spe- 
c i f i c a t i o n s  and t o  i n c l u d e  in fo rma t ion  i n  t h e  Aeroplane F l i g h t  Manual t h a t  w i l l  e n a b l e  a  
speed,  V1, s u i t a b l e  f o r  u se  wi th  a  wet runway s u r f a c e  t o  be  s e l e c t e d .  With r e s p e c t  t o  
t h e  l and ing  s p e c i f i c a t i o n  i t  was decided t o  add,  a s  an  a l t e r n a t i v e  s p e c i f i c a t i o n ,  r e l e v a n t  
d e t a i l s  of a  widely  used and well-proven method. As amended, t h e  Seventh Meeting recom- 
mended t o  t h e  A i r  Navigat ion  Commission the  i s s u a n c e  o f  t h i s  PAMC. 

13.  This  PAMC c o n t a i n s  s p e c i f i c a t i o n s  in t ended  t o  p rov ide  f o r  a  l e v e l  of uer-  
formance e q u i v a l e n t  t o  t h a t  in tended by t h e  p r o v i s i o n s  of 2 . 2  of P a r t  III of Annex 8 and 
of Chapter 5 of Annex 6 t o  t h e  Convention made e f f e c t i v e  on 1 October 1957, when a p p l i e d  
t o  ae rop lanes  f a l l i n g  w i t h i n  t h e  r ange  of a p p l i c a b i l i t y  set o u t  h e r e a f t e r .  They may a l s o  
be  a p p l i c a b l e  i n  whole o r  i n  p a r t  t o  o t h e r  ae rop lanes ,  b u t  t hey  should  n o t  b e  s o  a p p l i e d  
u n l e s s  a  d e t a i l e d  s t u d y  of t h e  e f f e c t s  of t h e  c h a r a c t e r i s t i c s  concerned e s t a b l i s h e s  t h a t  
t h e  l e v e l  of performance is  n o t  reduced.  P a r t  I of t h i s  PXMC p r e s c r i b e s  t h e  a i r w o r t h i n e s s  
s p e c i f i c a t i o n s  and i s  a p p l i c a b l e  t o  a l l  ae rop lanes  t o  which P a r t  I11 of Annex 8 is a p p l i -  
cab le .  P a r t  I1 of t h i s  PAMC, which p r e s c r i b e s  t h e  o p e r a t i n g  l i m i t a t i o n s ,  i s  i n t e n d e d  t o  
be  a p p l i c a b l e  t o  such o p e r a t i o n s  a s  Con t rac t ing  S t a t e s  c o n s i d e r  t o  r e q u i r e  t h e  h i g h e s t  
l e v e l  of s a f e t y ,  excebt  t h a t  paragraph 2  of P a r t  I1 i s  a p p l i c a b l e  t o  a l l  t y p e s  of opera- 
t i o n s .  The s p e c i f i c a t i o n s  i n  P a r t  I1 a r e  of such n a t u r e  t h a t  t hey  a r e  s u i t a b l e  f o r  a p p l i -  
c a t i o n  t o  a l l  a i r  t r a n s p o r t a t i o n ,  whether i t  b e  i n  passenger  s e r v i c e  o r  i n  t h e  c a r r i a g e  o f  
cargo.  

14.  The s p e c i f i c a t i o n s  i n  t h i s  PAMC a r e  cons ide red  t o  b e  v a l i d  i n  a l l  a n t i c i -  
pa t ed  r anges  of a l t i t u d e ,  a i r  tempera ture ,  and humidi ty .  

15. The s p e c i f i c a t i o n s  of t h i s  PAMC have been shown t o  b e  compat ib le  w i t h  t h o s e  
of t h e  p r i n c i p a l  a i r w o r t h i n e s s  codes i n  e f f e c t  a t  t h e  t i m e  o f  i t s  f i n a l i z a t i o n  (1966). 
When necessa ry ,  i t  i s  in t ended  t o  r e v i s e  t h i s  PAMC i n  t h e  l i g h t  of  expe r i ence ,  and t o  
expand i t s  a p p l i c a b i l i t y  by i n t r o d u c t i o n  of new s p e c i f i c a t i o n s  a s  t h e  need f o r  such  ex- 
pans ion appea r s .  

16.  No s t u d y  h a s  been made of t h e  a p p l i c a b i l i t y  of t h i s  PAMC t o  a i r c r a f t  hav ing  
des ign  c h a r a c t e r i s t i c s  o t h e r  t han  t h o s e  of t h e  t r a n s p o r t  a e r o p l a n e s  p r e s e n t l y  i n  s e r v i c e  
(1966). While u s e  of t h i s  PAMC f o r  t h e  c e r t i f i c a t i o n  and o p e r a t i o n  of such a i r c r a f t  may 
c o n t r i b u t e  t o  t h e  expe r i ence  needed t o  improve t h e  s p e c i f i c a t i o n s  themselves ,  i t  aDDears 
t h a t  v a r i a t i o n s  from t h e  s p e c i f i c a t i o n s  might b e  needed. Th i s ,  f o r  example, may b e  t h e  
c a s e  f o r  ae rop lanes  having c r u i s i n g  speeds  i n  excess  of t h e  speed of sound; f o r  t h o s e  i n  
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which lift is produced by the direct utilization of power; for those which have lift cha- 
racteristics such that the maximum lift coefficient is obtained over a wide range of 
incidences; and for those, e.g. delta wing aeroplanes, having aerodynamic characteristics 
such that there is an excessive deterioration of performance as speed is reduced below 
that normally used to establish performance. 

17. No detailed study has been made of the avplicability of this PAMC to all- 
weather operation performance. The validity of the performance specifications has not 
been established for operations involving approaches with low decision heights, expecially 
those approaches which involve low weather minima techniques and procedures. 
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AEROPLANE PERFORMANCE 

APPLICABILITY 

This PAMC is primarily intended for application to large turbine-powered 
subsonic transport type aeroplanes having two or more engines. However, where relevant, 
it can be applied to all turbine or piston-powered subsonic aeroplanes having two or more 
engines. It is not intended for application to STOL or VTOL aeroplanes. 

PART I. AIRWORTHINESS SPECIFICATIONS 

CAS 

T AS 

IMC 

VMC 

VLOF 

VMCA 

VMCG 

"MCLD 

Definitions 

(Calibrated Airspeed). The calibrated airspeed is equal to the airspeed 
indicator reading corrected for position and instrument error. 

(True Airspeed). The speed of the aeroplane relative to undisturbed air. 

The symbol used to designate instrument meteorological conditions. 

The symbol used to designate visual meteorological conditions. 

The lift-off speed (see 6.2.6). 

The minimum control speed (see 5.1). 

The minimum control speed on the ground (see 5.5). 

The minimum control speed in approach and landing for discontinued approach 
(see 5.6). 

The minimum control speed in approach and landing for continued approach 
(see 5.7). 

The minimum unstick speed (see 6.2.4). 

The rotation speed (see 6.2.5). 

The stalling speed (see 4). 

The decision speed (see 6.2.1). 

The initial climb-out speed (see 6.2.3). 

The minimum take-off safety speed (see 6.2.2). 

The minimum demonstrated threshold speed (see 9 

The minimum threshold speed (see 9.1.1.2). 

The maximum threshold speed (see 9.1.1.3). 
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2 .  General 

2.1 The performance of the aeroplane should be determined in such a manner that 
it is representative of the performance that reasonably can be assured to exist in service. 

2.2 The performance of the aeroplane should be determined and scheduled in 
accordance with, and should meet the minima prescribed by, the specifications contained 
in this PAMC. 

2 . 3  These PAMC specifications should be complied with at all combinations of 
weights, altitudes, ambient temperatures and throughout the allowable range of centre of 
gravity for which the applicant is presenting the aeroplane for certification. 

2.4 Unless otherwise specifically prescribed, the performance should correspond 
with ambient atmospheric conditions and still air. 

2.5 The performance as affected by engine power and/or thrust should be based 
on a relative humidity of 80 per cent at and below standard temperatures and of 34 per 
cent at and above standard temperatures plus 280C (5O0F); between these two temperatures 
ihe relative humidity should vary linearly. If engines particularly sensitive to varia- 
tions in humidity are employed, a more precise method of accounting for humidity should 
be used. 

2.6 The performance should correspond with the propulsive thrust available 
under particular ambient atmospheric conditions, the particular flight condition, and the 
relative humidity specified in 2.5. The available propulsive thrust should correspond 
with engine power and/or thrust not exceeding the approved power and/or thrust, less the 
installational losses and less the power and/or equivalent thrust absorbed by the acces- 
sories and services appropriate to the particular ambient atmospheric conditions and the 
particular flight condition. 

Note: "Approved" is used here to mean the engine manufacturer's approved power or - 
the fleet mean power. 

2.7 The airspeed indicator and any supplementary cockpit instrumentation used 
in demonstrating the performance associated with an airspeed to be used in operation 
should be of the same accuracy as those approved for use in service. 

3. Aeroplane Configuration and Procedures 

3.1 The aeroplane configuration (setting of wing and cowl flaps, air brakes, 
landing gear, propeller, etc.), denoted respectively as the take-off, en-route, approach 
and landing configurations, should be selected by the applicant except as otherwise 
specified, 

3 . 2  It should be acceptable to make the aeroplane configurations variable with 
weight, altitude, and temperature, to an extent considered compatible with operating 
procedures specified in 3.3. 

3.3 In determining the accelerate-stop distances, take-off flight paths, take- 
off distances and landing distances, changes in the aeroplane configuration and speed, 
and in the power and/or thrust should be in accordance with procedures established by the 
applicant for the operation of the aeroplane in service, except as otherwise specified. 
In addition, procedures should be established for the execution of balked landings and 
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rn,ssed a p p r ~ a ~ h e s  aSs0cidcrd w i t h  i n e  condi t ions  s p e c i f i e d  i n  7 . 2  and 7.3.4  r e s p e c t i v e l y .  
A l l  procedures should comply with  3.3.1 t o  3.3.3 inc lus ive .  

3 .3 .1  The procedures should be such t h a t  they can be c o n s i s t e n t l y  executed i n  
s e r v i c e  by crews of average s k i l l .  

3.3.2 The procedures should no t  involve methods o r  t h e  use  of devices  which have 
not been proven to  be s a f e  and r e l i a b l e .  

3.3.3 Allowance should be made f o r  such time de lays  i n  t h e  execut ion of t h e  pro- 
cedures a s  may be reasonably expected t o  occur during se rv ice .  

4. S t a l l i n n  Speed 

4.1 The speed VS should denote t h e  c a l i b r a t e d  s t a l l i n g  speed, o r  t h e  minimum : 
s teady f l i g h t  speed a t  which the  aeroplane i s  c o n t r o l l a b l e ,  i n  knots,  with: 

(a) zero t h r u s t  a t  t h e  s t a l l i n g  speed, o r  engines i d l i n g  and t h r o t t l e s  
c losed i f  i t  i s  shown t h a t  t h e  r e s u l t a n t  t h r u s t  does no t  lower t h e  
s t a l l i n g  speed appreciably;  

(b) i f  app l icab le ,  p rope l le r  p i t c h  c o n t r o l s  i n  t h e  p o s i t i o n  necessary 
f o r  compliance with  ( a ) ,  t h e  aeroplane i n  a l l  o t h e r  r e s p e c t s  ( f l a p s ,  
landing gear ,  e tc . )  i n  t h e  p a r t i c u l a r  conf igura t ion  corresponding 
with  t h a t  i n  connection with  which VS i s  being used; 

(c)  t h e  weight of t h e  aeroplane equal  t o  t h e  weight i n  connection with  
which VS i s  being used t o  determine compliance with  a p a r t i c u l a r  
s p e c i f i c a t i o n ;  

(d) the  c e n t r e  of g r a v i t y  i n  t h e  most unfavourable p o s i t i o n  w i t h i n  t h e  
a l lowable  range appropr ia te  t o  the  weight being considered. 

4.2 The s t a l l i n g  speed should be t h e  minimum speed i n  f l i g h t  a t  which t h e  aero- 
plane can develop a l i f t  equal  t o  t h e  weight of t h e  aeroplane, t h e  l i f t  being t h e  aerody- 
namic f o r c e  perpendicular  t o  t h e  f l i g h t  path. The f l i g h t  t e s t  should be conducted i n  
accordance with  4.2.1 and 4.2.2. 

Note 1: The s t a l l i n g  ,speed used i n  t h i s  s p e c i f i c a t i o n  i s  commonly known a s  t h e  l g  
s t a l l i n g  speed. However, s t a l l i n g  speeds can be determined by s e v e r a l  accept-  
a b l e  methods. When these  o ther  acceptable  a l t e r n a t i v e s  a r e  used, t h e  f a c t o r s  
t o  be appl ied t o  s t a l l i n g  speed i n  t h e  determinat ion of opera t iona l  speeds 
w i l l  need t o  be ad jus ted  i n  order  t o  achieve t h e  intended l e v e l  of s a f e t y .  

Note 2: I n  f l i g h t  tests t o  determine VS, i t  is not  poss ib le  t o  achieve a load f a c t o r  of 
u n i t y  and i t  i s  necessary t o  u t i l i z e  t h e  da ta  obtained during t h e  s t a l l i n g  
demonstration t o  e s t a b l i s h  t h e  speed corresponding w i t h  a load f a c t o r  (n)  of 
un i ty  normal t o  t h e  f l i g h t  path,  t h e  s t a l l i n g  speed VS defined i n  4.2 being 
t h e  minimum value of V /  -obtained. 

4.2.1 With t h e  aeroplane trimmed f o r  s t r a i g h t  f l i g h t  a t  a speed not less than 
1.2 VS nor g r e a t e r  than 1.4 VS, and from a speed s u f f i c i e n t l y  above t h e  s t a l l i n g  speed 
to  ensure s teady condi t ions ,  t h e  e leva tor  c o n t r o l  should be app l ied  a t  a r a t e  such t h a t  
the  aeroplane speed reduct ion does not  exceed one knot per second. 
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4.2.2 During the t e s t  prescribed i n  4.2.1, the appropriate f l f g h t  handling charac- 
t e r i s t i c s  provisions of the nat ional  code ensuring compliance with paragraph 2.3 of Par t  111 
of Annex 8 should be complied with. 

Minimum Control Speed 

5.1 The minimum control  speed V M c ~ ,  i n  terms of ca l ibra ted  airspeed. should be 
the speed a t  which, when the c r i t i c a l  engine is suddenly made inoperat ive a t  t ha t  speed, 
-ik-is possible t o  recover control  of the aeroplane with the engine s t i l l  inoperative and 
t o  maintain it i n  s t r a i g h t  f l i g h t  a t  tha t  speed, e i t he r  with zero yaw o r ,  a t  the option of 
the  applicant ,  with an angle of bank not i n  excess of 50. 

5.2 I n  demonstrating the minimum control  speed specif ied i n  5.1, i t  should not 
be necessary t o  reduce power on the remaining e n ~ i n e s ,  and the rudder force  required t o  
maintain f l i g h t  control  should not be greater  than 68 kg (150 lb). 

Note: It is recomnended tha t ,  where possible, the rudder control  force  required t o  - 
maintain control  a t  the i n i t i a l  climb-out speed V2 (See 6.2.3) should not exceed 
41 kg (90 lb)  during take-off demonstrations specif ied i n  6.4. 

5.3 During recovery from the manoeuvre, the aeroplane should not  assume any 
dangerous a t t i t ude ,  nor should it require exceptional s k i l l ,  s t rength o r  a le r tness  on the 
pa r t  of the p i l o t  t o  prevent a change of heading i n  excess of 200 and an angle of bank 
i n  excess of 300 before recovery is complete. 

Note: Allowance should be made fo r  the t i m e  which w i l l  elapse between engine f a i l u r e  - 
and recognition of the  f a i l u r e  by the  p i l o t .  

5.4 The value of YWCA, determined i n  accordance with 5.1 t o  5.3, should not 
exceed 1.15V~ associated with the maximum take-off weight, with: 

(a) the remaining engine(s) operating a t  the  ava i lab le  take-off power 
and/or thrus t  ; 

(b) the  weight of the  aeroplane corresponding with the  minimum control  
speed being demonstrated, except t ha t  VMcA need not be demonstrated 
below VS r e l a t i v e  to  the condition; 

(c) the aeroplane i n  t he  take-off configuration exis t ing  a t  the  point of 
the f l i g h t  path under consideration, except t ha t  the landing gear is 
re t rac ted;  

(d) the  aeroplane trinrmed for  take-of f ; 

(e) the aeroplane airborne and the ground e f f ec t  negligible;  

( f )  the centre of gravi ty  i n  the most unfavourable pos i t ion  within the 
allowable range. 

5.5 The minimum control  speed on the  round VMCG, i n  terms of cal ibrated a i r -  
speed, should be the  dnirmtm speed at which, the  c r i t i c a l  engine having been made suddenly 
inoperat ive a t  t ha t  speed and having been recognized by the  p i l o t ,  i t  is possible t o  
maintain control  of the  aeroplane with the engine s t i l l  inoperative, using primary aero- 
dynamic controls  alone, and the rea f t e r  maintain a s t r a igh t  path p a r a l l e l  t o  t ha t  o r ig ina l ly  
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intended. In demonstrating the minimum control speed on the ground VMCG, the rudder force 
required to maintain control should not exceed 68 kg (150 lb) and it should not be neces- 
sary to reduce power on the remaining engines. During the manoeuvre, the aeroplane should 
not assume any dangerous attitude, nor should it require exceptional skill, strength, or 
alertness on the part of the pilot to prevent excessive yaw and lateral displacement before 
recovery is complete. 

Note 1: In requiring demonstration of the controllability by primary aerodynamic 
controls alone, this specification provides for adequate control on a 
reasonably critical runway surface condition, and for moderate crosswind. 
Is is acceptable to demonstrate controllability on a wet, well-soaked runway 
with no major areas of measurable depth of water covering the runway, and by 
using all available directional control means with which the aeroplane is 
equipped. Wet controllability demonstration will be accepted as being appli- 
cable to both wet and dry runway surfaces. 

Note 2: It is acceptable that the information on the effect of crosswind be established 
by means of computations based on data from a limited amount of flight testing 
supplemented by data obtained by wind tunnel experimentation. 

Note 3: When applying the specification relating to the minimum value of V1, it is 
usual to consider a maximum lateral deviation consistent with the width of 
the runways from which the aeroplane is likely to be operated. A value of 
9 metres (30 feet) for this maximum deviation has been used by some airworthi- 
ness authorities. 

5.6 The minimum control speed in approach and landing for discontinued approach 
VMCLD, in terms of calibrated airspeed, should be determined with one engine inoperative, 
and in addition, for aeroplanes with three or more engines, with two engines inoperative, 
for the prescribed conditions. 

5.6.1 At VMCLD it should be possible, without re-trimming, to: 

(a) close the throttles of the operating engine(s) fully, 

(b) increase the power of the operating engine(s) until maximum take-off 
power conditions are reached, without encountering dangerous flight 
characteristics. 

5.7 The minimum control weed in approach and landing for continued approach- 
VMCLC, in terms of calibrated airspeed, should be determined, with one engine inoperative, 
at which it is possible to fail the critical operating engine and to increase power on 
the remaining operating engine(s) to that required to continue at an angle of descent of 
3Q without encountering dangerous flight characteristics. 

General 

6.1.1 The take-off data in 6.2 to 6.5 inclusive should be determined: 

(a) at all weights, altitudes, and ambient temperatures within the 
operational limits established by the applicant for the aeroplane; 
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(b) i n  t he  conf ipruration fo r  t a k c o f  f (see 3). 

6.1.2 Take-off data should be based on a smooth, dry, hard-surfaced tunway, and 
should be determined i n  such a manner t ha t  reproduction of the performance does not require 
exceptional s k i l l  o r  a le r tness  on the p a r t  of tbe p i l o t .  I n  addit ion,  the  take-off data 
should include correct ions for  wind and fo r  runway gradients  within the  operational l i m i t s  
es tabl ished by the  applicant f o r  the aeroplane. 

6.1.2.1 The take-off d is tance  should be corrected for  wind. The wind correction 
should be not more than 50 per cent of nominal wind components along the  take-off path 
opposite t o  the d i rec t ion  of take-off, and not l e s s  than 150 per cent of nominal wind 
components along the take-off path i n  the d i rec t ion  of take-off. 

6.1.2.2 Operational correct ion fac tors  should be establ ished t o  indica te  tPe e f f e c t  
of crosswinds on the  take-off performance. 

Take-off speeds 

6.2.1 The decision speed V1, i n  terms of ca l ibra ted  airspeed, should not be l e s s  
than scG as defined by para. 5.5. 

6.2.2 The minimum take-off safe tv  speed V2min, i n  terms of ca l ibra ted  airspeed, 
should be the grea ter  of (a) o r  (b), 

(a) as applicable, a speed equal t o  

(1) 1.U VS f o r  two-engine and three-engine p rope l l e rd r iven  aero- 
planes, and fo r  aeroplanes without propel le rs  on which the appli- 
ca t ion  of power does not r e s u l t  i n  a s ign i f i can t  reduction i n  the 
one-engine-inoperative power-on s t a l l i n g  speed; 

( i i )  1.10 VS f o r  propeller-driven aeroplanes having four engines, and 
fo r  aeroplanes without propellers  on which the applicat ion of 
paver r e s u l t s  i n  a s igni f icant  reduction i n  the one-ennine-ino- 
pera t ive  power-on s t a l l i n g  weed; 

(b) a speed equal t o  1.10 %CA. 

6.2.3 The i n i t i a l  climb-out speed Vg, i n  terms of ca l ibra ted  airspeed, should be 
se lec ted  by the applicant  s o  as t o  perslit the  ~redient of climb specif ied i n  7.3.2, but 
i t  ehwld  not be l e s s  than: 

the ro ta t ion  speed VR plus the  increment i n  speed at tained i n  
compliance with 6.4.1.6. 

6.2.4 The minimum unst ick meed Vm, i n  terms of ca l ibra ted  airspeed, should be 
the speed selected by the applicant  a t  and above which the aeroplane can be made to l i f t  
off the  ground and continue the  take-off without displaying any hazardous characterif i t ics .  
Vm speed should be establ ished by means of ground take-offs a t  t h a t  speed. 
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b.2.5 The rotation speed VR, in terms of calibrated airspeed, should be selected 
by the applicant in accordance with 6.2.5.1 to 6.2.5.4 inclusive. 

6.2.5.1 The rotation speed VR should not be less than 

(a) the speed V1; 

(b) a speed equal to 1.05 VMCA; 

(c) a speed which permits the attainment of the speed V2 prior to reaching 
a height of 10.7 metres (35 feet) above the runway as determined ifi 
accordance with 6.4.1.6; 

(d) a speed which, if the aeroplane is rotated at its maximum practicable 
rate, will result in a lift-off speed VLOF (see 6.2.6) not less than 
1.10 Vm in the all-engines-operating condition. 

Note 1: Where, in the demonstration of Vm, the geometry of the aeroplane prevents - 
a pitch attitude that would result in further deterioration of aeroplane per- 
formance beyond that at the selected Vm speed and attitude it is acceptable 
to reduce the margin between V L O ~  and Vm to as low as 5 per cent. 

Note 2: If forms of guidance for use during rotation and initial climb which reduce 
substantially the magnitude of likely errors of rotation are utilized, it may 
be possible to reduce the value of the speed at which rotation is initiated 
below that given in paragraph 6.2.5.1 d) provided that the lift margins at 
normal lift-off speeds are not reduced. 

6.2.5.2 For any given set of conditions (weight, configuration, temperature, etc.) 
a single value of VR obtained in accordance with 6.2.5 should be used in showing compliance 
with both the one-engine-inoperative and the all-engines-operating takeroff specifications. 

6.2.5.3 It should be shown that the one-engine-inoperative take-off distance deter- 
mined, the aeroplane being rotated at its maximum practicable rate, with a rotation speed 
5 knots less than the VR established in accordance with 6.2.5.1 and 6.2.5.2, does not 
exceed the corresponding one-engine-inoperative take-off distance determined with the es- 
tablished VR speed. The determination of the take-off distances should be in accordance 
with 6.5.1 (a) except that the speed at the 10.7lnetre (35-foot) height point map be as 
low as: 

VZmin for aeroplanes without propellers and for aeroplanes on which the 
application of power does not result in a significant reduction in the 
one-engine-inoperative power-on stalling speed; 

V2 minus 5 knots for propeller-driven aeroplanes and for aeroplanes 
without propellers on which the application of power results in a signi- 
ficant reduction in the one-engine-inoperative power-on stalling speed. 

6.2.5.4 It should be demonstrated that the take-off distance to the 10.7-metre 
(35-foot) height point with: 

{a) all engines operating; 
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(b) t h e  aeroplane r o t a t e d  so t h a t  i t  l i f t s  off a t  a speed n a t  more 
than 93 p e r  cen t  of t h e  es tab l i shed  VLOF speed: 

(c )  t h e  aeroplane achieving a speed no t  l e s s  than 0.93 of t h e  corresponding 
V2 speed p r i o r  t o  reaching a height  of 10.7 metres (35 f e e t )  

does not  exceed t h e  d i s t a n c e  spec i f i ed  i n  6.5.1. 

6.2.5.5 I t  should be demonstrated t h a t  reasonably expected v a r i a t i o n s  of t r i m  
condi t ions  i n  s e r v i c e  do not  r e s u l t  i n  unsafe f l i g h t  c h a r a c t e r i s t i c s  nor i n  a take-off 
d i s t a n c e  t o  t h e  10.7-metre (35-foot) he igh t  po in t  longer than t h e  d i s t a n c e  s p e c i f i e d  i n  
6.5.1. 

6.2.6 The l i f t - o f f  speed V L O ~ ,  i n  terms of c a l i b r a t e d  a i r speed ,  should be t h e  
speed a t  which t h e  aeroplane f i r s t  becomes ai rborne.  

6.3 Accelerate-stop d i s t a n c e  

6.3.1 The accelerate-s top d i s t a n c e  should be t h e  sqm of t h e  following: 

(a) the  d i s t a n c e  required t o  a c c e l e r a t e  the  aeroplane from a s tanding 
s t a r t  t o  a speed a t  which t h e  c r i t i c a l  engine i s  assumed t o  be made 
suddenty inopera t ive ;  

(b) t h e  d i s t a n c e  t raversed  between the po in t  a t  which t h e  c r i t i c a l  engine 
i s  assumed t o  f a i l ,  and t h e  po in t  a t  which the  dec i s ion  speed V 1  i s  
reached; 

(c) the  d i s t a n c e  requ i red  t o  bring t h e  aeroplane t o  a f u l l  stor,  from the  
p o i n t  a t  which t h e  decis ion speed V 1  i s  reached. 

6.3.2 I n  determining t h e  accelerate-s top d i s tance ,  the  dec i s ion  speed should not 
be l e s s  than the  speed V 1  assumed i n  determining t h e  take-off d i s tance .  

6.3.3 I n  determining t h e  accelerate-s top d i s tance  i t  should be acceptable  t o  use  
a l l  means of r e t a r d a t i o n ,  provided t h a t  such means have been proven t o  be s a f e  and r e l i a b l e ,  
t h a t  t h e  manner of t h e i r  employment i s  such t h a t  c o n s i s t e n t  r e s u l t s  can be expected i n  
s e r v i c e ,  and t h a t  except ional  s k i l l  i s  n o t  required t o  con t ro l  the  aeroplane. 

6.3.4 The landing gear  should remain extended throughout the  accelerate-s top 
d i s tance .  

6.3.5 I f  t h e  accelerate-s top d i s t a n c e  i s  intended t~ inc lude  a stopway with 
s u r f a c e  c h a r a c t e r i s t i c s  s u b s t a n t i a l l y  d i f f e r e n t  from those of t h e  runway, t h e  take-off 
da ta  should inc lude  opera t iona l  c o r r e c t i o n  f a c t o r s  f o r  the  acce le ra te - s top  d i s t a n c e  t o  
account f o r  t h e  p a r t i c u l a r  s u r f a c e  c h a r a c t e r i s t i c s  of t h e  stopway and f o r  t h e  v a r i a t i o n s  
i n  such c h a r a c t e r i s t i c s  with seasonal  weather condi t ions  ( i . e . ,  temperature,  r a i n ,  i c e ,  
e t c . ) ,  wi th in  t h e  opera t iona l  l i m i t s  e s tab l i shed  by the  app l ican t .  
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Take-off pa th  

6.4.1 The take-off pa th  should be  considered t o  extend from t h e  s t and ing  s t a r t  
t o  a p o i n t  i n  t h e  take-off where a he igh t  of 450 metres  ( 1  500 f e e t )  above t h e  runway i s  
reached o r  t o  a p o i n t  i n  t h e  take-off where t h e  t r a n s i t i o n  from t h e  take-off t o  t h e  en- 
r o u t e  c o n f i g u r a t i o n  is completed and a speed i s  reached a t  which compliance wi th  7.3.3 
i s  shown, whichever p o i n t  is a t  a h igher  a l t i t u d e .  I n  determining t h e  take-off p a t h ,  t h e  
cond i t ions  of 6.4.1.1 t o  6.4.1.10 apply.  

6.4.1.1 The take-off path  should b e  based upon procedures  p resc r ibed  i n  3.3. 

6.4.1.2 The ae rop lane  should be  a c c e l e r a t e d  t o  t h e  speed V2 dur ing which t ime i t  
should be  pe rmiss ib le  t o  i n i t i a t e  r a i s i n g  t h e  nose gea r  o f f  t h e  ground a t  a speed n o t  
l e s s  than t h e  r o t a t i o n  speed VR. 

6.4.1.3 I n  determining t h e  take-off o a t h  t h e  c r i t i c a l  engine  should b e  made inooer-  
a t i v e  a t  t h e  p o i n t  such t h a t  f a i l u r e  of t h e  engine  would b e  recognized by t h e  p i l o t  a t  
t h e  d e c i s i o n  speed V1. 

6.4.1.4 Landing gear  r e t r a c t i o n  should n o t  b e  i n i t i a t e d  u n t i l  t h e  ae rop lane  becomes 
a i rborne .  

6.4.1.5 The s l o p e  of t h e  a i r b o r n e  p o r t i o n  of t h e  take-off pa th  should be  p o s i t i v e  
a t  a l l  p o i n t s .  

6.4.1.6 The aeroplane should a t t a i n  t h e  speed V2 p r i o r  t o  reaching a h e i g h t  of 10.7  
metres  (35 f e e t )  above t h e  runway and should cont inue a t  a speed a s  c l o s e  a s  p r a c t i c a l  t o ,  
bu t  not  l e s s  than,  V2 u n t i l  a h e i g h t  of 120 metres  (400 f e e t )  above t h e  runway is reached.  
Changes i n  c o n f i g u r a t i o n  made a f t e r  reaching 120 metres  (400 f e e t )  above t h e  runway should  
not  r e s u l t  i n  a speed l e s s  than  Vzmin e s t a b l i s h e d  i n  accordance wi th  6.2.2 f o r  t h e  new 
conf igura t ion .  

6.4.1.7 Except f o r  gea r  r e t r a c t i o n  and p r o p e l l e r  f e a t h e r i n g ,  t h e  ae rop lane  conf i -  
g u r a t i o n  should no t  b e  changed b e f o r e  reaching a h e i g h t  of 120 met res  (400 f e e t )  above 
t h e  runway. 

6.4.1.8 A t  a l l  p o i n t s  a long t h e  take-off pa th  s t a r t i n g  a t  t h e  p o i n t  where t h e  aero-  
p lane f i r s t  reaches  a h e i g h t  of 120 metres  (400 f e e t )  above t h e  runway, t h e  a v a i l a b l e  
g r a d i e n t  of climb should n o t  b e  l e s s  than: 

1.2 pe r  c e n t  f o r  two-engine ae rop lanes ,  

1 .4  pe r  c e n t  f o r  three-engine ae rop lanes ,  and 

1 .5  p e r  c e n t  f o r  four-engine aeroplanes .  

6.4.1.9 The take-off pa th  should be  determined e i t h e r  by a cont inuous  demonstrated 
take-off,  o r  a l t e r n a t i v e l y ,  by syn thes iz ing  from segments t h e  complete take-off p a t h .  

6.4.1.10 I f  t h e  take-off pa th  i s  determined by t h e  segmental  method, 

(a)  t h e  segments of t h e  segmental take-off pa th  should be  c l e a r l y  de f ined  
and should be r e l a t e d  t o  t h e  d i s t i n c t  changes i n  t h e  c o n f i g u r a t i o n  
of t h e  aeroplane,  i n  power and/or  t h r u s t ,  and i n  speed; 
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(b) the  weight of the aeroplane, the configuration, and the power and/or 
thrus t  should be constant throughout each segment and should corres- 
pond with the most c r i t i c a l  condition prevai l ing i n  the  pa r t i cu l a r  
segment; 

(c) the segmental f l i g h t  path should be based on the aeroplane performance 
without ground e f f ec t ;  

(d) segmental take-off path data should be checked by continuous  demon^ 
s t r a t ed  take-offe t o  the point where the aeroplane performance is out 
of ground e f f e c t  and the aeroplane speed is s tab i l ized ,  t o  ensure tha t  
the segmental path is conservative r e l a t i v e  t o  the continuous path. 

Take-off distance and take-off run 

Take-off distance. The take-off distance should be the grea ter  of: 

(a) the horizontal  dis tance from the  s t a r t  of the take-off t o  the  point  
where the aeroplane a t t a i n s  a height of 10.7 metres (35 f ee t )  above 
the runway. as determined i n  accordance with 6.4; 

(b) the  distance equal t o  1.15 times the horizontal  dis tance,  with a l l  
engines operating, from the  s t a r t  of the take-off t o  the  point where 
the aeroplane a t t a i n s  a height of 10.7 metres (35 f e e t )  above the 
runway, as determined by a procedure consistent  with tha t  establ ished 
i n  accordance with 6.4. 

6.5.2 Take-off run. I f  the  take-off distance is intended t o  apply when a stopway 
and/or a clearway is used, the take-off run should be determined and should be the grea ter  
of: 

(a) the horizontal  dis tance from the s t a r t  of the take-off t o  a point 
equidistant  between the point where the  speed VLOp i s  reached and 
the  point  where the aeroplane a t t a i n s  a height of 10; 7 metres (35 feCt) 
above the  runway, a s  determined i n  accordance with 6.4; 

(b) a distance equal t o  1.15 times the horizontal  dis tance with a l l  engines 
operating, from the s t a r t  of the  take-off t o  a point equidistant  
between the point  where the speed VLOp is reached and the point  where 
the  aeroplane a t t a i n s  a height of 10.7 metres (35 f e e t )  above the 
runway, a s  determined by a procedure consistent  with tha t  establ ished 
i n  accordance with 6.4. 

6.6 Take-off f l i g h t  path 

6.6.1 The take-off f l i g h t  path should be tha t  port ion of the  take-off path which 
beglne a t  a height  of 10.7 metres (35 f ee t )  above the  runway. It should be assumed tha t  
t h i s  height is reached a t  the end of the take-off distance a s  determined i n  accordance 
with 6.5.1. 
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Note: No specifications for the climb path with all engines operating have been 
included. It is necessary that operating procedures with all engines operating 
ensure that the climb path under all operating conditions will lie above the 
take-off path established in accordance with 6 . 4 .  

6 . 6 . 2  The net take-off flight path data should be determined in such a manner 
that they represent the actual take-off flight paths of the aeroplane, determined in 
accordance with 6 . 6 . 1  reduced at each point by a gradient of climb equal to: 

0.8 per cent for two-engine aeroplanes, 

0.9 per cent for three-engine aeroplanes, and 

1.0 per cent for four-engine aeroplanes. 

It should be acceptable to apply the specified reduction in climb gradient as an equivalent 
reduction in the acceleration of the aeroplane along the portion of the actual take-off 
flight path where the aeroplane is accelerated in level flight. 

7. Climb - 
7.1 General 

Compliance should be shown with the climb specifications of 7.2 and 7.3 at 
all weights, altitudes, and ambient temperatures, within the operational limits established 
by the applicant for the aeroplane. The centre of gravity of the aeroplane should be in 
the most unfavourable position corresponding with the applicable configuration. 

7.2 All-engiqes-operating land-ing climb 

In the landing configuration, or in the configuration that the aeroplane 
may automatically assume 5 seconds after and as the result of the initiation of the move- 
ment of the controls specified in(a), the steady gradient of climb should not be less than 
3.2 per cent, with: 

(a) all engines operating at the power and/or 'thrust which is available 
8 seconds after initiation of movement of the power and/or thrust 
controls from the minimum flight idle to the take-off position; 

(b) a climb speed not in excess of the minimum appr~ach speed prescribed 
for landing. 

7.3 One engine-inoperative climb 

Take-off: landing gear extended 

In the critical take-off configuration existing at the point of the flight 
path where the aeroplane reaches VLO~ in accordance with 6 . 4  but without ground effect, 
the steady gradient of climb should be 

positive for two-engine aeroplanes, 

not less than 0.3 per cent for three-engine aeroplanes, and 

not less than 0.5 per cent for four-engine aeroplanes, 
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with: 

(a) the critical engine assumed to be made inoperative on attaining a 
speed such that the failure of the critical engine would be recognized 
by the pilot at V1, except that for propeller-driven aeroplanes the 
critical engine should be assumed to be made inoperative on attaining 
a speed equal to the speed such that failure of the critical engine 
would be recognized at the highest value of V1 corresponding with 
the maximum weight appropriate to the altitude and temperature; 

(b) the remaining engine(s) operating at the available take-off power 
and/or thrust existing in accordance with 6.4 at the time retraction 
of the landing gear is initiated, unless subsequently a more critical 
power operating condition exists along the flight path prior to the 
point where the landing gear is fully retracted; 

Note: A paver operating condttion more critical than that existing at the - 
time retraction of the landing gear is initiated would exist, for 
example, if water methanol injection were discontinued prior to the 
point where the landing gear is fully retracted. 

(c) the weight equal to the aeroplane weight existing in accordance with 
6.4 at the time retraction of the landing gear is initiated; 

(d) the speed equal to the speed VLoF. 

7.3.2 Takeoff: lauding gear retracted 

In the take-off configuration existing at the point! of the flight path 
where the landing gear is fully retracted, in accordance with 6.4, but without ground 
effect, the steady gradient of climb should not be less than 

2.4 per cent for --engine aeroplanes, 

2.7 per cent for three-engine aeroplanes, and 

3.0 per cent for four-engine aeroplanes, 

with: 

(a) the critical engine assumed to be made inoperative on attaining a 
speed such that the failure of the critical engine would be recognized 
by the pilot at V1, except that for propeller-driven aeroplanes the 
critical engine should be asaumed to be made inoperative on attaining 
a speed equal to the speed such that failure of the critical engine 
would be recognized at the highest value of Vi, corresponding with 
the maximum weight appropriate to the altitude and to temperature; 

(b) the remaining engineta) operating at the available' take-of f power 
and/or thrust existing in accordance with 6.4 at the time the landing 
gear is fully retracted, unless subsequently a more critical power 
operating condition exists along the flight path prior to the point 
where a height of 120 metres (400 feet) above the runway is reached; 
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Note: A pover operating condition more c r i t i c a l  than that  exist ing a t  the - 
time the landing gear is f u l l y  retracted would exis t ,  for  example, 
i f  water methanol injection were discontinued pr ior  to the point 
where the 120-metre (400-f oot) height is reached. 

(c) the weight equal to  the aeroplane weight exist ing i n  accordance with 
6.4 a t  the time the landing gear is fu l ly  retracted;  

7.3.3 

l e s s  than 

(d) the speed equal to  the speed Vg. 

Final take-of f 

I n  the en-route configuration, the steady gradient of climb should not be 

1.2 per cent f o r  two-engine aeroplanes, 

1.4 per cent fo r  three-engine aeroplanes, and 

1.5 per cent f o r  four-engine aeroplanes, 

a t  the end of the take-off path a s  determined, i n  accordance with 6.4, with: 

(a) the c r i t i c a l  engine inoperative, the remaining engine(@) operating 
a t  the available maximum continuous pover and/or thrust;  

(b) the weight e q d  t o  the aeroplane weight exist ing i n  accordance with 
6.4 at  the end of the t a k m f f  path; 

(c) the speed equal t o  not less than 1.2 Qs. 

Discontinued amroach 

I n  the f i n a l  approach configuration corresponding with the one-engine- 
inoperative procedure, except that  the configuration may be changed t o  a configuration 
that  can be achieved i n  15 seconds, such t h a t  VS i n  the new configuration does not exceed 
1.05 VS related t o  the f i n a l  ppproach configuration, the steady gradient of climb should 
not be lees  than 

2.1 per cent f o r  --engine aeroplanes, 

2.3 per cent f o r  three-engine aeroplanes, and 

with: 

2.4 per cent f o r  four-engine aeroplanes, 

(a) the c r i t i c a l  engine inoperative, the remaining engine(s) operating a t  
the available t a k e o f f  power and/or thrust; 

(b) the weight equal t o  the maximum landing weight; 

(c) a climb speed established i n  connection r i t h  the d i s a ~ ~ t i n a c d  approach 
procedures, except that  it should not exceed V- o r  1.45 vs- 
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Note: By t h e  f i n a l  approach configurat ion i s  meant t h e  s t a b i l i z e d  confi-  - 
gura t ion  which would be used during approach down t o  the  po in t  where 
a dec i s ion  t o  land would be made when opera t ing  i n  l i m i t i n g  v i s i b i -  
l i t y  condi t ions .  It i s  intended t h a t  t h e  missed approach procedure 
given i n  the  Aeroplane F l i g h t  Manual should be used i n  showing 
compliance with  t h i s  requirement. 

8.1 En-route f l i g h t  pa ths  

With t h e  aeroplane i n  t h e  en-route conf igura t ion ,  t h e  f l i g h t  pa ths  speci-  
f i e d  i n  8.2 and 8.3 should be determined a t  a l l  weights,  a l t i t u d e s ,  and ambient tempera- 
t u r e s ,  w i t h i n  the  opera t iona l  l i m i t s  e s tab l i shed  by t h e  app l ican t  f o r  t h e  aeroplane.  For 
a l t i t u d e s  and temperatures a t  which i c i n g  pro tec t ion  systems a r e  t o  be operable,  the  
e f f e c t  of t h e i r  use  on t h e  n e t  f l i g h t  path should be determined. 

One engine inopera t ive  

The one-engine-inoperative n e t  f l i g h t  path d a t a  should be determined i n  
such a manner t h a t  they represen t  t h e  a c t u a l  climb performance diminished by a g r a d i e n t  
of climb equal  t o  

1.1 per  cen t  f o r  two-engine aeroplanes,  

1.3 per  cen t  f o r  three-engine aeroplanes ,  and 

1.4  per  cen t  f o r  four-engine aeroplanes.  

It should be acceptable  t o  inc lude  i n  these  d a t a  t h e  v a r i a t i o n  of t h e  weight along t h e  
f l i g h t  path t o  take i n t o  account t h e  progressive consumption of f u e l  and o i l  by t h e  
operat ing engine(s) .  

8.3 Two engines inopera t ive  

For aeroplanes  with  t h r e e  o r  four  engines ,  the two-engines-inoperative ne t  
f l i g h t  pa th  d a t a  should b e  determined i n  such a manner t h a t  they represen t  t h e  a c t u a l  
climb performance of t h e  aeroplane diminished by a g rad ien t  of climb equal t o  

0.3 per  c e n t  f o r  three-engine aeroplanes ,  and 

0.5 per  cen t  f o r  four-engine aeroplanes.  

I t  should b e  acceptable  t o  inc lude  i n  these  da ta  t h e  v a r i a t i o n  of t h e  weight along t h e  
f l i g h t  path t o  t ake  i n t o  account t h e  progressive consumption of f u e l  and o i l  by t h e  
opera t ing  engine(s) .  

8.4 Conditions 

I n  determining t h e  f l i g h t  pa ths  s p e c i f i e d  i n  8.2 and 8.3: 

(a)  t h e  c e n t r e  of g r a v i t y  should be i n  t h e  most unfavourable pos i t ion ;  

(b) t h e  c r i t i c a l  engine(s)  should be inopera t ive ,  t h e  remaining engine(s)  
operat ing a t  t h e  a v a i l a b l e  maximum continuous power and/or t h r u s t ;  
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(c) means f o r  cont ro l l ing  the engine cooling a i r  supply should be i n  the 
pos i t ion  which provides adequate cooling f o r  the conditions under 
consideration; 

(d) the speed should be selected by the  applicant .  

9. Landing 

Note: Two a l t e rna t ive  methods of determining landing distances fo r  c e r t i f i c a t i o n  a r e  - 
presented below. Both a re  considered worthy of t r i a l  applicat ion i n  accordance 
with the concept of t h i s  c l a s s  of spec i f ica t ion  (see Foreword, paras. 4 and 13). 
These spec i f ica t ions  appear a s  9.1 and 9.2 respectively. 

9.1 Landinn s ~ e c i f i c a t i o n  - Method A 

9.1.1 Landinn speeds 

The landing speeds specif ied i n  9.1.1.1 to  9.1.1.3 should be determined 
a t  a l l  weights and a l t i t u d e s  within the  operat ional  l i m i t s  establ ished by the applicaht  
for  the aeroplane. 

9.1.1.1 The minimum demonstrated threshold speed Vm, i n  terms of ca l ibra ted  a i r -  
speed, should b e t h e  speed obtained a t  a height of 10.7 metres (35 fee t )  above the  landing 
surface a t  and above which i t  has been demonstrated tha t  the aeroplane can be made con- 
s i s t e n t l y  to  complete an approach, touchdown, and landing without displaying any hazardous 
cha rac t e r i s t i c s  vhen flown i n  no appreciable atmospheric turbulence i n  the  following 
manner: 

(a) a steady approach from a height  of 60 metres (200 f ee t )  above the  
landing surface t o  the 10.7-metre (35-foot) height point ,  a t  a 
subs tant ia l ly  s t ab i l i zed  angle of descent of not  l e s s  than 3O; 

(b) a r a t e  of descent equal t o  zero before touchdown; 

(c) only those changes of configuration and/or- power which would be made 
i n  a normal landing should be made. 190 increase i n  power should be 
d e  a f t e r  passing the  threshold. 

9.1.1.2 The minhum threshold speed V w n ,  i n  terms of ca l ibra ted  airspeed, should 
be selected by ?he applicant  but should not  be less than (a) and (b): 

(a) a speed equal t o  Vm + 5 knots; 

(b) a speed equal t o  1.2 VS. 

9.1.1.3 1, i n  terms of ca l ibra ted  airspeed,  should 
be selected by the  applicant  but should not  be l e s s  than a speed equal t o  VTplin p lus  the 
l e s se r  of 0.2 VS o r  20 knots. 

Note: The values of V w n  and VTmx specif ied i n  9.1.1.2 and 9.1.1.3 respect ively,  - 
define the  range within whlch the operator s e l e c t s  one o r  severa l  values of a 
ta rge t  threshold speed, i n  dpplicat ion of Par t  11, paragraph 1.4. V f i i n  i s  
intended f o r  use i n  service as a t a rge t  threshold speed only i n  r e l a t i v e l y  
favourable operating conditions. 
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9.1.2 Landing d i s t a n c e s  

The landing d i s t a n c e s  should be determined i n  accordance with 9.1.2.1 t o  
9.1.2.9 i n c l u s i v e ,  a t  a l l  weights,  a l t i t u d e s ,  runway grad ien t s  and winds wi th in  t h e  oper- 
a t i o n a l  l i m i t s  e s tab l i shed  by t h e  app l ican t  f o r  t h e  aeroplane,  and should be t h e  g r e a t e r  
of (a)  and (b) :  

(a)  1.15 times t h e  hor izon ta l  d i s t a n c e  t o  land with a l l  engines operat ing 
and t o  come t o  a complete s t o p  from a p o i n t  a t  a height  of 10.7 metres 
( e t  f e e t )  above t h e  landing sur face ;  

(b) 1.10 t i m e s  t h e  h o r i z o n t a l  d i s t a n c e  t o  land with  t h e  c r i t i c a l  engine 
inopera t ive  and t o  come t o  a complete s t o p  from a p o i n t  a t  a height  of 
10.7 metres (35 f e e t )  above t h e  landing sur face .  

9.1.2.1 The aeroplane should be i n  the landing configurat ion.  During t h e  landing, 
changes i n  configurat ion and i n  power and/or t h r u s t  should be i n  accordance with  procedures 
es tab l i shed  by t h e  app l ican t  f o r  t h e  operat ion of t h e  aeroplane i n  se rv ice .  The procedure 
should comply with  3.3, except t h a t  t h e  time delays  between successive con t ro l  a c t i o n s  
should be r e p r e s e n t a t i v e  of those which would be expected i n  a landing which is assoc ia ted  
with  t h e  use  of VTmax i n  se rv ice .  

Note: Examples of sequences of c o n t r o l  a c t i o n s  and approximate time delays  t h a t  a r e  - 
considered reasonably r e p r e s e n t a t i v e  of those intended by 9.1.2.1 are:  

( a )  Control a c t i o n s  before  touchdown. A i r  brake, s p o i l e r ,  o r  reverse  
t h r u s t  s e l e c t i o n  a t  t h e  threshold where approved f o r  use  when a i rborne  
(where these  a r e  no t  used normally during t h e  approach t o  t h e  th resho ld) .  

(b) Control a c t i o n s  a f t e r  touchdown bu t  be fore  nosedown. A i r  brake, s p o i l e r ,  
o r  reverse  t h r u s t  se lec t ions :  two seconds a f t e r  touchdown where approved 
f o r  use before  nosedown. 

(c )  Nosedown 

( i )  two seconds a f t e r  touchdown where s p o i l e r ,  a i r  brake, o r  r e v e r s e  
t h r u s t  s e l e c t i o n  is not  made before  nosedown; 

( i i )  four  seconds a f t e r  touchdown where s p o i l e r ,  a i r  brake,  o r  r e v e r s e  
t h r u s t  s e l e c t i o n  is made before  nosedown. 

(d) Control a c t i o n s  a f t e r  nosedown 

( i )  wheel brake app l ica t ion :  one second a f t e r  nosedown; 

( i i )  o ther  c o n t r o l  ac t ions  ( s p o i l e r s ,  a i r  brakes,  r everse  t h r u s t ) ,  
f i r s t  a c t i o n  one second a f t e r  nosedown, successive a c t i o n s  
one second a f t e r  completion of t h e  previous ac t ion .  

9.1.2.2 A s teady approach should b e  s t a r t e d  a t  a he igh t  of a t  l e a s t  90 metres 
(300 f e e t )  above t h e  landing s u r f a c e ,  and continued down t o  t h e  he igh t  a t  which the  
t h r o t t l e s  may be closed. The speed during the  s teady approach should be such t h a t  i t  
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enables t h e  aerc2lane t o  reach t h e  10.7-metre (%-foot) p o i n t  a t  a speed not l e s s  than 
VTmax determined i n  accordance with  9.1.1.3. The descent  t o  t h e  10.7-metre (35-foot) p o i n t  
should be a t  a s u b s t a n t i a l l y  s t a b i l i z e d  ang le  of descent  of 3O.  

9.1.2.3 The elapsed time between t h e  10.7-metre (%-foot) he igh t  p o i n t  and t h e  
touchdown of t h e  main landing gears  should be r e p r e s e n t a t i v e  of t h a t  which would b e  expected 
i n  a landing from VTmx i n  service .  

Note: An elapsed time of (13- .045 VTmax) seconds, where V m x  is i n  knots, h a s  been - 
found t o  be t y p i c a l  f o r  t r a n s p o r t  aeroplanes  having V k X  v a l u e s  i n  t h e  range 
of 100 knots  t o  165 knots .  

9.1.2.4 The landing d i s t a n c e s  should be based on a wet runway condi t ion  which can 
reasonably be expected t o  be encountered i n  s e r v i c e .  The landing d i s t a n c e s  may, add i t ion-  
a l l y ,  a t  t h e  d i s c r e t i o n  of t h e  app l ican t ,  be  determined f o r  a d ry  runway condi t ion.  

Note: Amplification of t h i s  s p e c i f i c a t i o n  and one method-of desc r ib ing  a s tandard wet - 
runway a r e  presented i n  t h e  Appendix. 

9.1.2.5 During t h e  etopping p o r t i o n  of t h e  landing, t h e  brakes  should be app l ied  i n  
a manner c o n s i s t e n t  with opera t iona l  procedures.  The wheel brakes  should no t  b e  used i n  
such a manner a s  t o  produce excessive wear of brakes  and ty res .  

9.1.2.6 The adjustment of t h e  braking systems should b e  t h a t  which is intended f o r  
use i n  se rv ice .  The landing gear  wheels should be f i t t e d  with  t y r e s  of a t r e a d  design 
representa , t ive  of t h a t  intended f o r  u s e  i n  s e r v i c e .  The etiate of wear o f  t h e  t y r e s  should 
correspond with t h a t  permitted i n  se rv ice .  

9.1.2.7 I n  determining t h e  landing d i s t a n c e ,  i t  should b e  accep tab le  t o  use  a l l  
those means of r e t a r d a t i o n  with  which t h e  aeroplane i s  f i t t e d  f o r  u s e  dur ing  landing,  
provided t h a t  such means have been proved t o  be s a f e  and r e l i a b l e ,  t h a t  t h e  manner of t h e i r  
employment i s  such t h a t  c o n s i s t e n t  r e s u l t s  can be expected i n  se rv ice ,  and t h a t  excepr 
t i o n a l  s k i l l  is no t  required t o  c o n t r o l  t h e  aeroplane. 

Note: - The braking means which cannot b e  conveniently used a t  every landing (such as 
t a i l  parachutes) ,  may be used t o  determine t h e  landing d i s tance ,  provided t h a t  
the  landing d i s t a n c e  is a l s o  determined without  t h w e  braking means. 

9.1.2.8 The landing d i s t a n c e  d a t a  should inc lude  c o r r e c t i o n s  f o r  wind; t h e  correc- 
t i o n s  should be not  more than 50 p e r  c e n t  of nominal wind components a long t h e  landing 
path opposi te  t o  the  d i r e c t i o n  of landing and no t  less than 150 p e r  cent o f  nominal wind 
components along t h e  landing pa th  i n  t h e  d i r e c t i o n  of landing. 

9.1.2.9 Where opera t iona l  f a c t o r s ,  such a s  crosswind, have a s i g n i f i c a n t  e f f e c t  
on landing d i s tances ,  these  e f f e c t s  should be determined and scheduled. 

9.2 Landing s p e c i f i c a t i o n  - Method B 

9.2.1 Landinu d i s t a n c e  (Dry runway) 

The h o r i z o n t a l  d i s tance ,  necessary t o  land and t o  come t o  a complete s t o p  
from a point  15 metres (50 f e e t )  above t h e  landing sur face  should be determined, f o r  each 
weight, a l t i t u d e ,  and wind component wi th in  t h e  opera t iona l  l i m i t s  e s t a b l i s h e d  by t h e  
appl icant  f o r  t h e  aeroplane and i n  accordance with  subparagraphs 3.3.1, 3.3.2 and 3.3.3 
a s  follows: 
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9.2.1.1 The aeroplane should be i n  t h e  landing configurat ion.  

9.2.1.2 A ste;,crv ay>roach, wi th  a c a l i b r a t e d  a i rspeed of no t  l e s s  than 1.25 VS, 
muse be maFntained do-m t c  a 15-metre (50-foot) he igh t .  

9.2.1.3 Any changes i n  conf igura t ion ,  power and/or t h r u s t ,  and speed, should be 
made i n  accordance with  es tab l i shed  procedures f o r  s e r v i c e  operat ion.  

9.2.1.4 The landing should b e  made without excessive v e r t i c a l  a c c e l e r a t i o n ,  tendency 
t o  bounce, porpoise ,  nose over o r  ground loop. 

9.2.1.5 The landings should not  r e q u i r e  except ional  p i l o t  s k i l l  o r  a l e r t n e s s .  

9.2.1.6 The landing d i s t a n c e  should b e  determined on a l e v e l ,  smooth, hard-surfaced 
runway. 

9.2.1.7 The pressures  on t h e  wheel braking systems may not  exceed those spec i f i ed  
by t h e  manufacturer. 

9.2.1.8 The brakes  may no t  be  used so  a s  t o  cause excessive wear of brakes o r  t y r e s .  

9.2.1.9 Means o ther  than wheel brakes  may be used i f  t h a t  means: 

(a )  is s a f e  and r e l i a b l e ;  

(b) is used so  t h a t  c o n s i s t e n t  r e s u l t s  can b e  expected i n  se rv ice ;  and 

(c)  is  such t h a t  except ional  s k i l l  i s  not  required t o  con t ro l  t h e  aero- 
plane. 

9.2.1.10 The landing d i s t a n c e  d a t a  should a l s o  inc lude  cor rec t ion  f a c t o r s  f o r  not 
more than 50 per  cent of the  nominal wind components along t h e  landing path opposi te  t o  
t h e  d i r e c t i o n  of landing, and n o t  l e s s  than 150 per  cen t  of t h e  nominal wind components 
along t h e  landing path i n  t h e  d i r e c t i o n  of landing. 

9.2.1.11 I f  any device is used t h a t  depends on t h e  opera t ion  of any engine, and i f  
t h e  landing d i s t a n c e  would b e  no t iceab ly  increased when a landing i s  made with  t h a t  engine 
inopera t ive ,  the  landing d i s tance  must b e  determined with  t h a t  engine inopera t ive .  

9.2.1.12 The scheduled landing d i s t a n c e  w i l l  be  t h e  measured d i s t a n c e  a s  i n  accord- 
ance with  9.2.1 increased by a f a c t o r  of 1.67. 

9.2.2 Landing Distance (Wet Runway) 

9.2.2.1 Wet runway d i s t a n c e  should b e  the  scheduled landing d i s t a n c e  of 9.2.1.12 
increased by a f a c t o r  of 1.15. 

9.2.2.2 The condi t ions  of 9.2.2 may be met by accep tab le  t e s t s  a s  i n  accordance 
with  3.3.1, 3.3.2 and 3.3.3 conducted on a wet runway, when a wet runway i s  defined a s  
a runway t h a t  is  thoroughly soaked with  no major a r e a s  of measurable depth of water cover- 
ing t h e  runway. 

Note: One method of descr ib ing  a standard wet runway i s  presented i n  t h e  Appendix. - 
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10. Limitations and Information 

Limitations 

10.1.1 The performance limitations on the operation of the aeroplane should be 
established in accordance with 10.1.1.1 to 10.1.1.4 inclusive. (see also 11). 

10.1.1.1 Take-off weights 

The maximum take-off weights should be established at which compliance is 
shown with the generally applicable provisions of this PAMC and with the take-off climb 
provisions specified in 7-3.1, 7.3.2 and 7.3.3 for altitudes and ambient temperatures 
within the operational lirits of the aeroplane. (see 10.1.1.4). 

The maximum landing weights should be establiehed at which compliance is 
shown with the generally applicable provisions of this PAUC and with the landing and take- 
off climb provisions specified in 7.2 and 7.3, for altitudes and ambient temperatures 
within the operational limits of the aeroplane. (see 10.1.1.4) 

10.1.1.3 Accelerate-etm distance. take-off distance and take-off run 

The minimum distances required for take-off ~lhould be established at which 
compliance is shown with the generally applicable provisione of this PAHC and with 6.3 
and 6.5.1 and with 6.5.2 if the take-off distance 16 iht.nded to apply when a Ltopway and/ 
or a cleanmy is used, for weights, altitudes, ambiatlt taap&ratures, wind components, and 
runway gradients, within the operational limits of the aeroplane. (see 10.1.1.4) 

10.1.1.4 Operational limits 

The operational limits of the aeroplane should be established by the appli- 
cant for all variable factors required in s w n g  bompliance with this PAMC (weight, 
altitude, ambient temperature, etc.). (see 6.1.1 $a), 6.1.2, 7.1, 8.1 and 9). 

The performance information on the operation of the aeroplane should be 
scheduled in compliance with the generally applicable provisions of this PAMC and with 
6.6.2, 8.1 and 9, for weights, altitudes, ambient temperatures, wind components and runway 
gradients, as these may be applicable, within the operational limits of the aeroplane 
(see 10.1.1.4). In addition, the performance information specified in (a), (b) and (c) 
should be determined by extrapolation aad scheduled for the ranges of weights between the 
maximum landing and maximm take-off weights established in accordance with 10.1.1.1 and 
10.1.1.2 (see also 11) : 

(a) Climb in the w i n g  configuration (see 7.2). 
(b) C l h b  in the approach configuration (see 7.3.4); 
(c) Landing distance (see 9). 

11. Aeroplane Flight Manual 

Limitations 

The aeroplane performance limitations should be given in accordacce with 10.1. 
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Information 

11.2.1 The performance information spec i f i ed  i n  10.2 f o r  t h e  a p p l i c a t i o n  of t h e  
opera t ing  r u l e s  of t h i s  PAMC should be given together  with  t h e  descr ip t ions  of t h e  con- 
d i t i o n s ,  a i r speeds ,  e t c . ,  under which t h e  da ta  was determined. 

11.2.2 Addi t ional  d a t a  should be presented s o  t h a t  information can be obtained t o  
enable  a V 1  s u i t a b l e  f o r  a wet runway t o  b e  se lec ted .  One method of present ing t h i s  in-  
formation is t o  provide the  following i n  respec t  of wet runway operat ions:  

(a) t h e  lowest va lue  of V 1  a t  which t h e r e  is  adequate c o n t r o l l a b i l i t y  
(VMCG) ; 

(b) t h e  lowest va lue  of V 1  t h a t  w i l l  enable  t h e  a t ta inment  of a he igh t  of 
a t  l e a s t  4.6 metres (15 f e e t )  a t  t h e  end of the  take-off d i s tance  
s p e c i f i e d  i n  6.5.1; 

(c) t h e  lowest va lue  of V 1  which w i l l  enable  t h e  aeroplane t o  l i f t  o f f  
w i t h i n  the  take-off run s p e c i f i e d  i n  6.5.2; 

(d) t h e  highest  va lue  of V1 which w i l l  enable  the  aeroplane t o  be stopped 
on a wet runway w i t h i n  the  accelerate-s top d i s t a n c e  a v a i l a b l e .  

11.2.3 Landing d i s tance  

11.2.3.1 Information should be included g iv ing  t h e  landing d i s tances  t o  be reason- 
ably expected during a moderate t o  heavy r a i n ,  on runways covered with  s l u s h ,  and on 
runways covered with ice and snow. 

11.2.3.2 Information should be included with r e s p e c t  t o  t h e  e f f e c t s  of crosswind 
where these  e f f e c t s  a r e  regarded a s  s i g n i f i c a n t  t o  t h e  landing disrance.  

11.2.3.3 Iuformation should be included with  r e s p e c t  t o  t h e  e f f e c t s  on landing 
d i s t a n c e  of ambient temperatures o t h e r  than standard. 

11.2.3.4 Information should b e  included giving t h e  l g  s t a l l i n g  speeds a s  a func t ion  
of weight and f l a p  s e t t i n g .  

11.3 Procedures 

11.3.1 Procedures es tab l i shed  i n  accordance with  3.3 should be given t o  t h e  ex ten t  
such procedures a r e  r e l a t e d  t o  the  l i m i t a t i o n s  and information set f o r t h  i n  accordance 
with  11.1 and 11.2. Such procedures, i n  t h e  form of guidance m a t e r i a l ,  should be included 
wi th  t h e  r e l e v a n t  l i m i t a t i o n s  o r  information, a s  app l icab le .  

11.4 Miscellaneous 

11.4.1 An explanat ion should b e  given of s i g n i f i c a n t  o r  unusual f l i g h t  o r  ground 
handl ing c h a r a c t e r i s t i c s  of the  aeroplane. 
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PART 11. PERFORMANCE OPERATIW LIMITATIONS 

1. Aeroplane Operating Limitations 

1.1 The provisions of 1 to 6 inclusive should be complied with, unless devia- 
tions therefrom are specifically authorized by the State of Registry on the ground that 
the special circumstances of a particular case make a literal observance of these provi- 
sions unnecessary for safety. 

1.2 The performance data in the Aeroplane Flight Manual should be applied in 
determining compliance with 2 to 6 inclusive. Where conditions differ from those for 
which specific tests were made, compliance should be determined by approved interpolation 
or extrapolation of the effects of changes in the specific variables if such interpola- 
tions or extrapolations give results substantially equalling in accuracy the results of 
a direct test. 

1.3 There should be selected one value or a range of values for the landing 
target threshold speed for the all-engines-operating and the one-engine inoperative cases 
within the speed range VWn and V-. These should be scheduled in the Aeroplane Flight 
Manual to cover specific operating conditions. 

1.4 The procedures scheduled in the Aeroplane Flight Manual (see Part I, 11 
and Part 11, 1.3) established in accordance with Part I, 3.3 should be followed except 
vhere operational circumstances require the use of modified procedures in order to matntain 
the intended lwel of safety. 

2. Aeroplane Certificate Limitations 

2.1 No aeroplane should be taken off at a weight which exceeds the take-off 
weight specified in the Aeroplane Flight Manual for the altitude of the aerodrome and for 
the ambient temperature existing at the time of the take-off. (see Part I, 10.1.1.1 and 
11.1). 

2.2 No aeroplane should be taken off at a v & h t  such that, allowing for normal 
consumption of fuel and oil in flight to the aerodrcme of destination and to the alternate 
aerodromes, the weight on arrival will exceed the landing weight specified in the Aeroelane 
Flight Manual for the altitude of each of the aerodromes involved and for the ambient 
temperatures anticipated at the time of landing. (see Part I, 10.1.1.2 and 11.1). 

2.3 No aeroplane should be taken off at a weight which exceeds the weight at 
which, in accordance with the minimum distances for take-off scheduled in the Aeroplane 
Flight Manual, compliance with 2.3.1 to 2.3.3 Inclusive is shown. These distances should 
correspond with the altitude of the aeradrome, the runway, stopway and clearway to be 
used, the runway gradient, the stqmay gradient, the clearway plane gradient, and the 
ahbient temperature and wind existing at the time of take-off. (see Part I, 10.1.1.3 and 
11.1). For nominal w i n d  components up to a magnitude a£ 4 knots, the wind correction for 
the all-engines-operating condition should be not =ore than the nominal wind components 
along the take-off path opposite to the diretiion of take-off less 2 knots, and not less 
than the nominal wind components along tlle take-off path in the direction of take-off 
plus 2 knots. 
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Note 1: The s p e c i f i c a t i o n  f o r  wind accountab i l i ty  i n  l i g h t  winds i s  based on the 
a v a i l a b i l i t y  of wel l -s i ted anemometers capable of giving accura te  information 
on wind speed and d i r e c t i o n  a t  wind speeds down t o  1 knot.  A t  many aerodromes, 
however, wind measurements a t  present  do not  reach these s tandards ,  and i n  
such cases  a more conservat ive approach may have t o  be taken f o r  the  opera t ion  
of j e t  aeroplanes  i n  l i g h t  winds of a nominal va lue  of 5 knots o r  l e s s .  

Note 2: I n  c e r t a i n  meteorological  condi t ions ,  where t h e  a i r  i s  abso lu te ly  s t i l l ,  - 
(e.g. s t i l l  a i r  condi t ions  encountered during t h e  Arc t ic  w i n t e r ) ,  i t  may not  
be  necessary t o  apply t h e  wind c o r r e c t i o n  of 2.3 t o  t h e  take-off data .  

2.3.1 The take-off run required should no t  exceed t h e  l eng th  of t h e  runway. 

2.3.2 The accelerate-s top d i s t a n c e  required should no t  exceed t h e  l eng th  of t h e  
runway p l u s  t h e  l eng th  of t h e  stopway, where p resen t .  

2.3.3 The take-off d i s t a n c e  required should n o t  exceed t h e  l eng th  of t h e  runway, 
p l u s  t h e  length of t h e  stopway, where p r e s e n t ,  and/or t h e  l eng th  of t h e  clearway, where 
p resen t ,  except t h a t  t h e  sum of t h e  l eng ths  of t h e  runway, t h e  stopway, and t h e  clearway 
should i n  no case  be considered a s  being g r e a t e r  than 1.5 t imes t h e  l eng th  of t h e  runway. 

2.4 No aeroplane should b e  operated o u t s i d e  t h e  opera t iona l  l i m i t s  spec i f i ed  
i n  t h e  Aeroplane F l i g h t  Manual. ( see  P a r t  I, 10.1.1.4 and 11.1).  

Take-off Obstacle Clearance L imi ta t ions  

3 .1  No aeroplane should b e  taken o f f  a t  a weight i n  excess of t h a t  shown i n  t h e  
Aeroplane F l i g h t  Manual t o  correspond wi th  a ne t  take-off f l i g h t  path which c l e a r s  a l l  
o b s t a c l e s  e i t h e r  by a t  l e a s t  a he igh t  of 10.7 metres (35 f e e t )  v e r t i c a l l y  o r  a t  l e a s t  
90 metres (300 f e e t )  p lus  0.125 D l a t e r a l l y ,  where D 1s t h e  h o r i z o n t a l  d i s t a n c e  t h e  aero- 
plane has  t r a v e l l e d  from t h e  boundary of t h e  aerodrome, except a s  provided i n  3.1.1 t o  
3.1.3 inc lus ive .  I n  determining t h e  a l lowable  dev ia t ion  of t h e  n e t  take-off f l i g h t  path 
i n  o rder  t o  avoid obs tac les  by a t  l e a s t  t h e  d i s t a n c e s  s p e c i f i e d ,  i t  should b e  assumed t h a t  
t h e  aeroplane i s  no t  banked before  t h e  c learance of t h e  n e t  take-off f l i g h t  path above 
o b s t a c l e s  is a t  l e a s t  15 metres (50 f e e t )  and t h a t  t h e  bank t h e r e a f t e r  does not  exceed 
15 degrees.  The n e t  take-off f l i g h t  path considered should be f o r  t h e  a l t i t u d e  of t h e  
aerodrome, f o r  t h e  runway grad ien t ,  and f o r  t h e  ambient temperature and wind component 
e x i s t i n g  a t  t h e  time of take-off.  ( see  P a r t  I, 10.2 and 11.2).  

3.1.1 Where t h e  intended t r a c k  does not  inc lude  any change of heading g r e a t e r  
than 1 5  degrees,  

(a) f o r  operat ions  conducted i n  VMC by day, o r  

(b) f o r  operat ions  conducted with nav iga t iona l  a i d s  such t h a t  t h e  p i l o t  
can maintain  t h e  aeroplane on t h e  intended t r a c k  with t h e  same 
p r e c i s i o n  a s  f o r  operat ions  s p e c i f i e d  i n  ( a ) ,  

o b s t a c l e s  a t  a d i s t a n c e  g r e a t e r  than 300 metres (1 000 f e e t )  on e i t h e r  s i d e  of t h e  intended 
t r a c k  need not  be  c leared.  
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3.1.2 Where t he  intended t rack  does no t  include any change of heading g rea t e r  
than 15 degrees f o r  operat ions conducted i n  IMC, o r  i n  VMC by n ight ,  except as provided 
i n  3.1.1 (b) ;  and where t he  intended t rack  includes changes of heading g r e a t e r  than 15 
degrees f o r  operat ions conducted i n  VMC by day, obs tac les  a t  a d i s tance  g r ea t e r  than 600 
metres (2 000 f e e t )  on e i t h e r  s i d e  of t he  intended t raok need not  be cleared. 

3.1.3 Where the  intended t rack  includes changes of heading g rea t e r  than 15  degrees 
f o r  operat ions conducted i n  IMC, o r  i n  VMC by n ight ,  obs tac les  a t  a d i s t ance  g r ea t e r  than 
900 metres ( 3  000 f e e t )  on e i t h e r  s i d e  of t he  intended t rack  need no t  be cleared.  

4. Spec i f ica t ions  f o r  Stopways and Clearways 

4'1.1 Credi t  should not  be taken f o r  t he  length of t he  stopway unless  i t  complies 
with 4.1.2. 

4.1.2 A stopway should not  be l e s s  i n  width than t h e  width of t h e  rumray; it 
should be cen t r a l l y  located about t he  extended cen t r e  l i n e  of t he  runway, and i t  should be 
designated by t he  aerodrome a u t h o r i t i e s  f o r  use i n  dece le ra t ing  t he  aeroplane during an 
interrupted take-off. To be designated a s  such, a stopway should be capable of supporting 
t he  aeroplane during an in te r rup ted  take-off without inducing s t r u c t u r a l  damage t o  t he  
aeroplane. 

Note: It is  highly de s i r ab l e  t h a t  c h a r a c t e r i s t i c s  of t he  sur face  of t h e  stopway be not  - 
worse than those of t he  runway. Para. 6.3.5 of P a r t  I provides f o r  t he  schedul- 
ing of operat ional  cor rec t ion  f a c t o r s  i n  order  t o  account f o r  sur face  character-  
i s t i c s  subs t an t i a l l y  d i f f e r e n t  from those of t he  runway. 

4.2 Claarway 

4.2.1 Credi t  should not  be taken f o r  t he  length of a clearway unless  i t  complies 
with 4.2.1.1 t o  4.2.1.3. 

4.2.1.1 A clearway should be c e n t r a l l y  located about the  extended cen t r e  l i n e  of 
the  runway. I t  should be under the  cont ro l  of t he  aerodrome au tho r i t i e s .  The width of 
the clearway should not be l e s s  than 150 metres (500 f e e t ) .  The clearway ie expressed i n  
terms of a clearway plane, extending from the  end of t he  runway with an upward s lope  no t  
exceeding 1.25 per cent  above which no objec t  o r  por t ion  of t he  t e r r a i n  should protrude,  
except f o r  f rangibly mounted l ightweight  aerodrome l i g h t s  not more than approximately 
0.90 metres (36 inches) above ground l eve l .  

4.2.1.2 I f  t he  clearway plane is above the  hor izonta l ,  t he r e  should be no obstruc- 
t ions  above ground other  than t he  aerodrome l i g h t s  spec i f ied  in 4.2.1.1, and t he  average 
and l oca l  s lopes of t he  sur face  of t he  ground should no t  genera l ly  exceed those permit ted 
fo r  the  runway, except f o r  i so l a t ed  depressions such a s  d i t ches  running across  t he  c lear -  
way. Where the  clearway plane has a pos i t i ve  gradient ,  t he  r a t e  of change of t he  longi- 
tud ina l  e lope between the  runway a d  t he  s u r f a c c  of t he  ground i n  t he  elearway should not  
exceed t h a t  spec i f ied  f o r  t he  runway. 

4.2.1.3 The s lope  of t he  obs tac le  f r e e  plane beyond the  end of t h e  clearway should 
not exceed t h a t  required by t he  aerodrome a u t h o r i t i e s  f o r  t he  assoc ia ted  runway. 
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Note: It  is intended t h a t  2.3 be applied so t ha t  t he  aeroplane achieves the  height  - 
of 10.7 metres (35 f e e t )  above the clearway plane a t  t he  end of the  take-off 
dis tance.  

5. En-route Limitat ions 

General 

No place along t he  intended t rack  should be more than 90 minutes a t  normal 
c ru i s ing  speed away from an aerodrome a t  which t he  d i s tance  spec i f ica t ions  f o r  a l t e r n a t e  
aerodromee(see 6.2) can be complied with and where i t  can be reasonably expected t ha t  a 
s a f e  landing can be made, unless  the  aeroplane complies with 5.3.1.1. 

5.2 One engine inoperat ive 

5.2.1 No aeroplane should be taken off a t  a weight i n  excess of t ha t  which, i n  
accordance with the one-engine-inoperative en-route ne t  f l i g h t  path da ta  shown i n  the  
Aeroplane F l igh t  Manual, w i l l  permit compliance e i t h e r  with 5.2.1.1 o r  5.2.1.2 a t  a l l  
po in ts  along the  route. The n e t  f l i g h t  path should have a pos i t i ve  s lope a t  450 metres 
(1,500 f ee t )  above t he  aerodrome where t he  landing i s  assumed t o  be made a f t e r  engine 
f a i l u r e .  The ne t  f l i g h t  path used should be f o r  the  ambient temperatures an t ic ipa ted  
along t he  route .  I n  meteorological condit ions where i c ing  pro tec t ion  systems a r e  t o  be 
operable, t he  e f f e c t  of t h e i r  use on t he  ne t  f l i g h t  path data  should be taken i n t o  account. 
( see  Pa r t  Is10.2 and 11.2). 

5.2.1.1 The s lope of t he  ne t  f l i ~ h t  path should be pos i t i ve  a t  an a l t i t u d e  of a t  
l e a s t  300 metres (1 000 f e e t )  above a l l  t e r r a i n  and obstruct ions along the  rou te  within 
5 nau t i ca l  miles on e i t h e r  s i d e  of t he  intended t rack.  

5.2.1.2 The ne t  f l i g h t  path should be such a s  t o  permit t he  aeroplane t o  continue 
f l i g h t  from the  c ru is ing  a l t i t u d e  t o  an aerodrome where a landing can be made i n  accordance 
with 6.2, t he  n e t  f l i g h t  path c lear ing  v e r t i c a l l y ,  by a t  l e a s t  600 metres (2 000 f e e t ) ,  
a l l  t e r r a i n  and obstruct ions along t he  route  within 5 nau t i ca l  miles  on e i t h e r  s i de  of 
t he  intended t rack.  The provisions of 5.2.1.2.1 t o  5.2.1.2.5 inc lus ive  should apply. 

5.2.1.2.1 The engine should be assumed t o  f a i l  a t  t he  most c r i t i c a l  point  along the  
rou te ,  allowance being made f o r  indecis ion and navigat ional  e r ro r .  

5.2.1.2.2 Account should be taken of the  e f f e c t s  of winds on the  f l i g h t  path. 

5.2.1.2.3 Fuel j e t t i son ing  should be permitted t o  an extent  cons is ten t  with reaching 
t he  aerodrome with s a t i s f ac to ry  f u e l  reserves,  i f  a s a f e  procedure is  used. 

5.2.1.2.4 The aerodrome where t he  aeroplane i s  assumed t o  land a f t e r  engine f a i l u r e  
should be spec i f ied  i n  the  operat ional  f l i g h t  plan and should meet t he  appropriate  weather 
minima. 

5.2.1.2.5 The consumption of f u e l  and o i l  a f t e r  t he  engine becomes inoperat ive should 
be t h a t  which i s  accounted f o r  i n  t he  ne t  f l i g h t  path da ta  shown i n  the  Aeroplane F l igh t  
Manual. 
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5.3 Two engines inoperative 

5.3.1 Aeroplanes which do not comply with 5.1 should comply with 5.3.1.1. 

5.3.1.1 No aeroplane should be taken off at a weight in excess of that which 
according to the two-engines-inoperativeen-route net flight path data shown in the 
Aeroplane Flight Manual, will permit the aeroplane to continue flight from the point 
where two engines are assumed to fail simultaneously to an aerodrome at which the landing 
distance specification for alternate aerodromes (see 6.2) can be complied with and where 
it can be reasonably expected that a safe landing can be made, the net flight path clear- 
ing vertically, by at least 600 metres (2 000 feet), all terrain and obstructions along 
the route within 5 nautical miles on either side of the intended track. The net flight 
path considered should be for the ambient temperatures anticipated along the route. In 
altitudes and meteorological conditions where icing protection systems are to be operable, 
the effect of their use on the net flight path data should be taken into account. The 
provisions of 5.3.1.1.1 to 5.3.1.1.5 inclusive should apply. (see Part I, 10.2 and 11.2). 

5.3.1.1.1 The two engines should be assumed to fail at the moat critical point of 
that portion of the route where the aeroplane is at more than 90 minutes at normal cruising 
speed away from an aerodrome at which the landing distance specification for alternate 
aerodromes (see 6.2) can be complied withandwhere it can be reasonably expected that a 
safe landing can be made. 

5.3.1.1.2 The net flight path should have a positive elope at 450 metres (1 500 feet) 
above the aerodrome where the landing is assumed to be made after the failure of two 
+ = n g h  

5.3.1.1.3 Fuel jettisoning should be permitted to an extent consistent with 5.3.1.1.4, 
if a safe procedure is used. 

5.3.1.1.4 The aeroplane weight at the point where the two engines are aesumed to 
fail should be considered to be not less than that which would include sufficient fuel to 
proceed to the aerodrome and to arrive there at an altitude of at least 450 metres 
(1 500 feet) directly over the landing area and thereafter to fly for 15 minutes at cruise 
parser and/or thrust. 

5.3.1.1.5 The consumption of fuel and oil after the engines become inoperative should 
be that which is accounted for in the net flight path data shown in the Aeroplane Flight 
Manual. 

6. Landing Limitations 

Aerodrome of destination 

6.1.1 No aeroplane should be taken off at a weight in excess of that which, in 
accordance with the landing distances required as sham in the Aeroplane Flight Manual for 
the altitude of the aerodrome of intended destination, would permit the aeroplane to be 
brought to rest at the aerodrome of intended destination within the effective length of 
the runway, this length being as declared by the serodrome authorities with regard to the 
obstructions in the approach. The weight of the aeroplane should be assumed to be reduced 
by the weight of the fuel and oil expected to be consumed in flight to the aerodrome of 
intended destination. Compliance should be shown with 6.1.1.3 and with either 6.1.1.4 or 
6.1.1.5 (see Part I, 10.2 and 11.2). 
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6.1.1.1 For aeroplanes  operat ing according t o  landing s p e c i f i c a t i o n  P a r t  I ,  9.1, 
t h e  runway g r a d i e n t  should be assumed t o  be zero, un less  the  runway i s  usable  i n  only one 
d i r e c t i o n .  

6.1.1.2 The expected runway condi t ion  (wet o r  d ry)should  b e  taken i n t o  account f o r  
operat ions  according t o  landing s p e c i f i c a t i o n  P a r t  I,  9.1, and f o r  tu rbo- je t  aeroplanes  
opera t ing  according t o  landing s p e c i f i c a t i o n  P a r t  I,  9.2. 

Note: National a u t h o r i t i e s  w i l l  need t o  develop s u i t a b l e  methods f o r  deal ing with - 
a c c o u n t a b i l i t y  f o r  wet and dry  runways. 

6.1.1.3 It should be assumed t h a t  t h e  aeroplane i s  landed on the  most favourable 
runway and i n  t h e  most favourable  d i r e c t i o n  i n  s t i l l  a i r .  

6.1.1.4 It should be assumed t h a t  t h e  aeroplane i s  landed on t h e  runway which is 
the  most s u i t a b l e  f o r  t h e  wind condi t ions  a n t i c i p a t e d  a t  the  aerodrome a t  t h e  time of 
landing, taking due account of t h e  probable wind speed and d i r e c t i o n ,  of t h e  ground hand- 
l i n g  c h a r a c t e r i s t i c s  of t h e  aeroplane,  and of o t h e r  condi t ions  ( i . e . ,  landing a i d s ,  t e r r a i n ,  
e tc . ) .  

6.1.1.5 I f  f u l l  compliance with  6.1.1.4 is n o t  s h o w ,  t h e  aeroplane may be taken 
off  i f  an  a l t e r n a t e  aerodrome i s  designated which permits  compliance with  6.2. 

6.2 Al te rna te  aerodrome 

6.2.1 No aerodrome should be designated a s  an  a l t e r n a t e  aerodrome i n  an opera- 
t i o n a l  f l i g h t  plan un less  t h e  aeroplane, a t  t h e  weight a n t i c i p a t e d  a t  t h e  t i m e  of a r r i v a l  
a t  such aerodrome, can comply with  6.1, except a s  s p e c i f i e d  i n  6.2.1.1 and 6.2.1.2. 

6.2.1.1 For aeroplanes operat ing according t o  t h e  landing s p e c i f i c a t i o n  P a r t  I ,  
9.1 t h e  Landing d i s t a n c e  required ( see  P a r t  I, 9.1.2) may be mul t ip l i ed  by a  f a c t o r  0.95. 

6.2.1.2 For aeroplanes opera t ing  according t o  t h e  landing s p e t i f i c a t i o n  P a r t  I, 
9.2 t h e  landing d i s t a n c e  required may b e  based on a  d ry  runway ( s e e  P a r t  I, 9.2.1.12) and 
fo rxurbo- je tae rop lanes  should be equal t o  t h e  landing d i s t a n c e  s p e c i f i e d  f o r  a  d e s t i n a t i o n  
aerodrome i n  6.1.1, and f o r  o ther  aeroplanes  should be equal  t o  the  landing d i s t a n c e  
s p e c i f i e d  f o r  a d e s t i n a t i o n  aerodrome i n  6.1.1 m u l t i p l i e d  by 0.86. 
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APPENDIX 

Wet Runway Testing 

1. In  order t o  ensure tha t  the f i n a l  scheduled distances correspond t o  condi- 
t ions  representat ive of an average w e t ,  well soaked runway, i t  would be necessary to  v e r i f y  
during the  c e r t i f i c a t i o n  t e s t s ,  the l eve l  of f r i c t i o n  existing. An acceptable means of 
checking t h i s  would be by the  use of a t e s t ing  apparatus which has shown reasonable corre- 
l a t i o n  over a range of  runway surfaces between the  r e s u l t s  i t  has produced and those 
l i k e l y  t o  apply t o  aeroplane braking. Where' the runway f r i c t i o n  ca l ibra t ions  a r e  not  made 
during the aeroplane test, the f r i c t i o n  l eve l  corresponding to  tha t  obtained from ca l ibra-  
t i on  before each t e s t  s h a l l  be determined, 

2. Where the runway f r i c t i o n  l eve l  during the  t e s t s  d i f f e r s  s ign i f i can t ly  from 
tha t  of an average wet ,  well soaked runway, t he  measured distances have, i n  p rac t i ce ,  been 
corrected fo r  t h i s  difference.  

3. A mdthod, implementing the pr inc ip les  of (I) and (2) above, used i n  the 
United Kingdom is to'make measurements with the Road Research Laboratories Skidding Tra i l e r  
of t he  locked wheel. braking force coef f ic ien t  of the runway surface on which the aeroplane 
braking performance is measured. The aeroplane wheel braking drag is separated 6ut  by 
analysis  of braked and unbraked performance measurements. This braking drag is  then cor- 
rected t o  a "Reference Fr ic t ion  Condition" by multiplying the drag a t  each speed by the  
r a t i o  ( for  t he  same speed) of 

Reference wet surface braking force coef f ic ien t  
T ra i l e r  braking force  coef f ic ien t  f o r  the t e s t  runway 

4. The wet braking distance is then recomputed using the corrected wheel 
braking drag. 

5. The Reference f r i c t i o n  condition used is the ICAO Reference Wet Surface, 
shown i n  Figure 1, developed by the Standing Committee on Performance and which is  the  
mean measurement made on a range of runway surfaces using the RRZ, t r a i l e r .  

6 .  The Road Research Laboratories Fr ic t ion  Tra i le r  is an apparatus which 
measures the skidding drag of a spec ia l ly  manufactured ty re  supporting a 143 kg (315 lb )  
load. 
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APPWDIX (Contd) 
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