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PROVISTONAL ACCEPTABLE MEANS OF COMPLIANCE

AEROPLANE STATIC PRESSURE SYSTEM -
UNIFORM METHOD OF CALTBRATION OF POSITION ERROR

FOREWORD

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

Z. 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 Standards in themselves defined a sufficiently
accurate level of airworthiness, or as recognition, by the Council, that due to the tech-
nical developments going on in a subject at the time of adoption, it had unot 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 method 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 certiffcation 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. That type of 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 Compiiance, 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 Provisicnal 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 this
Circular was developed by the Airworthiness Committee, a body of experts authorized by
the Council and functioning under the Air Navigation Commission. The Airworthiness
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Committee recommended the issuance of this Provisional Acceptable Means cof Compliance in

its report of the Seventh Meeting which was held from 22 November to 15 December 1966, The
Air Navigation Commission, after satisfying itself that this Provisional Acceptable Means

of Compliance is properly co-ordinated with the ICAO Standards and related material and

that the policies of the Organization have been followed, authorized issuance of this
Provisional Acceptable Means of Compliance at the Fourth Meeting of its Fifcy-Fourth Session
on 31 January 1967. It is to be noted that in so doing, the Air Navigation Commission did
not pass judgement on, or endorse, the technical contents recommended by the Airworthiness
Committee.

7. This Provisional Acceptable Means of Compliance is applicable to all aero-
planes certificated for operation at subsonic speeds up to an altitude of 15 000 metrres
{50 000 feet). It contains specifications concerning the calibration of the static pressure
system position error of such aeroplanes. Tt alsc describes in detail the trailing cone
calibration method whith has been shown to meet the accuracy requirements of £23 metres
(475 feet) throughout the presctibed operating altitude and airspeed/Mach number limitations
and which has also proven to be an accurate, easily repeatable, relatively simple and
economical method, The subject of this Provisional Acceptable Means of Compliance is one
important factor directly related to the problem of vertical separation of aeroplanes.

a, It should be noted that States are being asked to conduct, on a sampling
basis, static pressure system position error measurements of selected fn-service aeroplanes
using the trailing cone method, in order to gather additional data on this subject for

-evaluation by ICAO.

9. States are invited to use these specifications and te notify ICAQ of the
extent to which they are applied. Should any State find it desirable or necessary to
adopt any zignificant variations from the specificatiens, that State is Invited to notify
the Organization of such difference.
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AEROPLANE STATIC PRESSURE SYSTEM -
UNIFORM METHOD OF CALIBRATTON OF POSITION ERROR

APPLICABILITY

This PAMC contains specifications applicable to all aeroplanes certifi-
cated for operation at subsonic speeds up to an altitude of 15 000 metres (50 000 feet),

1. GENERAIL
1.1 Introduction

This PAMC specifies a minimum accuracy required for calibration of the
static pressure system position error of an aeroplane and details one acceptable method
for uniform application.

1.2 Definitions

Static Pregsure System Position Error: The difference between the
altitude indicated by an altimeter (having no instrument error) connected to the static
pressure system of the aeroplane and the ambient pressure altitude. It is convenient to
congider the static pressure system position error as made up of the following two com-
ponent parts:

a) the fixed error, vhich is recorded in the Aeroplane Flight Manual,
and

b) the wvariable error, which 1s the probable departure from the fixed
error. Included in the variable error is the error attributable to
the test procedure used.
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2, UNIFORM METHQD OF CALTIBRATION OF POSITION ERROR

2.1 Any method of calibration of the aeroplane static pressure system position
error should have an accuracy within *23 metres (375 feet) throughout the operating altitude
and airspeed/Mach number limitations for which the aeroplane is certificated,

2.2 Calibration methods which have been shown to meet the accuracy requirements
of para. 2.1 either by themselves or in combination with each other, including

a) Tower fly-past
b) Precision radar tracking
¢) Trailing cone

can be applied provided they are correctly used so as to ensure compliance with para. 2.1.

2.3 There are two basic aspects of the problem of the aeroplane static pressure
rystem position error calibration, namely:

a) calibration of the static pressure system position error
for certification purposes, which is described in para. 3.3;

by any necessary check-testing of the static pressure system position
error of in-service aeroplanes, which is described in para. 3.4.

2.4 In ovder to ensure uniformity of calibration method, particularly in the
case of para. 2.3 b) above, the trailing cone calibration method has been selected for
presentation in this PAMC because of the advantages which are given below:

a) relatively high accuracy because the reference static pressure is
measured by static orifice sleeve trailed at a certain distance
behind the aeroplane where a free air stream condition exists. The
difference between the pressure measured by the static pressure
system in the aeroplane and the free air stream pressure is measured
directly by means of a differential pressure instrument;

b} easy repeatability of the procedure;

¢) simplicity of the test instrumentation and procedure;

d) economic operation.

2.5 A description of the trailing cone principle is given in para. 3.1,




ICAO Circular 81-AN/68 7

3. TRATLING CONE CALIBRATION METHOD

3.1 General

3.1.1 Static pressure at an aeroplane flight altitude can be obtained with a
high degree of accuracy by means of a static orifice sleeve incorporated in flexible nylon
tubing extended behind the aeroplame. The tubing is kept straight and at approximately
zero degree angle of attack by a non-lifting drag cone attached to the end of the tube.
The tubing,static orifice sleeve and drag cone are called a "Trailing Cone" assembly. The
trailing cone test equipment is specified in the Appendix. In essence it simply provides
a distant static pressure port and should not be confused with other trailing systems,
e.g. the trailing bomb,. it can be used for flight calibration of an aeroplane static
préssure system position error over the airspeed/Mach number-altitude flight envelope of
the aeroplane.

3.1.2 The tubing transmits the free air stream static pressure (p) to an acce-
rate, small range, differential pressure gaunge which measures directly the static pressure
system position error (pp - p); Pm 1s "measured" static pressure from the aeroplane primary
static pressure source, e.g. flush static ports or Pitot static tube., Because the aero-
plane carries its own reference, pressure (p) from the trailing cone assembly, flight
calibration is conducted without the aid of other aeroplane or special ground equipment
and is not dependent on testing over specific geographical locations. A typical flight
pattern for trailing cone flight calibration is shown on Figure 1; however, any suitable
route may be used.

3.2 Installation

3.z2.1 The preferred method of installation should be such that the nylon tube
is continuous with no fittings between the cone assembly and attachment to the test
instrumentation. Where, for installation or operating reasons, the nylon tube has to be
interrupted at the attachment to the aeroplane, the fittings or unions used should have
adequate mechanical strength and mate efficiemtly with the tubing to the trailing come.
The design drag load associated with this cone Installation is approximately 90 kg (200 1b)
at 400 kt indicated airspeed. Pipe dimensions etc., are shown in the Appendix,

3.2.2 For aft-engined aeroplanes it is strongly recommended that the assembly
be towed from the fin tip. For aeroplanes with wing mounted engines, the lower aft fuselage
extremities are recommended.

3.2.3 Free air stream static pressure is sensed by a trailing static orifice
sleeve located in the nylon tubing at a sufficlient distance ahead of the drag cone to
eliminate pressure influence from the cone. The distance behind the aeroplane which it
is necessary to extend the static orifice sleeve in order to obtain free air stream static
pressure is dependent upon the size and geometric shape of the aeroplane, and can be
determined by extending the nylom tubing (thereby increasing the distance of the trailing
cone assembly behind the aeroplane) until the differemtial pressure stabilizes, At this
point the static orifice sleeve has been properly positioned behind the aeroplane., For
large turbo-jet aeroplanes this distance has been found to be approximately 40 metres

(130 feet),



Constant Altitnde, Constant Airspeed during each run -- \
Different Airspeed for each run {Complete test can be

flown on same heading if desired)

Airspeed changed during turn,
Altitude held constant

Figure 1

Typical Flight Pattern for Trailing Cone Method of Calibration of Position Error
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3.3 Calibration for Certification Purposes

3.3.1 The flight test procedure for calibration of the aercplane static pressure
system position error for certification purposes is described below. A calibrated test
altimeter and airspeed indicator will be required, as well as a differential pressure
indicator as specified in the Appendix. The test altimeter and airspeed indicator are used
to establish the test conditiom.

3.3.2 The following procedures should be carried ocut before flight:

a) A leakage test of the trailing cone system should be performed with
the nylon tubing under approximately 45 kg (100 1b) tension and with
the entire installation commected as to be used in flight. Negative
pressure should be applied equal to the cabin pressure differential
at the maximum test altitude. No noticeable leakage should be noted
within one minute.

b) A leakage test of the aeroplane static pressure system should be
performed in accordance with acceptable procedures. Any significant
leakage should be eliminated.

¢) The trailing cone system should be inspected for security of attach-
ment, kinks in the tubing, straightness of the static orifice sleeve,
damage or plugging of orifices and of the cone for general condition,
The tubing should be laid out full length prior to flight to insure
that no permanent set has taken place.

Hote:- Care should be taken in storage of the nylon tubing. The bend
radius during storage should be such that permenent deformation
is not induced.

3.3.3 The distance of the static orifice sleeve behind the aeroplane needed to
obtain free air stream static pressure should have been determined as in para, 3.2.3 with
a serviceable trailing cone assembly. The calibration method should be as follows:

a) At the selected test altitude, a test airspeed is stabilized and
maintained,

b) With level, unaccelerated flight being maintained, the following data
should be recorded:

i} Differential pressure indicator reading;
i) Test altimeter and airspeed indicator readings;
iii) Machmeter reading;
iv) Measured angle of attack and/or aeroplane weight:
v) Aeroplane counfiguration,

All instrument readings should be taken rapidly, preferably using
automatic recording devices such as recording oscillographs.

Hote:- The differential pressure indication should be stable for at least
ten seconds before the time of reading because of pressure lag
inherent in the trailing cone assembly, The trailing cone is also
sensitive to control surface movements and control surfaces should
be held steady while data is being recorded,
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411l instrument readings must be corrected for instrument errorv
before final analysis.

c) steps (a) and (b) are repeated for each airspeed calibration point at
the test altitude. A recommended sequence is to calibrate at inter-
vals from the lowest to the highest airspeed and then calibrate at
the same airspeed points while decreasing airspeed. This increasing
then decreasing airspeed sequence should be repeated a minimum of two
tires at each test altitude,

d) The above steps should be repeated for each test altitude and each
aeroplane configuration.

3.4 Check Testing of In-service Aeroplanes

3.4.1 Trailing cone systems have been found acceptable for establishing aero-
plane static pressure system position error for check testing purposes, The outlined test
procedures are intended to be used in determining individual aeroplane static pressure
system position error in the cruising regime of flight. The data thus obtained can be
used for comparigon with aeroplane static pressure system position error as shown in the
aeroplane flight manual or, in the case of those aeroplanes equipped with air data systems
applying static pressure system position errer correction, comparison with the correction
data utilized in these systems.

3.4.2 The system should be checked prior to flight in accordance with
para. 3.3.2,

3.4.3 The static orifice sleeve should be a minimum of 40 metres (130 feet)} aft
of the most rearward point of the aeroplane unless a different length is specified by the
aeroplane manufacturer.

Note:- 40 metres (130 feet) was selected to accommodate large transport category
aeroplanes.

3.4.4 The flight test should be carried cut as follows:

a) Tre aeroplane should be stabilized in steady level flight at a
flight level between 300 and 350, if practicable. Where it is not
practicable to conduct tests between the flight levels 300 and 350,
they should be carried out at the highest practicable altitude.

b} At each of four Mach data points representative of and spaced over
the normal operational speeds in level flight, altitude should be
stabilized(within 0.5 m/s (100 ftfmin) rate of climb or descent during
the recording pericd) and a constant IAS held while tecording data.

€¢) The following data should be recorded at each Mach data point:

i) Mach number and IAS from pilot's indicator:

ii) Altitude from pilot's altimeter with air data system correction
or manual correction;
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i1i1) Differential pressure (pilot's static pressure system to trailing
cone system);

iv) Aeroplane weight during test period.
Note:- All readings should be recorded within the shortest possible time,
3.4.5 After landing a leakage test of the trailing cone system should be performed
as in 3.3.2 a), If the flight test data appears to be questionable, the leakage tests of
the aeroplane static pressure system as in 3.3.2 b) should be repeated.

3.4.6 The trailing cone system should be inspected for damage.

3.5 Precautions to be observed during Flight Tests

3.5.1 The following precautions should be observed during flight tests utilizing
the trailing cone method:

a) It is important that the aeroplane be stabilized prior to and during
recording data points. In recording data points, airspeed should be
held within approximately *2 kt for a 15 second period with the data
point being recorded at the approximate 2/3 point of this period.

b} The aeroplane should be flown with zero side-slip.

c} Fluctuations of the differential pressure gauge are indications of
possible cone instability which would invalidate test results,

d) To avold the possibility of damaging the cone when taxiing, thus
causing instability or malfunction of the cone in flight, care should
be taken especially when taxiing to prevent such damage, i.e. a
retractable system could be used, or the cone may be carried on a
ground vehicle feollowing the aeroplane to the take-off point,.
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4, APPLICATION OF THE CHECK TEST

Check tests should be carried out either when doubt arises about the
correct functioning of the aeroplane static pressure system, or when modifications or
repaire are made to the aeroplane structure which could affect the static pressure system.
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APPENDIX*

SPECIFICATIONS FOR TRAILING CONE EQUIPMENT
FOR AEROPLANE STATIC PRESSURE SYSTEM POSITION ERROR
CALIBRATION BY MEANS OF THE TRAILING CONE METHOD

1. General

The specifications for the trailing cone equipment and information
provided in the attached Douglas drawings (Figures 2,3 and 4) relate to two trailing cone
systems, namely:

a) the standard system (designated -1} and

b) the high-speed system (designated -501).
The standard system is designed for airspeeds up to 600 knots EAS and Mach numbers slightly
greater than 1.0, The high~speed system is designed for airspeeds up to 800 knots EAS or
Mach numbers up to 2.5. For the range of validity of this PAMC, only a) above, i.e., the

standard cone/system, applies,

2. Specifications

2.1 Cone. This should be in accordance with the attached Douglas Drawing
FT 7898765 (Figure 2), except that the material need not be "epoxy glass roving" and
"epoxy unidirectional glass tape", provided the material is the equivalent in fibreglass/
resin combination as to thickness and/or rigidity.

2.2 Static Orifice Sleeve, Cone and Lipe Assembly. This should be in accord-
ance with the attached Douglas Drawing FT 7898766 (Figure 3), except that:

a) orifice holes should be precision-drilled;

b) orifice holes forward of the apex of the cone should be not less
than the dimensions shown on the Douglas drawings.

2.3 Installation Techniques of the Trailing Cone System. These should be in
accordance with the attached Douglas Drawing FT 7754389 (Figure 4).

2.4 Differential Pressure Gauge. An accurate, small-range differential
pressure gauge should be used. The range should be sufficient to provide as much scale

* Wording of the Appendix, as compared to that in the Report of the Airworthiness
Committee Seventh Meeting (Doc 8653-AN/887), has been slightly changed to reflect
amendments incorporated by the Douglas Aircraft Company in their drawings. The
amended drawings were received from the company in March 1967.
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resolution as possible and still cover the range of differential pressure expected for
the aeroplane type being tested. The accuracy of the gauge should be %4.5 metres
(¥15 feet) at full scale at the test altitude. .

Hote:- It is permiseible to utilize two gauges (one in the trailing cone/pilot systenm
and one in the trailing come/co-pllot system) to avold switching.

3. Acknowledgement

The equipment referred to in this Appendix 1s based on equipment designed
by Douglas Aircraft Company, Inc., Long Beach, California, USA., to whom reference may be
made for further information, The trailing cone assembly described here has known perform-
ance characteristics,
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ICAO TECHNICAL PUBLICATIONS

The following summary wives the status, and also
deseribes in general terms the contents of the varicus
sericy of technical  publications fssued by the Inter-
national Ciofl Aviation Orgargzafion. {f does nog fnefrde
spectalized  publications  that do not fall  specifeally
within une of the series, such as the wwoao Acronautical
Chairt - Catalogue  or the
International Air Navigation,

Metcorological  Tubles  for

INTEENATIONAL STANDARDS AND HECOM-
MENDED PRACTICES are pdopted by the Conneil
in accordanee with Articles 54, 37 anad 90 of the Con-
vention on International Civil Avintion and are desig-
nated, for couvenicnce, as Annexes to the Gonvention,
The uniform applieation by Contracting States of the
specifications comprised o the Intermational Standards
is reeognized as necessary for the safety or reoularity
of internationa! air pavigation while the wnifonn apphi-
cation of the specifieations in the Recommended Prac-
tices is regarded as desirable in the interest of safety,
regularity or efficiency of internationul air navigadon,
Knowledge of any differences hetween the national regu-
lativns or practices of a State and those established by
an International Standard is esseutial to the safety or
regularity of international air pavigation. In the event
of non-complinnee with an  International  Standard, =
State has, in faet, an oblization, under Article 38 of
the Convention, to notify the Council of any differences,
Kuowledge of differences from Recommended Practices
may ulso be important for the safety of air navigation
and, although the Convention does not impose any obli-
gation with regard thereto, the Conneil has invited Con-
tracting States to notify such differences in addition to
those relating to International Standards.

PROCEDURES FOR AR NAVICATION SERVIUES
(pans) are approved by the Council for world-wide
application. They comprise, for the most part, operating
procedures regarded as not yet having attained a soffi-
cient degree of maturity for adoption as International
Stundards  and Recommended  Practices, us well  as
material of a more permanent character which is coun-
sidered too detailed for incorporation in an Annex, or
is susceptib!> to frequent amendment, for which the
processes of the Convention would be too cumbersome,
As in the case of Recommended Practices, the Council

has invited Coubracting States to notity any  differences
between their national practices and the eans when the
knowledee of snch differences is important for the safety

of air wavigation.

RECGIONAL  SUPPLEMENTAHRY  PROCEDURES
{stpes ) have o ostatus similar to that of pans in that they
are approved by the Councel, but only lor application in
the respective regions, They are prepared in conselidated
formy, sinee certain of the procedures apply to overlapping
regions or ire commion o Bwe or more regions,

The following publications are prepared by authority
of the Secrctary Ceneral in acvordance with the principles
anel policies approved by the Council,

ICAQ FIELD MANUALS derive their status from the
International  Standards, Recsummended  Practices  and
pans from which they are compiled. They are prepared
primarily for the use of personuel enpaged in operations
in the field, as a service 10 those Contracting States
who do not find it practicable, for varions reasons, to
prepare themn for their own use.

TECHNICAL MANUALS provide guidance and in-
formation in amplification of the Intemational Standards,
Recommended Practices and pans, the implementation
of which they are designed to facilitate.

AIR NAVIGATION PLANS detail reguirements for
facilities and services for international air navigation in
the respective ICAQ Air Navigation Regions. They are
prepared on the authority of the Secretary Ceneral on
the basis of recommendations of regional air navigation
meetings and of the Council action thereon. The plans
are amended periodically to reflect changes in require-
ments and in the status of implementaton of the
recommended facilities and services.

ICAQ CIRCULARS make awailable specislized in-
formation of interest to Contracting States. This includes
studies on technical subjects as well as texts of Provi-
sional Acceptable Means of Compliance,



EXTRACT FROM THE CATALOGUE
IC40 SALABLE PUBLICATIONS

Fourth Air Navigation Conference.
Montrenl, 9 Novenber - 3 Pegember 1565,
{Bor BFFL, AN<COREIU) ., F00 PR,  cusors wimmmms o s s e mmen s e .3, ®5.00

Airworthiness Committee -
Report of the Seventh Meeting.
Montreal, 22 NWovember - 15 December LO9GE.
flbe: GEES-ARTEST Ve LEMpiE o neiiness @ s o e R e g3, 2050

ANNEXES TO THE CONVENTION

Annex b - Operavion of Alrcrafr -
International Commercial Air Transport.
Gkh efitdony Apeill TEETL. 3B poal s@vuses TOETe SRSRW A DUNEAT Al Bus. $3.00

Annex 8 - Alrworthiness of Aircrafr.
S5th edition (incorporating Amenaments 1-86). _
R L R T s ey et om0 o U5 %3100

PROCEDURES FOR AIR NAVIGATION SERVICES

Aircraft Operations.

{(Doc BLEB-OPB/611/2). @2nd edition, 1967. 164 ppe covuivuesen U.s. 43.00
Regional Supplementary Procedures. (pes T030)
Price of up-to-date complete Yolume ......ocevumrrsnnnaranssas .8, #5.25
One-yegy sulizoripiion to dmendment Service .. ..cicitimeneenssss Ir,8. $5.25
CIRCULARS
51-AN/46/2 - Provisional Acceptable Mpans of Compliance -
Turbine Engines - Type Tests. 2nd edicion, 1967, 14 po. vyvves 0.8, ¥0.50
S3-AN/48/1 - Provisional Acceptable Means of Compliance -
Testing of Pressure - Sensitive Altimeters. 2nd =dition,
AGRSE. BT pp e AR R ST VRN S M R v i aB. $0.TR
35-AN/50 - Provisional Acceptable Means of Compliance -
Emexgency Evacuation Provisions., 1358, 9 PRy weesrvemenmssonssa U.g8. 80,25
S8-AN/53/2 - Provisional Acdceptable Means of Compliance -
Aeroplane Performsnce. 2nd edition, I967T. 34 pp. tvveronnnvsss u,s. $o.50
61-AN/50 - Provisional Acceptable Means of Lompliance -
Fatigue Strength of Aeroplane Structwres. 1861, & pp. .o.iveas tLg. $0.50
65-AN/59 - Provisional Acceptable Means of Compliance -
Standardivation of Approved Aeroplane Flight Manuals.
IBE3. T DPh swmcnns smpmepes o L R TR AT AR 8 AR ¥.8. #i.25
T5-AN/65 - Provisional Acceptable Msuns of Compliance -
Aeroplane Flving Qualities (Relared to the PAMC on
Aerbamence]s (196F. B8 gul cosasenia DnEE el FRITTNN LROEde p e ol S5
79-AN/HY - Provisional Acceptable Means of Gompliance -
Glest Criterif: 1887 TF pp.i s wmervwes e/ o pleatn SR AT wow  (MaSe B0L50

N.B.—Cash remillance should accompany eack crder.
Catalogue sent free on request.
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