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PILOT AND STATIC SYSTEM TESTER

MODEL 377-4

This manual provides information
necessary for operating the Pitot and

Static System Tester Models 377-4 and

377-4-50K.

This manual is printed to aid the
technician in the field and is not the final

authority for any test undertaken. It is
the operator's responsibility to secure all

required authority and rules to comply

with FAA regulations.

Manufactured by:

CASTLEBERRY INSTRUMENTS & AVIONICS, INC.
817 Dessau Road, Austin, TX 78753

512-251-3441
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1.1 PURPOSE OF MANUAL

The purpose of this manual is twofold: to make your

job as easy as possible to comply with FAA regulations

with an indepth understanding of Pitot and Static Sys

tems of today's aircraft; and to give you detailed in

formation on the Model 377-4 Pitot and Static System

Tester.

This technical manual is not intended to be a com

prehensive "textbook". It does, however, present a

thorough overview of the unique requirements of Pitot

and Static Systems test and certification. It includes

many illustrations and "how-to" tips and ideas, plus

copies of related Federal Aviation Regulations; Appen

dixes and Advisory Circulars. It has been organized

in such a manner that if one reads it from cover to

cover they wili have a comprehensive understanding

of the aircraft's systems and how to perform the nec

essary tests and repairs.

It is with these thoughts in mind that we at Castleberry

Instruments and Avionics wish you many years of suc

cessful testing with our Model 377-4. If you have any

questions or problems, please feel free to cali us.

1.2 BASIC PITOT-STATIC SYSTEM

The system that provides pressure for the altimeter

indicator is the only one for which the Federal Aviation

Regulations specificaliy require an inspection. FAR

91.170 requires that the static system of every aircraft

operated under Instrument Flight Rules be inspected

for integrity every twenty-four months and a record kept

of those inspections.

Static systems connect the altimeter, airspeed indicator

and rate of climb indicator to a port or hole in the side

of the aircraft, fig. 1.2 or a hole in the side of the pitot

static head, fig. 1.3. This provides undisturbed air for

use as a reference for these instruments.

Pitot heads and static ports are susceptible to blockage

by ice, so electric heaters may be instalied to prevent
its formation. These heaters generate more heat than

can be dissipated without a cooling airflow, so the heat

ers should not be operated on the ground any longer

than necessary to insure that they wili operate properly.

section 1
introduction

Figure 1.2 Static Port

Figure 1.3 Pitot Static Head
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Fig. 1.4 shows a complete single pitot-static system

installation. The pitot tube is connected directly to the
airspeed indicator, the static ports of the three instru

ments are manifolded together and connected into

common static sump, then to the static ports. There

are often two static ports connected together, one on

either side of the aircraft, so that in a slipping or skid

ding condition the pressure on the two sides of the

aircraft will balance and a true static reading will be
provided.

An alternate source valve may be provided in the stalic

system so that in the event the outside static ports

ice over, the pilot can open the valve and have an

acceptable, though perhaps not highly accurate, read

ing. Unpressurized airplanes vent this valve into the
cockpit at the instrument panel; but pressurized air

planes must provide the alternate static source outside

the pressurized area.

.....

STATIC PORTS

STATIC
SUMP ,-_.....L__....

PITOT HEADAIRSPEED
INDICATOR

"...,.----""

Figure 1.4 Single Pitot and Static System
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2.1 GENERAL DESCRIPTION

The Model 377-4 Tester is a compact, portable and
precise tester, complete with vacuum-pressure pump,
valves, hoses, electric cord and monitoring instru
ments. All components are contained within the
fiberglass case, 10 inches high, 15 inches wide and

15 inches deep, weighing 30 pounds.

The 377-4 can be used by one technician for all test
procedures right on the aircraft or on the test bench.

The 377-4 produces precise and controlled pressures,
pitot and static, that are normally sensed by airborne
flight instruments. Through adapter fittings and hose
connections, the precise pressures generated by the
tester can be applied to the aircraft's normal pitot and
static lines or directly to a specific instrument to check
for proper operation.

The 377-4 supplies both positive and negative pres
sure (vacuum). Self-test of the 377-4 can be made
quickly and easily at any time.

Instruments used in the 377-4 are highly accurate and
sensitive. These instruments are calibrated and cer
tified to FAA Standards under controlled environmental
conditions, thus providing a reliable testing standard.

A dry pump is used in the 377-4 which allows it to
be carried, stored or operated in any position without
fear of fluid contamination of instruments.

Static and pitot pressures are controlled by micro me
tering valves adjustable at the front panel. These
valves also act as shut-off valves to isolate the aircraft

section 2
general description

systems and the tester instruments from the testers
pressure sources. This isolation provides a means of
checking for system leakage by observing a drop in
the altimeter and/or airspeed instruments in the 377

4 over a period of time.

Electrical circuit wiring is fused using a 3 ampere fuse
to prevent electrical damage to the tester.

Test connection plug fittings are provided with a dual
purpose, dust caps to prevent contamination within the
377-4 and to seal the outlet connections ports to make
pre-test self-checks of the Tester possible.

Hoses and fittings furnished with the 377-4 allow
interconnections with the aircraft's pitot and static
ports. Optional adapters and fittings are available on
request.

The pump motor operates on 115/110 volts AG, 50/60

cycles or optional 230/220 volts AG 50/60 cycles single
phase.

Three precise instruments are used in the typical
377-4 tester. All functions are clearly labeled on the

tester's control panel and instrument dials.

(1) The airspeed (Pitot pressure monitor) dial is cali
brated to read indicated airspeed in knots and/or
miles per hour depending on choice.

(2) The altimeter (static pressure monitor) dial is cali
brated to indicate altitude in feet.

(3) The climb (static pressure rate of change monitor)
dial is calibrated to indicate altitude rate of change
in feet per minute.

2-1
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3.1 GENERAL

This section provides a discussion of principles and
major functional loops involved in operation of the

377-4 Pitot and Static System Tester. Schematic dia
gram figure 3.1 is provided to aid in understanding
the functional discussion.

3.2 ELECTRIC CIRCUIT

The 377-4 operates on 115 volts 50 or 60 Hz or optional
220 volts 50 or 60 Hz. Pump Power Switch S1 applies
power through fuse F1 to the Vacuum-Pressure Pump

VP1.

3.3 PNEUMATIC CIRCUIT

Selector Valve V1 allows pressure or vacuum from

pump to be routed to Pitot Control Valve V3 and Static
Control Valve V2. Pitot Control Valve V3 regulates and
isolates pump pressures from/to Pitot Bleed Valve V4.
Cross Feed Valve V6, pitot outlet SC1 and Airspeed
M3. Static Control Valve V2 regulates and isolates
pump pressures from/to Static Bleed Valve V5, Cross
Feed Valve V6, Static Outlet SC2, Altimeter M1 and
Climb M2. Cross Feed Valve V6, when opened, allows
equalization of pressure between pitot and static lines.
Therefore, when the same pressure or vacuum is on
both connections of the Airspeed, there will be no dif
ferential pressure and airspeed will remain at zero.
Relief Valve V7 is a safety valve to limit maximum
pressure buildup to approximately 15 PSI. Pitot and
Static Outlets SC1 and SC2 provide connections to
external instruments or systems. Pitot and Static Bleed
Valves V4 nd V5 allow each system to be vented to
the atmosphere.

5 MFD 370 VAC

RELIEFVALVE

LINE
INPUT

PRESSURE----.,

OFF

ON
PUMP
Sl

,VACUUM

V·3
PIlOT

CONTROL

FUSE
3AMP$
Fl

Cl

PRESS VAC
<l

PUMP
<l -

VPl

---7
/

Vl V·2
STATIC
CONTROL

V4
PIlOT

BLEED

o SCl

PITOT
OUTLET

P S

M3

AIRSPEED

V6

CROSS
FEED

M2

CLIMB ALTIMETER

V5
STATIC
BLEED

SC2 0
STATIC
OUTLET

Figure 3.1 Electrical and Pneumatic Schematic
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4.1 GENERAL

Table 4-1 lists each switch, control and indicator on

the 377-4 Pitot and Static System Tester shown in fig

ure 4.1 with its location and function.

TABLE 4-1. Controls and Indicators

section 4
detailed description

ITEM NAME LOCATION FUNCTION

Airspeed Indicator M3 Knots Front Panel A direct reading instrument that indicates
or MPH instrument that indicates the difference be-

tween ram pressure (pitot) of the air and

the atmospheric pressure (static).

Altimeter MI 35,000 Front Panel A direct reading instrument that indicates

feet (Standard) atmospheric pressure (static).
50,000 feet (Optional)

Climb M2 (6,000 Front Panel A direct reading instrument that indicates

feet per minute) the rate of change in atmospheric pressure

(static).

Motor-Pump Unit Dry Internal, accessible 115/110 volts 60/50 Hertz 1 phase 1.4/1.5

Type VP1 after removal of panel. ampere (standard) 230/220 volts 60/50

Hertz 1 phase one (1) ampere (optional).

Generates the required pressure.

Power Cord Front Panel Heavy duty-three prong 110 volts, 50-60
Hertz (standard); 220 volts 50-60 Hertz

(optional). Supplies the power to operate

the motor-pump unit.

Power Switch S1 Front Panel Provides on/off control of power to motor-

pump.
\-

Source Selector Control V1 Front Panel Allows selection of positive or negative

(vacuum) pressure.

Static Control V2 Front Panel Regulates pressure to and isolates the

pump pressures from the static outlet and

the testers indicators.

4-1
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TABLE 4. 1. Controls and Indicators

ITEM NAME LOCATION FUNCTION

Static Bleed V5 Front Panel Allows the pressures developed in the

static lines to be released to the atrno-

sphere.

Pitot Control V3 Front Panel Regulates pressure to and isolates the

pump pressures from the pitot connection

on the Testers airspeed.

Pitot Bleed V4 Front Panel Allows the pressures developed in the pitot

lines to be released to the atmosphere.

Cross Feed V6 Front Panel Allows equalization of pressure between

the pitot and static systems.

Accessory Pouch Inside Lid Houses hoses, fittings, adapters, manual

and test data sheets.

CLIMB (M2)

.....

•
--11-- ALTIMETER

(M1)

'+--ir- STATIC
BLEED VALVE

(V5)

•

SOURCE
ｾ Ｍ Ｍ Ｍ Ｍ Ｋ Ｍ Ｍ Ｔ Ａ ｟ Ｍ ｓ ｅ ｌ ｅ ｃ ｔ ｏ ｒ

CONTROL (V1)

ｾＭＭＭＭＭｉＢＢＧＭｬＫＭＭ STATIC
CONTROL
VALVE (V2)

..........ＭＫＧＭｾ STATIC

OUTLET (SC2)

ｾＮｾＮＧrr

"ITO'
....,0

:-----......h.----::::-:;==::f:::::::::::=t---J!.- CROSS FEED

VALVE (VB)

••

",

AIRSPEED --"",*-"
(M3)

PITOT BLEED Ｍ ｾ ｴ ｨ ｬ ｩ ｬ Ｍ ｴ Ｍ Ｍ Ｇ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ _____
VALVE (V4)

PITOT OUTLET --+--\r--"
(SC1)

POWER SWITCH--+-...------.........
(51)

PITOT

CONTROL VALVE --+--1.....-'
(V3)

Figure 4.1 377-4 Pitot and Static System Tester, Control Panel
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5.1 General

This section presents information required for main

tenance and repair of the 377-4 Pitot and Static System

Tester. The information provided by this section in

cludes testing, troubleshooting, disassembly, servicing

and assembly procedures.

5.2 Testing

5.2.1 Test Equipment Required

The test equipment required to self test the 377-4

Tester is listed in table 5-1. Substitute equipment may

be used if equivalent to that listed.

section 5
maintenance

NOTE:

Refer to appendix 8-13 AC91-14D for approved al

timeter selting sources.

Refer to appendix 8-11 AC43-203B paragraph

7.b.l,2,3 for required calibration checks of test

equipment.

5.2.2 Test Procedures

TABLE 5-1. TestEquipmentRequired

I-

I-

EQUIPMENT

Barometer

Altimeter Setting

Surveyed elevation

of location

MFG. & PIN

Kearflex Eng. Co.

MS24134-1

(FA68AC-3741-3)

FUNCTION

Check current altimeter

setting.

Check field elevation on

master altimeter.

....

....

5.2.2.1 General

The test procedure is presented in table 5-2. If an ab

normal result is obtained, refer to the troubleshooting

procedure, paragraph 5.3. The following paragraphs

list the column headings of the test procedure and de

scribe what is included in each column.

5.2.2.2 STEP Column

The STEP column lists the number of the test.

5.2.2.3 DESCRIPTIONColumn

The DESCRIPTION column lists the descriptive name

for each test.

5.2.2.4 PROCEDUREColumn

The PROCEDURE column lists the procedures that

are performed as a part of each test.

5.2.2.5 RESULTS Column

The RESULTS column is used to list the required in

dication and to describe any noticeable changes that

should occur.

5-1
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TABLE 5-2. Test Procedure

STEP DESCRIPTION PROCEDURE RESULTS

Preliminary test

setup

1a Master Altimeter M1 field Install test plugs

elevation check in outlet connectors

SC1 & SC2.

Close Pltot and Static

Control Valves V2 & V3
and Cross feed valve V6

fully clockwise. -CAUTION: Do not force
valves past their stops

as they are "Soft Seat"

valves.

Open Pltot and Static

Bleed Valve V4 and V5 at

least 3 turns counter

clockwise.

Set the current barometric Altimeter M1 should read

setting on altimeter M1 field elevation within plus or .'

and read altitude after minus 75 feet.

vibrating.

2 Leak Checks

2a Initial Control settings Install test plugs in

outlet connectors SC1

&SC2.

I
Close pltot and static

f' control valves V2 & V3

and cross feed valve V6
fully clockwise.

Set Vacuum-Pressure
selector V1 to "Pressure" -
Set Pump switch 51 to "OFF'.

s-

Connect Power cord to

proper power source.
115 VAC 50/60 Hz or

optional 220 VAC 50/60 Hz.

2b Pitot Leak Check Set Pump Switch S1 to "ON." Audible indications of pump
Close Pltot Bleed Valve running.

V4 fUlly clockwise.

Slowly open Pltot Control Airspeed M3 will indicate
Valve V3 counterclockwise. upscale.

5-2
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STEP DESCRIPTION

-
-

-

...

-

2b

2c

Pitot Leak Check cont'd

Static Leak Check

TABLE 5-2. Test Procedure (conl'd)

PROCEDURE

After Airspeed M3 has

reached its max indications

(300 MPH or 650 KTS.) Close

Pitot Control V3 fully

clockwise.

Slowly open Pitot Bleed

Valve V4.

Close Pltot and Static

Bleed Valves V4 & V5
fully clockwise.

Open Cross Feed valve V6 at

least 3 turns counterclockwise.

Set Vacuum-Pressure V1 to

"Vacuum".

Slowly open Static Control

valve V2 counterclockwise

until climb M2 indicates
5,500 ft. per min. climb.

Maintain climb rate until

altimeter indicates 20,000

feet.

Close static control valve

V2 clockwise and allow a

minute or so for climb M2

to stabilize on zero.

Slowly open static Bleed

Valve V5 counterclockwise

until Climb M2 indicates

5,500 ft. per min. dive. Maintain

5,500 ft. per min. dive until alti
meter M1 indicates field

elevation.

Set Pump switch Sl "OFF".

section 5
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RESULTS

Observe airspeed for one

minute. Indication should not

decrease by more than 2 MPH

or KTS.

Airspeed M3 Indications will

return to zero or rest position.

(Note: Rest Position on 650 KTS
type is approximately 45 KTS.)

Record amount of Pitot

Leakage for future reference.

Climb Indicator M2 indicates

a climb. Altimeter M1

indicates an increase in

altitude. Airspeed M3 should
remain at zero or rest position.

After Climb M2 has stabilized,

observe altimeter M1 for one
minute. Leakage (drop in

altitude) should not be more

than 50 feet.

Record amount of static leak

age for future reference.
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5.3 Trouble Shooting

5.3.1 General

Problems encountered with the 377-4 Pitot and Static

System Tester can be isolated using the test proce

dures and the Troubleshooting chart, Table 5-3.

5.3.2 Troubleshooting chart

5.3.2.1 General

The troubleshooting chart is presented in tabular form.

The following paragraphs contain a description of what

is found in each column.

5.3.2.2 TEST STEP Column

The TEST STEP column give the same step number

for a specific test as was listed in the test procedure,
Table 5-2.

5.3.2.3 DESCRIPTION Column

The DESCRIPTION column lists the name of the test

accomplished in the test step indicated.

5.3.2.4 ABNORMAL RESULTS Column

The ABNORMAL RESULTS Column lists the results

that should not have been obtained in each of the test

previously accomplished.

5.3.2.5 PROBABLE CAUSE Column

The PROBABLE CAUSE column lists the most likely

cause of an abnormal result, listed in the order of

probability.

NOTE

The probable cause is determined assuming that each

previous test step was satisfactorily completed.

5.3.2.6 CORRECTIVE PROCEDURE Column

The CORRECTIVE PROCEDURE column indicates

what can be done to correct the abnormal result that

was obtained.

I....

Table 5-3. Troubleshooting Chart

-
Test Abnormal Probable Corrective

Step Description Result Cause Procedure

1 Preliminary Test

Setup -
1a Master Altimeter Altimeter M1 read Altimeter M1 Recalibrate or

Field Elevation off more than needs recalibration replace M1

Check 75 feet

Lines associated with Replace or repair

M1 defective

Source of Barometric Obtain a different

pressure setting source, compare and

inacurate. recheck altimeter M1.

2 Leak Checks-.
2b Pitot Leak Checks No audible Faulty power source Check Power source

indication of for proper output

pump running and locate problem.

Fuse F1 defective Replace F1

Switch 51 defective
Replace Sl

Capacitor C1 defective Replace C1
...J
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5.4 Disassembly

5.4. 1 General

The 377-4 should be disassembled only when repair

is necessary. Procedures for disassembly are listed

in order from the highest to the lowest subassembly,

Disassemble only as far as indicated by the nature

of the problem. The order of disassembly can usually
be determined by inspection.

WARNING

Be sure that the power cable is disconnected before

disassembling any portion of the equipment.

Mark or otherwise identify all disconnected electrical
wiring and pneumatic lines. Make note of color coding,
placement of leads, and methods of applying insulation
(if any) before disconnecting or removing any electrical
part.

5.4.2 Removal of Instruments

To remove any of the instruments, remove 3 or 4

mounting screws, Bezel Glass protection and spacers.

Grasp instrument, lift out far enough to disconnect

hoses and free from panel.

5.4.3 Removal of Panel

To remove the panel, remove 12 screws from the pe

rimeter of the panel. Grasp panel and lift up far enough

to disconnect pneumatic lines at pump and electrical
connection. Lay panel aside for further disassembly.

NOTE

All components mounted on the panel or in the case
are now accessible.

5-5
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5.4.4 Removal of Valves

To remove any of the valves, disconnect hoses, re

move knob, remove mounting nut, grasp valve and
pull free of panel.

5.4.5 Removal of Pump Switch SI

To remove pump switch S1, remove mounting nut

and pull switch from panel.

5.4.6 Removal of Capacitor Cl

To remove Capacitor C1, remove 2 mounting screws

and nuts, disconnect electrical wires and lift free of

case.

5.4.7 Removal of Pump VPl

To remove Pump VP1, disconnect all hoses and elec

trical wires, remove 4 mountng screws and lift pump

out of case.

5.5 Assembly

5.5.1 General

The order of assembly starts with the lowest subas

sembly and proceeds to the completed equipment.

Before connecting any hoses or electrical connections,

refer to the notes of color coding, placement of leads,

and wire insulation made during disassembly.

5.5.2 Replacement of Pump VPl

To replace Pump VP1, position the pump over the

4 mounting holes in case. Fasten the pump in place

with screws. Connect hoses and electrical lead as

noted during disassembly.

5-6

5.5.3 Replacement of Capacitor Cl

To replace Capacitor C1, position the capacitor over

the 2 mounting holes in case. Fasten the capacitor
in place with screws and nuts. Connect electrical leads
as noted during disassembly.

5.5.4 Replacement of Pump Switch SI

To replace Pump Switch S1, push switch thru hole

in panel and fasten with mounting nut. Connect elec
trical leads as noted during disassembly.

5.5.5 Replacement of Valves

To replace any of the valves, push valve thru panel

and fasten with mounting nut. Replace knob on stem

and lock down with set screw. Connect hoses as noted

during disassembly.

5.5.6 Replacement of Panel

To replace the panel, position panel near case and

connect hoses and electrical connections as noted dur

ing disassembly. Lower panel into case and align each

of the 12 mounting holes with the mounting bracket

holes. Fasten panel to case with the 12 screws around

the perimeter.

5.5.7 Replacement of Instruments

To replace the instruments, position the instrument

near its mounting hoie and connect hose as noted dur

ing disassembly. Slide instrument into panel and fas

ten, using spacers, Bezei Glass Protector and screws.
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SYMBOL MANUFACTURER'S MFR CASTLEBERRY USAGE
DESCRIPTION PART NUMBER CODE PART NUMBER CODE

Pilot & Static System Tester 377-4 101 Same 1

Pitot & Static System Tester 377-4-50K 101 Same 2

Pitot & Static System Tester 377-4M 101 Same 3

Pitot & Static System Tester 377-4M-50K 101 Same 4

C1 Capacitor, motor starting AG331 102

F1 Fuse 312003 103

I- M1 Altimeter 101735-01495 104 1&3

M1 Altimeter A 8A104 104 2&4

ｾ

M2 Climb 7060 105

M3 Airspeed EA5173-1 106 1&3...
M3 Airspeed F-1 107 2&4

S1 Switch 111-16-73 110

SC1 Bulkhead connector B-400-71-2 108

....
SC2 Bulkhead connector B-400-71-2 108

V1 Valve, 4 way B-43YF2 108

V2 Valve, Precision Metering P52-1-12 109

V3 Valve, Precision Metering P52-1-12 109

V4 Valve, Precision Metering P52-1-11 109

\..
V5 Valve, Precision Metering P52-1-11 109

V6 Valve, Cutoff B-ORF2-A 108
ｾ

V7 Valve, Pressure relief B-4CPA2-3-DC 108

,
VP1 Pump, Vacuum-Pressure MAA-V111-HB 102 1 &2-
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MANUFACTURER'S MFR CASTLEBERRY USAGE

SYMBOL DESCRIPTION PART NUMBER CODE PART NUMBER CODE

VP1 Pump, Vacuum-Pressure MAA-V111-HD 102 3&4

Adapter Fitting B-4-RA-2 108

Branch Tree B-4-BT 108

Pipe Plug B-2-P 108

Male Connector 8·400·1·2 108 -
Female Connector B-4OO-7-2 108

Male Elbow B-400-2-2 108

Male Branch Tee B-4OO-3TIM 108 J
Male Run Tee B-4OO-3TMT 108

Union Cross B-4OO-4 108

Accessory Pouch 377-FP

Power Cord 115v 17405 111

Power Cord 220v 15726 111

Spacers, Aluminum 8501

Bezel Glass Protector 377-077

Bezel Glass Protector 377-D77A

Fuse Holder HMI 112

Tubing 44PP 113

6-2

CODE

102

103

104

105

106
107

108
109

110

111

112

113

MANUFACTURER'S NAME

GAS T Manufacturing

Littlefuse

Aerosonic Corp.

United Instruments, Inc.

Edo-Aire

Bendix Corp.

Crawford Fitting Company
Ideal Aerosmith

Carlingswitch

Belton

Bussmann

Gould Imperial-Eastman
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7.1 General

This section presents the procedures for using the

377-4 Pitot and Static System Tester to check specific

instruments and Systems.

NOTE

It is assumed in this section that the 377-4 Tester has

been tested in accordance with paragraph 5.2 and that

the master altimeter is within its calibration cycle.

7.2 Test Procedure

7.2.1 Test Equipment

The additional test equipment that is required to per

form some of the test is listed in Table 7-1. Substitute

equipment may be used if equivalent to that listed.

7.2.2 General

The test procedure is presented in Tables 7-2 thru
7-12.

The following paragraphs list the column headings of

the test procedure and describes what is included in

each column.

7.2.2.2 STEP column

The STEP column lists the number of the test.

7.2.2.3 DESCRIPTION Column

section 7
specific tests

The DESCRIPTION column lists the descriptive name

for each test.

7.2.2.4 PROCEDURE Column

The PROCEDURE column lists the procedures that

are performed as a part of each test.

7.2.2.5 RESULTS Column

The RESULTS column is used to indicate the required

measured output and to describe any noticeable

changes that should occur.

7.2.3 Bench Tests

7.2.3.1 AltImeter bench test and certification
procedures.

The procedures for performing an altimeter bench test

and certification is listed in Table 7-2.

NOTE

Refer to the appendix section of this manual for copies

of FAR 91.170, FAR 43 Appendix E, Sample Altim

eter Test Correction Sheet and Advisory Circular AC

43-203B which relate to altimeter test and certification.

Figure 7.1 shows a typical Bench Test setup. Table

7.1 lists any additional test equipment needed to per

form test procedures.

7-1
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TABLE 7-1. Test Equipment Required

EQUIPMENT

Transponder and

Encoder Tester

Test Harness

Stop Watch

... .
•

MANUFACTURER

AND PART NO.

IFR Inc.

ATC-600A

Various Mfg.

Tested for

accuracy

•

FUNCTION

Test outputs from Transponders andior

Encoding Altimeters.

Provide power input and signal outputs to

test equipment or interconnect between

remote units.

Time leak check and check climb

indicator rates.

\

Figure 7.1 Typical Altimeter Bench Test setup
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TABLE 7-2. Altimeter Bench Test

section 7
specific tests

STEP DESCRIPTION PROCEDURE RESULT

1 Preliminary Test Setup Install a test plug in Pltot

outlet SC1.

Install a male connector and

hose to Static outlet SC2.

Connect hose to altimeter

to be tested.

Select "Vacuum" on Vacuum-

Pressure Valve V1.

Close Pitot and Static

control valves V2 & V3
fully clockwise.

Open Cross Feed Valve V6

counterclockwise at least

3 turns.

Close Pltot and Static
Bleed Valves V4 & V5

fully clockwise.

ｾ Set the barometric scales on Test altimeter indicates same

Test Box Altimeter M1 and altitude as master within

test altimeter to 29.92 tolerance allowed for indicafed

In. hg. or 1013 MB. altitude (FAR 43, Appendix E)

Table I (Appendix 8-2).

Connect power cord to

proper power source....
la Case Leak Test Set Pump SWitch S1 to "ON". Audible indication of Tester's

pump operating.

Slowly open Static Control

valve V2 counterclockwise

until Climb M2 indicates

5,500 feet per min. climb.

Maintain approximately

5,500 fpm by adjustment of

V2 until altimeter M1

indicates 18,000 feet.

7-3



section7
specific tests

TABLE 7-2. Altimeter Bench Test (cont'd)

STEP DESCRIPTION PROCEDURE RESULTS

1a Case Leak Test Close Static Control Valve After Climb M2 has stabilized.

(cont) V2 fully clockwise and observe altimeter M1 for one

allow a minute or so for minute. Leakage of altimeter

climb M2 to stabilize. under test should not be more

than 100 feet.

NOTE

The leakage of tester

previously noted in records

is subtracted from leakage

noted in this step. .-
Slowly open Static Bleed
Valve V5 counterclockwise

until climb indicates 5,500

ft. per min. dive. Maintain 5,500
ft. per min. until altimeter has re-

turned to field elevation

and climb reads zero.

Set Pump switch S1 to "OFF".

NOTE

If altimeter under test

passed Leak Test then

continue. If not, locate

cause of leak and repair

or reject altimeter. -1b Scale Error and Select "Pressure" on Vac-
Friction Test Press Valve V1.

Close Static Bleed Valve

V5 fully clockwise.

Set Pump switch S1 to "ON".

Slowly open Static Control

Valve V2 counterclockwise
until climb M2 indicates a

dive at 3,000 ft. per min. or less

until test point is reached

using altimeter correction
sheet for M1.

Use Static Control Valve V2 Record scale error at each test
to maintain altitude at point. Error shall not exceed
each test point for at least tolerances listed in Table I of
one minute, but not more FAR 43 Appendix E.
than ten minutes, before (Appendix 8-2)
taking a reading on

altimeter being tested. -
7-4
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STEP DESCRIPTION

TABLE 7-2. Altimeter Bench Test (cont'd)

PROCEDURE

section 7

specific tests

RESULT

-

1b
cont.

1c

Scale Error and

Friction Test

Hystersis Test

The Friction test can be

made at the same time as

the scale error by main

taining a steady rate

change of 750 feet per

minute and at each testpoint
listed in Table III of FAR 43

Appendix E. Record the
change in reading of the

pointers after vibration.

After completion of tests

below field elevation
change Vae-Pressure Valve V1

to "Vacuum" and preform test

above field elevation to the

maximum altitude of the

test altimeter.

NOTE

The hystersis test shall

begin not more than fifteen
minutes after the altimeters

initial exposure to the

maximum altitude test point

reached during scale error
test.

Slowly open Stalie Bleed

Valve V5 counterclockwise

until climb M2 indicates a

dive rate of 5,500 feet per

minute. Maintain 5,500 feet

per minute until within

3,000 feet of the first

test point (50 per cent of

maximum altitude).

Decrease rate to 3,000 feet

per minute and maintain

unliltest point is reached.

NOTE

Refer to altimeter correc
tion sheet for Master

Altimeter M1 and use the

"DOWN" readings for
Hystersis test.

Record friction error at each

test point. Errors shall not

exceed Tolerances listed in

Table III of FAR 43 Appendix

E. (Appendix 8-2)

Record scale error and friction

error at each test point.
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TABLE 7-2. Altimeter Bench Test (cont'd)

STEP DESCRIPTION PROCEDURE RESULT

1c Hystersis Test The altimeter shall be kept Record Hystersis Test
ｾ

cant. at this test point for at reading. (50%)
least 5 minutes, but not more

than 15 minutes, before
taking a reading on

altimeter under test.

Open Static Bleed to further

decrease altitude to second
test point (40 per cent of

maximum altitude).

Hold this altitude for at Record Hystersis Test
least 1 minute but not more reading. (40%)
than 10 minutes before

taking reading.

The readings recorded for

Open Static Bleed and allow either of the two test points

system to return to fieid shall not differ by more than

elevation at the 5,500 feet the tolerance in FAR 43 Appen-

per minute rate. dix E Table II from the

reading of the test altimeter

for the same altitude recorded in

the scale error test.

1d After Effects Test Not more than 5 minutes

after the compietion of the -'
Hystersis Test the reading

of the altimeter under test Record After Effects readings

shall not differ from the

original field elevation

reading by more than 30 feet.

NOTE
Correct altimeters for any

atmospheric pressure change

before taking reading.

Set Pump Switch S1 to "OFF".

Disconnect hose on

altimeter tested.

-
7-6 -
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TABLE 7-2. Altimeter Bench Test (cont'd)

STEP DESCRIPTION PROCEDURE

\ ....
1e Barometric Scale Error At constant atmospheric

Check pressure, set the barometric

scale on the test altimeter

to each of the pressures

listed in FAR 43 Appendix E

Table IV which shall cause

ｾ the altimeter's pointer to

indicate the equivalent
altitude difference at each

pressure listed within a- tolerance of 25 feet.

11 Certification and Paper If the altimeter tested

Work passed all the tests, record
on the altimeter's case the

date of the test and the
maximum altitude tested.... A copy of the test readings

recorded shall be kept on

file by the person or

repair station performing
these tests.

RESULT

Record Barometric scale error.

Refer to Appendix 8-5 for

proper record entry.

7.2.3.2 Encoding Altimeter Bench Test

The procedure for performing an Encoding Altimeter

Bench Test and certification is listed in Table 7-3.

NOTE

Refer to the appendix section of this manual for copies
of FAR 91.170, 91.177, 91.36, 43 Appendix E & F,

AC 43.203B and AC 43.6A.

Figure 7.2 shows a typical Bench Test setup. Refer

to Table 7-1 for additional test equipment needed to
perform test procedures.

Figure 7.2 Typical Encoding Altimeter Bench Test setup

7-7
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TABLE 7-3. Encoding Altimeter Bench Test

-------------------------- -_... _----

-

STEP DESCRIPTION PROCEDURE

2 Preliminary Test Setup Same as Step 1, Table 7-2

except as follows:

Connect test cable between

encoder and encoder test

box/or transponder. Refer

to manual that covers the

encoder test box or make of

transponder for power

requirements and operation.

2a Case Leak Test Same as Step 1a, Table 7-2

with the exceptions as follows:

If encoder being tested is

of the Servoed type or has

an internal vibrator, apply

the proper power; through

the test cable during leak

test.

2b Scale Error, Friction and Same as step 1b, Table 7-2
Data Correspondence for scale error and

friction test.

Data correspondence test as

required by FAR 91.36 (b)

can be performed while

performing Scale Error and

Friction test.

Refer to advisory Circular

43-6A paragraph 8 and note

the test point altitudes

called out in Tables 1 or 2.

(Appendix 8-12)

Approach each test point

slowly, decreasing pressure

for increasing altitude and

vice versa, until a

transition to the test point

value occurs on the encoder

test box.

2c Hystersis Test Same as Step 1c, Table 7-2.

2d After Effects Test Same as Step 1d, Table 7-2.

2e Barometric Scale Error Same as Step 1e, Table 7-2.

Check

2f Certification and Paper Same as Step 11, Table 7-2.

Work

7-8

RESULT

Record the encoding altimeter's

reading at the instant of

transition.

-

-
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7.2.3.3 Airspeed Indicator Bench Test

The procedure for performing an Airspeed Indicator

bench test is listed in Table 7-4.

NOTE

Refer to the appendix section of this manual for copies

section 7

specific tests

of FAR 37.112 (TSO-C2b) and Aeronautical Standard

AS391 C for error tolerances.

Figure 7.3 shows a typical Bench Test setup. Refer

to Table 7-1 for additional test equipment needed to

perform test procedures.

-

Figure 7.3 Typical Airspeed Indicator Bench Test setup

7-9



section 7
specifiC tests

-
TABLE 7-4. Airspeed Bench Test

STEP DESCRIPTION PROCEDURE RESULT

3 Preliminary Test Setup Install male connectors into

both Pltot and Static outlet

connectlens SCl & SC2.

Install male connectors into -
Pitot and Static ports of

airspeed to be tested.

Connect hoses from airspeed

to test box.

'-Select "Vacuum" on Vacuum-

pressure valve Vl.

Close Pitot and Static -'

control valve V2 & V3 fUlly

clockwise.

Open cross feed valve V6

counterclockwise at least

3 turns.

Close Pltot and Static

Bleed valves V4 & V5 fUlly

clockwise.

Connect testers power cord

to proper power source. -
3a Case Leak Test Set pump switch Sl to "ON". Audible indications of pump

running.

Slowly open static control

valve V2 counterclockwise

until climb M2 indicates

5,500 feet per minute -climb rate.

Maintain 5,500 feet per

minute by adjustment of V2

until altimeter Ml indicates

18,000 feet.

Close static control valve After climb M2 has stabilized -
V2 fully clockwise and observe altimeter Ml for one

allow a minute or so for minute. Leakage of airspeed

climb M2 to stabilize. shouId not be more than 100
feet per minute.

NOTE
The leakage of tester as

previously recorded shall

be subtracted from valve

noted in this step.

7-10
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STEP DESCRIPTION

TABLE 7-4. Airspeed Bench Test (cont'd)

PROCEDURE

section 7
specific tests

RESULT

-

-

3a
cant.

3b

Case Leak Test cont'd

Scale Error and Friction

Test

Slowly open static bleed

valve V5 counterclockwise

until climb M2 indicates

5,500 feet per minute dive.

Maintain dive rate until

altimeter M1 reads field

elevation and climb M2

reads zero.

Set pump switch 51 to "OFF".

NOTE
If the airspeed has passed

leak test then continue to

scale error test. If not,

locate cause of leak and

repair or reject airspeed.

Select "Pressure" on Vacuum

pressure valve V1.

Open static bleed valve V5

counterclockwise at least

3 turns.

Close cross feed valve V6

fully clockwise.

Set pump switch 51 to "ON".

Slowly open Pltot control

valve V3 while observing
airspeed M3 and its correc

tion sheet. Adjust V3 as

necessary to set each test

point.

Friction error is the

amount of change the pointer

moves after vibration.

Scale error reading is taken

after vibration.

After completion of final
test point, close Pltot

control V3 fully clockwise.

Slowly open Pitot bleed V4

and allow airspeed M3 and
tested airspeed to return
to zero or rest position.

Audible indications of pump

running.

Record scale error and friction

for each test point. Scale error

and friction shall not exceed
tolerance listed in Table II & III

of Aeronautical Standard
AS391C or manufacturer's

Specs for standard airspeeds.

For maximum allowable and

mach type airspeeds refer to

FAR 37.145 (TSO-C46a)

Tables I & II. (Appendixes 8-14,
-15, and -18)
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TABLE 7-4. Airspeed Bench Test (cont'd)

STEP DESCRIPTION PROCEDURE RESULT

3b

3c

Scale Error and Friction
Test (cont'd)

Paper Work

Set pump switch 51 to "OFF".

Disconnect hoses and remove
fit1ing from tested airspeed.

If the airspeed tested

passed all tests, file a

copy of test reading

recorded by serial no.,
part no. and date of test.

Refer to Appendix 8-5 for

proper record entry.

-

-
7.2.3.4 Climb Indicator Bench Test

The procedure for performing a Climb Indicator bench

test is listed in Table 7-5.

NOTE

Refer to the appendix section of this manual for copies
of FAR 37.118 f(TSO-C8b) and Aeronautical Standard

AS 394A.

Figure 7.4 shows a typical bench test setup. Table
7-1 lists any additional test equipment needed to per

form test procedures.

Figure 7.4 Typical Climb Indicator Bench Test setup

7-12
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STEP DESCRIPTION

TABLE 7-5. Climb IndicatorBench Test

PROCEDURE

section 7
specific tests

RESULT

4

4a

4b

Preliminary Test Setup

Case Leak Check

Scale Error Test

Same as Step 1, Table 7-2

except connect hose to

climb Indicator.

Check that both tester's

climb and the one to be

tested have the pointer

exactly on zero.

If not on zero, adjustment

can be made on most makes

by using a small screwdriver

on the zero adjustment

located either at the lower

left or right of the front

of the instrument.

Same as Step 1a, Table 7-2

except when setting the

climb or dive rate do not

exceed the maximum indica

tion of the climb being

tested.

NOTE
If the climb passed leak

test then continue to

perform scale error test,

if not, locate cause of

leak and repair or reject

climb.

Select "Vacuum" on Vac-Press

valve V1. Close Static bleed

valve V5 fully clockwise.

Set Pump switch Sl to "ON".

Slowly open static control

valve V2 counterclockwise

while observing climb under

test.

Check each of the test

points listed in Table I of

the Aeronautical Standard

AS394A using a stop watch

and the tester's altimeter M1.

Leakage of climb shall not

exceed 100 feet at 18,000 feet

as observed on altimeter M1

for one minute.

Record scale error reading at

each test point. Error shall not

exceed tolerances listed in

Table I of AS394A or

Manufacturers Specs.

(Appendixes 8-16 & -17)
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TABLE 7·5. Climb Indicator Bench Test (conl'd)

STEP DESCRIPTION PROCEDURE RESULT

4b Scale Error Test (cont'd) Adjust static control valve

V2 to set ascent rate and

static blesd valve V5 to

set the descent rate on the

climb being tested. While

maintaining the exact rate,

check the time required for

the testers altimeter to

change altitude for the

value of feet set.

-
To convert the tolerance

values from feet per minute

to seconds, divide the

tolerance value by the test

rate, then multiply the

answer by 60. -
Sample

(Tolerance) (Test Rate)

100 FPM -7 500 FPM = 0.2

0.2 x 60 = 12 seconds

After completion of last

test point, slowly open

static bleed valve V5 to

let tester and climb return

to atmospheric pressure.

Set pump switch 81 to "OFF".

Disconnect hoses and remove

filting from climb indicator. -4c Paper Work If the climb tested passed Refer to Appendix 8-5 for

all tests, file a copy of proper entry.

test readings recorded by

serial no., part no, and

date of test.

-
7-14
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7.2.3.5 Air Data Computer Bench Test (Bench
Test of Air Data Computers and Static
Defect Correction Module Computers)

The procedure for performing an Air Data Computer

bench test is listed in Table 7-6.

NOTE

Refer to the manufacturer's test procedures, test

points. specifications and tolerances for each computer

to be tested and fabrication data for test harness.

Refer to Table 7-1 for additional test equipment needed

to perform test procedures.

If the air data system has a reverting altimeter (Baro

Servo) it shall be tested for compliance with FAR

91.170 and 43 Appendix E. See Tables 7-2 Altimeter

Bench Test for test procedure.

TABLE 7-6. Air Data Computer Bench Test

STEP DESCRIPTION PROCEDURE RESULT

....

5 Preliminary Setup Remove test plug from out

let connectors and install

male connector.

Connect hose from Pitot and

Static outlets to the pitot

and static ports of computer

and indicator if required.

Select "Vacuum" on Vac·Press

valve V1.

Close Pltot and Static

control valves V2 & V3

fully clockwise.

Open cross feed valve V6

counterclockwise at least

3 turns.

Close Pitot and Static

bleed valve V4 & V5 fully

clockwise.

Set Barometric scales on

tester's altimeter M1 to

29.92 In. Hg.

Connecttester's power cord

to proper power source.
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TABLE 7-6.· Air Data Computer Bench Test (cont'd)

STEP DESCRIPTION PROCEDURE RESULT

Connect test harness for

computer. Also connect

the proper power source

and it test equiment or

remote indicator.

5a Case Leak Test Set pump switch Sl to "ON" Audible indication of tester's

pump operating.
Slowly open Static Control
valve V2 counterclockwise

until climb M2 indicates

5,500 feet per minute climb

or the rate recommended by

manufacturer of computer.

Maintain 5,500 feet per min.

by adjustment of static
control valve V2 until

altimeter M1 indicates

18,000 feet.

Close Static Control valve After climb M2 has stabilized

V2 fully clockwise, allow observe altimeter M1 for one

a minute or so for Climb M2 minute. Leakage of computer

to stabilize. should not be more than

NOTE
100 feet.

The leakage of the tester -previously noted in records

shall be subtracted from

the leakage noted in this

step.

Slowly open static bleed
valve V5 counterclockwise

until climb M2 indicates

5,500 feet per minute dive.

Maintain 5,500 feet per min.

until altimeter M1 has

returned to field elevation

and climb M2 indicates zero

feet per minute. -
Set pump switch Sl to "OFF".

NOTE

If computer under test

passed the leak test then

continue to next test. If
not then locate cause of

leak and repair or reject

computer. -
7-16 -
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TABLE 7-6. Air Data Computer Bench Test (cont'a)

STEP DESCRIPTION PROCEDURE RESULT

-

-

5b Static Source Error
Correction Test

Select "Pressure" on Vac

Press Valve Vl.

Close Static bleed valve V5

fully clockwise.

Set pump switch Sl to "ON".

Slowly open static control
valve V2 counterclockwise.

Climb M2 should indicate a

dive and altimeter M1 should

indicate a descent in
altitude.

Adjust static control V2

until altimeter Ml indicates

oaltitude and climb M2 is

stabilized on zero.

Close cross feed valve V6
fully ciockwise.

Slowly open pltot control

valve V3 counterclockwise.

Airspeed M3 should indicate

increase in airspeed.

Adjust pitot control V3 to

obtain each airspeed test

point for 0 altitude as

required by computer or

airframe manufacturer.

Close pltot control V3 fully
clockwise after final air

speed test point has been

made.

Slowly open pltot bleed

valve V4 counterclockwise

and allow airpseed to

decrease to almost zero.

Close pitot bleed valve V4
fully clockwise.

Open cross feed valve V6 at
least 3 turns counterclock
wise.

Refer to manufacturer's specifi

cations for value and tolerance

of correction factors

7-17
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TABLE 7-6. Air Data Computer Bench Test (cont'd)

STEP DESCRIPTION PROCEDURE RESULT

5b

5bl

5b2

5b3

5b4

5b5

5b6

5b7

7-18

Static Source Error
Correction Test (cont'd)

NOTE

Airspeed should have

decreased completely to

zero and climb M2 and alti

meter M1 should indicate a

slight decent momentarily.

Select "Vacuum" on Vac-Press

valve V1.

Slowly open static control

valve V2 counterclockwise

and adjust to obtain up to
maximum climb rate recom

mended by manufacturer

until next test altitude is

reached.

Close static control V2

fully clockwise.

Close cross feed valve V6

fully clockwise.

Select "Pressure" with
Vac-Press, valve V1.

Slowly open and adjust

Pitot control valve V3 to

obtain each airspeed test

point required.

After airspeed test have

been made at this altitude.

Slowly open cross feed valve

V6 counterclockwise.

Airspeed M3 shall decrease

to zero and climb M2 and

altimeter M1 will indicate

a descent until airspeed
decreased to zero. Continue

to open cross feed at least

3 turns.

Select "Vacuum" with Vac

Press, valve V1.

Record test readings taken for

each test point.
-

-



-
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7.2.4 Ramp Tests

7.2.4.1 Static System Leak Test (unpressurlzed
aircraft)

The procedure for performing a static systems leak
check on unpressurized aircraft is listed in Table
7-7.

NOTE

Refer to the appendix section of this manual for copies

of FAR 91.170. 43 Appendix E. 23.1325. 25.1325. Ad

visory Circulars AC 43-2036 and 43.13-1 change 2.

Figure 7.5 shoos a typical ramp test setup.

Figure 7.5 Typical ramp test setup for Static System Leak Test for Unpressurized aircraft

7-20
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TABLE 7-7. Static System Leak Test (Unpressurized Aircraft)

-
STEP DESCRIPTION PROCEDURE RESULT

6 Preliminary Test Setup Refer to paragraphs A1, 2, 3

& 4 of FAR 43 Appendix E

and sa-c of AC 43-2038.

(Appendix 8-2 & 8-11)
Install a test plug in

pitot outlet SC1.

Install a male connector into

static outlet SC2.

Connect a hose from static

outlet SC2 directly to the

static ports if practicable.

Make sure that connection is

secure so that it cannot

come loose during testing.

- Seal alternate static port

with an over-size piece of

non-porous tape.

Select "Vacuum" on Vac·Press

valve vi.

Close pltot and static

control valves V2 & V3

fully clockwise. Close
cross feed valve V6 fully

clockwise.

.... Open pitot bleed valve V4

at least 3 turns counter-

clockwise.

Close static bleed valve V5

fully clockwise.

Connect tester's power cord

to a proper power source.

6a Leak Check Set pump switch Sl to "ON". Audible indication of tester's

pump operating.
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TABLE 7-7. Static System Leak Test (Unpressurizeci Aircraft) (cont'd)
-

STEP DESCRIPTION

6a Leak Check (conI'd)

7-22

PROCEDURE

Slowly open static control

valve V2 counterclockwise

while observing climb indi
cator in aircraft. Do not

exceed its rate of climb.

When altimeter M1 indicates
1,000 feet above field

elevation ciose static

control valve V2 fuliy

ciockwise.

Slowly open static bleed

valve V5 counterclockwise
while observing climb

indicator in aircraft. Do

not exceed its rate of
descent. Control descent

rate with static bleed V5

until system has returned

to field elevation.

Set pump switch 51 to "OFF".

NOTE

If static system of aircraft

passed leak check, record
date of test in the air

craft's log book. If leak

was excessive locate cause

of leak and repair or

replace defective component

or hardware, then retest

system.

Disconnect hose from static

port and REMOVE tape from

alternate port.

RESULT

After system has stabilized for
a minute or so observe

altimeter M1 for one minute.

Leakage shall not exceed 100

feet in one minute.

Refer to Appendix 8-5 for

proper records entry.



-

-

7.2.4.2 Airspeed and Pitot System Test

The procedure for performing an airspeed and pitot

system test are listed in Table 7-8.

NOTE

Refer to the appendix section of this manual for copies

section 7
specific tests

of FAR 37 (TSO-C2b), Aeronautical Standard AS 391C

and Advisory Circular AC 43.13-1 change 2.

Figure 7.6 shows a typical ramp test setup.

..

-

Figure 7.6 Typical ramp test setup for Airspeed and Pitot System Test
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TABLE 7-8. Airspeed and Pitot System Test

STEP DESCRIPTION PROCEDURE RESULT

7 Preliminary Test Setup Install a male connector
into the pitot outlet 5el.

Connect a hose from pitot

outlet to the pitot tube on

the aircraft using the
necessary adapter.

Select "Pressure" on Vac-

Press, valve Vl.

Close pitot and static

control valves V2 & V3
fully clockwise.

Close cross feed valve V6
fully clockwise.

Open static bleed valve VS

at least 3 turns.

Close pitot bleed valve V4

fully clockwise.

Connect tester's power

cord to proper power source.

7a Scale Error and Friction Set pump switch 51 to "ON". Audible indication of pump
Test running.

Slowly open pitot control
valve V3 while observing

airspeed M3 and its correct-

ion sheet. Adjust pitot

control as necessary to set

pressure for each test point.

Friction error is the

amount of change the pointer
moves after vibration.

Scale error reading is Record scale error and friction

taken after vibration. for each test point. Refer to

Appendix 8-14 & -15 for

After maximum airspeed test tolerances.

point is reached. close
pltot control V3 fully
clockwise.
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specific tests

STEP DESCRIPTION PROCEDURE RESULT

7b Pitot System Leak Check Observe airspeed for a Record leakage of pitot system.- minute while at maximum Refer to Appendix 8-14 & -15

airspeed indication. for tolerance.

7c Pitot Heater Check Slowly open pltot bleed
valve V4 and allow all

pressure to bleed off.

Set Pump Switch S1 to "OFF".

Disconnect hose and adapter

from pitot tube.

Turn on aircraft's master

switch and while observing

ampmeter turn on pitot heat

switch only long enough to

see ampere increase.
"-

Turn off master switch.

7d Paper Work Record date of test in Refer to Appendix 8-5 for
aircraft's log books. proper records entry.

...

...

-
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7.2.4.3 Static System Leak Test (Pressurized

Aircraft)

The procedures for performing a Static Leak Test on

a pressurized type aircraft is listed in Table 7-9.

NOTE

Refer to the appendix section of this manual for copies

of FAR's 91.170, 43 Appendix E, 23.1325, 25.1325,

Advisory Circulars AC 43-203B, 41.13-1 change 2 and

Table 8-4 Maximum Cabin Differential Test Pressure
versus Test Altitude.

Figure 7.7 shows a typical ramp test setup.

PRECAUTIONS

Before any static system is tested, it should be de

termined that the design limits of instruments attached
to it will not be exceeded during test. To determine

this, it is necessary to locate and identify all instruments
attached to the system. In addition to the altimeter,

airspeed and rate of climb, many aircraft use static

pressure for the operation of autopilots, flight record
ers, air data computers, altitude reporting digitizers,

etc. The use of a static system diagram of the aircraft

involved may be helpful in locating all of the instru

ments. If a diagram is not available, the instruments

can be located by tracing the physical installation.

Damage can occur to instruments that are connected

to both the static system and pitot system when only
the static system is evacuated. The maximum design

differential pressure of these instruments may be

exceeded. One method to prevent this type of dam
age is to tie both the pitot and static systems together

when conducting static system checks. This should re
sult in zero differential pressure regardless of the de

gree of static system evacuation. It should be noted

that a leak in either system will be indicated on the

test set.

Figure 7.7 Typical ramp test setup for Static System Leak Test for pressurized aircraft
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TABLE 7·9. Static System Leak Test (Pressurized Aircraft)

section 7
specific tests

STEP DESCRIPTION

-

-

-

-
-

-
-

-

8 Preliminary Test Setup

PROCEDURE

Refer to paragraphs dl-4 of

FAR43 Apendix E and 5a-f

of AC 43·2036. (Appendix 8-2
and 8-11)

Install male connectors

into both the pitot and

static outlets SC1 & SC2.

Connect a hose from static

outlet SC2 directly to one
of the static ports on the

aircraft.

Connect a hose from pltot

port outlet SC1 directly to

pitot tube on aircraft.

NOTE

Use the adapter as necessary to

make secure connections to the

ports on the aircraft.

Seal alternate static port
and drain hole on pitot

tube with oversize pieces
of non-porous tape.

Select "Vacuum" on Vac

Press. valve V1.

Close pltot and static

control valve V2 & V3

fully clockwise.

Open cross feed valve V6
counterclockwise at least

three turns.

Close pltot and static

bleed valves V4 & VS fully

clockwise.

Connect test box power cord

to a proper power source.

RESULT
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TABLE 7-9. Static Systems Leak Test (Pressurized Aircraft) (cont'd)

STEP DESCRIPTION

8a Leak Check

7-28

PROCEDURE

Set pump switch S1 to "ON".

Slowly open static control
valve V2 counterclockwise

while observing the climb

indicator in the aircraft.

Do not exceed its maximum

rate of climb.

When altimeter M1 indicates

the test altitude that is
equal to the maximum cabin

differential pressure,

close static control valve
V2 fUlly clockwise.

Slowly open static bleed
valve V5 counterclockwise

while observing the climb

indicator in the aircraft.

Do not exceed its maximum

rate of descent.

Adjust static bleed valve

V5 to control descent rate

until system has returned

to field elevation.

Set pump switch S1 to "OFF".

Disconnect hoses from

aircraft and REMOVE tape

from alternate static port

and pitot drain.

RESULT

Audible indication of pump

operation.

After allowing a minute or so

for system to stabilize observe

altimeter M1 for one minute.
Leakage shall not exceed 2

percent of test altitude or 100

feet whichever is greater.

Record date of test in aircraft's

log books.
Refer to Appendix 8-5 for

proper records entry.



-

7.2.4.4 AltImeter Test and CertificatIon

The procedure for performing an altimeter test and cer

tification as required by FAR 91.170 while the altimeter

is still in the aircraft is listed in Table 7-10.

NOTE

Refer to the appendix section of this manual for
copies of FAR's 91.170, 43 Appendix E, 23.1325,

section 7
specific tests

25.1325, Advisory Circulars AC 43-203B and
43.13-1 change 2.

Because of the complexity of the altimeter test, when
ever practical, remove the altimeter from the aircraft

and test per altimeter bench test procedures paragraph
7.2.3.1.

Figure 7.8 shows a typical test setup.

-

-

-

- Figure 7.8 Typical ramp test setup for Altimeter Test and Certification
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TABLE 7-10. Altimeter Test and Certification

STEP DESCRIPTION PROCEDURE RESULT

9 Preliminary Test Setup Same as Altimeter

Bench Test Table 7-2 except

as follows:

Install male connectors

into both pltot and static
outlets SCl & SC2.

Connect hoses from outlets

to the static port and

pitot tube of the aircraft.

Seal alternate static port

and drain hole on pitot

tube with oversized pieces

of non-porous tape.

9a Scale Error and Friction Same as Step b, Table

Test 7-2.

Caution
Do not exceed the limits

of the climb indicator in

the aircraft.

9b Hystersis Test Same as Step 1c, Table 7-2.

9c After Effects Test Same as Step ld, Table 7-2.

9d Barometric Scale Error Same as Step 1e, Table 7-2.

Test

ge Paper Work and Same As Step 11, Table 7-2.

Certification Plus:

Make an entry into air-

craft log books, per sample

in AC 43-203B, paragraph

8. (1) & (2). (Appendix 8-11).
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7.2.4.5 Data Correspondence Test

The procedure for performing a data correspondence

test between automatically reported pressure altitude

data and the pilot's altitude reference as required by
FAR 91.36 is listed in Table 7-11.

NOTE

Refer to the appendix section of this manual for copies
of FAR 91.36 and Advisory Circular AC 43-6A.

section 7
specific tests

Refer to Table 7-1 for transponder test equipment re
quired for test.

Figure 7.9 shows a typical test setup.

-

-

-

-
-

-

Figure 7.9 Typical ramp test setup for Data Correspondence Test
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STEP DESCRIPTION

TABLE 7-11. Data Correspondence Test

PROCEDURE RESULT

10

10a

7-32

Preliminary Test Setup

Correspondence Test

Same as Step 9, Table 7-10.

Plus:
Setup transponder tester as

recommended by manufacturer.

NOTE

Refer to AC 43-6A, paragraph

8b (1)-(4). (Appendix 8-12)

Set pump switch Sl to "ON".

Slowly open static control

valve V2 while observing

climb indicator in aircraft.

Do not exceed its limits.

Adjust static control valve

V2 or static bleed valve VS

to set each of the test

points called out in Table
1 or 2 of AC43-6A.

(Appendix 8-12)

Return system to field

elevation by slowly opening

static bleed valve VS while

observing climb indicator

in aircraft. Do not exceed

its limits.

After systems have returned

to field elevation, turn

pump switch Sl to "OFF".

Shut down transponder test

and turn off aircraft

transponder and master

switch.

Observe pilot's altimeter and

transponder test set. The en

coded output data as observed

on transponder test set shall

correspond within 125 feet of
the Pilot's altimeter for each

test point.
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TABLE 7-11. Data Correspondence Test (cont'd)

STEP DESCRIPTION PROCEDURE RESULT

- 10a

10b

Correspondence Test

(cont'd)

Paper Work

Disconnect hoses from
aircraft's static port and

pitot tube.

Remove tape from alternate
static port and pitot drains.

Record of test shall be

recorded in the aircraft's

log book in accordance with

FAR 43.9. (Appendix 8-5)

-
..

-

-

-

-

-
-

7.2.4.6 Air Data Computer Test

The procedure for performing an air data computer

test to comply with FAR 91.170 and 43 Appendix E
is listed in Table 7-12.

NOTE

Refer to the appendix sections of this manual for copies

of FAR 91.170 and 43 Appendix E.

Additional data is also required that provides test data
on make of air data computer and/or aircraft make

and model.
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TABLE 7-12. Air Data Computer Test

STEP DESCRIPTION PROCEDURE RESULT

11 Preliminary Test Setup Disconnect the pitot and
static lines from the air

data computer.

Connect a pitot and static

line from test set outlets

SCI & SC2 to the air data

computer.

NOTE
If a reverting altimeter

(Baro-Servo) is used on the

aircraft, the static line

from the test set must also

be connected to the altimeter.

A tee fitting will allow

connections to the reverting

altimeter, air data computer

and test set.

Apply power to the air data

system. When the altimeter
flag is out of view, set

29.92 In. Hg. or 1013MB on

the altimeter using the

BARO set knob.

Set altimeter in test set

to 29.92 In. Hg.

11a Altimeter Test Perform the altimeter test Test data for this test and other
per FAR 43, Appendix E. test shall be recorded and

Refer to Table 7-10 maintained in test facility files.
Altimeter Test and

Certification.

11b Static Source Error Decrease altitude to zero.

Correction Test

Select "Pressure" on Vac.-

Press. valve V1.
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TABLE 7-12. Air Data Compuler Test (cont'd}

STEP DESCRIPTION

-
-

...

-
-

-

-
-

-

11b Static Source Error

Correction Test (cont'd)

PROCEDURE

Close pitot and static

control valves V2 & V3

fully clockwise.

Open cross feed valve V6
counterclockwise at least

3 turns.

Close pitot and static bleed

valves V4 & V5 fully

clockwise.

Set pump switch 51 to "ON".

Slowly open static control

valve V2 counterclockwise

while observing climb

Indicator M2. Do not exceed

its limits.

Adjust static control valve

V2 as necessary to stabilize

altitude on zero.

Close cross feed valve V6

fully clockwise.

Slowly open pitot control

valve V3 and set airspeed

test points specified for

the air data computer.

Press disable button on the

front of the air data

computer and read altitude

on the pilot's altimeter

with button depressed.

Reduce airspeed to zero by

slowly opening cross feed

valve V6. When airspeed is

zero continue to open valve

at least 3 turns.

Select "Vacuum" on Vac.

Press, valve V1.

RESULT

Altitude change shall be within

the value specified in the manu

facturer's specifications.
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STEP DESCRIPTION

TABLE 7-12. Air Data Computer Test

PROCEDURE RESULT

11 b

7-36

Static Source Error
Correction Test (cont'd)

Increase altitude to that

specified by manufacturer.

Slowly open static control

valve V2 and adjust as

necessary to set test
altitude.

Close cross feed valve V6

fully clockwise.

Slowly open and adjust as

necessary the pitot control

valve V4 counterclockwise to

the airspeed test points

specified.

Press the disable button on

the front of the air data

computer and read altitude

on the pilot's altimeter

with button depressed.

Slowly open cross feed valve

V6 counterclockwise. After
airspeed has returned to

zero continue to open 3

turns.

Return static pressure to
field elevation by slowly

opening static bleed valve

V5 counterclockwise while

observing climb indicator

M2. Do not exceed its limits.

Adjust static bleed valve

V5 as necessary to maintain

descent rate.

Set pump switch 51 to "OFF".

Disconnect test set lines.

Reconnect the aircraft's
pitot and static lines.

Record altitude change and

ensure that the valve is within

that specified by the

manufacturer.



- TABLE 7-12. Air Data Computer Tests (cont'd)

section 7
specific tests

STEP DESCRIPTION PROCEDURE RESULT

11b Static Source Error Perform a static system- Correction Test (cont'd) leak check per the pro-

cedures in Table 7-9.

- Turn off power to air

data computer.

11c Paper Work Record on the air data

computer case that the

tests required by FAR 91.170

have been performed, dale

- of the test and the

maximum altitude tested .

...

-

-
-
-

-
-

-
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• 91.170 Altimeter .y.tem te.t. and in.pec

tions.

(a) No person may operate an airplane in
controlled airspace under IFR unless, within
the preceding 24 calendar months, each static
pressure system and each altimeter instrument
has been tested and inspected and found to
comply with Appendix E of Part 43. The
static pressure system and altimeter instru
ment tests and inspections may be conducted
by-

(1) The manufacturer of the airplane on
which the tests and inspections are to be
performed;

(2) A certificated repair station prop
erly equipped to perform these functions and
holding-

(i) An instrument rating, Class I;

(ii) A limited instrument rating ap
propriate to the make and model altimeter'

to be tested;

(iii) A limited rating appropriate to
the test to be performed ;

(iv) An airframe rating appropriate

to the airplane to be tested; or

(v) A limited rating for a manufac
tural' issued for the altimeter in accord
ance with § 145.101(b) (4) of this chapter;
or

(3) A certificated mechanic with an air
frame rating (static pressu,"" system tests
and inspections only).

(b) [Revoked.]

(c) No person may operate an airplane in
controlled airspace under IFR at an altitude
above the maximum altitude to which an altim
eter of that airplane has been tested.

section 8
appendix 8-1
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Appendix E

Altimeter System Test and Inspection

-

...

-
...

'-

'-

...

...

-

Each person performing the altimeter system

tests and inspections required by ｾ 91.170 shall

comply with the following:

(a) Static pressure system:

(1) Ensure freedom from cur rapped mois

ture and restrictions.

(:2) Determine that leakage is within

the tolerances established in § 2:>.1:>25 or

ｾ 25.1325, whichever is applicable.

(;l) Determine that the static port heater,

if installed, is operative.

(4) Ensure that no alterations or deforma

tions of the airframe surface have been made

that would affect the relationship between

air pressure in the stut.ic pressure system and

true ambient static air pressure for any flight

condition.

(b) Altimeter:

(1) Test by an appropriately rated repair

facility in accordance with the following sub

paragraphs. Unless otherwise speeified, each

test for performance Illay he conducted with

the instrument. subject.ed to vibration. When

test.s are conducted with the temperature

substant.ially different from ambient temper

ature of approximately 25 degrees C., allow

ance shall be. made for the variation from

the specified condition.

(i) Scale ･ ｲ ｲ ｯ ｲ ｾ ｗ ｩ ｴ ｨ the barometric

pressure scale at 29.92 inches of mercury,

the altimeter shall be subjected successively

to pressures corresponding to the altitude

specified in Tahle I up to the maximum

normally expected operating nlt.itude of

the airplane in which the altimeter is to be

inst.alled. The reduction in pressure shall

he made at. a rate not in excess of 20,000

feet per minute to within approximately

2,000 feet of the test point, The test point

shall be approached at a rate compatible

with the test equipment. The altimeter

shall Le kept at t.he pressure correspond

ing to each test point for at least one min

ute, but. not more than ten minutes, before

a reading is taken. The error at all test

points must not exceed the tolerances speci

fied in TaLle I.

(ii) Hysteresis - The hysteresis test

shall begin not more than 15 minutes after

t he altimeter's initial exposure- to the pres

sure corresponding to the upper limit of

the scale error test prescribed in subpara

graph (i); and while the altimeter is at

this pressure, the hysteresis test shall com

moue-e. Pressure shall he increused at a

rate simulating- a descent ill altitude at

the rate of ",000 to 20,000 feet per minute

until within :>,000 feet of the first test

point. (t)() percent of maximum altitude).

The test point shall then be approached

at a rate of approximately :>,000 feet

per minute. The altimeter shall be kept

at this pressure for at least 5 min

utes, but not more than 15 minutes, before

the test reading is taken. After the read

ing has been taken, the pressure shall be

increased further, in the same manner as

before, until the pressure corresponding to

the second test point. (40 percent of maxi

mum altitude) is reached. The altimeter

shall be kept at this pressure for at least

one minute, hut not. more than 10 minutes,

before the test reading is taken. After

the reading has been taken, the pressure

shall be increased further, in the same

manner as before, until atmospheric pres

sure is reached. The reading of the altirn

eter at either of the two test points shall

not differ by more than the tolerance

specified in Table II from the reading of
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7!)

75
,10

205

30

30

35
40
60

80

90

100

110

120

130

140

155

180

± 100

Tolerance
(Fel't)

Tolerance
± (teet)

"'70
70

70

70

80

90

100
120

140
160
180
250

___________ 230

255

2KO

TABLE I

Equivalent pressure
(Inches of mercury)

ｔ ａ ｮ ｵ ｾ ｉ ｉ Ｍ ｔ ｅ ｾ ｔ TOLERANCES

TABLE Ill-FRICTION

Altitude Tolerance
(Feet) (Fef't)

1,000
2,000

3,000
5,000

10,000

15,000

20,000

25,000

30,000

35,000
4;),000

50,000

-1,000 ｾ ｾ ｾ ｾ ｾ ｾ ｾ ｾ ｾ ｾ ｟ ｾ ｾ ｾ ｾ ｾ ｾ ｾ ｾ Bl.018 20
0 . 29.921 ._. 20

500 ｾｾｾｾＢｾｾｾｾｾ｟ｾｾｾｾ __ ｾ 29.385 ｾ ｾ ｟ ｾ ｾ ｾ ｾ ｾ ｟ ｟ ｟ 20

1,000 ｾ ｾ ｾ ｟ ｾ ｾ ｟ ｾ Ｌ ｟ 28.856 ｾ ｾ ｟ ｾ __ ｾ __ｾ __ ｾ 20

l,rlOO ｾ｟ ｾ . . Ｎ｟ｾ .. _ 28.335 ｟ｾ __

2,000 . . 27.821 _ . _
3,000 26.817 . __ . _

4,000 . __ 20.842 . _

6,000 ｾ ［ ｴ Ｐ Ｗ Ｘ ｟ Ｎ ｟ ｾ .. ｾ

8,000 ｟ｾ｟ ___ ＲｾＮＲＲＵ ｾ __

10,000 ｾ｟｟ 20.m.
12,000 19.029 _

14,000 . . 17.577 _

16,000 . lG.21G

18,000 ｟ ｾ ｟ ｟ ｟ ｟ 14.942 __ ｾ .. _, __

:''0,000 13.750 _. .

22,000 12.6.'-J6 ｾ｟ｾＢ｟ｾ _

2fi,OOO 11.104 ｟ｾ｟ｾ｟ｾｾ __ ｾ｟

30.()Ofl 8.88"

35.000 7.n·n
40,000 _._ __ 5.538
45,000 . 4.355

50,000 . . 3.42;,

Altitu<'le

(feet)

Case Leak 'res t _

Hysteresis Test:

First Test Point (50 percent of maximum
altitude) .____ _ _

Second Test Point (40 percent of maximum
altitude) _

After Effect Test ｾ . _

Test

the altimeter for the corresponding alti
tude recorded during the scale error test

prescribed in subparagraph (i).

(iii) After effect-Not more than 5 min

utes after the completion of the hysteresis
test prescribed in subparagraph (ii), the

reading of the altimeter (corrected for auy

change in atmospheric pressure) shan not

di ff'er from the original atmospheric pres
sure reading by more than the tolerance

specified in Table II.

{iv] Friction-The altimeter shall be
subjected to a steady rate of decrease of

pressure approximating 7fiO feet per min
ute. At each altitude listed in Table III,

t.he change in reading- of the pointers after
vibration shal l not exceed the correspond

ing tolerance listed iu Table III.

(v ) ("'8e leok-The leakage of the ul

t imetr-r case. when the pressure within it
corresponds to an altitude of lR ,OOO feet,

shall not change the altimeter reading by

more than the tolerance shown in Table IT
during- an inn-rval of one minute.

(vi) Barometric scale error-At con

srant atmospheric pressure, the barometric
pressure scale shall he set at each of the,

pressures (falling within its range of ad

justmcnt ) that arc listed in Table IV, and

shall cause the pointer to indicate the

equivalent nlt.itudr- difference shown in

Table IV with n tolerance of 25 feet.

[(2) Altimeters which arc the air data

computer typ<' with associated eomputing

systems, or which incorporate air nata cor
rect.ion intomal lv. may h(' tested in a manner

and to spr-eificatious developed by the manu

facturer which are acr-cptab!e to the Admin

istrator.]

(e) Records Comply with the provisions

of §43.9 of this chapter as to content, form

and disposition of the records. The person

performing the :111 imct er tests shall record on
the alt.imet er t hc date a.nd maximum altitude

to which the llltilllder has been tested and the
persone.; a pp rovirnz the>, airplane for return to
ser-vice shall enter j hat data in the airplane

lop: or other permanent record.
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Pressure

(Inches

of JIg)

Altitude

Difference
(Feet)

2&.10
28.50
29.00

29.50

29.92

30.50
30.90

30.99

__ . __._ .... .... -1727
_. -1340
__ __ -863

____________ _ ｾＳＹＲ

____ . 0
__ __ ________ +531

_________ +893
____________________ +974
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Appendix F

ATC Transponder Tests and Inspections

[The ATC transponder tests required by

ｾ 91.177 of this chapter may be conducted

usirur a bench check or portahie test equipment

and must meet the requirements prescribed in

paragraphs (a) through (d) of this Appen

dix. If portable test equipment with appro
priate coupling to the aircraft antenna system

is user], operate the test equipment at a nom

inal rate of 23;') interrog-ations per second to

avoid possible ATCRBS interference. An

nddir.ional Sdb loss is allowed to compensate

for antenna coupling- errors during- receiver

sensitivity measurements conducted in accord

ance with paragraph (c) (1) when using port

able test equipment.

[(a) For reply radio frequency, interrogate

the transponder and verify that the reply

frequency of the system is 1090 ±3 MHZ.

[(b) Suppression: 'When the transponder is

interrogated on Mode 3/A at nu interrogation

rate between 2iW and 1000 interrogations per

second for Class IB and 2R transponders or

lx-rween 2nn and 1200 interrogations per second

for Class IA and 2A transponders:

'[ (I) Veri fy that the transponder does not

respond to more than 1 percent of the inter

rogations when the amplitude of P2 pulse

is equal to the P 1 pulse,

[(2) Verify that the transponder replies
to at least 90 percent of the interrog-ation!'

when the amplitude of the P, pulse is 9db

less than P, pulse.

[If the test is conducted with a radiated test

sig-nal, the interrogation rate shall be 235 ±f>

interrogations per second unless a higher rate

has been approved for the test equipment used

at that location.]

(c) Receivel' sensi ti vi ty :

(I) Verify that receiver sensitivity of

the system is -73±4dbm by use of a test

set-

(i) Connected to the antenna end of

the transmission line;

(ii ) Connected to the antenna terminal
of the transponder with a correction for

transmission line loss; or

(iii) Utilizing a radiated signal.

(2) Verify that the difference in mode

3/A and mode C receiver sensitivity does

not exceed Idb,

(d) Records:

Comply with the prOVISIOns of § 43.9 of

this chapter as to content, form, and disposi

tion of the records.
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CASTLEBERRY INSTRUMENTS & AVIONICS, INC.

817 DESSAU ROAD AUSTIN, TEXAS 78753
PHONE (512) 251-3441 REPAIR STATION NO.3812

ALTIMETER & AIRSPEED CORRECTION SHEET

CUSTOMER NAME

ALTIMETER PART NO.

DATE

SERIAL NO.

TEST NO.1 ALTITUDE PRESSURE

CHECKED BY

-

-
...

...

-

ALTI:1ETER READS ALTIMETER READS
ALTITUDE FEET UP DOWN ALTITUDE FEET UP DOWN

-1000 12 000
a 1 000

<;00 1 000
1000 1 ｾ 000
1<;00 20 000
2000 22 000
000 2".000
000 o 000
000
000

1 :JOO '.
,U.U(JU

TEST NO.2 FRICTION

ALTITUDE FEET ALTIMETER READS ALTITUDE FEET ALTIMETER READS

1000 10 000
2000 1 000
1000 2 1.000
&000 2 .000

TEST NO. 3 TOLERANCES PRESSURE ALTITUDE ALTIMETER
(IN.OF HG) DIFFERENCE READS

CASE LEAK TEST (FEET l

AFTER EFFECT TEST 28.10 -1" 27

POSITION ERROR 21 .')0 -1 0
2 .00 - t

"

HYSTERSIS TEST NO.1 ＨｾｏＥＩ 2' .')0 - 2

HYSTERSIS TEST NO.2 (1t0%) 2 . '12 0
. 0 + .., 31

O. ( a + ｏｙｾ

REMARKS: O. (,g + YILl

AIRSPEED PIN SiN CALIBRATION

100 220 450 750
120 250 500 800
140 260 550 CASE LEAK
160 JOO 600 DAMPING
180 350 650 pas ERROR
200 leoo 700



...

-

-
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Maximum Cabin Differential Test Pressure vs. Test Altitude

Maximum Cabin
Differential Pressure

(lbs./sq. .i n , )

1.5

2.5

4.2

5.5

8.5

Test Altitude
(feet)

3,000

5,100

9,000

12,400

22,000

...

....

...

...

-

...

...

Note: unpressurized airplanes are tested at 1000 feet above
field elevation for static leaks. (Max leak permitted
100 feet per minute)
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I 43.9 Content, form, and disposition of main

tenance, rebuilding, and alteration

records (except lOO-hour, annual, and

progressive Inspectionsl.

(a) Alaintenance record entries. Except as

provided in paragraphs (b) and (c) of this
section, each person who maintains, rebuilds,

or alters an aircraft, airframe, aircraft

engine, propeller, or appliance shall make an
entry in the maintenance record of that equip.

ment containing the following information:

(1) A description (or reference to data
acceptable to the Administrator) of the work
performed.

(2) The date of completion of the work

performed.

(3) The name of the person performing
the work.

(4) If the aircraft, airframe, aircraft
engine, propeller, or appliance is approved
for return to service, the signature (and if

a certificated mechanic, the certificate num
ber) of the person who approved it.

(5) If the work performed is an inspec

tion required under § 91.217 of this chapter

for a large airplane, or a turbojet or turbo
propeller powered multiengine airplane, the

entry must name the kind of inspection con

ducted (continuous airworthiness inspection

program, approved inspection program, etc.)

and include a statement that-

(i) The inspection was performed in
accordance with the instructions and pro
cedures for the kind of inspection pro
gram selected by the owner or operator
of the airplane; and

(ii) A signed and dated list of the

defects, if any, found during the inspec
tion was given to the owner or operator

of the airplane.

In addition to the entry required by this para
graph, major repairs and major alterations
shall be entered on a form, and the form dis
posed of, in the manner prescribed 111 Ap

pendix B, by the person performing the work.

(b) Each holder of an air carrier or com
mercin l operator certificnte that is required by

its operating certificate 01' by approved opera

tions specifications to provide for a cont inuous

airworthiness maintenance prosrrnm. shall make

a. record of the maintenance, rebuilding, and
ulrernt ion. OIl aircraft. airframes. aircraft en

gines. propellers. uppl inuces, or parts thereof.

which it operates. in accordance with the pro

visions of Part 121 or Part 127. of this chapter

as appropriate.

(c) This section does not apply to persons
performing the annual. Iun-hour, and pro

gressive inspections required by Part 91.
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§ 91.177 ATC transponde, 'es's and inspec

tions.

(a) After January 1, 1976, no person may
use an ATC transponder that is specified
in §§91.24(a), 121.345(c), 127.123(b), or
135.143(c) of this chapter, unless, within the
preceding 24 calendar months, that ATC trans
ponder has been tested and inspected and
found to comply with Appendix F of Part 43
of this chapter.

(b) The tests and inspections specified in
paragraph (a) of this section may be con
ducted by-

(1) A certificated repair station prop
erly equipped to perform those functions and
holding-

(i) A radio rating, Class III;

(ii) A limited radio rating appro·
priate to the make and model transponder
to be tested ;

(iii) A limited rating appropriate to
the test to be performed; or

(iv) A limited rating for a manufac
turer issued for the transponder in ac
cordance with § 145.101 (b) (4) of this
chapter; or

(2) A certificate holder authorized to
perform maintenance in accordance with
§ 121.379 or § 127.140 of this chapter; or

(3) The manufacturer of the aircraft on
which the transponder to be tested is in
stalled, if the transponder was installed by
that manufacturer.

section 8
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§ 91.36 Data correspondence between auto

matically reported pressure altitude

data and the pilot's altitude reference.

No person may operate any automatic pres

sure altitude reporting equipment associated
with a radar beacon transponder-

[(a) 'Vhen deactivation of that equipment
is directed by ATC;

[(b) Unless, as installed, that equipment
was tested and calibrated to transmit altitude
data corresponding within 125 feet (on a 95
percent probability basis) of the indicated or
calibrated datum of the altimeter normally
used to maintain flight altitude, with that
altimeter referenced to 29.92 inches of mer
cury; or

[(c) After September 1, 1979, unless the
altimeters ann digitizers in that equipment

meet the standards in TSO-ClOb and TSO
C88, respectively.]



....

-

-
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-
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-
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§ 23.1325 Static pressure system.

(a) Each instrument prodded with static

pressure case connections must be so vented

that the influence of airplane speed, the open

ing' and closinjr of windows, airflow variations,

moisture, or other foreign matter will least

affect the :\cclIraC'y of the instruments except

as noted in purngrnph (b) (:1) of this section.

(b) If a static pr-essure system is necessary

for the functioning of instruments, systems, or

devices, it must comply with the, provisions of

subparmrruphs (1) through (:l) of this para

g-raph.

(1) The design and installation of a static

pressure system must be such that-

t i ) Posir ive drn inuue of moisture is pro

vided :

(ii ) Cllatinp: of the tubing, and exces

si ve distortion or restriction at bends in

the tllhing, is nvoided : and

(iii) The materials used are durable,

su ituble for the purpose intended, and pro

tected a.u:ainst corrosion.

(2) A proof test must he conducted to

demonst rute rhe integrity of the static pres

sure system in the following manner:

(i) rJlj)J'e881fJ'ized airplanes. Evacuate

the static pressure, system to a pressure

different inl of approximately 1 inch of

mercury 01' to a reudnur on the altimeter,

section 8
appendix 8-8

1,000 f'eet nbove the aircraft elevution at

the time of the test. Without additional

pumping" for a period of 1 minute, the loss

of indicated ult it ude must not exceed 100

feet on the nl-imeter.

(ii) Pi'f8,'wrizfd airplanes. Eyacuate

the stntic pre!'slll'e system until a pressure

di tlerent inl equivalent to the mnxuuum

cnhin pressure d ifferent iul for which the

nirplune is typP cert ificnted is achieved.

Ｂ ｾ ｩ ｴ ｨ ｯ ｬ ｬ ｴ uddit ionnl pUlIlpin.t! for a period

of I minute, the loss of indicated ult ituclo

must not exceed ｾ percent of the equivalent

altitude of the. lila xi III IIIII cabin differeutin l

pressure or 100 feet, whichever is .u:reater.

Ｈ［ｾＩ If a static: pressure system is 1'1'0-

vided for any inst rument , device, Ol' system

required hy the operatitur rules of this chap

tel', ench static pressure port III list be de

signed or located in such a manner that the

correlnrion between air pressure in the stutic

pressure system and true ambient atmos

pheric static pressure is not altered when the.

airplane enr-onnte rs icillg conditions. An

anti-icin.t! means or an alternate source of

static pressure Ill:ly he used in showing ('Olll

pliunce with this requirement. If the read

ing of the altimeter, when on the alternate

static pressure system differs from the read

in:,! of the nlt imeter when on the primary

stnt ic svsteru by more than rIo feet. a correc

tion card must be prodded for the nlternnte

static system.
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§ 25.1325 Static pressure systems.

(a) Each instrument with static air case
connections must be vented to the outside at
mosphere through an appropriate piping
system.

(b) Each static port must be designed and
located in such manner that the static pressure
system performance is least affected by airflow

variation, or by moisture or other foreign

matter, and that the correlation between air
pressure in the static pressure system and true

ambient atmospheric static pressure is not
changed when the airplane is exposed to the
continuous and intermittent maximum icing

conditions defined in Appendix C of this Part.

(c) The design and installation of the static
pressure system must be such that-

(1) Positive drainage of moisture is pro
vided; chafing of the tubing and excessive

distortion or restriction at bends in the tub
ing is avoided; and the materials used are
durable, suitable for the purpose intended,

and protected against corrosion; and

(2) It is airtight except for the port into
the atmosphere. A proof test must be con
ducted to demonstrate the integrity of the
static pressure system in the following
manner:

(i) T'npressurized airplanes. Evacuate

the static pressure system to a pressure

differential of approximately 1 inch of

mercury or to a reading on the altimeter,

1,000 feet above the airplane elevation at

the time of the test. Without additional

pumping for a period of 1 minute, the

loss of indicated altitude must not exceed

100 feet on the altimeter.

(ii) Pressurized airplanes. Evacuate

the static pressure system until a pressure

differential equivalent to the maximum
cabin pressure differential for which the
airplane is type certificated is achieved.

Without additional pumping for a period
of 1 minute, the loss of indicated altitude

must not exceed 2 percent of the equiv
alent altitude of the maximum cabin dif
ferential pressure or 100 feet, whichever
is greater.

(d) Each pressure altimeter must be ap
proved and must be calibrated to indicate

pressure altitude in a standard atmosphere,

with a minimum practicable calibration error

when the corresponding static pressures are

applied.

(e) Each system must be designed and in
stalled so that the error in indicated pressure

altitude, at sea level, with a standard atmos

phere, excluding instrnment calibration error,

does not result in an error of more than ±30

feet per 100 knots speed for the appropriate

configuration in the speed range between 1.3
V s with flaps extended and 1.8 V s with flaps

o ,

retracted. However, the error need not be less

than ± 30 feet.

(f) If an altimeter system is fitted with a
device that provides corrections to the altimeter
indication, the device must be designed and

installed in such manner that it can be by
passed when it malfunctions, unless an alter
nate altimeter system is provided. Each cor

rection device must be fitted with a means for
indicating the occurrence of reasonably prob

able malfunctions, including power failure, to
the flight crew. The indicating means must
be effective for any cockpit lighting condition
likely to occur.

[(g) Except as provided in paragraph (h)

of this section, if the static pressure system
incorporates both a primary and an alternate

static pressure source, the means for selecting

one or the other source must be designed so
that---

[(1) When either source is selected, the
other is blocked off; and

[(2) Both sources cannot be blocked off
simultaneously.

[(h) For unpressurized airplanes, para

graph (g) (1) of this section does not apply

if it can be demonstrated that the static pres
sure system calibration, when either static pres

sure source is selected, is not changed by the

other static pressure source being open or

blocked.]
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Section 4. PITOT-STATIC SYSTEMS

....

....

...

...

...

...

...

907. SYSTEM COMPONENTS. Conventional de
sign of the pitot-static system consists of pitot
static tubes or pitot tubes with static pressure
ports or vents and their related heaters, if
any, and includes lines, tubing, water drains
and traps, and selector valves. Pressure ac
tuated indicators such as the altimeter, air
speed, and rate-of-climb indicators, and con
trol units such as air data transducers, and
automatic pilots may be connected to the sys
tem.

908. PITOT-STATIC TUBES AND LINES. The pitot
tube is installed with the axis parallel to the
longitudinal axis of the aircraft unless other
wise specified by the manufacturer. When lines
are attached or removed from a bulkhead feed
through fitting or at a union, precautions must
be taken to assure that the line attached to
the opposite end is not loosened, twisted, or
damaged by rotation of the fitting. Such fittings
normally are provided with a hex flange for
holding.

909. PRESSURE PORTS OR VENTS. Static pres
sure ports or vents should be mounted flush
with the fuselage skin. Inspect for elevation or
depression of the port or vent fitting. Such
elevation or depression may cause airflow dis
turbances at high speeds and result in errone
ous airspeed indications.

910. CLEANING OF SYSTEM. Inspect air passages
in the systems for water, paint, dirt, or other
foreign matter. Probe the drains in the pitot
tube to remove dirt or other obstructions. Tub
ing diameter should be checked when a problem
is experienced with drainage of the pitot-static
system or freezing at altitude. If this diameter
is less than 3/8 inch, it should be replaced with
larger tubing. Water may not drain freely from
smaller diameter lines. Water or obstructions
may be removed from the lines by disconnect-

Chap 16

ing them near the instrument and blowing
clean, dry air through them. No instruments
should be connected to the system during this
process.

911. HEATER ELEMENTS. Some pitot-static tubes
have replaceable heater elements, while others
do not have replaceable elements. Check re
placement of the heater element or the entire
tube for proper operation by noting either
ammeter current or that the tube or port gets
hot to the touch.

912. SYSTEM LEAK TESTING. Pitot-static leak
tests should be made with all instruments con
nected to assure that no leaks occur at in
strument connections. Such tests should be
made whenever a connection has been loosened
or an instrument replaced.

913. STATIC SYSTEM TEST. Advisory Circular AC
43-203A describes an acceptable means of
complying with static system tests required by
FAR Part 91, section 91.170, for airplanes op
erated in controlled airspace under IFR. (This
circular also provides information concerning
the test equipment used, and precautions to be
taken when performing such tests.) Aircraft
not operated in controlled airspace under IFR
should be tested in accordance with the air
craft manufacturer's instructions.

If the manufacturer has not issued instruc
tions for testing static systems, the following
maybe used:

a. Connect the test equipment directly to the
static ports, if practicable. Otherwise, connect
to a static system drain or tee connection and
seal off the static ports. If the test equipment
is connected to the static system at any point
other than the static port, it should be made at
a point where the connection may be readily
inspected for system integrity. Observe testing
precautions given in paragraph 915.

Par 907
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b. Apply a vacuum equivalent to 1,000 feet al
titude, (differential pressure of approximately
1.07 inches of mercury or 14.5 inches of water)
and hold.

c. Aller one minule, check to see that the leak
age has not exceeded the equivalent of 100
feet of altitude (decrease in differential pres
sure of approximately 0.105 inches of mercury
or 1.43 inches of water).

914. PITOT SYSTEM TEST. Pitot systems should
be tested in accordance with the aircraft manu
facturer's instructions. If the manufacturer
has not issued instructions for testing pitot
systems, the following may be used:

a. Tesl Ihe pilal syslem by sealing the drain
holes and connecting the pitot pressure open
ings to a tee to which a source of pressure
and a manometer or reliable airspeed indicator
is connected.

b. Apply pressure to cause the airspeed indi
cator to indicate 150 knots (differential pres
sure 1.1 inches of mercury or 14.9 inches of
water), hold at this point and clamp off source
of pressure. After 1 minute, the leakage should
not exceed 10 knots (decrease in differential
pressure of approximately 0.15 inches of mer
cury or 2.04 inches of water). Warning: Do not

apply suction to pitot lines.

Par 913

915. PRECAUTIONS IN TESTING. Observe the fol
lowing precautions in all pitot-static system
leak testing:

a. Perform all olher work and inspections be
fore leak testing.

b. Use a syslem diagram. It will prevent ap
plying reverse pressure to any instrument, and
help determine the location of a leak while
observing instrument indications.

c. 8e certain that no leales exist in the test equip

ment,

d. Run full range lesls only if you are Ihor

oughly familiar with the aircraft instrument
system and the test equipment.

e. Pressure in Ihe pilol syslem must always be
equal to or greater than that in the static
system. A negative differential pressure across
an airspeed indicator can damage it.

f. The role of change or Ihe pressure applied

should not exceed the design limits of any
pitot or static instruments connected to the
systems.

g. Afler Ihe conclusion of Ihe leak lesl, be cer
tain that the system is returned to its normal
flying configuration, such as removing tape
from static ports and pitot tube drain holes
and replacing the drain plugs, etc.

916.-926. RESERVED.

Chap 16
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DEPARnIE:\T OF TIL\:\SPOHTATIO;\/

Federal Aviation Administration

Washington, D.C.

Subject:

FAR GUIDANCE MATERIAL

ALTIMETER AND STATIC SYSTEM TESTS AND INSPECTIONS

....

-

-

-

-

-

1. PURPOSE. This advisory circular contains acceptable methods for
testing altimeters and static systems. It also provides general
information concerning the test equipment used and precautions to
be taken when performing such tests.

2. CANCELLATION. Advisory Circular No. AC 43-203A dated 6/6/67 is
canceled •

3. RELATED PUBLICATIONS.

a. Federal Aviation Regulations (FAR) Part 43, Appendix E, Sections
43.3 and 43.5; FAR Part 91, Section 91.170; FAR Part 145, Section 145.47.

b. Advisory Circular 43-2A, Minimum Barometry for Calibration and Test
of Atmospheric Pressure Instruments.

c. U.S. Standard Atmosphere, 1976.

4. GENERAL. Certain aircraft are required by Section 91.170 of the FAR
to have altimeter and static system tests. These tests are described in
Appendix E of Part 43 of the FAR. Equipment, materials, and required tests
for test equipment are specified in Section 145.47 of the FAR. Persons
authorized to perform altimeter and static systems tests are identified in
Section 91.170 of the FAR.

5. STATIC PRESSURE SYSTEM TEST. Performance of this test with all static
instruments connected will assure that leaks have not been introduced at
instrument connections. Use of the following procedures is satisfactory as
a means for compliance with the static pressure system proof test and
inspection:

a. Visually inspect the ports, plumbing, accessories, and instruments
connected to the static system and repair or replace those parts which are
defective; e s g , , broken "B" nuts, cracked flare sleeves, deteriorated

Initiated by: AFS-830
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flexible tubing, bad valves, etc. Purge the system, if necessary, to
remove foreign matter which may have accumulated in the tubing.

b. Check the static port heater to assure proper operation by noting
either ammeter current or that the pitot tube or static port gets hot to
the touch.

c. When an aircraft has more than one static system, test each system
separately to assure their independence and to assure that the leak rate
for each system is within tolerance.

d. Connect the test equipment directly to the static ports, if
practicable. Otherwise, connect to a static system drain or tee connection

and seal off the static ports. If the test equipment is connected to the
static system at any point other than the static port, it should be made at
a point where the connection may be readily inspected for system integrity
after the system is returned to its normal configuration. Remove all static
port seals after completion of the static system test.

e. For unpressurized airplanes, conduct the static pressure system proof
test to the standards prescribed in FAR Part 23.132S(b)(2)(i) or Part
2S.132S(c)(2)(i), as applicable (see paragraph 9 for precautions).

f. For pressurized airplanes, conduct the static pressure system proof

test to the standards prescribed in FAR Part 23.132S(b)(2)(ii) or Part
25.l325(c)(2)(ii), as applicable (see paragraph 9 for precautions).

(1) An accurate vacuum gauge referenced to atmospheric pressure and
connected to the static pressure system may be used to measure the
equivalent cabin differential pressure.

(2) Either the altimeter in the airplane under test or that in the
test equipment may be used as a vacuum gauge, provided that barometric
pressure is converted to pressure in pounds per square inch (PSI). A
convenient formula for this conversion is:

inches of mercury
PSI 2.036

(3) The following steps are suggested to use the altimeter as a
vacuum gauge:

Step 1. Convert the actual local barometric
pressure (NOT reduced to sea level) to PSI;

Step 2. Subtract the approved maximum cabin
differential pressure in PSI from the PSI value obtained in Step 1;

Step 3. Convert the PSI value obtained in Step 2 to
inches of mercury, using the formula: Inches of mercury = PSI x 2.036;

•

2 Par 5
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Step 4. The test pressure expressed in inches of mercury

can be converted to test altitude using Table IV GEOPOTENTIAL ALTITUDE,
ENGLISH UNITS, contained in the document titled "U.S. Standard Atmosphere,
1976 (Stock No. 003-017-00323-0)," which is available from Superintendent of
Documents, U.S. Government Printing Office, Washington, D.C. 20402 at a cost
of $6.20.-

EXAMPLES:

Step 1- PSI = 25.39 = 12.47 PSI
2.036

Step 2. 12.47 - 5.3 = 7.17 PSI

Step 3. Inches Hg = 7.17 x 2.036 = 14.60 inches Hg

... Step 4. 14.60 inches Hg = 18,600 feet altitude

6. ALTIMETER TEST. Altimeter tests are performed in accordance with
FAR Part 43, Appendix E. If the altimeter test is to be performed with
the instrument installed in the airplane, the following guidelines should
be observed:

...

...

...

-
...

-

a. The static leak test should be conducted first to assure. that there
are no static system leaks to influence altimeter indications •

b. Permit the altimeter to stabilize after a flight before performing
the test.

c. Use portable test equipment or barometric test equipment as
described in paragraph 7, Altimeter Test Equipment.

d. When vibration is applied to the instrument, assure that it is not
of a magnitude which will mask a sticky altimeter.

7. ALTIMETER TEST EQUIPMENT. The following test equipment is acceptable
for testing altimeters:

a. Mercurial barometers with accuracies specified in and maintained in
accordance with Advisory Circular 43-2A.

b. High accuracy portable test equipment (with appropriate correction
card) maintained in accordance with FAR 145.47(b). It has been found that
calibration checks of the test equipment in accordance with the following
schedule provides a satisfactory level of performance:

(1) Each thirty days, after initial calibration, the equipment
should be checked for accuracy against:

(i) A barometer described in a. above, or,

I'ar- :-J
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(il)

been calibrated,
in 7a.
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An altimeter (with appropriate correction card) which has
within the past thirty days, against a barometer describeo

(2) Each day the equipment should be checked for accuracy at sta
tion pressure using an aneroid or mercurial barometer. If the equipment is
not used daily, a "before use" test may be substituted for the daily test.

(3) The thirty-day calibration period in (1) may be extended
provided the calibration records of the individual test equipment reflect
continued accuracy.

8. MAINTENANCE RECORD ENTRY.
maintenance record entry will
FAR Part 43.9:

The following example of a permanent
be satisfactory for compliance with

(1) Example: I certify that the altimeter and static system tests
required by FAR Part 91.170 have been performed. The altimeter was tested
to feet on (date if altimeter test)

Signature
Date (of static system test)
Certificate Number ------

(2) The date of the actual altimeter test and maximum altitude to
which the altimeter was tested should be recorded on the altimeter by the
person making the altimeter test.

9. PRECAUTIONS. This section contains information about precautions that
can be taken to avoid damage to sensitive instruments that are connected to
static systems during static system tests.

a. Before any static system is tested, it should be determined that the

design limits of instruments attached to it will not be exceeded during
test. To determine this, it is necessary to locate and identify all
instruments attached to the system. In addition to the altimeter, airspeed,
and rate of climb, many airplanes use static pressure for the operation of
autopilots, flight recorders, air data computers, altitude reporting
digitizers, etc. The use of a static system diagram of the airplane
involved may be helpful in locating all of the instruments. If a oiagram is
not available, the instruments can be" located by tracing the physical
installation.

b. Damage can occur to instruments that are connected to both the
static system and pitot system when only the static system is evacuated.
The maximum design differential pressure of these instruments may be
exceeded. One method to prevent this type of damage is to tie both the
pitot and static systems together when conducting static system checks.
This should result in zero differential pressure regardless of the degree of

static system evacuation. It should be noted that a leak in either system

will be indicated on the test set.
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c. Safeguards should be taken to prevent accidental disconnection of
the test equipment plumbing from the aircraft or the test equipment while
the static system is evacuated. The resultant sudden pressure change may
damage both the test instruments and the aircraft instruments.

d. Whenever blockage of the static lines is suspected, they should be
purged before the static pressure system test is performed. Besides the
obvious benefits of removing foreign objects from the lines, purging may
keep such objects from entering the test equipment. Since purging applies
positive pressure to lines, the following precautions should be taken:

(1) Disconnect all instruments and air data sensors.

(2) Cap off those lines not being purged.

(3) Restrain hoses which can whip due to purge pressure.

(4) Assure that lines are clear by ｦ･･ｬｩｾ discharge pressure at
ports.

(5) Clean system drains and traps after purging since they can act
as a sump for foreign material.

...

-
-
-
...

...
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DEPARTMENT OF TRANSPORTATION
FEDERAL AVIATION ADMINISTRATION

SUBJECT' AUTOMATIC PRESSURE ALTITUDE ENCODING SYSTEMS AND TRANSPONDERS
• MAINTENANCE AND INSPECTION PRACTICES

1. PURPOSE. This circular provides information concerning the installation
of encoding altimeters based upon recently acquired operating experience
and on the maintenance of ATC transponders.

2. CANCELLATION. AC 43-6 dated 9/19/74 is cancelled.

3. REFERENCES. FAR 91.177(a), FAR 43 Appendix F, FAR 91.36(b), FAR 37.197
(TSO C-88), and FAR 37.180 (TSO C-74).

4. BACKGROUND. Field experience has demonstrated the following problems
have occurred following the installation of an encoding altimeter.

a. Failure to ensure that the transponder and/or encoding altimeter are
compatible with the altitude operating envelope of the aircraft in
which they are installed.

b. Installation not based upon approved data.

c. Installation of servo controlled (nonreverting) altimeters without an
adequate backup provision in the event of total electrical failure.

d. Improper functional checkout after alteration (e.g., failure to per
form a static system check or failure to correlate the altimeter
indicated altitude to the altitude information being transmitted).

5. INSTALLATION. Any appropriately rated person (as specified in FAR 43.3)
may perform an aircraft alteration which consists of installing an
encoding altimeter, blind encoder or transponder system. The approval of
the aircraft for return to service, however, can only be given by those
persons authorized in FAR 43.7 after a suitable functional check has been
performed, where applicable, in order to determine that the altered
system will perform its intended function(s).

Initiated by: AFS-804
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For those situations where the services of a certificated repair station
are utilized for the installation of an automatic pressure altitude
reporting system, or forT'apy pnrtio6 of such a system, we. have listed
several installation s t t ue t Lon s aQ,d t ha repair station ratings necessary
to cover the particular situation. Any special or unusual s Lt ua t i cn s ,
other than those 'listed, should .be resolved with the local FAA district
office.

Types of Installation

Encoding Altimeter

Digitizer (blind encoder)

Transponder and Encoding
Altimeter

Repair Station
Ratings

Airframe (A), 'Ra d Lo Class 1
(R-3),Instrument Class I (1-1),

or Specialized Service (,s)

1\, R-3, 1-1, or SS

A, R-.3, 1-1, or SS

Any of the above listed repair station ratings could also be limited to
specific make I s ) and model (s) airframe, transponder, or encoding al tim
eter. Each installation should be made in accordance with approved dat.a
and the work performed or supervised by appropriately certificated
personnel. Mefore attempting the installation of an aircraft altitude
reporting system, the installing facility should assure the followillg:

a. The required test equipment, technical data, and qual ified personnel
are available to perform or arrange to have performed a static s vs t ern

check, as required hy FAR 91.170, to verify the integrity of the
newly installed or altered system.

h. The capability exists to determine the actual altitude information
heing transmitted by the transponder as referenced against the
pilot's altimeter (altitude reference).

c. Appropriately rated or qualified personnel are availahle to perform
any necessary structural modifications.

d. The facility is authorized to approve the aircraft for return to
service after all alterations and testing are completed.

e. The data approval necessary for the substitution of an encoding
altimeter for the altimeter currently shown on the aircraft's
"approved equipment listing," is available.

6. APPROVED DATA ALTERNATIVES.

a. Manufacturer Drawings/Service Bulletins (FAA Approved) which list

Page 2 Par 5
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approved replacement/substitution encoding
-- for the installation of certain digitizers

used.
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altimeters or instructions

(blind encoders) may be

-

-

-
-

-

-
-
-

b. Where no prior approvar'has been given, a supplemental type certifi
cate (STC) or fielg approval should be requested. The person
approving the aircraft for return to service should comply wi th all
provisions of FAR 43.9.

c. Field Approvals. In some cases, the faci lity making the installation
meets the qual ifications in paragraphs 5. a. through 5. e. and has demon
strated to the Administrator its ability to install this equipment
on a representative number of similar type installations through

prior field approvals. References to these previous approvals on PAA

Form 337 (Major Hepair and Al t e r a t i on , Airframe, Powerplant,
Propeller, or Appliance) would constitute previously approved data and
may not require a separate field approval.

d. Alterations using data which do not differ appreciably from a pre
viously approved alteration may not require new or additional

approval. When questions arise, contact your local FAA field office
for guidance.

7. TESTS AND INSPECTIONS. The purpose of FAR 91.177, ATC Transponder Tests
and Inspections, is to ensure the use of a properly operating transponder

in the National Airspace System. The following information sets forth
one means, but not the only means, of demonstrating compliance with the
maintenance requirements contained in FAR 91.177 and prescribed in FAR 43,
Appendix F, governing the testing of ATC transponders.

a. Transponder tests and inspections FAR 91.177, FAR 43, Appendix F.

(1) Reply radio frequency. Interrogate the transponder and verify,
hy use of any frequency measuring technique, that the reply
frequency is 1090+3 MHz. The accuracy of the measuring device
should be at least ±.5 MHz. In the event the frequency measure
ment is not conducted hy radiated method, necessary compensations
should he made for any frequency deviation which may occur due
to installation.

(2) Suppression. Interrogate the transponder with a Mode 3/A
interrogation signal at a nominal repetition rate of 235
(nominal is considered to be 235+5 IPS) interrogations per
second and at a signal level 3 db above receiver minimum trigger
level. Adjust 1'2 pulse equal in amplitude to PI pulse and verify
that the reply rate is no greater than 3 replies per second.
(Percentage of reply should not exceed 1.0 percent.) Adjust 1'2
pulse amplitude 9 db less than PI pulse, and verify that the
reply rate is at least 211 replies per second.

-
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(3) Receiver sensitivity. With the test set connected to the
antenna end of the transmission line, or connected to the

antenna terminal of the transponder with a correction for trans
mission line loss, interrogate the transponder with a Mode 3/A
interrogation signal at any repetition rate recommended by the
transponder manufacturer. When radiation techniques are used,

the interrogation signal repetition rate should be a nominal
235 interrogations per second. This pulse repetition rate was
selected to reduce interference to active aircraft in the air
traffic control system. Adjust PI and P3 equal in amplitude
and apply a signal level known to be below receiver minimum
trigger level (MTL). Increase the signal level unti I the trans
ponder reply is 211 replies per second (90 percent reply rate).
This is the receiver minimum trigger level (MTL). Verify the
MTL is between 69 to 77 db below 1 milliwatt. Test equipment
attenuator accuracy should be within +3 db. Repeat the test
using a Mode C interroga tion signa I and verify the MTL is wi thin
1 dh of the reading obtained on Mode 3/A.

]1. Bench Tests. Transponders may be bench tested for compliance with

FAR 43, Appendix F, and functionally checked after installation in
the aircraft, provided that during the bench check the transponder
operates into an antenna system presenting the same VSWR character

istics and cable attenuation as that in the airplane.

c. Portable line test equipment. Portable line test equipment may be
used for any of the tests specified in paragraph 7. a. provided it is
maintained under a regular calibration program acceptable to the
Administrator. If portable test equipment is used with appropriate

coupling to the aircraft antenna system, an additional 3 db tolerance

is permitted to compensate for antenna coupling errors during

receiver sensitivity measurements.

If the portable test equipment has a fixed R.F. output, it may be
necessary to use a fixed precision attenuator in conjunction with a

variable precision attenuator to determine the receiver minimum

triggering level. Such attenuators should be maintained on a regular

calibration schedule and have appropriate calibration charts. The

repair facility is responsible for assuring the accuracy of the

a t t.en ua t o r s •

d. Removal and Replacement. Removal and replacement of transponder

units, during the two-year period subsequent to testing in accordance
with FAR 91.177, will not invalidate the test results. A repaired or
replacement transponder may be installed without repeating FAR

91.177, provided the unit being installed has been tested by the
agency for reply radio frequency, suppression, and receiver sensi

tivity in accordance with the manufacturer's instructions.

e. Maintenance Records. Maintenance record entries should be made in
accordance witb FAR 43.9.

..
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8. AN ACCEPTABLE MEANS OF TESTING FOR COMPLIANCE WITH FAR 91. 36 (b).

a. FAR 91.36, Data correspondence between automatically reported
pressure altitude data and the ｰ ｩ ｬ ｯ ｾ ｳ altitude ｲ ･ ｦ ･ ｾ ･ ｮ ｣ ･ states, in
part, tha t:

No person may operate any automatic pressure altitude

reporting equipment associated with a radar heacon

transponder --

(h) Unless, as installed, that equipment was
tested and cali1lrated to transmit altitude data

corresponding within 125 feet (on a 95 percent
p r o ha b i l Lt y basis) of the indicated or calihrated
datum of the altimeter normally used to maintain

flight altitude, with that altimeter referenced to
29.92 inches of mercury.

b. The following simplified lest of the automatic pressure al titude
transmission system data correspondence, as required by FAR 91.36(h),
can be used to demonstrate compliance of a newly installed altitude
ｲ ･ ｰ ｯ ｲ ｴ ｩ ｮ ｾ system. Connect the transponder test set directly to the
antenna terminal of the transponder, or to the antenna end of the

transmission line (so as not to radiate an interfering signal).

(1) All aircraft which have altitude reporting transponders
installed (Mode r. capability) should be checked to assure that
only the framing pulses (Fl and F2) are transmitted in response
to Mode r. interrogations, when the altitude reporting feature
is turned off.

(2) All transponder-equipped aircraft which have altitude reporting
equipment installed should be tested at the flight levels set
forth in Appendix 1 (Table 1 for encoding altimeters or Table
2 for blind encoders), by alternately interrogating the trans
ponder on Mode 3/A and Mode C and observing either the pulse
train output, or the decoded altitude display on those test
sets capable of decoding the pulse train.

(3) Set the altimeter normally used to maintain flight altitude to
29.92 inches of mercury (1013.2 millibars).

(4) Select the test points called out in Tables 1 or 2 (sea level)
and the maximum operating altitude of the aircraft. Test
each of these test points for increasing altitude and for
decreasing altitude.

(5) Apply pressure to the static system, or directly to altimeter.

-
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If separate static systems serve altimeters and digitizers,

simultaneously apply identical pressure to each. Approach each

test point slowly, decreasitlg pressure for increasing altitude,
and vice versa, until a transition to the test point value
occurs in the digital. output. Record the pilot's altimetel

reading at the instant of transition.

(6) Encoding digitizers, which are separate units (blind encoders)

having their own individual pressure sensor, should be checked
against the pilot's altimeter upon installation to ensure lllat
the overa! I system accuracy of FAR 91.36(b) is mel. It will be

necessary to perform a check of the system accuracy allY tinl€'

either the encoder or altimeter is replaced. Na t c he d c orup onen t s
should be identified and the calibration information fecorded.

(a) The matched set (blind encoder and altimeter) should he

shop tested and calibrated at ambient temperature.

(h) This abbreviated environmental temperalure test is 0111)'

valid when both units are instal Led in the same cnv i r-on
mental location (i.e., both units mounted on instrument

panel or in near vicinity of one another). Other installa
tions require FAA Engineering approval.

(7) In addition, where an installation allows for t h c b l in d enc od er

to be connected to a static source other than the static s ou r c e
connected to the altimeter norma] ly used to maintain fl ight

altitude, the following corrections should be appl i e d du r Lnc
certification of compliance to FAR 91.36(b):

(a) The difference between both static sources should be

determined (in flight) and recorded. (This information

may be availahle from the ｯ ｲ ｩ ｾ ｩ ｮ ｡ ｬ aircraft certjficFltion
da t a , )

(b) The differences determined in (a) above (static soune

errors) should be used as a correction factor when
checking for compliance with FAR 91.36(b).

9. TESTING PRECAUTIONS AND INSTALLATION ｉ ＼ ｅ ｭ ｾ ｉ ｍ ｆ ｎ ｄ ａ ｔ Ａ ｏ ｎ ｓ Ｎ

a. Adequate precautions should be taken to avoid damage to any instru
ments connected to the aircraft pitot-static system, either by "TfF"
connecting the pitot and static lines together, or by cOl1necting the

vacuum source directly to the altimeter and encoder when separate
units aTe invoJved. The aircraft static system should be returned to
ambient pressures prior to disconnecting pneumatic test equipment
from aircraft/instruments. After completion of all testing, a
leakage test of the static system should be performed if the static
system has been opened.

Page 6 Par 8



b. In aircraft equipped with plastic pitot or static lines, adequate
'precaution should be taken to avoid collapsing the plastic tubing at
the higher differential pressures.

c. The b l ind encoder or encoding al timeter should have an al ti tude
encoding capability up to at least the service ceiling or maximum

certificated altitude of the aircraft in which it is installed. If
the altitude reporting system will not function throughout the air
craft operational envelope (up to the aircraft maximum operating

altitude), a placard stating the aircraft altitude limitation should
be installed.

-
-
-
....

-
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d. The barometric correlation adjustment should not he adjusted in the
field; changing this adjustment will nullify the correspondence
between altimeter and its encoding digitizer or the associated blind

encoder.

€. Some altimeters may exhibit a tendency toward jerkiness (when not

under vibration). If the jerkiness appears excessive, then the
friction test should be conducted as described in FAR 43, Appendix
E(b)(iv).

f. Automatic altitude reporting system installations (either blind
encoder or encoding altimeter types) may be shop tested for corre
spondence (using the transponder decoded output) and then functionally
rhecked after installation in the aircraft, provided the same trans

ponder encoding digitizer, altimeter and wiring harness, and coaxial
cable are either installed in the aircraft or accurately compensated
for.

vi'

C· cfi- ｶｴＨｾ
• A. FERRARESE

Acting Director
Flight Standards Service

-
-
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AC 43-6A

APPENDIX 1 - TABLES AND GLOSSARY

TABLE I ALTITUDE INFORMATION PULSE POSITIONS
(Encoding Altimeters)

PULSE POSITION
(0 to 1 in a puLse position denotes

absence or presence of a pulse, respectively)

INCREMENTS
(FEET)

Co r r e soondenc 12

Cl C2 C4 Tol e r a n c e

--

-50 to +50 ( 2) 0 0 0 0 0 0 1 I 0 I 0 ( I)
950 to 1050 0 0 0 0 0 1 1 0 0 I 0

1050 to 1150 0 0 0 0 0 1 1 0 1 1 0
1250 to 1350 0 0 0 0 0 1 1 1 1 0 0
1150 to 1850 0 0 0 0 0 1 0 1 0 0 1
2550 to 2650 0 0 0 0 0 1 0 0 0 1 1
2750 to 2850 0 0 0 0 1 I 0 0 0 0 I
6750 to 6850 0 0 0 1 I 0 0 0 0 0 1

14750 to 14850 (2 ) 0 0 1 1 0 0 0 0 0 0 1
307S0 to 30850 (3 ) 0 1 1 0 0 0 0 0 0 0 1
Max Oper At t

NOTES:

(1) Reference FAR 43, Appendix E.

(2) Identifies transponder pulse positions and altitude limits necessary
to check Class 18 and 2B transponders (equipment designed to operate at
15,000 feet and below; reference FAR 37.180).

(3) Identifies transponder pulse positions and altitude limits necessary to
check Class lA and 2A transponders (that equipment designed to operate above
15,000 feet; reference FAR 37.180).

Page 1
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TABLE 2 ALTITUDE INFORMATION ｐｕｉＮｓｾ POSITLON
(BLind EnuHkrs)

PULSE POSITION

ｾ ｏ to 1 in a pu Ls e po s t r Lcn denc Le s

absence or p eescnc e (!1 a put',e, r e spe .. r Lve Ly )
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INCREMENTS

(FUT)
CI C2 C4 (1) Altimeter

Scale
Error

Tolerance

CorresponrllHu'e

I'o Le ra nc e

·1050 to -950 o o o o o o o o o o ( I)

950 to 1050

-50 cc

450 to

.50

550

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o o

o

o

o

o

o

o

o

±20

:!:20

.20

-

-
-

-

-

1050 to 1150

1250 to

1450 to 1550

1750 to 1850

1950 to 2050

2550 to 2650

2650 to 2750

1950 to 3050

3950 to 4050

nsa to 6050

6750 to 6850

7950 to 8050

9960 to 10050

11950 to 12050

13950 to 14050

14750 to 14850

I59S9 to 16050

1795a to 18050

19950 to 20050

;1950 to 22050

1\950 to 25050

2Y950 to 30050

JC'750 to 30850

ｊ ｉ ｴ ｾ ｓ ｏ to 35050

39950 to 40050

44'HO to 45050

49950 to 50050
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o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o
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o

o
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o
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o
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o 0
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o

o
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o

o

o

o

o

o

o

o

±40

±48

:!:"o

:tI Da

:t IC4

.tllO

:tI l O

:t.140

:t155

.tI 8D

:!:,184

±105

:!::.2JO

:t.255
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Glossary of Terms:

AC 43-6A

1. Approved: Unless used with reference to another pErson, means approved

Ily the ｾ ､ ｭ ｩ ｬ Ｑ ｩ ｳ ｬ ｲ ｡ ｬ ｯ ｲ Ｎ

2. nlino l n c o d er (Tii u l t Lz e r Le An altitude r e po r t l n a en c ode r wh i c h i ...

p r es s c r-e oprr a t e-d , ho v i n., no a l t i t ud e d Ls p l av : is not part of a

p r e s s ur e Za l t i t uds, i nd t c a t l n.; dr.v i c o or svs t ern ; d o e s not contain an

External rnc s n s for ba r orne t r i c - e t t i ru; ; s u ppl i e s the altitude r e po r t. i n c

informatioT1 to the A.l".r. trallSpollder.

\, It"t,,: 'leans "11\" d r aw i ru.s , s k e t chcs , s t re s s an eI vs i s , reports. cp cr a t i n.;

t Lo l t a t i ons , or pho t o c ra pb s which s u p port or d cs c r l be all a l t ora t i on .

-t. ln.od l n.; .vl t ime t.er Ｈ ｬ ｊ ｲ ｣ Ｍ ｳ ｾ ｬ ｬ ｲ ･ Ｍ ｜ Ｑ t l t udcL: '\11 a l t i tude indicator whi c h

di s p l a vs to the pilot the p r e ss ure r al t i t.ude s cn s cd by r hc device and

p roduce s an altitude r epo r t I n., di c l t a l code- output.

l u.ll c a t e d lia t um of t1H.' :\1 t i me t cr:

a l t tme t cr when an Ldc-a l a bs o l u t e

!(!!l!JCt o f the a l t i rnc t c r , and not

error), nor co r r oct ed for static

ｉ ｾ t he nl t Lt udc- d i spl avcd ｉ Ｉ ｾ Ｇ the

p r e s s u r r is a pp l i e d to t hc ｾＨ＾ｬｬｓｩｩｬｬ［

("orrectEcj (01 inslrull1ent (I"r{lr (scnle

source c-r r o r .

h. r.al l b ra t c-d l ia t urn of the At ti me t e r : Is the correction a p p l i c d via a

s p ocf f t c calibration card ap pl i cab l e to a s pe c i f Lc al r Lmc t c r to c o r r o ct

fllr illstrument (rror (scale error) ｯ ｮ ｬ ｾ ﾷ Ｎ

Co rr c s poudenc o : ls the al t i mo t c r t s d l spl ave d pressure/altitude

(indlcatcd or ce l i b ra t ed datum) compared to encoded altitude output from

t ho hi l nd encoder or enc od l ng <11 timeter; for the entire period (from the

':ioment that the code output c han c es to a value to t he mornou t the code

output c han c c s to the next value while the p r e s s u r e Za l t Lt.u dc- is c ha n q i nc )

that output code r erna i n s at the same d Lc i tal information.

ｾ Hatched Cornpou e u Ls r Consist of all a l t l mo t e r and a blind encoder wh i c h

have he en tested and calibrated t oa e t he r and, as a c ornbin a t i on , meet the

r e qu l r eme n t s of PAl{ 91. ,Hit),

Pa..:,e 3
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ADVISORY CIRCULAR

-

Subject: ALTIMETER SETTING SOURCES

DEPAllnIE'iT OF TlL\'iSPORTATIO'i

Federal Aviation Administration

Washington, D.C.

--

-
-

-

-

--

-

1. PURPOSE. This advisory circular provides the aviation public and
industry with guidelines for setting up reliable altimeter setting sources.

2. CANCELLATION. Advisory Circular (AC) 9l-l4C, dated 6/14/78 is canceled.

3. GUIDELINES. An altimeter setting source should either:

a. Consist of the Standard Altimeter Setting Indicator (ASI); or

b. Meet the minimum technical requirements specified in paragraphs (1)

and (2) below and be operated in accordance with paragraph (3).

(l) Instrumentation. Two aircraft-type sensitive altimeters should
meet the specifications of Technical Standard ｏ ｲ ､ ･ ｾ ｾ ｾ ｬ ｏ ｢ or meet the
standards of Federal Aviation Regulation (FAR) Part ｣ Ｔ ｾ Ｌ Appendix E. One
aircraft-type sensitive altimeter meeting these ｳ ｰ ･ ｣ ｩ ｦ ｩ ｣ ｾ ｴ ｩ ｯ ｮ ｳ may be
utilized at locations where a Part 121 or 135 operator ｨ ｾ ｳ established a
procedure for periodic cross-checking of the altimeter as ｳ ｰ ･ ｣ Ｊ ｾ ･ ､ in
paragraph 3b(2)(iii). The height (of the instruments) ｾ ｢ ｯ ｶ ･ mean sea level,
surveyed accurately within one foot, is marked on ｴｨｾ instruments or posted
immediately adjacent to them. Outside Venting of the a Lt Ime t e r or
altimeters is necessary only when the.-room in which the instruments are

located is shown to be subject to a ptessure differential compared to
ambient atmospheric pressure. \

(2) Calibration. The instruments should be calibrated and
recertified to the specifications of Part 43, Appendix E, by an

Ｌ ｾ

appropriately certificated, FAA-approved ins(pument repair station:

(i) Within 30 days prior to initial installation or retention
as a spare, and every 24 months thereafter.

(ii) At stations utilizing two altimeters, anytime a
difference of more than .05 of an inch of mercury exists between the two

Initiated by: AFS-830



section 8

appendix 8· 13
AC 9l-l4D 4/9/79

instruments with indicator hands set to the instrument elevation.
Immediately after calibration, the difference between the two
instruments should not exceed .02 of an inch of mercury.

(iii) At stations utilizing one altimeter, any time a
difference of more than .04 of an inch of mercury exists on two successive

cross-checks between the station reference altimeter and the mean of the

readings obtained from the two altimeters installed in an aircraft
maintained under the provisions of Part 121 or the continuous airworthiness
maintenance provisions of FAR Part 135.

(iv) The instruments should be calibrated to achieve maximum
accuracy in the altitude range at which they will be used. (Instruments so
calibrated should be marked "not for use in aircraft. ") All readings should
be adjusted as required by the altimeter correction card furnished by the
calibration station. The instrument should be kept in a temperature
controlled environment similar to the temperature at which the instrument
was calibra ted.

(3) Procedures. The operator should establish procedures to ensure
that responsible persons are competent to obtain accurate altimeter
settings.

(i) At stations employing two altimeters, a tested method is as
follows:

(A) Set both instruments to the posted height, tap or
vibrate each to remove friction effects, then reset if necessary.

(B) Adjust the readings as required by the altimeter
correction card.

(C) The altimeter setting, in inches of mercury, appears
in the small window. The difference between instrument readings may not
exceed .05 of an inch. The lower of the two readings is the official
altimeter setting.

(D)

logged in a permanent
The difference between instrument readings should be
record at least once a day.

(ii) At stations using one altimeter, a tested method is as
follows:

(A) Set the instrument to posted height, tap or vibrate to
remove friction effects, then reset if necessary.

(B) Adjust the reading as required by the altimeter
correction card, and record the reading.

2 Par 3
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(C) From a Part 121 or 135 aircraft parked on a designated

ramp area of known elevation, secure altimeter readings from both captain's

and first officer's altimeters which should be adjusted to indicate the

actual elevation of the ramp plus the height of the instruments above the

ramp before the altimeters are read •

(D) Determine the mean of the two aircraft altimeter

readings and compare the mean with the reading from the station altimeter.

If the difference between the mean and the station altimeter exceeds .04 of

an inch, the altimeter setting should be reported as "missing," and if the

difference exceeds .04 of an inch on two successive cross-checks, the

altimeter should be recalibrated before further use.

(E) The cross-check should be done daily, if an

aircraft is available, but not less than three times a week. The

difference between the reference instrument and the mean of the a i rcraft

altimeter readings should be logged in a permanent record.

(4) System Approvals. Altimeter setting sources installed in

accordance with this AC and intended for use with approved instrument

approach procedures will require initial approval and periodic inspection by

the FAA. Initial approval and annual inspections should be accomplished by

the appropriate FAA district office (General Aviation District Office, Air

Carrier District Office or Flight Standards District Office).

(5) Future Systems. The FAA and private industry are developing

automatic altimeter setting reporting systems that may include wind and

other weather elements. Automatic weather reporting systems will be

required to meet FAA and National Weather Service accuracy and reliability

standards before they can be used to support instrument flight rule

operations •

...

...

...

...

...

-
...

.' J

_/'/4 ｊ ｩ Ｔ Ｑ ｾ
,/'\ / . ({ ｾ )'-.

I ｪｾ A. FERRARESE
Acting Director
Flight Standards Service
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I 37.112 Airspeed indicator (pi tot ｳ ｴ ｡ ｴ ｩ ｣ ｾ ﾭ

TSO-C2b.

(a) Applicability-(l) Mini",u", periorm

ance standards. Minimum performance stand

ards are hereby established for airspeed ind i·

cators which specifically are required to he

approved for use in the civil aircraft of the

United States. New models of nir-speod inr!i

cators (pitot static) manufactured for iue'u ' .

lation on civil aircraft on or after XOypmbpl

I. 1907, shall meet the standards set forth in

SAE Aeronautical Standard AS-:mlB. ".\ir·

speed Indicator (Pi-or Static)," dated Decem

bel' 15, 1954.* Airspeed indicators (pitot

static) approved by the Civil Aeronnu-ic :

Administration prior to November 1, 1!);)7.

may continue to be manufactured under the

provisions of their original approval.

(b) Marking. In lieu of the marking re

quirement of § 37.7(c) the range shall be

shown.

(c) Data requirements. With the statement

of conformance, one copy of manufncturers
operating instructions, schematic ding-ramo;;:,

and installation procedures shall be furnished

the Chief, Engineering and Manufac-uring'

'Branch, Flight Standards Division, Federal

Aviation Administration, in the region in

which the manufncturer is located.

section 8
appendix 8·14



-
section 8

appendix 8-15

-
SOCIETY OF AUTOMOTIVE ENG'NEERS, Inc.

4815 LEXINGTON AVENUE

NEW YORK 17, N.Y.
AERONAUTICAL STANDARD AS 391C

-
AIRSPEED INDICATOR (PITOT STATIC)

(RECIPROCATING ENGINE POWERED AIRCRAFT)
I_M 7-1-1,7
R••I_ 11-15-60

- 1 revolution
- 1 revolution (unequal scale)
- 1 1/2 to 1 3/4 revolutions
- 7 re"ir.olutions
- 1 3/4 to 2 revolutions

-

-
-
-
-

-

-

-
-

1. PURPOSE: To establish the essential miniJnum safe performance standards for pi tot
static pressure type of airspeed indicators, primarily for use with reciprocating
engine power transport aircraft, the operation of which may subject the instru
ments to the environmental conditions specified in Section 3.3.

2. SCOPE: This Aeronautical Standard covers five basic types of airspeed instru
ments as follows:

Type I
Type II
Type III
Type IV
Type V

3 • GENERAL REQUIREMENTS:

3.1 Material and Workmanship:

3.1.1 Materials: Materials shall be of a quality which experience and/or tests have
demonstrated to be sui table and dependable for use in aircraft instruments.

3.1.2 Workmanship: Workmanship shall be consistent with high-grade aircraft instru
ment manufacturing practice.

3.2 Identification: The following information shall be legibly and permanently
marked on the instrument or attached thereto:

(a) Name of instrument (Airspeed Indicators)
(b) SAE AS 391C
(c) Manufacturer's part number
(d) Manufacturer's serial number or date of manufacture
(e) Manufacturer I s name and/or trademark
(f) Range

3.3 Environmental Conditions: The following conditions have been established as
minimum design requirements. Tests shall be conducted as specified in Sections
5, 6, and 7.

3.3.1 Temperature: When installed in accordance with the instrument manufacturer's
instructions, the instrument shall function over the range of ambient tempera
ture of -3OG to SOC and shall not be adversely affected by exposure to tem
pera tures of -65C to 70C.

- Prlnte41 In u .... A.
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3.3.2 Humidity. The instrument shall function and shall not be adversely affected
following exposure to any relative humidity in the range from 0 to 95% at a
temperature of approximately 700.

3.3.3 Vibration. When installed in accordance with the instrument manufacturer's
instructions, the instruments shall function and shall not be adversely
affected when subjected to vibrations of the following characteristics.

Maximmn

Acceleration
Maximum Double
Amplitude (In.)

0.0205-50

Cycles
Per Second

Instrument Location
in Airframe

Panel or Rack
(Vjbration isolated)

3.3.4 Altitude. The instrument shall function and shall not be adversely affected
followilU!' exposure to a pressure and temperature range equivalent to -1000
to 40,000 feet standard altitude, per NACA Report 1235, except as limited by
the application of Paragraph 3.3.1. The instrument shall not be adversely
affected when subjected to an ambient pressure of 50 inches of mercury absolutL

3.4 Radio Interference. The instrument shall not be the source of objectionable
interference, under operating conditions at any frequencies. used on aircraft,
either by radiation or feed-back, in electronic equipment installed in the
same aircraft as the instrument.

3.5 Magnetic Effect: The magnetic effect of the indicator shall not adversely
affect the performance of other il18truments il18talled in the same aircraft.

4. DETAIL REQUIIlEMEllTS.
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4.1 Pressure Equivalents: The instruments shall be calibrated to indicate airspeed
in accordance with the following pressure equivalents. (Table I)

TABLE I
DIFFERENTIAL PRESSURE - KNOTS AND MPH

Mercury at oOC
Water at 15.8OC

Differential Pressures for Knots Differential
Pressures MPH

•0094 .261 .0192 20 .0145 Ｎ Ｑ ｾ Ｗ .0071
.0377 1.05 .0768 40 .0579.788 .0284
.0590 1.63 .120 50 .0905 1.23 .0444
.0850 2.35 .173 60 .130 1.77 .06/'0
.116 3.21 .236 70 .178 2.42 .0872
.151 /,.19 .308 80 .232 3.16 .114
.192 5.31 .390 90 .29/' 4.00 .l4It
.237 6.56 .482 100 .363 4.94 .178
.342 9.47 .696 120 .524 7.13 .257
.467 12.9 .950 140 .715 9.73 .351
.612 17.0 1.25 160 .936 12.7 .460
.777 21.5 1.58 180 1.19 16.2 .583
.964 26.7 1.96 200 1.47 20.0 .723

1.17 32.5 2.39 220 1.79 24.3 .878
1.40 38.8 2.85 240 2.13 29.1 1.05
1.65 45.8 3.37 260 2.52 3/'.2 1.24
1.93 53.5 3.93 280 2.93 39.9 1.44
2.23 61.8 4.54 300 3.38 46.0 1.66
2.73 75.6 5.56 330 4.13 56.2 2.03
3.29 91.0 6.69 360 4.95 67.4 2.43
4.13 114.3 8.40 400 6.20 84.3 3.04
5.35 148.2 10.89 450 7.98 108.7 3.92
6.78 187.8 13.80 500 10.06 136.9 4.94
8.44 234.0 17.19 550 12.44 169.'3 6.11

10.37 287.4 21.12 600 15.17 206.4 7.45
12.60 349.0 25.64 650 18.27 248.6 8.97
15.14 30.83 700 21.79 296.5 10.70

4.2 Indicating Method: The instruments shall indicate airspeed by meMS of a pointer
moving over a fixed dial. Sensitive types shall have, in addition, an under-dial
visible through an aperture in the fixed dial for indicating hundreds of miles per
hour, or knots. Clockwise pointer motion shall indicate increasing airspeed.

...

-
-
-

-
-

-
-
-

Pounds Per Inches of
Square Inch Water

Inches of
Mercury

Calibrated
Airspeed

Inches of Inches of Pounds/
Mercury Water So. In •
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4.3 Visibility: The pointer and all dial markings shall be visible from any point
wi thin the frustum of a cone whose side makes an angle of not less than 30 degrees
wi th the perpendicular to the dial, and whose small diameter is the aperture of
the instrument case. The distance between the dial and the cover glass shall be
a practical minimum and shall not exceed 0.187 of an inch.

4.4 Dial Markings:

4.4.1 Finish: Unless otherwise specified by the user, Matte White material shall be
applied to major graduations, numerals and pointers. Nonfunctional surfaces
shall be a durable dull black.

4.4.2 Graduations: Graduations shall be used which will provide maximum dial reada
bility. Where practical minor graduations shall be used at intervals not to
exceed 5 miles per hour or 5 knots at applicable and major graduations shall
be used at intervals not to exceed 10 miles per hour, or 10 knots.

4.4.3 Numerals: Sufficient
tify all graduations.
which each applies.

numerals shall be marked to positively and quickly iden
Numerals shall distinctly indicate the graduations to

4.4.4 Instrument Name:
as the numerals.

The word "Airspeed" may be marked and may be the same finish
The inscription "MPH" or "KNOTS" may appear on the dial.

4.5 Limitation of Pointer Movements: The pointer movement shall be limited by stops
in the mechanism in such a way that the pointer will not be permitted to rotate
more than 10 degrees beyond the last graduation on the dial. Stops may also be
incorporated in the instrument mechanism to limit counterclockwise motion of the
pointer.

4.6 Back of Case Markings: The back of the case, adjacent to the connections, shall
be marked as follows:

P - Pitot Pressure Connection
S - Static Pressure Connection

5. TEST CONDITIONS:

5.1 Atmospheric Conditions: Unless otherwise specified, all tests required by this
Aeronautical Standard shall be conducted at an atmospheric pressure of approxi
mately 29.92 inches of mercury and at an ambient temperature of apprOXimately
25C and a relative humidity not greater than 85%. When tests are conducted with
the atmospheric pressure or the temperature substantially different from these
values, allowances shall be made for the variation from the specified conditions.

5.2 Vibration: (To minimize f'riction) Unless otherwise specif'ied, all tests f'or
performance may be conducted with the instrument subjected to a vibration of
0.002 to 0.005 inch double amplitude at a frequency of 1500 to 2000 cycles per
minute. The term "double amplitude" as used herein, indicates the total displace
ment from positive maximum to negative maximum.
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5.3 Preconditioning: No pressure shall be applied to the diaphragm or any actuating
element of the instrument, nor shall the diaphragm or other actuating element be
flexed or exercized for a period of 24 hours prior to the start of the tests of
Section 6.

5.1. Vibration Eguipment: Vibration ･ ｱ ｵ ｩ ｰ ｭ ･ ｮ ｾ shall be used which will provide fre
quencies and amplitudes consistent with the requirements of Section 3.3.3 with
the following characteristics.

5.4.1 Circular Motion Vibrations: Vibration equipment shall be such that a point on
the instrument case will describe a circle in a plane inclined 45 degrees to
the horizontal plane, the diameter of which is equal to the double amplitude
specified.

5.5 Position: Unless otherwo.se specified, all tests shall be conducted with the
instrument mounted in its normal operation position.

6. INDrlIDUAL PERFORMANCE REQUIREMENTS: All instruments shall be subjected to what
ever testa the manufacturer deems necessary to demonstrate specific compliance
with this standard including the following requirements" where applicable.

6.1 Scale Error: The instrument shall be tested for scale errors at apnroxi!'lS.tely
12 essentially equal scale intervals per pointer revolution for TYPe I, II, III
and V. For TYPe rl, the test shall be made at approximately 17 essentially equal
intervals of the entire range. The tests shall be conducted by subjecting the
instrument to the pressure specified to produce these readings, first with pres
sure increasing, then with pressure decreasing. With pressure increasing, the
pressure shall be brought up to, but shall not exceed, the pressure specified to
give the desired reading. With pressure decreasing, the pressure shall be brought
down to, but shall not fall below, the pressure specified to give the desired
reading. The errors at the test points shall not exceed the tolerances specified
in Table II.

6.2 Friction: The instrument shall be tested for friction at approximately four
essentially equal scale intervals. The pressure shall be brought up to the
desired reading and then held constant while two readings are taken; the first
reading being taken before the instrument is vibrated, and the second one after
the instrument is vibrated. The difference between any two readings shall not
exceed the ｴ ｯ ｬ ･ ｲ ｡ ｮ ｣ ｾ in Table III.

6.3 Position: A pressure equivalent to one-quarter, one-half and three-quarters
scale deflection shall be applied. The change in reading at each deflection
produced by rotating the instrument from the dial vertical to the dial horizontal
position and 90 degrees to the right and left, while the instrument is vibrated
shall not exceed the tolerance snecified in Table II.

6.4 Leak: With both the pitot pressure and static pressure connections simultaneously
evacuated to 15 inches of mercury, the leakage shall not cause more "than 0.05 inch
of mercury pressure drop during a one minute period. ;'lith the static pressure
connection open and pressure equivalent to full scale pointer deflection applied
to the pitot pressure connection, the leakage shall not cause more than 1 MPH or
1 knot decrease in indication during a one-minute period. This test shall be made
with test apparatus containing the minimum practical volume.
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6.5 Dielectric: If applicable, each instrument shall be tested by the method of
inspection listed in Paragraphs 6.5.1 and 6.5.2.

6.5.1 Insulation Resistance: The insulation resistance measured at 200 volts DC for
five seconds between all electrical circuits connected together and the metallic
case shall not be less than 5 megohms. Insulation resistance measurements shall
not be made to circuits where the potential will appear across elements such as
windings, resistors, capacitors, etc., since this measurement is intended only
to determine adequacy of insulation.

6.5.2 Overpotential Tests: The instruments shall not be damaged by the aoplication of
a test potential between electrical circuits, and between electrical circuits
and the metallic case. The test potential shall be a sinusoidal voltage of a
commercial frequency with an R.M.S. value of five times the maximum circuit vo.l t
age, or per Paragraph 6.5.2.1 or 6.5.2.2, whichever applies. The potential shal
start from zero and be increased at a uniform rate to its test value. It shall
be maintained at this value for five seconds and then reduced at a uniform rate
to zero.

Since these tests are intended to insure proper electrical isolation of the cir
cuit components in question, these tests shall not be applied to circuits where
the potential will appear across elements such as windings, resistors, capaci
tors, etc.

6.5.2.1 Hermetically sealed instruments shall be tested at 200 volts R.M.S.

6.5.2.2 Circuits that operate at potentials below 15 volts are !!E.! to be sub:jected to
overpotential tests.

7. QUALIFICATION TESTS: As many instruments as deemed necessary to demonstrate that
all instruments will comply with the requirements of this section shall be tested
in accordance with the manufacturer's recommendations.

7.1 Low Temperature: The instrument shall be subjected to a temperature of -JOC for
a period of three hours. With the temperature held at -JOC, the instrument shall
be tested for scale errors as described in Paragraph 6.1. The errors at the test
points shall not exceed the tolerances of Table II by more than the amount speci
fied in Table III.

7.2 High Temperature: The instrument shall be subjected to a temperature of SOC for
a period of three hours. With the temperature held at SOC, the instrument shall
be tested for scale errors as described in Paragraph 6.1. The errors at the test
pointe shall not exceed the tolerances of Table II by more than the amount speci
fied in Table III.

7.J Extreme Temperature Exposure: The instrument shall, after alternate exposures to
ambient temperatures of =6Sc and 70C for periods of 24 hours each and a delay of
J hours at room temperature following completion of the exposure, meet the require
ments of Paragraph 6.1. There shall be no evidence of damage as a result of expo
sure to the extreme temperatures specified herein.
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7.4.1 Resonance: The instrument, while operating, shall be subjected to a resonant
ｦ ｲ ･ ｱ ｵ ･ ｮ ｾ ｦ survey of the appropriate range specified in Section 3.3.3 in order
to determine if there eXists any resonant frequencies of the parts. The ampli
tude used may be any convenient value that does not exceed the maximum double
amplitude and the maximum acceleration specified in Section 3.3.3.

The instrument shall then be subjected to vibration at the appropriate maximum
double amplitude or maximum acceleration specified in Section 3.3.3 at the res
onant frequency for a period one hour in each axis or with circular motion
vibration, whichever is applicable. When more than one resonant frequency is
encountered with vibration applied along anyone axis, a te.t period may be
accomplished at the most severe resonance, or the period may be divided among
the resonant frequencies, whichever shall be considered most likely to produce
failure. The test period shall not be less than one-half hour at any resonant
mode. When resonant frequencies are not aoparent within the specified frequen
cy range, the instrument shall be vibrated for two hours in accordance with the
vibration requirements schedule (Section 3) at the maximum double amplitude and
the frequency to orovide the maximum acceleration.

...

-
...

...

-
-

...

7.11.2 Cycling: The instrument, while operating, shall be tested with the frequency
cycled between limits specified in Section 3.3.3 in l5-minute cycles for a
period of one hour in each axis at an applied double amplitude specified in
Section 3.3.3 or an acceleration specified in 3.3.3, whichever is the limiting
value or a total of three hours for circular motion vibration, whichever is
applicable. After completion of this vibration test, no damage shall be evi
dent and the instrument shall meet the anplicable requirements of Section 6.

7.5 Seasoning: The instrument shall be subjected to one hundred applications of a
differential pressure sufficient to produce approximately full scale deflection•
Not less than one hour following this test, the instrument shall be tested for
scale errors as described in Paragraph 6.1, except that the scale error test
shall not exceed the tolerance specified in Table II by more than the amount
specified in Table III •

7.6 Drift: The instrument shall be subjected to a differential pressure"sufficient
to'jjroduce approximately 3/4 scale deflection. After being subjected to the
pressure for a period of one hour, the instrument shall be tested as described
in Paragraph 6.1 except scale errors shall be determined for increasing pressure
only. The reading of the instrument shall not have increased by more than the
amount specified in Table III.

7.7 Low Temperature Exposure: The instrument shall be subjected to a temperature of
-64C for a period of 24 hours. With the temperature held at -63C, the instrument
shall function. In addition, after the temperature is raised to -30C and held
for a period of three hours, the instrument shall meet the requirements of Para
graph 7.1•
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7.8 Magnetic Effect: The magnetic effect of the indicator shall be determined in
terms of the deflection of a free magnet, approximately 1 1/2 inches long, in a
magnetic field with a horizontal intensity of 0.18 (plus or minus 0.01) gauss
when the indicator is held in various positions on an east-west line with its
nearest part 12 inches from the center of the magnet. With the instrument oper
ating, the maximum deflection of the free magnet shall not exceed 5 degrees from
any indicating or reference pOSition.

7.9 Humidity: The inatrument shall be mounted in its normal operating position (with
simulated installation conditions by connecting 10 feet of coiled copper tubing
to each connection in such a manner that moisture can drain out the open end) in
a chamber maintained at a temperature of 70+2C and a relative humidity of 95+5%
for a period of 6 hours. After this period";" the heat shall be shut off and the
inatrument shall be allowed to cool for a period of 18 hours in this atmosphere
in which the humidity rises to 100% aa the temperature decreases to not more than
38c. This complete cycle shall be conducted once.

Immediately after cycling, there shall be no evidence of damage or corrosion
which affects performance. Following this test, the instrument shall be sub
jected to the scale error at room temperature test of 6.1.

TABLE II
TOLERANCES

PER CENT FULL SCALE READING

Type I First 1/2 scale 1.0
Last 1/2 scale 1.4

Type II Expanded scale 1.0
Compressed scale 2.5

Type III First 1/3 scale .7
Last 2/3 scale 1.2

Type IV First 1/4 scale .4*
Middle 2/4 scale .7
Last 1/4 scale .9

Type V First 360 degrees of scale .7
Laat 270 degrees of scale 1.4

*50 knot or mph - .6%
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TABLE III
TOLERANCES

PER CENT FULL SCALE READING

TEST REFERENCE TYPES
PARAGRAPH

I II III IV ! V

Friction 6.2 1.0 1.2 (expanded .8 .5 , 2.7 (1st 1/4 rev. )
scale)

1.2 (compressed I 2.0 (2nd 1/4 rev.)
scale) i 1.5 (remainder of

scale)
;,

Position 6.3 1.0 1.0 .65 i .4 1.7

Vibration 7.3
i

Pointer
Oscillation .75 .8 .5 .25 1.5

Pointer
Change .75 .8 .5 .4 1.5

Temperature 7.1 1.2 1.2 (expanded 1.2 .5 1.7 (1st rev.)
scale)

1.7 ( compressed 1.2 .5 2.4 (remainder of

scale)
i scale)

Drift 7.5 .5 .9 .4 .4 i
No Test

Seasoning 7.4 .75 .6 (expanded .5 i .4 I 1.0
scale) i

.9 ( compressed
scale)

i
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§ 37.11 B Rate of climb indicator, pressure

actuated (vertical speed indicatorl-TSo

CBb.

(a) Applicability-(1) Minimum perform

ance standards. Minimum performance stand

ards are hereby established for rate of climb

indicators, pressure actuated (vert icnl speed

indicator) which specifically are required to
be approved for use au civil aircraft of the
United States. New models of rate of cl imb
indicators, pressure actuated (vert icul speed

indicator) manufactured for installation Oil

civil aircraft on or after April 1, 1959, shall
meet the standards set forth in S.\E Aero
nautical Standard AS-394A, "Rate of Climh
Indicator, Pressure Actuated (Vertical Speed

Indicator)," dated .Iuly 15, 1958,' with the
exceptions listed in subparagraph Ｈ ｾ Ｉ of this
paragraph. Rate of climb indicators, ｰ ｮ ｬ ｾ ﾭ

sure actuated (vert ical speed indicator) ap

proved prior to April 1, 1959, may continue

to be manufactured under the provisions of

their original approval.
(2) Exceptions. (i) Conformance wir li the

following sections is not required: :'.1: :l.l.I:
3.1.2; 3.2; 4.2.1.

(ii) Substitute the following for section 7.:
"Performance tests: The followillg tests ill

addition to any others deemed necessu ry by t I1r

manufacturer, shall be the basis for deter
mining compliance with the performance re

quirements of this standard"

(b) Marking. In lieu of the weight spet-i

fied in paragraph (c) of § 37.7, the following

shall be shown:

(1) Instrument type (I, II, III or IV).
(2) Range (feet pel' minute cl imb all']

descent) .
(c) Data requirements. With the statement

of conformance, one copy each of the munu
facturer's operating instructions, schematic

diagrams, and installation procedures shall br

furnished the Chief, Engineering and ｾ ｉ ｡ ｬ ｬ Ｂ ﾭ

fncturing Branch, Flight Standards Division,
Federal Avint ion Admiu ist rar ion. ill the region

in which the mn nufucr urcr is located.
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SOC'ETV ｏ ｾ AUTOMOTIVE ENGINEERS, lno•

.....5 LEXINGTON AVENUE

NEW YORK 17, N.Y.
AERONAUTICAL STANDARD AS394A

RATE OF CLD1B llIDICATOR, PRESSURE ACTUATED (VERTICAL SPEED INDICATOR) ::::..800}58

1. P1IIlPOSEr To .pec1!7 IliJ:WaUII requir_t. tor pre....... , actuated Cl1Ii>
IDdlcaton tor \III. ia .u-cratt, the operation or which JI&7 slilj.ct the
iDstrllllents to the .nviroDlaental. oonditions specified in paragraph 3.3.

2. SCOPEr ThU A.rcmanica1 Standard coven tour (4) basic t7Pes ot direct
'IiiiB:Cat1ni 1astZ'Ullents as toll_ r

TYPE I - Rang. Cl-2OOO teet per aiaut.. cliJlb and desoent
TYPE II - liang. 0-3000 t ••t per aiallt.. cliJlb and descent
'rIPE III- Ilang. 0-11000 teet per aiallt.e cl1li> and d••cent
'rIPE IV - Ilang. Ｍ Ｖ ｯ ｏ teet per aiaut.e cliJlb and descent

3. GEIIERAL R!QUIREIlE1ml r

3el Kater1al and Workaanshipl

3el.1. Itat.r1wr ltaterisla shall be of a qualit,. which experience u.d/or tests
bAve dAiIOnstrated to be .1litable aad dependable for lISe ia aircraft
ｩ ｡ ｳ ｴ ｾ ••

3.1.2 Worlananship: Worlaunship shall be consistent nth high-grade aircraft
instrument lIlIDutactur1ng practice.

3.2 Identification. The follOlfing intomation .hall be ｬ ･ ｧ ｩ ｢ ｾ and perJUllentl,
u.rkltd on the IDstruaent or attached theretor

a. R... of instrlllll!lnt (Clillb Indicator)
b. .leronautica1 Standard AS-394A
c. Manufacturer's part nUllb.r
d. Manufacturer'••eria1 nUlllber or date of lIlIDufacture
e. Manufacturer's Dalae and/or tradOlU.l'k
t. liang.

3.3 Environmental. Conditions. Th. following conditions have been established as
des:Lgn require.,enG only. Tests shall be conducted as specified in
Section 5, 6 and 7.

3.3el Temperature. When installed in accordance nth instrument lIIallufacturer's
iiiBtrtlCtions, the instZ'Ullent shall function over the range of ambient
teaperature of -)OC and 50c and shall not be ｡､ｶ･ｲｳ･ｾ affected by exposure
to temperatures of -65C to 70C.

3.3.2 HUIlIidityr The instrument shall function and shall not be adversel,. affected
when exposed to any relative humidity in the range froa 0 to 95% at a
temperature of ｡ ｰ ｰ ｲ ｯ ｊ ､ ｡ ｡ ｴ ･ ｾ 32C•

...
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3.3.3 Vibration. When installed ill accordance with the 1.Ilstruaent aanuf'acturer's
1nStruct!oll8, the 1.Ilstrumente shall function and shall not be adverse1;T
affected when subjected to Tibration of the following characteristics.

Inatrllll8nt Location C,.cles Ku:. Double Kax:iJluIa
ill llrfrlllll8 Per Sec. hplitude (In.) Acceleration

Instrument Panel or
Vibration Isolated
Mount 5-SO 0.020 1.5g

TIPES I AND II

lltituder The instrument shall function and shall not be adverse1;T
affected when subjected to a pressure and temperature range equiTaJ.ent
to -1,000 to 40,000 feet standard aJ.titude, per NACA Report NUlllber
1235, except as liJIited by the application of paragraph 3.3.1. The
1.IlstruJlent shaJ.l withstand an extemaJ. case pressure of 50 inches Hg

absolute when installed properly and Tented to a1:.lllospberic pressure.

3.4 !!agnetic Mfech The llagnetic effect o£ the iIldicator shall not adverse1;T
affect the operation of other iIlstruments installed ill the s..... aircraft.

4. DET.u:L REQUIREMENTS.

4.1 Indicating Methods Ascent shall"be iIldicated b,. a clockwise rotation of the
poillter from the sero at the 9 o"filock position. Descent shall be iIldicated
by a counterclockwise rotation. Stops shall be iIlcorporated to lilII1t the
poillter IIOTeaant to not more than 118 degrees ill each direction from ..ero.

4.2 D1aJ. llarld.ngu

4.2.1 F1Il1ah. Unless otherwise specified b,. the user, matte white materiaJ. shall
be applied to major graduations, nuraerals and poillters, Non-functionaJ.
surfaces shall be a durable dull black.

4.2.2 Graduations. llarkings mq be provided as follows:

_ llar1d.Jlgs at 100 FPM iIltervals with III&jor graduatiOllS
st ,00 FPM iIltervals.

TYPFS ill AND IV - lfarld.ngs at 100 FPK intervals up to 2,000 FPM with
_jor graduations at 500 FPM iIltervaJ.s.

1f1lllerals. Suf'ficient nUlllerals shall be marked to pOlOitiTely and quick1;T
identlfi all graduations. 1f1llllSral.s shall distinctly indicate the grad,,
atio"," to which each applies.

Instrlllllent Ifalles: Inst1'1lllent IIDe or function it measures m;q be legib1;T
Indicated In the same f1ll1ah aa applied to the lI&jor graduations and
DlDIera1s.
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4.2.5 Visibility: Pointer and dial lI&l'kiJIgs ahall be visibJ.e £roa ｾ point
nt.hin the £rustllll o£ a COI1ll, the aide o£ which l118kes an angJ.e o£ not
less than 30 degrees with the perpendiouJ.ar to the did and the small
dilllleter o£ which is the aperture o£ the instr-ent c.e. The distance
between the dial and the cover glasa ahall be e practical. IIin1:IIua and
ahaJ.J. not exceed 0.250 o£ an inch.

4.) ZeN Setting S;rst..,.: U .eans £or 1IlIIluaJ.J;r settiJIg the pointer at zero
18 provided, it sliaiJ. not be accessible iJl £light.

5. TEST CONDITIONS I

Atmosnheric Conditions: unJ.eas otherwise specUied, aJ.J. tests required
by this AeronauticaJ. ｓ ｾ ｾ ､ ｡ ｲ ､ shall be conducted at an atmospheric pressure
o£ approxilllateq 29.92 inches o£ I18rcU%'7 and at an llIIlbient temperature o£
approx:l.Jlately 25C. When tests are conducted with the atmospheric pressure
or the temperature substantiaJ.ly di££erem £rOll these vuues, aJ.lOllance
Ihall be made tor the variation hom the specUied condition•

Vibration (to lIin1mize triction" unJ.ess otherwise specUied, aJ.J. tests
ror penoraance lIIlQ' be ｣ ｯ ｮ ､ ｾ ･ ､ with the instI"Ull8nt subjected to a
vibration o£ 0.002 to 0.005 inch ｾ ｊ Ｎ ･ amplitude at a £requency o£ J.500 to
2000 c;ycJ.ss per llinutoe. The t .... dlNbJ.e as used herein indicates the
total. d1spJ.ace.ent fro. ｰ ｯ ｳ ｩ ｴ ｩ Ｂ ﾷ ｾ Ｑ ｉ ｉ ｬ to negative ma:.d.nIunI. 1

Vibration EquiP!!l!lnt: Vibration equipment shaJ.J. be used which will provide
frequencies and amplitUdes consistent v.l.th the requirements o£ paragraph
).).,3 vith the following cilaract.->1"J.stics.

5.,3.J. CircuJ.ar Motion Vibration. V1'bration equipment shall be auch that a point
on the instrUlll8nt case wiJ.l describe in a plane ineJ.ined 45 degrees to
the horisontal plane, a circJ.e, the diameter of which is equal to the
doubJ.e amplitude specified.

50h Position. unJ.ess otherv:l.se specUied, aJ.l tests shall be _de with the
1iIliti'Uiient IIOlIl1ted in its noIWaJ. operating position.

6. INDIVIDUAL PERFORMANCE REQUIREMENTS. AU instruments shall be subjected to
whatever tests the manufacturer deelllS necessar;r to demonstrate specUic
cOIIPllance With this aeronaut:l.caJ. standard including the £olloving require
I!Ients where applicable•

Zero Setting ｾ Ｚ The range of lIOYement of the pointer by ..ans o£ the
sero adjustmen all not be less than 400 £eet per lllinutoe £or the "lJp"
and "Dow" position•

Scale Error: WheD subjected to the rates ot change of pressure indicated
In ilite 1 tor the aJ.titude intervaJ.s shown, the errors aball. mot ,"",eeed
the toJ.erances apeeitied•
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6.3 Las. The natural lag of the instrument when timed between the following
points shall be between 3 and 1$ seconds.

TYPE I AND II - 1800 - 20(l feet per m1J1ute
TYPE III AND IV - 2000 - 200 reet per minute

604 Frictionl A test shall be performed to ascertain friction. In the time
Intervili at which the lag times were lIeasured, the pointer shall lIO'Te
smooth4 towards zero (while no vibration 18 applied) and shall return
to zero within 300 feet of the initial reading.

6.$ Leak: With a suction of 15 inches of lIercury applied to the static pressure
connection, the leakage shall not cause lIore than 0.0$ inches of lIercury
pressure drop during a 1 minute period. With a pressure of 10 inches of
mercury applied to the static conr...ction, the leakage shall not C&1JSe "<'Ire
than 0.0$ inches of mercury pressure drop durin; a 1 minute period.

6.6 Position Error I' With atmospheriC:. pressure applied to the instrument, the
difference between the pOiJlter iridication when the instrument is in norul
eperating position and when it is in tU17 other position shall not exceed
50 feet per ·lIIinute.

7. QUALIFICATION TES TS I 1.s IIIllIl¥ instrumellts as deemed necessary, to demonstrate
that all instrlllllents rill cOllP17 with the requirements of this section,
shall be tested in accordance with the lIal1ufacturers I recClllll8lldations.

7.1 Low Temperature I The instrument shall be exposed to a temperature of -3oG
for 3 lIm,era and while at thU telllperature shall be subjected to the rates
of change of pressure indicated in Table II for the altitude intervals
shown. The errors shall not exceed the tolerances specified in Table II.

7.:! E."':treme Te:nperature Exu03urel The instrument slull, a.fter alternate ex
ｰ ｏ ｾ Ｇ ｊ ｲ ･ ｳ to ｡ ｭ ｢ ｩ ｾ Ｌ ｴ temperatures of -65C and 70C for periods of 24 ｨｯｾ eaca
and a dela;r .f 3 hoars at roQIII tei1lperature following cnrpletion of the
exposure, Met the requirBlllents of paragraphs 6.2, 6.3 and 6.4. There
shall be no evidence of d.la1age as a Nsult of exposure to the extreme
temperatures specified herein.
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7.3 Vibrationt The instr1llllent shall be subjected to a resoDa!lt frequenc;r surve;r
of the appropriate raDge specified iJl paragraph 3.3.11 iJl order to deterllliJle
if there exists arr:r resonant frequencies of the parts. The amplitude used
ｾ be arr:r convenient value that does not exceed the max1m.1IIa double amplitude
and the IIllX:1Jna acceleration specified iJl paragraph 3.3.11.

The iJlstrlllaent shall then be subjected to Tibration at the appropriate
IIaXiJIIIIIl double amplitude or aax1JIUII &Ccelera tiOD specified in paragraph
3.3.4 at the resonant frequenc;r for a period of one (1) hour with circular
motion Tibration. When more than one (1) resonant frequenc;r is encountered.
a teat period -;r be aceOllPllshed at the Dost severe resonance. or the period
ｾ be diTided among the resonant frequencies. which shall be considered
aost llkel;r to produce failure. The test period shall not be leas than one
half hour at an;r resonant mode. When resonant frequencies are not apparent
ntbin the specified frequenc;r range. the instrlDDent shall be vibrated fer
two ｾＲＩ hours ill .ccordance with the vibration requirements I schedule
(Section 3) at the IlllX1:IIua double amplitude and the frequency to provide
the u.xaum acceleration.

While the iJlstrument is being vibrated. the drift of the pointer shall not
exceed So feet per ainute and it shall not oscillate lIore than So feet
per lIl:1.nute •

...

...

...

...

...

...

-

After cOllPletion of the exposure no ｾｊｬｬｬｬ｡ｧ･ shall be evident and the instru
ment shall meet the requirelllents of paragraph 6.2. 6.3 and 6.4.

7.4 Overpressures Hter sub,jecting the instrument to rates of 20.000 feet
per ainute ascent and 30.000 fe..t pet' lIIinute de'lcent. vithiJl a S ainute
period the pointer shall return to its original indication withiJl 100 "
feet per ainute •

7.5 lfagnetic Effect t The _gnetic effect of the instrUlllent shall be determined
in tel'llS of the defiection of a free magnet. approximatel;r 1-1/2 inches
long. in a _gnetic field with a horizontal intensit;r of 0.18 + 0.01
gauss. when the indicator is held in Tuious positions on an east.-Yest
line vith its nearest part 12 inches from the center of the _gnet.
(All aircraft CompaSB vith the compensating _gnets removed therefroDl ma;r
be used as the free llagnet for this test.) The IIaXiaum deflectioll of the
_gnet shall not exceed 5 degrees.

7.6 HlIIII1d1t;rt The instl'Ullll!lnt shall be Dounted in its noruJ. operating podtion
(with simulated installation conditions by ｣ ｯ ｮ ｮ ･ ｣ ｴ ｾ 10 feet of coiled
copper tubing to the pressure connection in such a llaDDer that moisture can
drain out the open end) in the challlber lllaintained at a tellperature of
70 + 2C and a relative hlDlidit;r of 9S + 5% for a period of six (6) hours •
After this period. the heat mall be siiut off and the instr11laent shall be
allowed to cool fot' a peried of 18 hours iJl this atmosphere in which the
hUll1dit;r rises to 100% as the teaperatIn"e decreases to not lover than
38C. This complete cycle shall b.. conducted once.

I d1.tel;r after c;rcling, the instrument shall be tened and shall meet
the requir_nts of Section 6.
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TABLE I

SCALE ERROR TOLERANCE

TYPES I and II

(Ranges: 0-2,000 and 0-),000 Feet /er Minute)

Standard Altitude Test Rate Tolerance
Teet" Interval Ascent and Descent

Feet Feet Per Minute Feet Per Minute

Between 2,000 to 2.500 500 35
2,000 to 3.000 1.000 75
2,000 to 3.500 1,500** 150
2,000 to 4,000 2,000 250

Between 15,000 to 16.500 1,500** 200
15,000 to 17,000 2,000 250_.

Between 28,000 to 29,500 s 1,500** 200
28,000 to 30.000 2,000 250

** Maximum test point for Type I.

TYPES III and IV

(Ranges: 0-4,000 and 0-6,000 Feet Per Minute)

Standard Altitude Test Rate Tolerance
Test Interval Ascent and Descent

Feet Feet Per Minute Feet Per Minute

Between 2,000 to 2,500 500 100
2,000 to 3,000 1.000 200
2.000 to.4.000 2,000 300
2,000 to 5,000 3,000- 300
2,000 to 6,000 4,000 400
2,000 to 7,000 5,000 500

Between 15,000 to 17,000 2,000_ 300
15,000 to 17,000 4,000 400

Between 28,000 to 30,000 2,000_ 300
28,000 to 32,000 4,000 400

.... Maximum teat point fcr Type III.
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TABLE II

SCALE ERROR
LOW TEMPERATURE TOLERANCB

'rn'ES I and II
(Ranses: 0-2,000 and 0-3,000 Feet Per Minute)

....

-
-
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Standard Altitude Test Rate Tolerance
Test Interval Ascent and Descent

Feet Feet Per Minute Feet Per Minute

Between 2,000 to 3.500 1,500 200

Between 28,000 to 29,500 1,500 250

('

.'rn'ES III and IV
(Ranses: 0-4,000 and 0-6,000 Feet Per Minute)

....
Standard Altitude Test Rate Tolerance

Test Interval Ascent and Descent
Feet Feet Per Minute Feet Per Minute

Between 2,000 to i'OOO 2,000_ 300
2,000 to ,000 4,000 400

....
Between 28.000 to 30.000 2,000_ 300

28,000 to 32.000 4,000 400

....

-
** Test Point tor Type III.

....
Tables I and II have been changed in accordance with Military
formatJ i •••• the value. have not be.n changed•

PREPARED BY SAE COMMITTEE A-It, AIRCRAFT INSTRUMENTS
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;/§ 37.145 Maximum allowable airspeed indi

cator .y.tem.-TSO-C46a.

(a) Applicability. This technical standard

order prescribes the iuin imum performance

standards that maximum allowable airspeed

indicator systems must meet in order to be

identified with the applicable TSO marking.

Xew models of the instrument that are to be

so identified, and that arc manufactured on or

after the effective date of this TSO, must

meet the requirements of the "Federal Avia

tion Administration Standard, .l\Iaximum Al
lowable Airspeed Indicator Systems", set forth

at the end of this section.

(b) .llarkillg. In addition to the markings

required by § 37.7, the instrument must be

murked to indicate its range in jmots, and, if
applicable. to identify the calibration employed

to cont rol the movement of the maximum al

lowalile airspeed pointer in the VMO and M JlO

ranges, or to identify the 'particular aircraft

ｴ ｾ ｹ ｰ ･ desigu on which the instrument is in
tended to be used.

(c) Data requirements. In accordance with

ｾ :1i.;j. the manufacturer must furnish the

(' hie f, Engineering and Manufacturing

Brunch, Flight Standards Division, Federal

Aviation Administration, in the region in

which the manufacturer is located, the follow

ing" ter-hnicnl data:

(1) Seven copies of the manufncturers op

erating" insn-nerion. equipment limitations, and

installation procedures.

(2) One ropy of the test report of the

manu fact lIrE-I'.

(<1) PI'f'/'iously apl})'01'ed equipment. Maxi
mum al lowahle nirspsod indicator models ap

proved prior to the effective date of this

section may continue to be mnnu facturerl un

der the. provisions of their orig-inal approval.

FEDERAL AVIATION ADMINISTRATION STANDARD

Maximum Allowable Airspeed Indicator Systems

1. Purpose.

Thls dO('1l111PrJt spf'l'itip:o; numrnum porformunce

sruudurds for' pilot-statk type, mn xlmum allownble

airspeed Iudk-utor :O;...·."'h'ltlS which ludtr-a n- conttnn

ouslv hot h Indtcuted ntrspeed and mu xtnnnn nllow

able ail·."Jl\,\'d.

2. Performance Requirements.

2.1 General.

(a) Materials. Materials must be of a quality

demonstrated to be suttnble and dependable for use

in aircraft Instruments.
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(b) Bnoircnmentot conditions. The instrument

must be capable of performing its intended function

and not be adversely affected during or following

prolonged exposure to the environmental conditions

stated under section 3. Where optional envir-onmental

conditions are set forth, the conditions selected must

be declared as equipment limitations.

2.2 Detail requirements.

(a) Indicating meal1S. Indicated airspeed and

maximum allowable ah-speed must be displayed In

SUCh a manner thnt the numerical values on the scale

Increase in a clockwise, left to right, or bottom to

top direction.

(b) Oase marki1lg,,,. The outlets in the case must

be marked with up" for the pi tot pressure connection,

and with "S" for the static pressure connection.

2,3 Design requirements.

(a) Adjustable seitil1gs.

(1) Maximum allowable airspeed pointel·. An ad

justable stop mar be provided in the instrument for

llmiting the movement of the maximum allowable

airspeed pointer. If included, the design of this ad

justment must be such that it will not affect the

indication of the pointer when the altitude pres
sure conditions and Mach Number setting are such

that the limiting speed will be lower than that set

by the adjustable stop.

(2) .lff/cll SUml}fT. If a readily accessible means

Is provided for setting the instrument to any de

sired :\Inch Number. the value of the setting must

Ill' \isillll' from the front of rhe tnstrument , When

the Instrument does not contain an external Mach

Xurubet- setting adjustment, the value of the penna

nenr :'I1adl Xtuutu-r sPtfillj:;' need not he vtsthle from

till' f'rnnt of the lnstruuteut.

(b) l'isibility. The Indicating means and all mark

lnga must be visible from any point within the

frustum of a cone, the side of which makes an angle

of at least 30 0 with the perpendicular to the dIal

and the small diameter of whlch is the aperture ot
the instrument case. The distance between the dial

and the cover glass must be a practical minimum.

(c) Oalibration.

(1) Indicated airspeed pointer. The indicated air

speed pointer must indicate airspeed in accordance

with the values contained in Table r.
(2) Maximum allowable airspeed pointer, The

maximum allowable airspeed pointer must indicate

maximum allowable airspeed values in the V110 and

MMO ttmt t ranges which-

(i) Follow the standard fundamental relationships

of subsonic compressible flow gas dynamics which

Oil'!' stu-ed ill appeud!x A: 01'

(ii) Are adjusted to account for design factors

that are characteristic of a particular aircraft type
design such as, but not llmited to, static source pres

sure error vartattons and variable speed limitations

with altitude.
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(d) Scale error.

(1) Instruments with permanent Mach Nvmber

setting. The indicated airspeed scale error and the
maximum allowable airspeed scale error must not

exceed the tolerances specified in Tables I and II,
ｲ ｰ ｾ ｊ ｬ Ｈ ＾ ､ ｩ ｹ ｰ ｬ ｹ Ｌ with the instrument set at its permanent

Mach Number.
(2) Instruments with meam for eztemal MacA

Number setting adjustment.

(i) The indicated airspeed scale error must Dot

exceed the tolerances specified in Table I with the

instrument set at the lowest Mach Number.
(ii) The maximum allowable airspeed scale error

must not exceed the tolerances specified in Table II

with the instrument set at the lowest Mach Number
and at increasing Mach Number setting of not more
than 0.10 to and including the maximum Mach

Number.

(e) Hysteresis. The reading of the maximum

allowable airspeed pointer first at 30,000 teet alti

tude and then at 10,000 feet altitude must not differ

by more than 2 knots from the corresponding ｲ ･ ｡ ､ ｾ

tngs obtained for increasing altitudes during tests to
assure the instrument complies with the scale error
requirements of section 2.3(d) (2) (li) of this TSO.

(f) After effect. To assure the instrument compiles

with the scale error requirements ot section 2.8

(d) (2) (ii) of this TSO, the maximum allowable air

speed pointer must return to its original readings,

corrected for any change in atmospheric pressure,

within 3 knots, after not less than 1 or more than

j nunutes han? elapsed following completion of per

furnumce tests.

(g) Friction,

(1) .Maximum allowable airspeed pointer. The

friction of the pointer must not produce an error

exceeding 4 knots at each point indicated by an
asterisk in Table II,

(2) Indicated airspeed pointer, The friction of the

pointer must not produce an error exceeding 3 knots

at each point indicated by an asterisk in Table 1.

(h) Leak.

(l) Case leak. When subjected to a static pres

sure differtntial of 15 inches of mercury between tbe

inside and outside of the case, the internal pressure

must not increase because of case leaks more than

0.05 inches of mercury at the end of 1 minute time

following first application of the differential pressure.

(2) Airspeed diaphragm leak. There must not be

any appparent movement of the indicated airspeed

pointer for 1 minute after a sequence of events in

which pressure sufficient to produce full scale deftPl'·

tlon of the indicated airspeed pointer is applied to
the pi tot connection (static pressure connection open

to atmosphere), the pressure source is stopped, and

the connection tubing pinched.

3. Environmentol Condition5.

3.1 Temperature. The instrument must perform its
intended function over the range of ambient tem-

perature from -30" to 50" C. With the instrument

temperature stabilized at the limits of the range,

the scale error must not exceed by more than 4,5

knots the tolerances specified in Tables I and II at

the points marked with an asterisk. The instru

ment must not be adversely affected by exposure to

the range of ambient temperature from -65" to 70" C.

3.2 Altitude. The instrument must perform its in

tended function and must not be adversely affected

when operating in the pressure range from -1,000
feet and the maximum altitude of intended operation.

The instrument must withstand an external case pres

sure of 50" Hg. absolute when installed properly
and vented to an atmospheric pressure of apprcxl

matelv ｾ ｮ Ｎ ｮ Ｚ Ｚ Ａ Ｂ Hz. absolute.

3.3 Vibration. The instrument must perform Its

intended function and must not be adversely affected

when subjected to vibrations of the following char

acteristics :

Instrument panel Fre· xrnxunum Maxi·
mounted (vibration quellc)" douhle mum ac-

Isula ted j crctes per amplitude ceteranon
second (inches)

Reciprocating engine
powered atrcraf't., ____ 5-50 0.020 1.5g

Turbine engine
powered atrcrart , ____ 5-55 0.020 --------

55-1000 --------- O.25g

3.4 Humidity. The instrument must perform its in

tended function and must not be adversely atl'ected

following exposure to the extreme condition of rela

tive humidity in the range from 0 to 95 percent at a

temperature of approximately 70" C. for a period of

10 hours.

4. Compliance Tesh,

As evidence of complluuce with this standard, the

manufacturer must perform "valuation tests on proto

type instruments to demoustrure proper design, re

liability in performnuce of its intended functions.

and conformity wl th the performance standards of

section 2. Tests must also he performed to demon

strate compliance with the euvtronmental condtttou

requirements specified ill section 3.

5. Individual Performance ｔ ･ Ｕ ｴ ｾ Ｎ

The uianufncturer 1I1l11>Ot conduct such tests as may

he necessnrv on enr-h lusrrument to assure that it

will meet the mtntmum performance requtrements of

sections 2.3(b) through ｾ Ｎ Ｓ Ｈ ｨ Ｉ Ｎ
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APPENDIX A

(2) For alrttudes where .UMn is limiting factor:

., t-l

ｾ ｬ ｬ ｬ Ｋ Ｇ ｾ ｛ ( V'. +,)l-i-']l'-I!t-l Po 6 C'I...

s eF'ruru tuntentr-rt t\lI'Slw,·1I ('''lTf's!''l1lfling- tA run vuuum

-qutvntane air!<p('('(1 or tnnximutn 1l1arh whh-hever is till'

limiting' (adOlf.

"4

"4

xr a xtunuu spood

p-untor t"lerallc,'

:::,:::knots

TABI.E II

Altitude t'rossure

feet indll's

mcrcury

0 ＺＮＡｾｪＮｮＺＧＺＺｬ

*5,000 :.!-t.8Dll

10,000 :.!O,:l77

*15,000 Hi.880

20,000 13.7;)0

"'2:1,000 11.104

30,000 R.SS;')

*35,000 i.n·n

40,000 :i.;.38

...1i'},0(l() ..J.,:ti;:i

;)0,000 :U:2:l

"Iationships For Calibrating Maximum Allowabl.

Airspeed Pointer

(1) ｊ Ｎ ｾ ｏ ｉ Ｂ ultiturh-s f1'01l1 "POl 1('\'1'1 to nlrit udc wtWI"P

TABJ..!': 1

Speed knots Impnct prexsure (qc) Tolerance knots
Inches 11,1;' at 25 0 C.

50 0.1108 ±4.0

"GO .1727 2.0

80 .307a 2.0

"100 04814 2.0

120 ,09;)0 2.0

"150 1.001 2.5

180 V"",80 3.0

·200 U):lf) 3.0

ｾ Ｓ Ｐ 2.GlO 3.0

"2;')0 UOO 3.0

280 3.n2-t 3.5

·300 -l.:i:H 3.5

ＺｾＺＺｷ :i. 10;; 3.5

*3;)0 ＱＩＮｾＸＱｩ 4.0
:{70 7.082 4.5

"400 8.385 5.0

-t3U 9.82/1 5.5

"-triO 10.87 6.0

480 12.56 7.0
*;;00 13.78 7.0

520 15.07 7.0

*550 17.W 8.5

570 18.00 8.5

-eoo 21.07 9.0

630 23.71 9.5

*6.50 25.59 10.0

....

....

...

....

...
Whprf> :

FMO=:\lnxlmlllll nltowahlo tndtcated nlrspeed in
knots.

JIMO=::Uaximllm n llownble nun-h.
k::.:::Ratio of !'pe('ifk ｬ ｕ Ｇ ｡ ｴ ｾ Ｚ Ｚ Ｚ Ｚ ［ Ｚ Ｑ Ｎ Ｍ ｬ Ｐ for air.

J'o e Pressure at sen level in inches of IIg-.

P=Amhient stnt!c pressure in Inches of IIg-.

Cso=SpPf'd of sound at sea jf'yf'1=GGl.-l8 knots.
a::':::Density ratio at altitude.

l'",=)[nximlllll equtvalent airspeed in knots.

...

....

....


