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INSTRUMENT SYSTEMS, AIRBORNE

1. SCOPE

1.1 Scope This spec:fxcauon establishes the development requirements and verifications for airbome
nt em or for an individual instrument or piece of equipment.
1.2 Use. This specification cannot be used for contractual purposes without supplemental information
relating to the performance reqmrements of the particular weapons system or instrument/equipment for
which the oy&Cl

1.2.1 Structure. The supplemental information required is identified by blanks within the specification.

ndbock, which is contained in the appendix
herein, provides the rationale for specified requirements, guidance for inclusion of supplemental
information and a lessons learned repository.

1.3  Deviation

«J v H 1.

Any projected design for a given application which will result in improvement of system

CCalgll Ldi

performance, reduced life cycle cost, or reduced development cost through deviation from this
specification or where the requirements of this specification result in compromise in operational capability
shall be brought to the attention of the procuring activity for consideration of change.

2. APPLICABLE DOCUMENTS

2.1 There are no applicabie documents.

3. REQUIREMENTS

3.1 System description. The air vehicle instrumentation shall provide the functions necessary to meet
the overall air vehicle requirements and the mission to be accomplished. Instrumentation and equipment

fall into four general groups: panel- and console-mounted indicators, airframe-mounted
sensors/transducers, engine-mounted sensors—transducers, and flight management systems.

3.2 Performance

3.2.1 Syvstem characteristics

3.2.1.1 Physical characteristics. The physical characteristics of the instrument system shall be

3.2.1.2 Display characteristics.  Visual display  characteristics  shall  be as follows:

3.2.1.2.1 Readability. The display shall be readable under the following conditions:
The minimum contrast between pointers, characters, and indices, and the

background shall be

v 3.2.1.2.2 Lighting. Lighting shall be as follows:

B et b hctban tha 1AL NPANCIES WO AU
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3.2.1.2.3 Units of measurement. The units of measurement for display parameters shall be as follows:

The format of the signal input to the equipment shall be

3.2.1.3 Input signals.

L.
(3¢ )
—
F

Output signals. The output signal format shall be as

3.2.1.5 Interface connections. Electrical or other interface connections shall be as follows:

3.2.1.6 Operational readiness. Afier power has been applied for not more than
minute(s), the equipment shall operate within percent of the normal operating tolerance.

.2.1.7.1 Input voltage and frequency. Equipment requiring aircraft electrical power shall be
e

igned to operate from

Power available. The power available for use by the equipment is

w
r
—
Q
ra

3.2.1.7.3 Electrical grounds. Equipment using electrical power shall be grounded. Case grounding or
use of external straps or jumpers is not acceptable.

3.2.1.8 Environmental conditions. The equipment shall withstand the following environmental
conditions: . Performance shall be as toliows:

IS . s s PRy SR

Envirgnment Requirement riorman

Temperature
Temperature Shock
Humidity

Fungus

Vibration

Dust

Salt Fog

Rain

Acoustical Noise
Expiosive Atmosphere
Shock

~ . 7 :
OUUnure viordauoin

3.2.1.9 Electromagnetic interference. Electromagnetic interference shall meet the following:

3.2.1.10 Magnetic effect. The display shall not cause a magnetic compass (0 deflect more than
under the following conditions:
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3.2.1.11 Self-test. The equipment shall be capable of self-test as follows:

3.2.2 Functional instrumentation characteristics

3.2.2.1 Acceleration displav. The acceleration display shows an instantaneous normal (Z axis)

characterstics:

3.2.2.2 Attitude displa

avily veclo

v. The auitude display indicates the air vehicle pitch and roll attitude with
N . .

3.2.2.3  Attitude director indicator (ADI). The atutude director display shall provide attitude
information combined with action director information superimposed on the attitude display. It shall have

ebhin fAllai.liomn Alhnsn At s . .
thé 10IOWINE CTnaracieristics:

3.2.2.4 Clock/timer. The clock or timer shall include a display of real time. The following
characteristics shall be provided:

3.2.2.5 Flight data recorder. A flight data recorder (FDR) shall be provided to aid in mishap
investigations. The following parameters shall be recorded:

N1 14 Troine mreccirp & EPR dicplav chall
ne EPR qispiay snal

3.2,2.6 Engine pressure ratio svstem (EPR).
sensor and display EPR values to the aircrew. The EPR sensor shall sense the engine inlet total pressure,
the turbine exhaust 1otal pressure, divide the exhaust pressure by the inlet pressure. and provide a signal
proportiona! to this nondimensional ratio for use in a dispiay or in control of ar aircraft. The performance

of the

Gi 1he 8y I} be as follows:

system sh

3.2.2.7 Engine temperature display. The engine temperature display shall receive signals from an
engine temperature sensor and shall display temperature in degrees celcius to the aircrew. The indicator

ave the following features:

ne 1ol ures

3.2.2.8 Flight director system (FDS). The FDS shali display the air vehicle interception and tracking

o o

of course. heading, attitude, and glideslope, based on present position, heading, desired position and rate
of convergence. The FDS will continuously calculate the proper pitch, bank, and power to perform the

desired maneuver. It shall conform to the following:

3.2.2.9 Rate of fuel flow system. The rate of fuel flow system consists of one indication used in

‘s oawe

conjunctior: with a flow sensor. One display is used for each engine to indicate rate of fuel flow in

{unns;. The system reguirements shall be as follows:

3.2.2.10 Fuel savings advisory system (FSAS). The fuel savings adwisory system shall display
optimum flight profiles for minimum fuel consumption. The system shall be compatible with the aircraft
and the missions to be accomplished. The system shall have the following characteristics:

3.2.2.11 Fuel quantity system. The fuel quantity gaging system shall indicate the amount of fuel in
The system shall measure and display the fuel quantity in

(units) and shall be in accordance with

] sEax (0] { BN BV R4 -
AR FHE VIUUS tUITIUN I3 UDDULE ' T
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3.2.2.12 Horizontal situation indicator (HSI). The HSI shall provide a pictorial display of the
navigational relationship of the aircraft to the earth including other information as follows:
It shall be compatible with

3.2.2.13 Hydraulic pressure indicator and sensor. The hydraulic pressure indicator is used in
conjunction with a hydraulic pressure sensor and is used to display pressure of each hydraulic system on
the aircrait. The following requirements apply:

3.2.2.14 Magnetic compass. The magnetic compass provides an indicator of aircraft magnetic heading
r as a backup heading reference and for cross-checking the primary heading reference svstem. The

llowing requirements shall apply:
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3.2.2.16 Engine oil quantity indicating system. The oil quantity indicator shall receive signals from
an oil quantity sensor and display to the aircrew the oil quantity in (units)
remaining in each tank associated with each engine. The characteristics of the system shall be as foliows:

3.2.2.17 Oil pressure indicating system. The oil pressure displayv shall indicate the pressure of the
engine oil to each engine 1n iunits; using signals from a remote sensor. The
oil pressure sensor shall measure the pressure of the oil supplied Lo each engine and provide a signal
proportional 1o the pressure for use by a display or other equipment. The foliowing requirements shall

appiy:

.2.2.18 Position indicating sysiem. The posmon dlsplay s used 10 mdicate the position of certain
L me Vo A

ar ~ N e R e e N E T e e e R T TS o Voo
hcl than two- position indications such as land ing pear,

3.2.2.19 Tachometer indicator system. The tachomeler displav shall indicate the rotational speed of
mn (umits;. 1t shall have the foliowing

characteristics:

3.2.2.20 Thrust computing system. The system shall display actual gross thrust divided by reference
thrust as a percentage. Rerating of the engine shall not require changes to the gross thrust computation
algorithm. The system will receive information (pressures, temperatures, etc.) from the following aircraft
svstemns: . The system shalli have the f{ollowing performance:

3.2.2.21 Turn-and-slip display. Turn-and-slip displays provide an indication of aircraft rate of
turn-and-slip information. It shall have the following characteristics:

3.2.2.22 Warning system. The warning system shall warn the aircrew of a dangerous situation or an
ampencnng uangerous condition using an aural tone and/or voice warning. A warnmg of the foliowing

"

vided: . The warning sysiem shall have the foliowing

I
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3.3 Reliability. The instrumentation reliability requirements  shall  be as  follows:

3.4 Maintainability. The instrumentation maintainability requirements shall be as follows:

3.5 Safety. The instrumentation safety requirements shall be as [ollows:

3.6 Human engineering. Human engineering shall be in accordance with

3.7 Interface requirements

3.7.1 Related systems. The instrument system shall interface with other air vehicle svstems as follows:

3.7.2  Ground support equipment. The instrument(s) shall interface with the following ground support
eguipment:

3.8 International standardization. International standards, including NATO STANAGS. ASCC Air
Standards, and 1SO documents. shall be used as follows:

4. VERIFICATIONS

4.1 General. The verifications specified herein shali verify the ability o the instrument systems (o meet
the requirements of section 3 herein. Verificanons shall include visual examinations, laboratory tests,
demonstrations, and fught tesis. All verifications shall be the responsibility

Government reserves the right to witness any verification.

4.2 Performance
4.2.1 System characteristics verification

4.2.1.1 Verification of physical characteristics. The physical characteristics of the instrument system
shal! be verified bv

4.2.1.2 Verification of display characteristics. The displav characteristics shall be visualiy verified as

foliows:

4.2.1.2.1 Verification of readability. The displav readability and contrast ratio shall be verihed in the

laboratory as follows:

4.2.1.2.2 Verification of lighting. Lighung shall be verified in the laboratory as follows:

4.2.1.2.3 Verification of units of measurement. The units used for measurements and display shall
be verified in the laboratory as follows:

4.2.1.3 Verification of input signals. Proper input signal format shall be determined in the laboratory
as follows:
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4.2.1.4 Verification of output signals. Output signal format shall be verified by test in the laboratory
and confirmed by compatibility tests on the air vehicles as follows:

4.2.1.5 Verification of interface connections. Interface connections shall be verified in the laboratory

by:

4.2.1.6 Verification of operational readiness. To verify that the time required for operation is within
the tolerance specified, the following laboratory tests shall be used:

4.2.1.7 Electrical characteristics verification

4.2.1.7.1 Verification of input voltage and frequency. Proper equipment operation using the
specified voltages and frequencies shall be verified n  the laboratory as follows:

4.2.1.7.2 Verification of power available. Verification that the instrument does not require more
power than that available shall be determined in the laboratory as follows:

4.2.1.7.3 Verification of electrical ground. Proper electrical grounding shall be determined visuallv

and by testing in the laboratory as follows:

4.2.1.8 Verification of environmental conditions. Environmental testing shall be conducted in the

-~

faboratory to verify the requirements of 2.2.1.8 as follows:

4.2.1.9 Verification of electromagnetic interference. Compliance with electromagnetic interference

oA P VRS VR e Emliolio.
1IcU 11 UIC idDOdlony abd 10hO0Wws.
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4.2.1.10 Verification of magnetic effect. The display shall not deflect a magnetic compass by more
b3y N 3 |5

o 1 wvaliio cmaorifinA 3 TN 11N ) A, 3e e tsctaA S N 15 M O S Y (P |
ucil Liic ydiuc Spiliicu 111 o PR R Y WICcH It I Cicu 1

o
—
=S
&
et
<
<
o
p
=
=
-
o
w

4.2.1.11 Self-test verification. Self-test features shall be verified by tests 1in the laboratory as follows:

4.2.2 Functicnal instrumentation/equipment. The number and type of insirumentauon provided by
the contractor shall be verified by visual inspection.

H 1
4.2.1.1 Verification of acceleration display. The charactenstics of the acceleration displav shall be
verified in the laboratory as follows
4.2.2.2 Verification of attitude display. Awutude display characiensucs shall be evalualed in the
laboratory by

4.2.2.3 Verification of attitude director indicator (ADI). The ADI characteristics shall be verified in

the laboratory 2s (nllows:

4.2.2.4  Clock/timer verification. The requirements specified for the clock/timer

.

sl

the laboratory as follows.
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4.2.2.5 Verification of flight data recorder. Performance of the flight data recorder shall be verified
in the laboratory by

4.2.2.6 Verification of engine pressure ratio system. The engine pressure ratio system shall be
evaiuated in the laboratory as foliows:

4.2.2.7 Verification of engine temperature display. The characterictics provided in the engine
temperature display shall be verified in the laboratory as foliows:

4.2.2.8 Verification of flight director svstem (FDS). The performance of the FDS shall be evaluated

in the laboratory by

‘erification of rate-of-fuei-fiow svsiem. The system requirements shali be verified in the

4.2.2.9 Veri
laboratory as foliows

Y Y —~
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evalualed in the laboratory as follows:

evaluate the laboratory as {ollows:

4.2.2.13 Verification of hydraulic pressure indicator/sensor. Verification of the reguirements for

hvdraulic pressure sensors and indicators shali be accomplished in the laboratory ac follows:

4.2.2.14 Verification of magnetic compass. Requirements for the magnetic compass shall be verified

in the laboratory by

4.2.2.15 Verification of structural integrity recorder. Recorded parameters and other requirements
specifiec for the recorder shall be verified irn the laboratory as foliows:

4.2.2.16 Verification of engine oil quantity indicating svstem. To evaluate the performance of the

engine o0il quantity indicating system, tests shall be conducted in the laboratory as follows:

4.2.2.17 Verification of oil pressure indicating system. The accuracy and requirements for the oii

pressure indicating svstem shall pe verified i the laboratory as follows:

4.2.2.18 Verification of position indicating system. The position indicating svsiem requirements are
verified 1n the laboratory as follows:

4.2.2.19 Verification of tachometer indicating system. The tachometer display and sensor shall be
verified hy testing in the laboratory as lollows.

4.2.2.20  Verification of thrust computing system. The requrements {or the thrust computer sysitem

shall be verified in the laboratory as follows:
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4.2.2.21 Verification of turn-and-slip display. Turn-and-slip display characteristics shall be
evaluated in the laboratory as follows

4.3 Reliability verification. The rehability requirements of 3.3 shall be verified in the laboratory as

follows:

4.4 Maintainability verification. The maintainability requirements of 3.4 shall be verified as follows:

4.5 Safety verification. The safety requirements of 3.5 shall be verified as follows:

4.6 Verification of human engineering. Human engineering requirements shall be verified by

inspection.
4.7 Verification of interface requirements

4.7.1 Verification of related systems. Characteristics of the instrumentation interface with other air

vehicle systems shall be verified by

4.7.2  Veriflication of ground support equipment. The instrument{s) 1merface with specified ground

support equipmen: shall be evaluated bv

4.8 Verification of international standardization. Requirements of NATO, ASCC and ISO standards
shall be verified bv

5. PACKAGING

5.1 All deliverable items shall be prepared lor shipment as directed by the procuring actuvity.

o
Zz

(@]
-~
I
w

1 Intended use. This specification is intended for use in developing instrumentation and flight
management svstems for Air Force air vehicles. 1t may be used to specifv equipment {or entire weapons
-

— fem ot e s oy o Nt P Y

svstemsS Or Oone Or more instruments Or ignt management system

contracung
Custodian: Preparing Activity:
Air Force - 11 Air Force - 11
(Project 6695-F086)
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APPENDIX

INSTRUMENT SYSTEMS, AIRBORNE

HANDBOOK FOR

10. SCOPE

10.1 Scope. This appendix provides rationale, background criteria, guidance, lessons learned, and
mnstructions necessary to tailor Sections 3 and 4 of the basic specification (MIL-1-87216) for a specific

apphcation.

10.2 Purpose. This appendix provides information to assist the Government procuring acuyvity in the
use of MIL-1-87216. Specifications written using this document should follow MIL-STD-961 format.

10.3 Use. This appendix is designed to assist the project engineer in tailoring MIL-1-87216. The blanks
of the basic specification shall be filled in to meet operational needs of the equipment being developed.

10.4 Format

10.4.1 Requirement/verification identity. Section 30 of this Appendix paraliels Section 3 and Section
4 of the basic specification; paragraph titles and numbering are in the same sequence. Section 30 provides
each requirement (Secuon 3 and associated verification (Section 4) as stated in the basic specification.
Both the requirement and verification have Sections for rauonaie, guidance, and lessons learned.

10.4.2 Requirement/verification package. Secuon 30 of this Appendix has been so arranged that the
requirement and associated verification is a complete package to permit addition to, or deletion from the
criteria as a single requirement. A requirement 1¢ not specified without an associated verification.

10.5 Responsible engineering office. The responsible engineering office (REO! for this Appendix is
ASD/ENASI, Wright-Patterson AFB OH 45433-6503. The individual who has been assigned the
responsibility  for this handbook is Mr. James R. Andres. ASD/ENASI. Wrighi-Patterson AFB
OH 45433-6505, AUTOVON 785-4130, Commercial (513} 255-4130.

20. REFERENCE DOCUMENTS

20.1 Unless otherwise indicated, the documents specified herein are referenced solely to provide

suppiementai technical data.
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Liquid, Compass, Aircraft
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Gage Liguid Quantity, Capacitor Type, Installation and Calibration of
Fuel Svstem Components, General Specification for
Coating, Reflection Reducing, for Instrument Coverglasses and Lighting Wedges

Lubricating Oil. Aircraft Turbine Engine, Svntheuc Base
£ . )

Bearing, Jewel, Sapphire, or Ruby, Svnthetic
Indicator, Attitude Directar

Transmitter, Pressure TRU-66/a Oil Variable Reluctance

Glass. Aircraft Instrument, Lighting Wedge and Cover
Bearing, Ball, Precision. for Instruments and Rotating Components
Indicator. Horizontal Situation AQU-6/A

Lighting, Aircraft, Interior. AN/AVS-6 Awviators Night Vision Imaging System
(ANVIS) Compatible

Fuel Systems
Air Data Systems and Equipment

Displays, Airborne, Electrically/Optically Generated

10
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MILITARY -

MIL-STD-210 Climatic Extremes for Military Equipment

MIL-STD--454 Stancard General Reqguirements for Electronic Equipment

MIL-STD-461 Electromagnetic Interierence for Equipment

MIL-STD-462 Eleciromagnetic Interference Characterisucs, Measurement of

MIL-STD-470 Maintainability Program Requirements (for Systems and Equipments)

MIL-STD-47! Maintainability Demonstration

MIL-STD-704 Aircraft Elecirical Power Characierisics

MIL-STD-75¢ Reliability Predication

MIL-STD-757 Reliability Evaluation and Demonstration Data

MIL-STD-765 Compass Swinging, Aircraft, General Requirements for

MIL-STD-781 Reliability Design Qualification and Production Acceptance Tests
Exponential Distribution

MIL-STD-78S Requirements for Reliability Programs (for Systems and Equipments)

MIL-STD-794 Parts and Equipment Procedures for Packaging, and Packing of

MIL-STD-&1¢ Environmental Test Methods

MIL-STD-8682 Svstem Safetv Program Regquirements

MIL-STD-1472 Human Engineening Design Criteria for Military Systems,
Equipment and Facilities

MIL-STD-1553 Aircraft Internal Time Division Command/Response Muitiplex Data Bus

MIL-STD-1587 Materials and Process Requirements for Air Force Systems

MIL-STD-1776 Crew Stations and Passenger Accommodations

MIL-STD-2124 Flight Incident Recorder/Crash Position Locator,
Minimum Performing Standards for

MS-28042 Ciamp, Mounting, Aircraft instruments

MS-3355¢& Numerals and Letters, Aircraft Instrument Dial, Standard Form of

MS-3363¢ Measurement, Units of for Aircrafi Instruments

MS-3363¢ Case, Instrument, Ciamp-mounted, Aircraft

MS-33649 Boss, Fluid Connection, Internal. Straight Thread

PUBLICATIONS

Federal Aviation Agency

FAA Advisory Criteria for Approving CAT I and Il Landing Minima for

Circular 120-29

FAR 121 Operation

—
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National Bureau of Standards
NBS Monograph 125 Thermocoupie Reference Tables

AFSC Design Handbook

AFSC DH 1-3

STANAG-3330
STANAG-3436
STANAG-3637

STANAG-3691

Human Factors Engineering

Aircrew Station Lighting

Accelerometers
Colors Used to Denote Operating Ranges of Aircraft Instruments
Attitude Indicators, Self Contained and Remote Driven

Circular Dial Tachometers (non servoed). Compatible with

Two-Pole Three Phase Generators
Principies of Presentation of Information in Aircrew Stations

Horizontal Situauion Indicator

—
)
-
”
-
4
)
2
v
]
b
3

Mieasurement

ASD Exhibits
D

AS

S

ITENAITD 761 Fiuial Qawvin
JEINALLY Y= Cugl savin

{Copies of specifications, standards, drawings, and publications required by contractors in connection with
specific procurement functions should be obtained from the procuring activity or as directed by the

contracting officer.)

20.1.2 Other publications. The following documents form a part of this specification 10 the extent
specified herein. Unless otherwise indicated, the issue in effect on date of invitation for bids or request

for proposal shall apply.

Specification 404 Air Transport Equipment Cases and Racking

(Apphicauon for copies of ARINC specifications shoulc be addressed to ARINC, 2551 Riva Road,
Annapolis, MD 2140!. Copies of exhibits can be obtained from ASD/ENASI, WPAFE OH

45433-6503.)
T.O. §.1.2 Method of Marking Instruments and INterpretation of Markings

(Application for copies of T.O.s should be addressed to OC-ALC/MMEDU, Tinker AFB OK 73145.)

12
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30. REQUIREMENTS AND VERIFICATIONS

3.2 Performance
3.2.1 System characteristics

3.2.1.1 Physical characteristics. The physical characteristics of the instrument svstem shall be

4.2.1.1 Verification of physical characteristics. The phvsical characteristics of the jnstrument system
shall be verified by

REQUIREMENT AND VERIFICATION RATIONALE (3.2.1.1 and 4.2.1.1)

REQUIREMENT AND VERIFICATION GUIDANCE

REQUIREMENT AND VERIFICATION LESSONS LEARNED

NOTE: The requirement and verification rationale. guidance, and lessons learned for physical
characteristics are inciudec in the foliowing individual subparagraphs that are in parenthesis. Since these
subparagraphs tend 10 be design requirements, they are included in this handbook for information and
should only be used in the basic specification when they are specifically needed.

13
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(3.2.1.1.1 Size and mountine The size of the equinment chall he 11 ¢hall
(3.4.1.1.1 aize and mounting ihe size ol the equipment snhall pe .at snail
be mounted as foliows )

REQUIREMENT RATIONALE (3.2.1.1.1)

This requirement is necessary when specifying equipment that is to replace existing equipment or where
certain sizes and mounting are known requirements. It would not be used to specify every piece of
equipment when equipment for an entire air vehicle is being specified.

Air vehicle limitatinne dictate the cize and mnountine canfionratinn Standard indicatar cizec are licte’ in
4w L N L Y AN s L N A . Lidn Dilon QianNd AlluullLlllb h\)llllbu‘ull\lll‘ [ AN AN I PR A DAY e S S WY Jid.e 0 aGry Miolvud i
STANAG 3319A1. When specifving retrofit eguinment, it must be the same size and mountine as the
STANAGL 331YAI 1en specilying retroliit equipment , I Must be the same size and mountng as the
previous equipment. All dimensions must provide a reasonable tolerance for manufacturing purposes.
Equipment to be mounted in equipment bays may be in ordance with ARI’\‘(‘ 404. Equipment 10 be

mounted in high vibration areas may require shock mounting. Engine-mounted equipment must be
mounted with sufficient rigidity to withstand the vibration and temperature expected to be found in that
location. Mounts should withstand the maximum shock anticipated, and equipment should not break
loose when subjected 1o the maximum shock expected.

Cenain instrument sizes and mounting configurations have become standardized through multiple usage.
Round dial engine instrumentauon per MS-3359 for exampie. have come to be considered as standard.
Equipment-bav-mounted instrumentation usually use ARINC-ATR-sivie, quick-disconnect mounts

o AQriaAn

which facilitate replacement of the equipment. Instrument clamps per MS-28042 are used tc mount

round case instruments.

REQUIREMENT LESSONS LEARNED

Several lessons have been learned in this area, particularly in mounting equipment on engines or in fuel
lines. such acs fuel flow transmitiers. The F-S experienced fuel leakage at the connections to the fuel flow
transmitter because of expansion and contracuon of the fuel lines and subsequent galling of surfaces
against which "O" rings were seated A costly redesign was required. Equipment must be mounted in an

area that does not exceed its environmental capability.

(4.2.1.1.1 Verification of sizing and mounting. The size and mounting configuration shali be verified

by visual examinauon and measurement.)

VERIFICATION GUIDANCE

Size and mounung configuratior. can easily be verified by visual examination and measurement.

VERIFICATION LESSONS LEARNED
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(3.2.1.1.2  Weight. The weight of the equipment shall not exceed )

REQUIREMENT RATIONALE (3.2.1.1.2)
Weight is an important factor in many weapons systems and may have to be controlied particularly on
retrofit equipment.

When retrofit equipment is specified, the weight in the blank should be the same as the original equipment
welight. More or Iess weight could affect the air vehicle center of gravity. When instrumentation for an
entire air vehicle 1s being specified, the contractor is usually responsible for the overall vehicle weight.

REQUIREMENT LESSONS LEARNED

Aircraft have typically grown in gross weight from 10 percent to 40 percent. While instrumentation is only
" 2 r

a small part of the air vehicle gross weight, it must be controlied over their li

(4.2.1.1.2 Verification of weight. The weight of the equipment shail be determined by measurement.)

NALE (4.2.1.1.2)

The weight of the equipment must be verified to make certain it meets the requirement if one is piven.

VERIFICATION GUIDANCE

(‘ti
fr"l

The use of calibrated scales is the standard procedure for determining equipment

FAR NED
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(3.2.1.1.3 Standardization. Standard  parts shall be used in  accordance  with

y
REQUIREMENT RATIONALE (3.2.1.1.3)

The use of nonstandard parts creates a costly maintenance problem and should be considered when
preparing specifications.

REQUIREMENT GUIDANCE

The use of standard parts depends upon the general procurement and management policy, but in general,
standard parts should be used to the maximum extent possible. There are several Military Standards for
capacitors, resistors, screw threads, etc. The responsibility for using standard parts is usually placed on the
contractor. MIL-E-5400, Appendix A, contains a list of standard part documents for consideration.

Air Force experience with equipment using certain types of capacitors has been very poor. Requirement 2
of MIL-STD-454 was written to exclude those types of capacitors such as paper dielectric molded
capacitors and certain electrolytic capacitors which have been known to explode. The requirement lists
the approved types and also serves to reduce the number of types of capacitors required for maintenance
of the equipment, thereby reducing maintenance cost and the requirement to stock many different

capacitors.

Following World War II, the Defense Department established a jewel bearing manufacturing facility in the
United States to prevent dependence on Swiss and other foreign jewe! bearing manufacturers in event of
war emergency. Procurement requirements directed by FAR 7-104.37, Required Source for Jewel
Bearings, specifies that instrument manufacturers procure all jewel bearings from the William Langer
Jewel Bearing Plant. Rolla, N.D., Specification MIL-B-27497 and iis associated MS drawings list the
standard jewel bearings that are available and which are 1o be used in the design of instruments for the

DOD when jewel bearings are needed.

Probably the most important mechanical elements in airborne instrumentation are bearings and lubricants.
The bearing forms the interface between rotating parnts and is subject to wear and deterioration and is most
often the limiting factor in reliability and life of the equipment. MIL-B-81793 provides recommendations
of bearing types and tolerances for various instrument applications. These types are recommended on the
basis of experience from ball bearing and quality instrument manufacturers. It also provides guidance for
the selection and standardization of bearing lubricants. There are more than 100 different types of ails
and greases available for instrument ball bearings. Instrument manufacturers tend to try different
lubricants 10 solve various mnstrument problems such as poor low temperature stariing. poor reliability,
hysteresis, etc. The iarge number of lubricants creates a very difficult Air Force stocking and maintenance
problem. In additon, MIL-B-&1793 controls the types of lubricants and restricts the use of silicone
compounds which are generally poor lubricants, do not have good corrosion prevention characteristics
and tend 1o revert tc silicon compounds (sand) especialiy if a small electricai current is present. The
silicone oils also tend 10 spread and creep over all adjacent surfaces creating problems on slip rings,

potentiometers, etc.
REQUIREMENT LESSONS LEARNED

In the past, many contractors have purposely used special parts to enhance their profits by selling spare
parts. Spare parts orders often exceed the original contract price. The proliferation of neediess special
parts greatly affects maintenance costs. This not only applies to piece parts, but complete assemblies such
as instruments when an entire weapons system is being specified. Many instruments on the F-15 were
made non-standard by slight modification, such as in the lighting, which resulted in a complete new set of
part numbers for instruments that were normally standard inventory items.

16
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(4.2.1.1.3 Verification of standardization. The use of standard parts where specified shall be verified
by reviewing the contractor’s design and drawings.)

VERIFICATION RATIONALE (4.2.1.1.3)

The use of standard parts must be verified to make certain the requirement is met.

VERIFICATION GUIDANCE

Tlce nf ctandard martc chould b
wse O s5anGard arllts sagwt O

roposal stage, and design drawings can be

(8]

} 8333814 (MRS N 2

determined durine th

n
I re
monitored during development to ascertain compliance with this requirement.

VERIFICATION LESSONS LEARNED

(3.2.1.1.4 Finish. The external surfaces of the equipment shall be finished as follows:

\

-)

REQUIREMENT RATIONALE (3.2.1.1.4)

Alrcrew statior: insirumentation has usually been painted lusterless black or grey depending upon mission
requirements and desires of the weapons system management and user.

REQUIREMENT GUIDANCE

The biank may be filled 1n o specify color, luster, and durabiiity. On missions that use night vision
goggles, it is very imporiant 10 have a nonreflective black finish 1o avoid pickup of reflected light in the
goggles. Durability requirements may include resistance to fungus, salt spray, humidity, solar radiation,
etc., depending upon mission requirements. In addition, a peel test using adhesive tape may be specified.

REQUIREMENT LESSONS LEARNED

Evaluations have been conducted to determine if finishes. such as paint, could be eliminated on certain
equipment, particularly equipment mounted In equipment bays or cargo areas. It was found that the
equipment corroded and became poor in appearance afier environmental exposure to sali spray,
humidity, rain, and fungus. Fungus growth has been a problem with some organic base paints. Synthetic
resin paints have proved 10 be superior in resisting fungus growth and are more durabie than organic resin
paints Some finishes which look good initially have cracked and peeled during environmental testing;
therefore, environmental durapiiity should be specified anc testec.

17
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(4.2.1.1.4 Finish verification. The finish of the equipment shall be verified in the laboratory as
follows )
VERIFICATION RATIONALE (4.2.1.1.4)

The laboratory is the best place 10 examine and test the finish as may be required.

VERIFICATION GUIDANCE

Visual examination is usually sufficient to determine compliance with this requirement. If reflectivity or
color is important, the finish can be compared to approved samples or be measured with a photometer.
The finish can be examined after each environmental test such as salt spray, humidity, etc.. to determine
the degree of degradation.

VERIFICATION LESSONS LEARNED

{3.2.1.1.§ Markings. Equipment shall be marked in accordance with
REQUIREMENT RATIONALE (3.2.1.1.5)
All equipment must be marked so that it can be identified for replacement, stock control, etc
Connectors, fuses and other items used on eguipment must also be marked.
REQUIREMENT GUIDANCE

The markings must be as permanent as the normal life expectancy of the equipment. Guidance for
marking equipment is contained in MIL~STD-454, Requirement 67.

REQUIREMENT LESSONS LEARNED

In the past, some equipment was poorly marked, and the markings wore off causing much exira work
trving 1o identify the part for replacement and trving to identify the proper nomenclature for overhaul.

(4.2.1.1.5 Verification of markings. Equipment marking and nameplate data shall be verified

visualiy.)
VERIFICATION RATIONALE (4.2.1.1.5)

Equipmen: marking must be verified to make certain it meets the requirements. Visual examination 1s

usually sufficient.
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3.2.1.2 Display characteristics. Visual display characteristics shall be as follows:

REQUIREMENT RATIONALE (3.2.1.2)

PR S B : [, [P W S W

it IS DCCCSSE}T) 1o SPECH) the cnspxav CnaraClensucs QI panecil Bﬁ UllbUlC muumcu instrumentiation wiaicn
provides visual information to the aircrew to make certain it is compatible with the weapons system and

with generally accepted human factors engineering principles.

The term “display” as used in this document can mean any type of visual indication. It may be a
mechanical pointer, drum counter, liquid crystal display, cathode ray tube or other device. Display
characteristics for an entire air vehicle may be described in general terms, such as the requirements 10
provide certain instruments as CRTs and certain instruments as electromechanical dispiayvs, etc. When
specifying individual indicators, the display characteristics should be more detailed and will be addressed

In later paragraphs.

Guidance regarding display characteristics is found in MIL-STD-1472, paragraph £.2 and in STANAG
3705. The principles of presentation outlined in these documents are internationally accepted standards

and should be followed whenever possible.

The use of color has become an 1mponanl characteristic in many displays. Power {ailure indicator
ed with Fnlr\r Nao. QQO(\? of FED- C’T‘h <0< Rlack paormions of

di
; Black poru d
snould be Co]or No. 37038 and white mdxces and pointers Coior No. 37875. Range markings, used mostiy
on engine instruments. should be in accordance with STANAG-3436 and T.O.

It is important that all letters and numerals used in displays be uniform in appearance. MS-33558 and
STANAG-3329 provide information regarding fonts, stroke width and proportion of numerals and letiers
for Air Force equipment.

It is important to specify the resolution and accuracy of scales. For each parameter, the resolutuon must
be appropriate for aircrew needs. For example, oil quantity dispiays can be very coarse, because usuaily
the aircrew is only interested in knowing if the tank is full or close to empty. Increments of 1/4 of a full
tank can be used. On the other hand, engine temperature is critical to the aircrew, so the scale must have

much greater resolution and accuracy. Someumeﬁ as with normal operating engine RPM. the accuracy

le mav he avranded over rhccp

A wn"n
u-u; UL CApanucu

“an e grealer over ce
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poruions which require close comrol Gundance for specifving accuracy can be found under the
requirements for individual instruments. In general, the systems application will dictate the accuracy

required.

'U
§
@}

Guidance for specifying cathode ray tube displays can be obtained from MIL-D-87213, Displavs,
Airborne. Electricallv/Optically Generated. Air data display guidance can be found in MIL-A-87211, Air
Data Systems and Equipment.

REQUIREMENT LESSONS LEARNED

There have been many lessons in the display field. It has been found that multipointer indicators, such as
the three-pointer altimeters, can be confusing to interpret and can be misread under stress conditions. In
general, it has also been found that display motion should follow the motion of reai-life cues whenever
possibie. The use of pictoriai dispiays, such as fuei panei fiow path dispiays, have proven io be easily
interpreted and should be used wherever possible.
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4.2.1.2 Verification of display characteristics. The display characteristics shall be visually verified as
follows:

VERIFICATION RATIONALE (4.2.1.2)

The display characteristics of the instrumentation must be visually examined 1o determine that they meet
the requirements specified.

VERIFICATION GUIDANCE

The most convenient time to verify that display characteristics are as specified would be at cockpit
mockup reviews. The final verification would take place during flight testing.

VERIFICATION LESSONS LEARNED

3.2.1.2.1 Readability. The display shall be readable wunder the f{ollowing conditions:
The minimum contrast between pointers, characters, and indices and the

background shall be:

Th o roadnlilice, camicizsnmeame A ~n -~ o e wip; . Nt N v v

1Ne Teaqaviiity requirement 01 certain dis )}3)'5 will vary depending upon their end use and location in the
crew station. Readability will also depend upon the design of the dispiay. Display readabiiity under all
expected conditions is of the utmost importance.

REQUIREMENT GUIDANCE

The following items should be considered when preparing this requirement:

W

b. Coverglass and wedge reflectivity.
c. Coverglass fogging.

d. Contrast between dis

e. Viewing angle.

Coverglass and lighting wedge quality is addressed in MIL-G-81704. Type I glass 15 used for most
instruments because the index of refiection is in the range which provides the best anu-refleciive
properties when the plass surfaces are coated with anti-reflective coatings. Color, scratches, digs, chips,
{
1

Ao - -~ e ns g PP

etc., are also addressed and provide 2 guide for accepia

Anti-reflective coalings are essential to readability of displays. Coatings per MIL-C-14806 are typically
used on all Air Force instruments that use a coverglass. Coverglass reflections are particularly troublesome
when the indicator is viewed at an angle and at night when various crew station lights can reflect from the

surfaces of the glass.

A requirement for prevention of fogging should be inciuded in instrument specifications. Fogging of
coverglasses can occur when a warm instrument is suddenly cooled.

N
(=]
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Probably the most important factor for display readability is the contrast between the pointers, scale, and
characters and the background. The contrast between these display elements in liquid crystal displays and
emissive lighted displavs can be marginal. In these displays the contrast is closely associated with lighting
and the specification for readability should include a statement that the display shall be readable under all
ambient light conditions. For light emissive displays the following paragraph can be used to state this

requirement:

“Contrast. While at maximum intensity, which shall not exceed the light source rated voltage, the lighted

display cegmema shall provide a contrast of not less than 4.0 against the darker display background. in a
nt Af 108 NN lux {1!’\ 000 footcandle c) me asure t the face of the chpln

FRVASPRVAVAV) R VR AVAY; Hole) nQaILes / Hi he lace ¢! the O
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isplay segments that are not to be used shall be demonstrated to have a contrast no greater

than 0 Contrast 1s defined as:
Contrast = L - L
- 1 b
Ly
S §4 SN 1 - T oirmirmansa ~f dicwlan canmant
YY 11T T ‘-“ - AoUillllialive Wl Ulayld) Dcslllclll
Ly = Luminance of background”

Off-center viewing of certain instruments is required in some crew stations. This is particularly true of
side-by-side cockpits where the crew members must read some of the indicators across the cockpit. The
viewing angle 1s specified from the display horizonial centerline anc is typicaliv specified as 30 degrees,
which would provide a conical viewing cone of 60 degrees included angie. The viewing angie equipment
will vary depending upon the location of the indicator in the cockpit.

REQUIREMENT LESSONS LEARNED

Manv lessons have been learned in this area. It has been found that under some conditions. reflections on

uncoaled coverglasses render a display unreadable. A triple-layver coating was developed and is specified
in MIL-C-~14806 and has become virtually siandard on all aircraft instruments. It also has been found to

be durable when properly applied.

Fogging of the inside of the coverglass on aircraht instruments has been a recurring problem. Fogging can
be caused by excess moisture in the filling gas, by evaporation of lubricating oil, or bv outgassing of
varnishes or plastics used in the construction of the indicator. Fogging is most likely to occur when the
indicator is warm from a long period of operation and when the coverglass is cool due to a low ambient
lemperature. Low mo:sture conten! materiais and dry fiiling gas must be used 1n hermeticaliv-seaied
indicators. Vacuum baking of assemblies before sealing if ofien required to prevent fogging.

Under bright sunlight conditions, equivalent to 108,000 yx shining directly on the display, it has been
found that many light-emitting displavs are nearly washed out, providing very poor readability. Through
experimentation, a contrast ratio of four to one has been found to be readable under most conditions.

21

Tdeded NiTLadld CVIIUL LAUMICLD .



Downloaded from http://www.everyspec.com

AFGS-87216A APPENDIX

VERIFICATION RATIONALE (4.2.1.2.1)

7

The best place to verify that a display is readable in all ambient lighting conditions is in the laboratory.
The ambient and instrument lighting can be controlled, and the display can be observed from all angles.

Color and brightness measurements can be made using various laboratory equipment. Whole panei dispiay
readability must be accomplished in the air vehicles using visual examination under various ambient

conditions.

VERIFICATION LESSONS LEARNED

3.2.1.2.2 Lighting. Lighung shall be as follows:

REQUIREMENT RATIONALE

Display lighting may be required to be specified {or compatibility with other weapons systems requirements
such as the use of night vision goggles. When specifying an individual displayv, it is necessary that it be
visually compatible with the other surrounding displays.

REQUIREMENT GUIDANCE

Thic <0 o ~Aaraesmlae oo [y S T e i s g o g 1 1 i)
This is a complex requirement wnen bptttlfyl g instruments for an entire crew station. Some aispiays wilt
be light-emitting and some will probably be lighted by transillumination or by front lighting. The following
factors should be considered for lighting:
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Mission requirements, user preference, and procurement policy will dictate the lighting color. There are
three basic lighting colors used in USAF air vehicles. They are: red per MIL-L-25467, blue-filtered
white per MIL-L-27160, and incandescent white which is used on most commercial aircraft.
STANAG-3224 also addresses lighting colors and hmits. Red highting may be preferable for some missions
requiring night vision, but generally, blue-filtered white is the preferred Air Force lighting.

Uniformity of night lighting is vial to display readability. Uniformity imits of plus and minus 1.72 cd/m2
L . :
{plus and minus 0.5 fi-1) have been found 1o be sausfactory for most lighting systems. Limute tighter than

Intensity and dimming properties are important particularly on missions requiring night adaptability. A full
voltage intensity of 3.43 cd/m2 (1.0 ft-L) has been used. Dimming properties should be uniform to near
extinction. Certain display elements must not become indistinguishable before others.

v s e gemamificie s enmiriearaamee fan Maleod mnmale ane kg Faci - KATY D_TTI00Q L A
Guidance for \yculyulg requirements 101 iignitég paners <an 0€ 10una in MIiL-P-7788 1O proviae
compatibility with other lighted instruments
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nsi ) > g1V o lighting instrumentation when the mission requires the use of night

les (NVG). This is a rapidly changing field and the latest information from various sources,
1 1 1 consulted before specmma lighting details for these missions. The use of
electroluminescent llQh[l also should be considered because of its low red emissions, low power
uirements and long llfe MIL-L-87562 outhines requirements for NVG-compatibie lighting.

w
5
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REQUIREMENT LESSONS LEARNED

Much effort and study has been expended in the area of night hghting. In the early 1940s ultraviolet

lighting used in conjunction with fluorescent~marked indicators was predominale'}v used but was found to

be fatiguing to the aircrew. Some oider aircraft still use this tvpe of lighting. the late 194(
ed i

7
)
J
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¢
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1950s, red lighting was widely used in military aircraft because studies showed that r
affect might vision. It is still used in many Army and Navy air vehicles wh i A

In the late 1950s the USAF began an extensive study of red versus white lighting and it was found that
white light was best suited to Axr Force missions. The low, white light brightness levels normally used did
not seriously affect night vision, which was easily destroyed by other sources of light anyway. The use of
white light provided much better display readability and allowed use of coiors. Studies showed that the
biue-filtered white was best because it did not turn to vellow as much when dimmed and it provided the

best color rendition under dim conditions.

However, vellow filters are often required to match the different color temperatures o amps. It
has been found to be as difficuit 1o provide a uniform incandescent white color as it was to provide the
blue-filtered white during the early development of that lighting system. Color tolerances for incandescent
white have not been completely agreed upon by all contractors.

Care should be taken not to specify tolerances tighter than necessary or arbitrarily accept contractor’s
specifications which have tighter limits that promise better uniformity of displays. Experience has shown
that uighter limits are costlv to achieve and are not necessary. Tighter limits were tried for the F-15, anc
they could not be met, requiring relaxation to standard USAF limits.

Dimming properties have been found to be difficult to control and match from instrument to instrument.
The L‘SAF has achieved some degree of success in controlling dimming characteristics by using a group of
common lamps whose filaments are similar, and therefore, have uniform dimming charactensucs

4.2.1.2.2 Verification of lighting. Lighung shall be verified in the la

The most appropriate place to evaluate lighting characterisucs is in the laboratory where varous ambient
lighting condiuons can be simulaied and where lighting can be adjusted with test equipment.

VERIFICATION GUIDANCE

23
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3.2.1.3 Input signals. The format of the signal input to the equipment shall be

REQUIREMENT RATIONALE (3.2.1.3)

nnnnn hn amitismsmart unll Asesaie £ A cavsnar armal wimll mar Lo mE tenemrst ol T snats: sirams e crret ase
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REQUIREMENT GUIDANCE

In general, the input signal will either be an analog or digital type. Analog signals can be either voltage,
frequency, capacitance, synchro, resistance, etc. If both the display and sensor are specified as a system,
and there is no desire 10 ever procure them separately, the input signal transmitted between the sensor
and the display may be Jeft to the option of the contractor. In the case of digial signal inputs, the proper
code must be specified. If the equipment is to be used on a MIL-STD-1553 data bus, this requirement

must be stated.

In the past, when the signal format between sensors and displays was left to the contractor, very often
special formats were used, and it was virtually impossible to procure either item separately from the other

contractors because of the lack of data on very specialized signals. The F-S fuel flow transmitter and
indicator are examples. Both pieces must be procured from one vendor with no competition because of

unusual signal formating.

4.2.1.3 Verification of input signals. Proper input signal format shall be determined in the laboratory

as follows:

>

4
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Laboratory tests can easily be peformed by applying the specified voltage, frequency, pressure, etc., and
observing the performance of the equipment.

VERIFICATION GUIDANCE

VERIFICATION LESSONS LEARNED
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3.2.1.4 Output signals. The output signal format shall be as follows:

REQUIREMENT RATIONALE (3.2.1.4)

Where applicable, the output signal format must be specified to make certain the equipment will properly
interface with other equipment which may require this signal.

REQUIREMENT GUIDANCE

This requirement applies mostly 1o sensors/transmitters. In some cases, indicators will have auxilliary
output signals, such as a switch on a temperature indicator to actuate a warning light when a cenain
temperature 1s reached or a voltage proportiona) to the display value to be used for computational
purposes. The blank is to be filled in with the required signal format to be compatible with the using
equipment whether it be a display, computer, or perhaps for telemetry. 1f the signal is to be placed on the
MIL-STD-1553 data bus, this fact must be stated.

REQUIREMENT LESSONS LEARNED

(See Lessons Learned under 3.2.1.3.)

4.2.1.4 Verification of output signals. Output signal format shall be verified by test in the jaboratory
and confirmed by compatibility tests on air vehicles as follows:

VERIFICATION RATIONALE (4.2.1.4)

Output signals can usually be measured using common laboraiory equipment inciuding voltmeters,
frequency counters, recording equipment, etc.

VERIFICATION GUIDANCE

In most cases, special laboratory test equipment will be designed to properly test this requirement. Final
verification is performance in the air vehicle.

VERIFICATION LESSONS LEARNED
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3.2.1.5 Interface connections. Electrical or other interface connections shall be as follows:

REQUIREMENT RATIONALE (3.2.1.5)

With few exceptions, aircraft indicators and equipment must interface with other equipment to obtain
power, receive signals, transmit signals, connect to fuel and oil lines, attach in fuel tanks, etc. The
interface requirements must be specified to insure that the equipment is compatibie with the airframe.

REQUIREMENT GUIDANCE

An air vehicle will usually have 2 common series of electrical connectors that should be specified for all
equipment. If a single piece of equipment is being specified guidance can be obtained from
MIL-STD-454, Requirement 10. Connections other than electrical plugs must be compatible with other
existing equipment and with the associated airframe systems. Guidance for the specification and design of
pipe and tube connections can be obtained from MS§33649. The Society for Automotive Engineers (SAE)
has also published many documents from which guidance for the specification of pipe and tube fittings can
be obtained, however, MS33649 is preferred.

REQUIREMENT LESSONS LEARNED

Interface connections have a history of being troublesome. Electrical connectors corrode. pins bend, and
often maintenance personnel atiempt 10 mate the wrong connector to a piece of equipment. In the case of
pressure connections, leakage is the major problem. Fittings similar to MS33649 have been found to be
satisfactory. Tapered pipe threads are very susceplible 1o leakage anc should not be used.

Several vears ago, the Navyv used & rubber-like potting compound around the wires going into ejectrical
connectors. The potung material deteriorated into a soft, sticky compound ir a few months. and the
connectors had to be replaced at great expense. Any such potting compounds should be carefully checked

before their use is specified.

4.2.1.5 Verification of interface connections Interface connections shall be verified by visual
examination and compatibility testing in the air vehicle.

VERIFICATION RATIONALE (4.2.1.5)

Visual examinauon is required to determine that the interface connection design is as specified.

VERIFICATION GUIDANCE

Usualiv a cneck of part numbers is sufficient 1o verify that the requirement has been met In the case of

some pipe and tube connections. it may be necessary 1o physicaliv measure the dimensions and try &
mating part. The final verification is in the air vehicle to make certain the equipment fits and performs as

required.

VERIFICATION LESSONS LEARNED
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3.2.1.6 Operational readiness. After power has been applied for not more than
minute(s), the equipment shall operate within percent of the normal operating

tolerance.

Most USAF missions require rapid operational readiness, such as fighter aircraft scrambles. Many types of
equipment require a warmup period to reach operational readiness. It is, therefore, necessary to specify
the maximum warmup time allowed

REQUIREMENT GUIDANCE

The mission requirements will dictate values 10 be inserted in the blanks. It may also be necessary to
specify different times under environmental extremes. If some degradauon can be tolerated for early
readiness, it should be specified. In general, the maximum aliowable time should be specified since the
instruments can be designed for lower power consumption which usually results in longer MTBFs. Most
indicators can be operational within a few seconds.

Interface connections have a history of being troublesome. Electrical connectors corrode, pins bend. and
often maintenance personne attempi 1o mate the wrong connector to a piece of equipment. In the case of
pressure connections, leakage 1s the major problem. Fittings similar to MS33646 have been found to be

sausfactory. Tapered pipe threads are very susceptible to leakage and should not be used.

Several vears apc. the Navy used a rubber-like potting compound around the wires going into electrical
connectors. The potunp material deteriorated into a soft. sticky compound in & few months, and the
connectors hac Lo be replaced at great expense. Any such potting compounds should be carefuliy checked
before their use is specified.

4.2.1.5 Verification of interface connections. Interface connections shali be verified by wsual

examination and compatibility testing in the air vehicle.

421.9)

4.2.1.5)

Visual examination is required to determine that the interface connection design 1s as specified.

VERIFICATION GUIDANCE
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Usually a2 check of part numbers is sufficient 1o verifv that the requirement has been met. In the case of
some pipe and tube Conneciions. it may be necessary 1o phvsically measure the dimensions and try a
mating part. The final verification 18 in the air vehicle to make certain the equipment {its and performs as
ramirad
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3.2.1.6 Operational readiness. Afier power has been applied for not more than
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minute(s), the equipment shall operate within nerce
(5}, ate perce

tolerance.
REQUIREMENT RATIONALE (3.2.1.6)

Most USAF missions require rapid operational readiness. such as fighter aircraft scrambles. Many types of
equipment require a warmup period to reach operational readiness. It is, therefore, necessary to specify

the maximum warmup time allowed.

The mission requirements will dictate values to be inserted in the blanks. It may also be necessary to
specify different times under environmental extremes. I some degradation can be tolerated for early
readiness, it should be specified. In general, the maximum allowable time should be specified since the
instruments can be designed for lower power consumption which usually results in longer MTBFs.
Warmup times for some gyro equipment are from 110 1.5 minutes at 20°C to 30°C. Other indicators can

be operational within a few seconds.

REQUIREMENT LESSONS LEARNED

2.1.6 Verification of operational readiness To verify that the ume required {or operation is within
the tolerance specified. the following laboratory tests shall be used

VERIFICATION RATIONALE (4.2.1.3)

The laboratory is the best

! P
situations can be simulated.
VERIFICATION GUIDANCE

This test 15 usually conducted during startups when other tests are to follow, for example, startup after a
coid soak prior 1o low temperature tests of scale factors, etc.

It has been found that startup times at low temperature are often very long and special attention to the
design and test of the equipment under these conditions is important

[
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3.2.1.7 Electrical characteristics

3.2.1.7.1 Input voltage and frequency. Equipment requiring aircraft electrical power shall be
designed to operate from

REQUIREMENT RATIONALE (3.2.1.7.1)

Nearly every instrument or piece of equipment requires some sort of electrical power for operation and it
must be specifiec Lo insure proper operation in the weapons system.

REQUIREMENT GUIDANCE

Depending upon the air vehicle, only certain types of power may be avaiiable and, if appropriate, may be
n nower during startup or

pUWCh Gy .nu-...r,

upplies ofien experience

AAAAAAA Fre

>pcuucu for this requirement.
standby use, dc¢ power requirements should be specified. Air vehicle power
overvoltages of various magnitudes. To make certain, the equipment is not damaged by these
overvoltages, the equipment should be subjected o a series of applications of higher-than-normal voltage
for a short period of time. The voltage may be ac or dc depending upon the air vehicle power supply and

iU d SHUi pPUiiUuU O LT 2 1< v a4
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the equipment input power. 1f the air vehicle power has a normal variation. the equipment should be
specified to operate within normal tolerance for this range of voltage and frequency. If there are
emergency ranges of power, consideration should be given to allowing reduced performance at the
extremes. Commonly avaiiabie power includes 115V, 400 Hz, three phase, three wire, and 28\ dc power.
Single phase, 115\, 400Hz power is available by using one phase of the three phase system.

REQUIREMENT LESSONS LEARNED

Some aircra’t such as the F-% aircraft have a wader range of voltage and frequency variauon than specified
in MIL-STD-704. It was found that certain equipment would not operate properly when the extreme high
voltage and the extreme low frequency was appiied to the equipment. An investigation of the aircraft
power supply showed that this combinauon could not exist; so. the requirement was removed from the

specification. If the equxpmem is designed 1o be used on only one aircraft, it should not be required to
ons found on other air_vehicles. but should include all extremes of voltage and

axi | veiiiLad pul shoulg nchugae ai: extremne:

Frequent failures of some equipment have occurred on several aircraft. The {ailures were analyzed, and 1
was found hat cernain transistors were destroyed by high voltage. The equipment could not withstand the
momeniary high voliage transients found on most aircraft. It is important. particularly for electronic
equipment 1o specify the voltape transients to be withstood. Some electronic equipment is subjected to 100
applications of high voltage transients to ensure that failure does not occur in the air vehicle. If high
voltage transients are expected in the weapons sysitem, a requirement to withstand 2 certain number of
overvoltages should be specified. The peak voltage and duration should be stated.

29
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4.2.1.7 Electrical characteristics verification

4.2.1.7.1 Verification of input voltage and frequency. Proper equipment operation using the
specified  voltages and frequencies, shall be verified in the laboratory as follows:

VERIFICATION RATIONALE (4.2.1.7.1)

The laboratory is the logical place to verify this requirement because equipment is availa

various voltages and frequencies.

The blank may be compieted by stating that the equipment must operate using MIL-STD-704 power
variations or other power variations depending upon the air vehicle power supply. If degraded
performance can be tolerated during voltage and frequency power extremes, it should be so stated both in
the requirement and verification paragraphs. Proper operation can be easily tested in the laboratory using
variable voltage and frequency power supplies. Combinations of extreme voliage and frequency expected
on the air vehicle are applied to the equipment, and it should operate within the tolerances specified. The
specified number and level of voltage transients should be applied 10 susceptible equipment to ascernain
that the equipment will withstand the transients that could occur in service

il matimeme AL NN emm e s riememAa st e
Appiications of 100 transients on cenain equipment has been used successfully and no in-service failures
due to voliage transients occurred.
3.2.1.7.2 Power available. The power available for use the  eguipment is

REQUIREMENT RATIONALE (3.2.1.7.

[

)

This requirement i1s necessary to make centain the equipment is designed to operate from the amount of
power available from the weapons syvstems power source. It is directed at the specification for a single
piece of equipment for modification of air vehicles 10 maintain or reduce overall power requirements.

REQUIREMENT GUIDANCE

If the power (VA or watts) available is large, it may not be desirable Lo allow the full amount 10 be used by
Lhe instrument. This would generally be the case because the use of excess power could overheat the

not exceed that of the one 1t replaces and should be specified as a maximum vaiue. Some equipment
requires higher staruing power. This may have to be specified if the power source 1s limited or does not

have overioad capability.

REQUIREMENT LESSONS LEARNED

Reduction of input power requirements by use of transistorized circuits has increas e bility
many items. In addition, a reduction in power reduces overall power required from the air vehicle and
reduces coohng loads. The operaung temperature of instruments has been found to be inversely

proporuonal to the relability—-the higher the temperature the lower the rehability. High power

'O

consumption results in high internal heating.
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4.2.1.7.2 Verification of power available. Verification that the instrument does not require more
power than that available shall be determined in the laboratory by

VERIFICATION RATIONALE (4.2.1.7.2)

The instrument power requirements are easily determined in the laboratory using ammeters, voltmeters,
and wattmeters as required.

VERIFICATION GUIDANCE

The power consumption of the instrument can be compared to that which 1s available to make certain it
does not exceed the amount specifed as available.

VERIFICATION LESSONS LEARNED

3.2.1.7.3 Electrical grounds. Equipment using electrical power shall be grounded. Case grounding or
use of external straps or jumpers is not acceptable.

REQUIREMENT RATIONALE (3.2.1.7.3)

An electrical ground is required to mimimize electromagnetic interference and electrical shock hazards.

REQUIREMENT GUIDANCE

Most equipment s grounded through a separate pin in the electrical connectlor which is the preferred
means of grounding. Grounding through the case only is no: acceptable because it is not reliable due to
paint or other surface contamination and presents a shock hazard when handling the equipment. Signal
lead grounds in particular must be iow n resistance. Common grounds, parucularly signa! and power
ground combinations, are troublesome because changes in ground current may affect the electrical signals
and cause undesirable display movement. Guidance for grounding requirements can be found in
Requirement 1 of MIL-STD-454.

REQUIREMENT LESSONS LEARNED

Improper equipment grounding has resulted in electrical shocks 1o personnel either installing or testing the
equipment. If the equipment is case grounded and is lifted from ns artachment before removing power,
the operator 1s subjecied to the ground voltage. Poor case grounding has aiso resulted in 1mproper
equipment operation.

4.2.1.7.3 Electrical grounds. Proper electrical grounding shall be determined visually and by testing as
follows:

VERIFICATION RATIONALE (4.2.1.7.3)
\'erificauion of the requirement is necessary to insure comphance. Visual exammation is usually sufficient.
VERIFICATION GUIDANCE

The equipment can be examined to determine the method of grounding. Electrical tests can be conducted
to verify the ground points. There should be no more than 0.002 ohms resistance between the electrical

ground lead and the equipment ground.

VERIFICATION LESSONS LEARNED
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3.2.1.8 Environmental Conditions. The equipment shall withstand the following environmental
conditions: Performance shall be as follows
v n Requirement Performance

Temperature
Thermal Shock
Temperature-Altitude

Acoustical Noise
Explosive Atmosphere
Shock

Gunfire Vibration
Acceleration

Solar Radiation
Nuclear Exposure

E (3.2.1.8)
(a0

RATIONAL

Depending upon the weapons svsiem, its mission and theater of operauon n the world, the equipment
must funcuon under verious environmental conditions.

The intent of this requirement is to provide a suitable definition of environmental conditions under which
the instruments/svstem must operate periodically and continuously.

Environmental requirements have always been included in the various item specifications. 1
always been possible to accurately determine the environment which each item had to wnhstan
of lack of information or because of changes in the air vehicle. Some guidance can
n i
v
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MIL-STD-210. With the environmeni defined, the development cycle can be tailored t¢c meet the
ety Th il ¥ S . .

application. The risk s the ability 1o accurately assess the true environment

MIL-STD-810 requirements can be specified for various environmental tests if it 1s determined that they
are applicable to the particular weapons system.

It 1s generaliy accepied that the performance of various equipment is degpraded at environmental extremes
such as high and low temperature. It will be necessary to determine the weapons systems performance
requirements at these extremes and specify the performance of the equipment accordingly. Care shoulc
be taken not 1o specify requirements which are not necessary or W.hlc_h the equipmen: is not susceptible to

REQUIREMENT LESSONS LEARNED

Typically, the most critical environme
factors alfect some instruments depén
Many contractors have chosen to hermetically seal their instruments which renders them impervious to
humidity, fungus, salt spray, dust and rain.

w
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Some temperature problems are created in crew stations due to sunlight through the canopy and due to
self-heating when instruments are mounted closely together. Excessive heat greatly reduces the life of
instrumentation.

Vibration is a critical test for most instruments. When possible, a vibration survey should be taken in the
air vehicle where the instrument is to be mounted. The vibration test should duplicate the vibration found
on the air vehicle as closely as possible.

.............. -1 s mmrakhlarae e ITG
1Y

Accelerations applied in various directions to indicators/displays have uncovered many prociems, mosti)
due to instrument imbalance. An important requirement for displays is that they must operate in all
positions——upside-down, eic., particularly if thev are 10 be used in tighter—type aircraft.

4.2.1.8 Verification of environmental conditions. Environmental testing shall be conducted i

laboratory to verify the requirements of 3.2.1.8 as follows:

VERIFICATION RATIONALE (4.2.1.8)

The laboratory is the onlv place where all environmental conditions can be simulated using various
temperature, altitude, humidity chambers and other test equipment.

VERIFICATION GUIDANCE

Depending on the equipment, the environmental tests should be tailored 1o evaluate 1ts critical
characteristics. The classical methods of environmental testing are presented in MIL-STD-810. These
should be used whenever they can be determined to be apphcable or where they simulale operauonai

condiuons.

Some environmental tests are long and costly. Only those tests which are required to ensure complance
with the requirements should be specified. Certain tests such as fungus can be eliminated if the contractor
provides certification that no material which supports fungicidal growth has been used. When equipment is
hermetically sealed, salt spray, rain, humidity, dust and fungus tests may be conductec on empty
equipment cans only to test paint connectors, external hardware. etc. This usually results in a savings of

time and money.
VERIFICATION LESSONS LEARNED

Several lessons have been learned during environmental verification testing. Most of the Jessons have been
included in MIL-STD-810 test procedures.

Mounting of equipment during vibration testing has beer found to be critical. ]t is important that the
mounting fixture not amplify or reduce the vibrauon which the equipment expernences.

33
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3.2.1.9 Electromagnetic interference. Electromagnetic interference shall meet the following:

REQUIREMENT RATIONALE (3.2.1.9)

Electromagnetic interference affects operation of communications systems and may allow detection by the
enemy. Radiauon may also affect operation of other equipment which is susceptible to electromagnetic
radiation. Some electromagnetic interference from outside sources is a certainty, possibly from external
jamming or weapons, and certain instruments could be affected.

REQUIREMENT GUIDANCE

This requirement relates to the necessity of establishing the limits of electromagnetic interference (EMI),
which the equipment must meet. It also must state the amount and type of EMI the equipment must be
able 10 withstand and function with (electromagnetic susceptibility). The requirements will vary depending
upon the mission of the air vehicle. Certain air vehicles, such as bombers, may require very high tolerance
to electromagnetic radiation in addition to having low levels of external radiation to avoid detection by an
enemy. Guidance to specification of requirements can be obtained from MIL-STD-461. There would be
no need to specify EMI requirements for purely mechanical devices or cenain other equipment which may

only use ac induction electrical motors.
REQUIREMENT LESSONS LEARNED

Through the vears. there have been many lessons learned regarding the control of and susceptiblity to
electromagnetic interference. 1t has been found that radiation can usually be controlied by making certain
the equipment is properly shielded by chassis, “RF" gaskets, shielded wire, etc. Conducted radiation can
be controlled by using filters. Radiation through coverglasses can be prevented by transparent conductive
coatings. Some equipment which is susceptible to conducted radiation must be equipped with filters or be
designed to be nsensitive to the range of radiation specified.

4.2.1.9 Verification of electromagnetic interference. Complance with electromagnetic interference
requirements shall be verified in the laboratory as follows:

VERIFICATION RATIONALE (4.2.1.9)

The laboratory 1s the only practical place tc determine compliance with this requirement where screen
rooms and test equipment are available.

VERIFICATION GUIDANCE

Testing procedures are specified in MIL-STD-462. Appropriate methods can be selected depending upon
the specified requirements.

VERIFICATION LESSONS LEARNED

In the past, DOD services used a variety of documents o specify the requirements and tests for EMI. This
created much confusion and duplication in EMI testing and MIL-STD-461 and -462 were written to
consolidate the requirements and standardize on test methods, thereby reducing testing costs.
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3.2.1.10 Magnetic effect. The indicator shall not cause a magnetic compass to deflect more than

REQUIREMENT RATIONALE (3.2.1.10)

This requirement is intended for indicators or equipment which is to be mounted near a magnetic compass
or other magnetic sensitive sensor elements. Excessive magnetic influence, with power on or off, would
create error in the magnetic sensor which may be too great to be compensated.

REQUIREMENT GUIDANCE

General practice is 1o restrict magnetic effect to a certain maximum compass deflection when the indicator
is revolved around a compass in an east~west vertical plane with the nearest part of the indicator a cenain
distance from the center of the compass. The specified limits range from one degree 10 five degrees of
compass deflection when tested at a distance of 12 inches to five inches from a compass.

The exact amount of magnetic effect allowable probably cannot be determined for any one instrument.
Historically, an allowance of three degrees deflection at 5 1/2 inches has not resulted in compensation

REQUIREMENT LESSONS LEARNED

All magnetic compasses and compass systems using magnetic azimuth detectors have compensation
features. It is sometimes difficult to compensate the element if there is too much magnetic influence of
equipment or structure around the element.

4.2.1.10 Verification of magnetic effect. The indicator shali not deflect a magnetic compass by more
than the value specified in 3.2.1.19 when 1t 15 tested in the laboratory as follows:

VERIFICATION RATIONALE (4.2.1.10)

The laboratory is the best place for this test because controlied magnetic fields can be provided and test
equipment is availabie.

VERIFICATION GUIDANCE

The most commonly used test to verify this requirement is to place a magnetic compass in a north
direction and revolve the instrument around the compass a given distance in an east-west plane. The test
is conducted with power on and power off. A convenient method of conducting this test is to place a
magnetic compass at the center of 2 non-magnetic disk the radius of which 1s equal to the desired test
distance. The equipment tc be tested is then slowly revolved around the periphery of the disk while
watching for compass deflections.
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e equipment  shali  be capable of  self-test as follows:

REQUIREMENT RATIONALE (3.2.1.11)

The capability for self-test of equipment, either from a central location or by individual interrogation of a
single instrument, can be a valuable means of determining the condition of the equipment. With this
knowledge, mission completion can be enhanced and maintenance and turnaround times can be reduced
by knowing which equipment to replace.

REQUIREMENT GUIDANCE
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will cost more 1o provide.
REQUIREMENT LESSONS LEARNED

Design complexity and poor reliability have been experienced with some central test systems. High cost is
another consideration. Self-test on certain individual instruments has been successful. Maintenance of the

test svsiems nas been a probiem.

4.2.1.11 Self-test verification. Self-test characienisucs shali be verified by tests in the laboratory as

VERIFICATION RATIONALE (4.2.1.11)
The laboratory is the logical place to verify self-test characteristics.

VERIFICATION GUIDANCE

I . ' ' ’ r ~ hay o by astriatiea tha calf ogt ~ire
Sell-test capability is readily verified before, afiter, or durning other testing by actuaung the self-test circuit
and observing eguipment response.

VERIFICATION LESSONS LEARNED
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3.2.2 Functional instrumentation/equipment

The following equipment may be chosen and specified for weapor ! inmonr_ in
accordance with MIL-D-87213 Dispiay, Airborne, EieCirica}}yi i
Air Data Systems and Equipment may be chosen 1c comp ap
qulpmem related to aircraft flight control and crew mLerfac e with the alrcraft MIL STD- 177b Aircrew

mmodations, provides information regarding integration of instrumentation
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A specification for a single instrument or piece of equipment may be prepared using the guidelines
contained hereir. These reguirements can be used in conjunction with the Qeneral requirements
————————— inc tho

previously stated to define an individual instrument or equipment. The paragraph numn bering carries
same numerical identification found in the specification.

Obviouslv., small aircraft performing simple missions will not require as much or as sophisticated

equipment that larger aircraft would need. Careful consideration should be given to selecting an existing
instrument before initiating development of a new one. AFSC/AFLC Regulation 800-31 has been issued
to provide lists of preferred Arr Force equipment to be considered for use on new or modified weapons

systems. It should be realized that it would generally be more cost effective to use an existing piece of
equipment, which may have a greater capability than needed, rather than develop new equipment which is

only as good as needed. Savings would also result from fewer parts in the USAF inveniory, iowei
maintenance costs, fewer T.Q.s, more effective procurement due 1o larger buys, eic.

The following list of instruments/equipment are covered in this document and can be chosen and specified

as required.

Faouipment Paragraph
Acceleration Sensors and Indicators 3.2.2.1
Atuitude Indicators 3.2.2.2
Attitude Director lndicator 3.2.2.3
Clocks/Timers 3.2.2.4
Flight Data Recorder 3.2.2.5
Engine Pressure Rauo (EPR] System 3.2.2.6
Engine Temperature Indicator (EGT/TIT) 3.2.2.7
Flight Director System 3.2.2.8
Fuel Flow Systems 3.2.2.9
Fuel Savings Advisory System (FSAS) 3.2.2.10
Fuel Quantity System 3.2.2.11
Horizontal Situation Indicator (HSI) 3.2.2.12
Hydraulic Pressure Indicator & Sensor 3.2.2.13
Magnetic Compass 3.2.2.14
Structural Integrity Recorder 3.2.2.15
Engine Oil Quantity !ndicatmg System 3.2.2.16
Oi) Pressure Indicating Sysiem 3.2.2.17
Position Indicators 3.2.2.18
Tachometer Indicator System 3.2.2.19
Thrust Computer System 3.2.2.20
Turn and Slip Display 3.2.2.21
Warning Systems 3.2.2.22
In some cases the main paragraph covers both senscrs and indicators, but they can be specified
individuaily by taiioring i€ fequirémenis o specify the component de sired.
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3.2.Z.1 Acceleration display. The acceieration dispiay shows an instantaneous normal (z axis)
acceleration of the air vehicle in units of gravity (“g"). It shall have the following characteristics:

F (
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An acceleration indicator is usually provided on those aircraft which are limited in positive or negative g
loading capability. It is also used in combat and to record maximum and minimum g levels the airframe

has experienced.

REQUIREMENT GUIDANCE
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to be retained after the alrcraft has encoumered Lhose maximum load I
show the instantaneous pointer, maximum positive acceleration memory pomte“ maximum negauve
acceleration memory pointer, and reset button. The reset button is provided for the purpose of allowing
the memory pointers 10 be reset to the 1 g indication during or after each flight.

Some form of internal protection against acceleration forces incident 1o shipping is often necessary,
particularly for mechanical accelerometers. A locking device can be inc‘rp‘f“ed in the mechamsm which

N ~e emiramalis LA le g .-
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Acceleration indicators for those air vehicles which reguire them may be provided in several forms. They
may be round dial. self-contained mechanical instruments: vertical scale displays with remote sensors; or
any form of electro-optical display with appropriate sensors. The {ollowing factors must be considered
together with the common requirements already listed in previous paragraphs:

b. Accuracy. The limitung factor on most g meters is the design of the sensor. With 2 mechanical
device like thai installed on most aircraft, D+0.2 g's accuracy is considered to be the state—of~the-art.
Electricallv driven indicators with remote transducers can be designed to be more accurate; however,
it i1s questionable whether or not an accuracy betier than D+0.2 g's is required.

d. Display. A typical display proven acceptable in USAF aircraft is shown in MIL-A-27261 and
STANAG-3330. As noted. the g meter should read 1 g when in a normal position with no g loading
on the instrument since the mechanism should sense the earth’s normal g force acting on the aircraft.
Other displays such as head-up displays (HUDs), etc., may be considered if it can be shown that the
display will be operationally acceptable. The maximum positive and negative memory feature should

W
co
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be incorporated in any considered display due to the fact that during aircraft maneuvering the pilot
may exceed his allowable g loading limits without reading his accelerometer and will not know that he
has exceeded the limit. The memory capability will provide the crew (pilot and ground crew) that
information.

REQUIREMENT LESSONS LEARNED

Design complexity and poor reliability have been experienced with some central test systems. High cost is
another consideration. Self-test on certain individual instruments has been successful. Maintenance of the

test systems has been a problem.

4.2.2.1 Verification of acceleration display. The characteristics of the acceleration display shall be
verified irn the laboratory as follows:

VERIFICATION RATIONALE (4.2.2.1)

Laboratory testing is the easiest method for confirming specified characteristics. Test equipment is
available which can apply various g loadings in all directions.

VERIFICATION GUIDANCE

A centrifuge and vibration table can be used to confirm the calibration and accuracy of the indicator and

sensor.

Drop-testing the packagec acceleration indicator in the laboratory is the most practical means of tesung
the locking mechanism and damage 10 the indicator. Tests per MIL-STD-794 may be conducted.

VERIFICATIO!
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3.2.2.2 Attitude display. The attitude indicator (Al) displays the air vehicle pitch and roll attitude
with respect to the gravity vector and shall have the following characteristics:

REQUIREMENT RATIONALE (3.2.2.2)

Attitude indicators are used to determine, achieve, and maintain aircraft pitch and roll attitude in all
phases of flight. The most critical use is during flight in IFR (Instrument Flying Rules) conditions. As such,
it is a primary safety-of-{light display, and a2 minimum of two independent attitude references per aircraft

are usually required.

REQUIREMENT GUIDANCE
There are two basic types of attitude indicators: (1) self-contained Als which contain a vertical sensor
coupled to the display; and (2) the remote Al which 1s driven electrically by a separate attitude reference
system. Electro-optical displays may be used, providing thev meet the requirements of contrast ratio, etc.,

previously stated.

Self-contained Als are frequently specified for use to provide standby attitude information when the
primary attitude display fails. In the case of gyroscopic instruments, the gvroscope wheel has a certain

coasi-down iime which pxunuc~ a usable attitude uxSp ay for several minuies in the
failure. Self-coniained atiitude indicators have proven to offer size and weight advamages over remote
standby attitude indicating systems. The following items must be given consideration when specifying

ﬂ)
ﬂ
2,
o
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£
a

attitude indicators:

a. Display. The common element of attitude indicators is that they all display aircraft pitch and roli
attitude by means of a two-colored displav (normally a spheroid or drum on some self-contained
Als). The upper half of the spheroid simulates the skv or above the honzon and is colored a light gray
or light blue (blue is preferred in white-lighted applications}. The lower half simulates the ground or
below the horizon and is colored black or brown (brown is preferred in white~hghted applications).
The intersection of the two colors represents the horizon line or zero pitch-and-roll reference. A
fixed miniature aircraft svmbol in the center of the display is the reference to which attitude is
displaved. Upward movement of the horizon hine indicates a dive maneuver and downward movement
indicates a ciimb maneuver. Roll attitude is displaved by rotaiion of the horizon line, spheroid, and
roll pointer which should be at the bottom of the display. Clockwise rotation indicates left wing down
and counterclockwise rotation indicates right wing down. This attitude display convention simulates
what the pilot would see if he were flving visually and observing the earth’'s horizon through the

cnckmit unndau  Tr forvwnf— ﬂ‘ t critical that all atitude dis
iel € CIs

1
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Examples can be found in MIL-I- 83336 and STANAG-3637

b. Range. The range of the Al must be compatible with the air vehicle in which it is to be used. The
range is typically 85° in climb and 85° in dive with an unlimited range of 360° in roll. The pitch range
is usually limited by the verucal sensor. If loop maneuvers are to be flown. it may be desirable 10
specify maximum errors allowed during and afier loops.

c¢. Pitch trim. Most attitude indicators used bv the USAF incorporate a pitch trim adjustment to
align the horizon line with the miniature aircraft symbol. This allows the pilot to “zero” the dispiay
when condiuons require mamntaining a relauvely large angle of attack due to a heavy load or low
airspeed for long periods. The zero index mark shows the pilot that some trim has been put in.
Certain users, including some NATO nations, do not favor the incorporation of pitch trim for safety
reasons. The range of pitch trim is typically 5° to 10° down to 10° to 20° up. These values are not
critical and can be specified based on the normal angle-of-attack range of the aircraft.

d. Self-contained indicator. When a self-contained Al (vertical sensor and display combined) is to
be specified, the following items must be considered:

40
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(1) Static accuracy. The static accuracy of self-contained attitude indicators is usually specified
at 0.5° in pitch and roli. An accuracy better than this is very difficuit to measure and wouid
simply be a matter of judgment on the part of the tester.

(2) Dynamic accuracy. Dynamic accuracy is that accuracy which can be expected to be
maintained dur ng various ﬂmhl maneuvers. It is virtt 1__”\.' imnoss h!e 10 test in the !abora[ory; and

l
nel £ Ly L L LSRRI ELN

other means of specifying this requirement have been used in past (see lessons learned).

(3) Caging. Self-contained Als usually require a caging mechanism to bring the display to 0° in
pitch and roll during start up or if the vertical sensor has deviated from vertical for some reason or
another. It will be necessary to specify the panel tilt angle for self-contained Als because it must
be taken into account when designing the vertical sensor in the case.

(4) Power waming flag. The power waming flag tells the aircrew when power to the Al has been
discontinued. It is desirable to have the flag remain from view as long as a usabie attitude
reference is maintained, such as in the coast-down mode of the gyroscope wheel, if used. If the
flag does come in view immediately upon power failure, it must not obscure the display if the Al

design provides attitude information for a limited time after power failure.

e. Remotedriven indicator. The following factors must be considered when specifving Als that are
driven from a remote vertical sensor:

(1) Compatibility. The indicator must be designed to be compatible with the vertical sensor
planned to be used. 1f the verucal sensor has an aii-attitude capability, the indicator should aiso
have this capability.

(2) Accuracy. An accuracy of +0.5° within *30° of zero pitch and roll is necessary and is
easily attained. Precise aircraft attiiude control and manual dive bambing accuracy are dependent

n the accuracy of the attitude indicator. Accuracy at higher attitudes becomes less critical, but 1t
is typically *1°.

(3) Sensitivity. A sensitivity of £0.25° or better is necessary to provide detection of minute
attitude changes. Sensitivities greater than * 0.25° are not desirable, as undetected attitude
changes, especially at high speeds, can cause difficulty in maintaining constant altitude.

(4) Follow-up operation. The pitch and roll follow—up rates should be compatible with the

csive lan. Tymical rates for hiech
SSive iag. lypiCa: rates ior nigh
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performance aircraft would be 60°/second in pitch and 300°/second in roll. Typical Als have
90°/second pitch capability and 300° second roll capability with lag no greater than 3° and 10°,
respectively.

vre
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(§) BHuntung and jumping. It 1s very important that the atutude dispiayv operate smoothly with no
noticeable sticking, hunting or jumping. as these conditions are generally accepted as indications
of a malfunctioning indicator. In addition. nonsmooth operation would be distracting and

annoying to the pilot.

(6) Pitch scaling. For 3-inch case size primary attitude indicators, the pitch display may be
expanded to provide the necessary resolution to easily detect small attitude changes. The
expansion ratio is typically 1.5 to 1. Expanded pitch displays may be provided in larger Als 1f the
flicht phararmtarictios 5f the aircraflt diciate the need to be able 1o detect very small pit
lllylL Lviiaiauisd ‘Dll\—a wvi LIIC ﬂl \r all UiILLaLl LiIT 1ICTA LU VT AUttt LU JuGLeLL ) Siiiall P

changes. Too much expansion could be undesirable as it could result in a noisy display (too much
sphere motion). Expansions in the range of 1.5 10 1 10 2.0 to 1 have generally proved acceptable.
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(7) Malfunction warning flag. The Al is a primary safety-of-flight instrument, and if it fails and
gives erroneous information without the pilot's knowledge and he continues to assume it is right,
the aircraft could be put into a hazardous and possible nonrecoverabie attitude. For this reason it
is mandatory that the Al contain maximum self-monitoring capability.

The following are conditions which should actuate the warning flag:
(a) Loss of power to the indicator or sensor.

(b) Invalid pitch or roll attitude signals.

(¢) Internal failure of the Al display mechanism, such as amplifier failure, servo-motor lailure, etc.

REQUIREMENT LESSONS LEARNED

Dynamic or flight accuracy of gyroscopic-type self-contained atitude indicators is difficult to verify. It
can only be accomplished under actual flight conditions and the Al compared to an accurate reference,
such as an inertial navigation system.

It has been found from experience that dynamic errors can be held to within reasonable limits if certain
characteristics of the gyroscope are maintained. These characteristics are:

a. Drift rate. The free gyroscope should not drift more than 0.75° per minute in either axis when
tested on a 3-axis motion table (Scorsby).

b. Erection rate. The erection rate of the gyroscope is usually specified at 1.9° to 3.1° per minute
in both pich and roll. The typical value is approximately Z.5° per minute. 1f the specifiec erection
rate is too high, significant errors will result from accelerations and turns. If the erection rate is toc

low, the gyroscope will not remain erect.

c. Erection cutout angle. The erection cutout angle is usually specified at 6° to 8.5° in pitch and
roll for 2-inch indicators. The typical value 1s approximately 7°. The cutout angle for 3~inch
indicators is usually specified at 7° to 10° in pitch and roll. Indicators with electrical erectors will have
a smaller erection cutout angle in the roll axis and may have no erection cutout in the pitch axis.

The performance of remote attitude indicators is based on the accuracy of the remote vertical sensor.
However, the Al must smoothly follow the output of the sensor. Experience has proven that hunting and
jumping magnitudes Jess than 0.04 inch total amplitude provide the degree of smoothness that pilots will
accept. The rates at which this tolerance is most critical and must be adherecd 1o are the lower rates

between 0° and 20°/second.

4.2.2.2 Verification of attitude display. Attitude indicator characteristics shall be evaluated in the

laboratory by:

VERIFICATION RATIONALE (4.2.2.2)
The laboratory provides the best conditions to confirm specified requirements.
VERIFICATION GUIDANCE

Special test equipment in conjunction with standard pitch, roll and yaw tables are used to determine
performance characteristics. Flight testing with comparison 10 a known vertical reference is the final
verification of accuracy but is too costly to do on a routine basis.

VERIFICATION LESSONS LEARNED
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3.2.2.3 Attitude director indicator (ADI). The attitude director indicator shall provide attitude
information combined with action director information superimposed on the auitude dispiay. It shall
have the following characteristics:

REQUIREMENT RATIONALE (3.2.2.3)

Attitude director indicators perform the same function as the attitude indicator in addition to displaying
additional flight control information. such as steering commands, rate of turn, slip, etc. These additiona:
functions, incorporated into one displav, reduce pilot cross-check workload, which is very mimponant
during h\gh workioad ﬂlghl_ such asg dn_rmg Instrument approaches.

REQUIREMENT GUIDANCE

The intormantion ang requirements for atuiude indicators apply 16 the ADI. In addition 1o atttude
informanon, the ADI provides pitch and bank steering command displays which are controlled by a flight
director computer. The steering command display typically consists of 1wo bars. A vertical bar provides
roll steering commands and a horizontal bar provides pitch steering commands. The flight director
computer which drives the bars is mechanized such that the bars will be centered on the miniature aircraft
symbol when the aircraft is on a flight path that will either resuli in the awrcraft fiving to the desired flight
path or will maintain the aircraft on the desired flight path. The command bars are typicaliv used during
ILS approaches and in intercepting and flving a desired heading or TACAN radial. The command bars
are biased out of view when not in use. A warning flag is provided 10 warn the pilot of an invalid or failed
flight director computer. The ADI display also incorporates @ glideslope deviation scale and pointer, a
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rate-of-turn needle, and a slip indicator. The glideslope pointer air

ILS ghdesiope centerhine anc receives its input signai directy {rom the 1LS ghdesiope receiver. The
rate—of-turn indicator indicates turn rate of the aircraft where full scale (twc needle widths) 1s normally
equivaient 1o standard 2-minute turn. The rate-of-turn needie receives its input from a

a
rate~transmitting gyro or a derived rate-of-turn output (heading rate) from an atttude heading reference

~rafr itiAn ralat
Crail position réiauyv
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system.

Like the atutude indicators. the ADI should have 2 malfunction warning flag for the atutude portion of the

indicator.

A pitch trim control knob may be provided. If used, it shall be in the lower right side of the indicator (see
® paragraph 3.2.2.2 for detaiis). The ADI can incorporate other displays depending on the type and

P

mission requireents of the aircraft. Typical ADI functions include the foliowing:

a. Rusing runway svmbol. This symbol dispiays the main landing gear radar alutude above the
runway. It comes into view normally at 20C feet radar altitude and moves up towards the miniature
aircraft symbo! as the aircraft descends. The symbol will coincide with the bottom of the miniature
awrcraft when the main landing gear wheels louch the grouncd. The nising runway display should be
included in ADIs intended for use on aircraft that will be required to make Category 1I (1200-foot
runway visual range and 100-foot decision height) landings. The symbol receives s input from a

radar alumeter.

b. Expanded localizer display. Localizer deviation is displayed with a full-scale range of one dot.
The localizer signal is received directly for the ILS localizer receiver. Ideally, this dispiay should be
combined with the rising runway symbol although a separate scale and pointer in the lower part of the
ADI can be used. Incorporation of a Jocalizer display in the ADI will minimize cross—check workload
intended for aircraft that will land in weather minimums lower than Category 1.
warning flag is required.
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c. Speed command display. This display consists of a pointer that moves in a vertical path normally
located on the left side of the ADI display. The operation of the pointer is such that if it is above
center, the aircralt approach speed is fast and if it is below center, the aircraft approach speed is slow.
With the pointer centered, the aircraft is on the proper approach speed. The input for this display is
an angle-of-attack based signal. This display should be included in ADIs intended for aircraft that
will land in weather minimum lower than Category II. An associated warning flag 1o warn of invalid
inputs is required.

d.  Heading. Some ADIs incorporate a 3-axis sphere. The third axis is used to display aircraft
heading using appropriate markings. An example of this ADI can be found in MIL-1-27619.

e. Atutude display configuration. Generally, the attitude display will conform to that described in
3.2.2.2.

f.  Pitch and bank command characteristics. Deflection of the command symbol or symbols should
be linear in degree with respect to the input signal. Damping and response should be such as to
minimize lag and overshooting. The display must be stable as practical under rough air and vibratory
conditions. Accuracy and scale factors shall be sufficient to allow the pilot 10 maintain the desired
flight path without excessive overshooting or snaking. The effect of acceleration on the display

accuracy must be negligible.
g-  Glideslope deviation scale factor. The scale factor should be such that one-dot deflection is
equivalent to a (.25° deviauon from glideslope centerline and shall require an input of

Two-dot deflection shall be equivalent to 0.5° deviation and shall require
an input of . Pointer deflection must be linear with respect to the input
signal. The pointer mechanism must be overdamped. The effect of acceleration on pointer accuracy
must be negligible.

NOTE: The input signal depends upon the characteristics of the flight director computer
{see 3.2.2.8).

3

h.  Turn and slip sensitivity. The rate-of-turn and

| s
necessary to control the air vehicie. Guidance can be found in 3.

i, Auxibiary attitude outputs. Outputs of the pitch-and-roll display position can be provided if
necessary for use by an external attitude comparator monitor.

REQUIREMENT LESSONS LEARNED

The characteristics of the ADI depend upon the flight characteristics of the air vehicle. Typical values of
accuracy, response, and damping. which have proven acceptabie for the pitch-and-roli steering
commands. are a linear response within 7.5 percent of the proportionate full-scale value of the input,
damping such that overshoot is held to less than 1.5 percent and response time of 1/3 second

It has been found that the use of “raw” deviation data appled 10 the steering commands 1s unacceptabie.

If the air vehicle has redundant pilot and copilot attitude displays and reference systems, it is
recommended that an attitude comparator monitor be installed. The comparator monitor compares the
two attitude display systems, and ii they differ, a failure warning is annunciated. The ADIs must be
mechanized 0 provide signals at the indicator connecior suitabie for use with a comparator monitor. The

‘gﬁa' aracteristics are typically a synchro resolver stator and rotor. Two sets are required--one provides
toll-axds positon and the other provides pitchi-axis position.

F N
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4.2.2.3 Verification of attitude director indicator (ADI). The ADI characteristics shali be verified in
the laboratory as follows:

)
-

VERIFICATION GUIDANCE

Special test equipment is usually used to verify performance of the ADI. Final performance characteristics
will require simulator or flight tests to make certain that the ADI has the proper response and damping

o

characteristics for the particular air vehicle. (See 3.2.2.8, Flight Director Systems.)

7

VERIFICA

3.2.2.4 Clock/timer. The clock or timer shall include a display of real time. The following

characteristics will be provided:

REQUIREMENT GUIDANCE

The clock may be either mechanical or a numeric solid-state electronic type which displays time of day in
hours, and minutes and has an elapsed-time capability in seconds. When the mission requires a bomb

timer, it should be a solid-state electronic design.

locks. clocks and timers:
(1) Display. The display may be an analog. numeric, or a combination of analog and numeric
displays. In addition to & dispiay of ume of day, elapsed-time and countdown displays may be
specified. Historically, clock dispiays have consisted of hour, minute and second hands, 12 hours
being used for one revolution of the hour hand. Straight numeric readout clocks have been tesied
by the Air Force, and most of the pilots accepted the display. If a numeric display is desired, it
should be carefully evaluated for acceptance by the users. including possible foreign buvers/users,
before it is specified. Numeric readouts should display real ume from 00:01 o 24:00. Eiapsed
time and countdown time may be analog or numeric. The time period capability must sausfy

mission reguirments.

cy must be st fficien: to mee! mission requirements. It mav be

1 Il
low temperature as well as ambient temperature,

(3) Elapsed-time actuator. If equipped with an elapsed-time display. a push button must be
provided 10 stari, stop, and reset or oblilerate the display. When the button 1s pushed, the display
should start to count up. When the button is pushed again, the display should freeze. When the
buuon is pushed a third time, the display should reset or disappear from view.
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(4) Countdown mode actuation. If a countdown mode is required, a push button should be
provided 1o initiate the countdown mode of the clock. A second actuation of the countdown push
button should zero the countdown mode.

(5) Time set. A suitable means must be provided for resetting the time of day display when it
does not correspond to actual time.

() Power. Mechanical clocks have been spring-wound types since their inception. New
technology permits the use of a self-contained batiery or external power, but the use of
seli-coniained battenies in instruments has not received wide approval in the Air Force due 10

logistics problems.

(7) Power interrupts. If an electrical input clock is specified, the clock should be capable of
operation during power interrupts of the longest duration anticipated.

(8) Running time. Running time will depend upon the clock design. Spring-wound clocks will

normally run for eight days.

(9) Self-test. 1f numeric light-emitting display is used, a push-to-test switch should be
provided which shall cause all digits to appear.

(10) Case size. A 2-inch nominal case size is normally specified for ciocks. Special purpose

clocks may have 10 be larger.

Bomb umers. When specifving bomb timers which are sometimes used on a backup system 10 a

primary weapons delivery system, the [ollowing modes of operauon require considerauon:

(1) Clock mode. Controls and mode select capabilitv may be used to provide a ume-of-day

readout.

(2) First and second stopwatch modes. Controls and mode selection capability may be specified
to provide stopwatch modes capable of counting up to the time required for the bomb delivery.

(3) Single countdown timer mode. Contrels and a mode select capability may be provided te
allow a preset time to be selected. The bomb/timer, upon being started, will count down to zero.
An output signal and a visual indication of zerc time should be provided.

(4} Dual countdowr time mode. In this mode. the uimer functions as a bombing pullup and
release timer. Controls and mode selection capability must be made available to allow two preset
umers 10 be seiected. Upon initiation the bomb/umer counts down 10 zere on the first present
ume. At zero an ouiput signal is provided. When the first preset ume reaches zerc, the umer
automaticallv switches and starts to count down the second preset ume (o zero. Agamn, when zerc
1s reached. a separate output signal is provided. Visual cues are provided when each time reaches

Z€ro.

REQUIREMENT LESSONS LEARNED
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4.2.2.4 Clock/timer verification. The requirements specified for the clock/ timer shall be verified in

the laboratory as follows:
VERIFICATION RATIONALE (4.2.2.4)

The laboratory is the onl

rnvidec the mean
revices tne mean

- suitable place to verify clock/timer compliance wilth requirements because it
hﬁ H IIIL\. ify .

and t an ant i a
Gy uae CyupaiCiin wiiiai a

wn

Accurate laboratory time standards can be used to determine accuracy of the clock/timer. Various
environmental condiuons can be imposed as required in the specification.

3.2.2.5 Flight data recorder. A flight data recorder (FDR) shall be provided to aid in mishap

investigations. The following parameters shall be recorded:

.2.2.5)

(%)

IONALE (

A flight data recorder (FDR) records data for mishap investigation purposes. Prerecorded data can serve
the dual purpose of flight path reconstruction and equipment failure identification so that corrective action

can be taken 1o prevent future accidents.

REQUIREMENT GUIDANCE

The recorder data must survive crash conditions of high shock and fire. One solution 10 crash survivability
i¢ an ejeciable recorder atthough such sysiems have disadvaniages of crniicalitv of mounting location,
unintentonal ejections, and iocation after crash. Ejectable FDR are often combined with a Crasn Position
ndicator (CPI). Concepts in FDR development are in a state of flux; therefore, thic handbook entry
cannot offer the latest information. MIL-STD-2124 provides information regarding Navy equipment,

a. Survivability. A draft Federal Awiatior Standard defines FDR survivability testing for impact.
penetration resistance, static crush. fire protections, and water protection tests and is reproduced
beiow. This testing 1s required in the order hsted and without repairs during or between tests. On
compietion of the testing it must be possibie 1o retrieve previously recorded data. The recommended

lesis are as [oiiows:

{1y Impact. Appiv to the recorder, at each of its three main orthogonal axes, an impact shock

having the charactenisicse of a half-size wave wnth a peak ampliude of 1000 g and of

five milliseconds duration.

(2} Penetration resistance. Apply an impact force equal to that produced bv a S00-pound
weight that is dropped from a height of ten feel to each side of the recorder in the most critical
piane. The impact force must be applied through a straight steel circular bar having a
cross—sectional area of no more than 0.05 square inches and a length of not less than 11/2 inches.
‘The direction of the load must be along the longitudinal axis of the bar. Following impact. the
sieel bar must be whoie, and the end which first contacted the recorder must not have iateraiiy

deileCieq, ieiative 10 the bar's jongitudinal axis of symmeiry prior o ihe test, more than 0.265
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inch. The recorder must be positioned on a square bed of 65 mesh sand 3 to 6 feet on a side and
185%0 inches deep. At the moment of impact, the longitudinal axis of the bar must be within 5°
of the vertical.

Vo BN Camtin meonk Avmemliy o ssmifnsmn Aictmibuiirad laad £ 1 | oY LNNnn -~ ~

(5} Static crusn. Apply a Unitorim Qistriouied 108G G1 [idl 1855 Wian JuUuv pounds 1o the recorder
n tha rmact ~ritinal dirvactinn fAar a mmintmaim Af $ miriitac

in the most Criticai Qirection io0r a minimum Of 5 minutes

(4) Fire protection. Expose the recorder to flames of 1100°C for 30 minutes. The flames must
envelope at least 50 percent of the recorder surface area. Except for small pans (such as knobs,
fasteners, seals, grommets, and small electrical parts) that would not contribute significantly to the
spread of a fire, all combustible materials must be self-extinguishing. When tested in an approved
method. the average burn length must not exceed three (3) inches and the average flame time
after removal of the flame source must not exceed 30 seconds. Drippings from the test specimen
must not continue to flame for more than an average of (3) seconds after falling.

nn

(5) Water protection. Immerse the recorder in sea water at a simulated depth of 15,6060
30 days.

eei for

Recorded parameters. The capabilities of the aircraft must be considered in the selection of the

parameters (o be recorded, the update rate of recording, and the resolution of the data. The

Air Force Safety Center may be able to offer recommendations for a given aircraft type. These
recommendations must be weighed against the availability of that data or the cost and weight penalties
of adding additonal sensors to provide the data. To aid in the system planning process. a list of
recommended parameters from various sources is offered.
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ARINC 342
ARINC §73
PROPOSED ¢
RECOMMENDED

KEY

2, 3.4
2,3, 4
2,03, 4
2.3, 4
2, 3, 4
3, 4

3, 4

3, 4

3, 4

3, 4
3,4

4

4

4

4

4

4

4

3

2
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D FOR FIGHTER/FIGHTER TRAINER BY
PARAMETER
Altitude
Airspeed
Heading
Vertical Acceleration
Time
Pitch Artitude
Roll Attitude
Pitch Command (Stick or Control Column)
Bank Command (Suck or Control Wheel)
Yaw Command (Rudder pedal position)
Trim POSition
Lateral Control Surface (Aiieron Position)
Yaw Control Surface (Rudder Posiuon)
Flap Position (Leading and Trailing Edge)
Spoiler and Speed Break Position
Fire and Overhead Detection Discretes
Hydraulic Pressure Fault Warning Light
Electrical Bus Fault Warning Light
Qutside Ambient or Total Air Temperature
Angie of Attack
Yaw Angle
Throttle Position
Engine Quiput Measurements
Fuel pressures, {iow suppiv
Flight control/fly-byv-wire faull discretes
Oil Quantity
Arrcraft umgue nems, e.g.. wingsweep, TFR switches
Fault warning light discretes, such as air dala computer
Autopilot position
Cabin pressure
Airrcrait bus voltage
Lateral Acceleration
Engine Thrust
49
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Thrust Reverse Position
VHF and HF Keying
Selected Flight Director Mode

Localizer and Glideslope Deviation

w W

Greenwich Mean Time

W W W N

Longitudinal Acceleration
Radio Alutude

Position of the strut expansion retract switch

W

w

Indication of outer-, middie-. and inner marker passage

tad

NOTE: A cockpit voice recorder is required by FAA. Often the voice recorder is separate from the
FDR. Voice recording is recommended if the recording medium will accept voice informauon. Upaate
rate and resolution of each parameter should be addressed.

c. Interface. The largest expense of the FDR may result from obtaining the data; most paramelers
desired are available from existing svstems. If foresight is used in making these signals easily accessible
and in an convenient format, cost savings will result.

d. Recording time. The FAA requires 25 hours of recording time before self-erasure. This
requirement is achievable for magnetic tape systems. It is now feasible to store data in nonvoiatile,
solid-state memory. The solid-state memory recording time before self-erasure would be limited to

accident analvsis.

e. Operational factors. The recorder container must be colored either bright orange or bright
veliow and marked with refiective patches. The recorder shall be automatically powered and shali not

require crew action.

There shali be 2 malfunction indication if the recorder ceases to function.
REQUIREMENT LESSONS LEARNED

There have been several aircraft accidents, the cause of which has not been able to be determined. It is
believed that a flight data recorder would have helped to find the cause of most of the accidents.

4.2.2.8  Verification of flight data recorder. Performance of the flight data recorder shall be verified

e

in the laboratory by

VERIFICATION RATIONALE (4.2.2.5)

The laboratorv is the best place to verify the performance of flight data recorder because controlled
environmenta! conditions can be applied to the equipment.

VERIFICATION GUIDANCE

Crash conditions are simulated in the laboratory by instrumenting the recorder and dropping it from
various heights on different surfaces to obtain the g force and duration specified. Other crash conditions
are simulated as outlined in the requirements section. Recorded paramelers can be read out after the
environmental conditions are imposed on the recorder Lo determine if they survived.

VERIFICATION LESSONS LEARNED

S0
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3.2.2.6 Engine pressure ratio system (EPR). The EPR display shall receive signals from an EPR
sensor and shall display EPR values to the aircrew. The EPR sensor shall sense the engine inlet total
pressure, the turbine exhaust total pressure, divide the exhaust pressure by the inlet pressure, and provide
a signa! proportional to this nondimensional ratio for use in a display or in control of an aircraft. The
merfaormance nf the cvciem chall he ac fallaowce
’J\'ll\lllllull\-\ UL Ll J'VJLLIAI DG U OO 1VUMU YD

REQUIREMENT RATIONALE (3.2.2.6)
Depending upon the type of engine used in the weapons sysiem it may be necessary (o provide an
indication of EPR 10 indicate the amount of thrust being operated by the engine

REQUIREMENT GUIDANCE

- . . I ok ot s RN 1 o ro_ Y R c .1 A AR TaceAr A S S YN
Engine pressure ratio (EPR) is the ratio of the total pressure in front of the enpine compressor divided int
1 . - ol U B . R TR rrnn . JE S [ U S T N .Y I Y s TN B
tne tota! pressure penind tne wurpme £ FK IS a Gimensiontess numoer normatiy in ine range o1 1.v 10 3.0.
Turbofan engines iend to have lower EPRs because of the power exiracied by the turbine to drive the {an.
Some commercial EPR sysiems have the ability 10 compute and display an EPR of less than 1.0. This
condiion mayv be encountered on a large fan engine that is throuled back to flight idle for descent. An
EPR of 1.0 or less means that even though the engine is running, the net effect on the aircraft is a negative
thrust. It is recommended that the military not reguire the capabilty to compute dispiav EPR less than 1.0
as it increases the complexity of the system more than it increases the usefulness of the system.

Related to EPR is FPR (fan pressure ratio}. On large fan engines some commercial users require a display
of the fan pressure ratic. While FPR gives a good indication of the thrust being produced by the fan, it is
difficult to compute because of the small differences (iow ratio) between the two pressures being divided.

fal o))

Addiuonaliy, the plumbing requirements impose a much preater weight penalty than does an EPR svstem.

|

-nr

The use of FPR by the miltary 1& not recommended.

EPR 1s applicable 10 amy fixed nozzle engine. EPR is not suitable for use on any variabie nozzie engine,
even if the engine employs a two position nozzie. This is because of variations in nozzle geometry and
control. It would be possibie for two engines to have the same EPR but be producing quite different levels
of thrust. For variable nozzie engines. use of 2 thrust computing system is recommendecd (see paragraph
3.2.2.26 for a thrust computing system).

a. Range. Generally speaking, the EPR transmitter is designed specifically for the engine it is 10 be
used with. An off~-the-shell transmitter may be used only if it very closely maiches the requirements
of the engine. This is because an unused range 1s extremely costly in terms of accuracy. Normaliy, a
0.08 percent unused range is adequate to provide for engine growth.

b. Accuracy. Traditonaliy. accuracy requirements are driven by the capability of the EPR
transmitter manufacturer. EPR accuracies are always expressed in terms of thousands of an EPR unit
Different tolerances are required for different pressures. The larger tolerances are allowed at the
lower pressures. The 1.000 point is significant because it provides an operational point that can be
checked prior 10 engine siarung. A typical accuracy requirement would be D+0.020 EPR units.
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d. Sensiuvity. At higher pressures more liberal tolerances for sensitivity are allowed. Sensitivity
requirements are normally in the range of 0.0008 to 0.15 inches of mercury. Essentially, sensitivity is

a measurement of the internal “stickiness” and “looseness” within the transmitter and indicator.
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e.  Attitude operation. Even if the aircraft is not intended to operate at all attitudes, the transmitter
should be capable of operating at all attitudes. This is really a test (which becomes a requirement to
the manufacturer) to assure that internal moving parts are kept in good mechanical balance. A
well-balanced system will be more immune to wear due to vibration.

f.  EPR limit or command. Many EPR indicators incorporate manual or automatic command “bugs”

or limit markers. These markers are useful during takeoff and other flight modes. EPR command

“bupgs™ are used with some fuel savings advisory systems to direct the pilot to the most efficient EPR

=4

range.
REQUIREMENT LESSONS LEARNED

It 1s advisable to make the pressure lines and the transmitter connections two different sizes. A
one-fourth-inch line and a five-sixteenth—inch line are sometimes used. There may well be tweive or
more connections in the lines beiween the engine and EPR transmitter. If the lines are made the same
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VERIFICATION RATIONALE (4.2.2.6)

Laboratory testing is the best method of verifving range. accuracy, and general performance of the EPR
svstem. Accurate pressure changes and measurements can be readily achieved using standard equipment.
Environmental changes can also be controlied.

are imposed as reqmred.

VERIFICATION LESSONS LEARNED

.7 Engine temperature display. The engine temperature displav shall receive signals from an

engine temperature sensor and shall display temperature in degrees Celcius to the aircrew. The displav

w
(]
]

shall have the foliowing characteristics:

'.;)

.27

REQUIREMENT RATIONALE (

The temperature indication 15 used to avoid high temperature damage 10 the engine. determine proper

=

engine operation, and detect or avoid hot starts during engine startup.

An engine lemperature display is provided for each engine and gives an indication of the engine operating
temperature. The display receives a temperature signal from the engine. This is normally, but not
necessarily, a thermocouple signal generated by a harness of thermocouples located in the engine gas
siream. The thermocoupies should be Type K (chromelalumel). When other types ol engine temperature
sensors are used (such as the optical pyrometer), the indicator must be tailored to the specific output ot

the sensor.
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The following requirements need to be addressed when specifying engine temperature display:

a. Range. The range of the display shall be expressed in degrees Celcius. The range specified should
be such that the lowest operating engine temperature at any operating condition (e.g., altitude,
airspeed, throttle position, etc.) and the highest possible temperatures are included. The range should
be limited to these levels 10 maintain the smallest usable span between the lowest and highest
temperatures. The highest temperature should also be limited by the useful range of the sensor
emploved in the indicator system.

b. Accuracy. The accuracy requirements specified should be no greater than needed--normally
+ 5°C in the most accurate region of the display. The display may be broken into regions of differing
accuracies which are dependent upon the need for such accuracies. Accuracies should be specified
for both normal room temperature operation, operation at the extremes of ambient operating
temperature, and operation during reliability testing.

c.  Warmup response. The response requirement specified should be in the form of response to a
step change of the input temperature signal. The size of the step change may be specified by defining
the starting and ending indication input temperatures of the step change. The tolerance (settiing-out
characteristics) of the final indication and the time within which this final indication is reached should
be specified. These requirements are dictated by the need to detect abnormally high temperature rise
within the engine during a hot start condition. A suggested adequate response is 6 seconds 10 a
1000°C step change within *20°C.

d. Display. The display may be either round dial or vertical scale. Round-dial displays are normally
of the 2-inch diameter tvpe. Greater accuracies are obtained by use of supplemental counters or
expansion of the scale in ranges of greater needed accuracies. The normal operaung position during
cruise should be approximately at the 9 o'clock position of the round dial.

e. Thermocouples. The display must be compatible with and calibrated for use with the specific type
of thermocouples 1o be used on the engine. Standards (NBS)125. Monograph Thermocouple
characteristics are given in the National Bureau of Standards (NBS) Monograph 125,

[.  Grounding of thermocouple extensior. wires. A maximum shift of indicauon when either
thermocouple lead 1s connected to the ground or low potential side of the input power supply should
pe specified. The grounding may be at any poinl between the thermocouple and the interior of the
display. Typical limits are = 2.0°C.

g External thermocouple circuit resistance. The display shall be designed such that a change in
thermocouple circuit resistance between the hot juncuion and the indicaior produces & negligible or
smal! change in indicatiorn A suggested adeguate tolerance is 5°C.

h. Thermocouple cold junction compensation. The display should be designed such that the
thermocoupie circuit cold junction is located within the display. Electronic compensatuon for the cold
junction ambient: temperature must be provided. Temperature control or standard cells must not be
used 1n the coid junction circuitry. The compensation must be such that the indication accuracy is as
specified regardless of the temperature of the cold junction.

i.  Optional features. The display may include a settable maximum temperature recording pointer or
a set of contacts which close at a certain lemperalure {0 energize a remote overtemperature warning
light.

REQUIREMENT LESSONS LEARNED
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4.2.2.7 Verification of engine temperature display. The characteristics provided in the engine
temperature dispiay shali be verified in the laboratory as follows:

~3
~—

Thermocouple or other temperature sensor outputs can readily be produced in the laboratory, together
with environmental condition variations required to evaluate the indicator.

VERIFICATION GUIDANCE

’ mserate  fram  chromel—a 1 shar mmiialac
When testing temperature displays designed to operate from chromel-alumel anrmULoupleb,

nnnnnnnnnnnnnn PO
temperature—voltage characterisucs can be obtained from NBS Monograph 125. Other conditions can be

VERIFICATION LESSONS LEARNED

3.2.2.8 Flight director system (FDS). The FDS shall display the air vehicle interception and tracking
of course, heading, attitude, and glideslope, based on present positior, heading, desired position, and rate
of convergence. The FDS will continuously calculate the proper pitch, bank. and power to perform the
desired maneuver. It shall conform to the following:

When crew \N()rkl()d associalted wit

with s \
empioyed Lo provide relief. Factors bearing upon the decision to employ the ﬁigh! director shall include

aircraft speed (and associated aircraft conwol ability), complexity of aircraft svstems and/or subsvstems,
and the operating environment. In certain applications flight director systems may not provide sulficient
relef, and the use of automatic flight control systems must be considered (e.g.,: all-weather landing and

high-speed terrain-following).

REQUIREMENT GUIDANCE

(1) Awuwude Director Indicator (ADI) andsor Head-up Displav (HUD;.

1281

(21 Horizontal Situation Indicator (HSI.
{3 Fiight Director Computer (FDC).

The FDC may be analog. digital, or hybrid and may be dedicated equipment or part of a central
computer/processor. Regardless, the control algorithms must be carefullv specified to assure
satisfactory svstem performance.
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The contro! panel must provide a means for crew selection of navigation modes, manual heading
mode, and OFF (or standby) mode. Positive indication of the operating mode must be provided.
When automatic switching between manual heading submode and other navigaion modes is
employed, indication of the operating submode must be provided at the control panel or on the

nrimary flight instruments
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System interface. Specific equipment which comprise the flight director system must be identified to

establish system interface requirements. In addition, applicable equipments in the following list (if they
provide input to the FDC) must also be identified (see 3.8):

C.

(1) Atitude and Heading Reference (AHRS, DG/VG, or INS).

(a) Tactical Air Navigation (TACAN)
(5)  VHF Omnidirectiona! Range (VOR)
{¢) Instrument Landing System (ILS)
(d) Microwave Landing Svstem (MLS)
(3) Radar Altimeter
(4} Air Data Computer
(5) Data Link Receiver

Flight director system (computer) logic. The flight director system may be utilized to reduce pilot

workload in intercepting and tracking course, heading, altitude, or pglidesiope. Based upon present
position, desired position, and the rate of convergence, the flight director computer conunuously
calculates the proper pitch, bank, or power to perform the desired maneuver (the commands are
presented on the contro! displavs/indicatorsy. One of the following methods of displaying commands can

be used:

(1) Puch and bank cross pointers (in the ADI). When the aircraft 1s not properly posiuoned for
course intercept, the vertical steering pointer is offset. By banking the “miniature aircraft” toward the
pointer, the pointer moves toward the center of the ADI. By maintaining the pointer at center, the
computed steering commands are satisfied. The computer will recognize proximity o and rate of
convergence on the desired course and will supply appropriate commands 10 permit asymptotic
intercept and siable tracking of the desired course. The above method. of operation is equaliy
applicable to vertical steering. When steering commands displaved on the horizontal pointer are
satisfied. the aircraft will intercept and track the desired vertical path.

Power commands mayv alsc be displayed or ADIs containing a Fasi-Siow display. The above system
description ic identified as the “convenuonal FDS” or the “2-cue system " A vanator of this system 1g
the integrated cue svstem in which a single cue is utilized: 1t 15 analogous 10 a pivoted horizontal
pointer—-when the cue pivots. the pilot must introduce bank 10 satisfy roll commands and as the cue

transiions vertically the pilot must mmtroduce piten 1o satisfy steering commanas.

P — -~ I s~ - T [ U L T - e s I A~y U7

(2% Three-cue flight director system (3-Cue FDS). Thus type of svsiem is used primariiy for V/STOL
e IR L o PR VR POy ¢l sinetian et A T 3

aircrafi. AS in the conveniional sysiem. the vertical pointer furnishes guidance for lateral steening.
However. the horizontal pointer is utilized to mamntain reference airspeed by controling pnch. The

imilar 1o the ghdeslope display in the ADI) 1s utilized for
altitude hold, or climb/descent rate).

u
thrd cue (normally a scale and pointer
ath

(]
o

(3) Electro-optical displays (HUD, VSD, EADI). These types of displays utilize
electronically-generated symbols to display flight director steering commands. The control logic
associated with these displays is identical to conventional displays. In some aircraft the outputs from

the FDC are scaled such that flight director steering commands are displayed on both HUD and ADI

simultaneously.
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d. Modes of operation. There are several modes of operation for flight director systems. Accordingly,
specific modes of operation for a particular flight director system/weapons system must be specified. In
addition, many modes are comprised of two or more submodes and depend upon automatic beam sensing
and switching to effect submode changing. These submaodes and operating regimes must also be specified,
as well as automatic switch functions. The following modes (which may alsn be suhmodes) are provided:
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(2y Data link mode. This mode is most often an adaptauon of the manua! heading mode except that
the heading set function is remotelv controlled by a ground station/mission controller.

(3) Inertiai navigation system (INS) mode. Desired course 1s established by a centrai
navigation/mission computer by way-point identificauon. Dewviation {rom course, as measured by an

lﬂr

INS, provides a course error reference upon which to base lateral steering command

{4) Radio navigation mode(s). The desired radio reference (VOR/TACAN/ILS/MLS/etc.) must be
selected, and reference course identified by setting the CRS on the HSI or similar
control/display/flight control panel. The FDS senses present posiion (heading and course error).
desired course, and rate of convergence 1o generate the proper steering commands Lo capture and
track desired course. Some flight director systems employv submodes and automatic submode selection
in this major mode of operation. When course error is great, the manual heading submode is used
and the pilot must set reference heading to initiate course capture. When approach 1o course s
sensed. the FDS will automatically switch to the course capture (radio navigation; submode. When
submodes are not emploved. the course intercept angie must be limited (normalh 1o 45 degrees) and
the FDS will command & wurn Lo the 43 degree course intercept angle (whern course error 1< great!
immediately upon selection of the radio navigation mode.

(5) Approach mode. In this mode. the FDS (or operator) first assures that ILS/MLS course capture
has been eflected (per paragraph “b" above). After course Is attained, the operator or system will
select the verucal path (ghdeslope) submode. Automauc systems will sense approach o glideslope and
will select the approach mode at the proper time. In some systems, radar altitude is also utilized to
control glideslope steering sensitivity 1o desensitize steering commands as the glideslope beam narrows
near the decision height If aititude~hold mode 1¢ active prior 1o the approach, ghdeslope steering
shall override alutude-hold upon sensing approach tc glideslope.

T4 Adeia 3o booal e o do Jo vaanet mraenlimntine e 1~ N 1 0N

(6) Altitude-hold mode. In most applications, the pilot must manually flv to the desired (reference)
altitude. Upon reaching this alutude, he will select the altitude-hold mode. In more sophisucated
svstems. the pilot may select the reference alutude (barometnic or radar aiutude! before reaching it

(7) Chmb-descent modes. This mode 15 generally used in conjuncuon with the airspeed-hold mode.
The pilot must set reference vertical speed in additon 1o airspeec. The control parameter is power
(i.e., a 3—cue FDS). As in the airspeed mode, the climb or descent speed may be manually selected
or the existing rate at the ume of mode selection may be the reference speed (the method of selection

must be specified).

irspeed-hold mode.  In this mode, a “fast-slow™ cue is used i conjuncuon with manual
eference speed must be set and emploved in conjuncuon with engine dynamics

characteristics to dgt_ermme proper throttle commands By maintaining lhe power cue dt
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command may be displayed on the FAST-SLOW display on some ADIs or similar display on
electro-optical displays. In simpler systems, the airspeed-hold mode will simply maintain that speed
which was present at time of mode selection.

9) Terrain-following mode. This mode is used in conjunction with forward-looking radar. It is
normally mechanized as a rate climb/descent mode such that when terrain falls within a
predetermined envelope (lemplate) ahead of the aircraft, a climb command is issued; when no terrain
is within the specified envelope. a descent command is issued. Capability to track the desired flight
path is dependent upon [light performance of the basic air vehicle, but once the appropriate template
is defined, the FDS must provide very high probability of meeting required tracking accuracy.

~—~

e. FDS performance criteria. Specific performance criteria with respect to course intercept (m um
allowable overshool. number of overshoots, and time 10 stabilize); must be tailored to each aircraft. FAA
Advisory Circular 120-29 may be used as a guide. In establishing this criteria, pertuinent arrcraft
performance requirements and characteristics must be established (i.e., cruise speed, approach speed,
course intercept angle, and distance 1o station, including expected range of all parameters listed). Course
tracking criteria shall also be specified. For most applcations deviations from course centerline after
course capture 1¢ less than 1/2-dot (course deviation scale on HSI); further. there must be no sustained
oscillations about course centerline. Crosswind compensation is normally provided such that when

i r
operating in crosswinds up to 10 percent of aircraft speed (or 20 degree crab angle). there is no
steadv-state beam standoff. Navigational radio aids 1o be emploved must be specified: particular attention
is directed to tailorable ILS in which localizer width may be as narrow as 3 degrees (standard width is
S degrees).

NN ———— . . o : 1 e £

NOTE: 1/2-dot deviation has the foliowing reai values for a standard 1LS:

TACAN - 2~-1/2 degrees
VOR - 2-1/2 degrees
ILS-LOC - 5/8 degrees

{. Controi algorithms (and associated contro! parameters). To assure understanding of the controi
algorithms and mode contro! logic. simplified diagrams of lateral steering circuits, vertical steering circuits,
beam sensor circuits, etc., shall be provided. In addition, tab

= n —eaCaT A Al TN Tt

le
associated with these diagrams shall be provided. The latier shall be presented as nominal va

s of values of gamc and time consianis

aliowabie toierances.

g. Svstem safety. The following requirements are provided to assure safe use of the fhght director
s

ystem
(1) Raw data (course deviation display. glidesiope deviation display. eic.) upon which the computed
steering commands are based shall be displaved concurrenthy with flight director data 10 permu
operator assessment of svstem performance, (e.g.. ILS locahzer and ghdeslope deviation shall he

displaved whenever ILS approach mode steering commands are displayed.)

(21 Failure warning. The iollowing features shall be considered standard
(a) Flight director command cues shall be stowed out of view whenever the reference signal
source (navigational radio, air data computer, etc.) for the selected mode of operation has failed
r whenever the flight director computer has failed. (An acceptable aliernative, if an existing ADI

(b) Failure warning flags or symbols shall be provided to assure validity of navigational radio
information, air data computer, etc.. on which the FDS depends.
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(c) When variable gain features are employed, the system shall be designed to revert to a single
nominal value in the event of gain controlier fatiure. In most flight director systems which use
variable glideslope gain (in approach mode), the gain is desensitized to the lowest possible gain

upon sensing that radar altitude input is invaiid.
Basic requirements for a FDS are found in MIL-F-26685.
REQUIREMENT LESSONS LEARNED

Possible disorientation can occur if the HUD and ADI do not agree. For example, the F~16 uses normal

Jight director data on the HUD but only raw data on the cross pointers in the ADL This s not a
recommended practice because the HUD pointer display may be centered. while the ADIs are not

2.8 Verification of flight director system (FDS). The performance of the FDS shall be evaluated
in the laboratory by:

VERIFICATION RATIONALE (4.2.2.8)

The laborator prowdes the most convenient place to verify FDS performance where required test

VERIFICATION GUIDANCE

Special purpose laboratory test equipment will usually be available for verification of the FDS in

conjunction with simulator tests. The {inal proof of sausfactory operation can only be accomplished by
fiight test in the air vehicle in wh;ch 1S e be used

VERIFICATION LESSONS LEARNED

During calibration of the FDS, it is important to use exact air vehicle simulation rather than a simplified
linear simulation to make certain the performance of the FDS meets the requirements of the air vehicle. It
was necessary to recalibrate the F-5's FDS for this reason.

1 0 PR NN P ctarn o rato ~f fyia Y , 3 i
3.2.2.9 Rate of fuel flow system. The rate of fuel flow svsitem consists of a display used in conjuncuon
with a flow sensor. One display 1s used for each engine to display rate of fuel flow in

(units). The svstem reguirements shall be as follows:

REQUIREMENT RATIONALE (3.2.2.9)

Fuel flow is used for engine starting. caiculating flight time
output. ki is also used for engine fuel contro! trimming and on tankers to display rat

REQUIREMENT GUIDANCE

Fuel flow measurement systems used on Air Force aircraft are to be of the mass measuring type. Most of
the transmitters in current use are of the angular momentum type. Mass flow measurement is required
because the heat content of a fuel is measured in heat units per mass and engine ouiput is direcily

roporiional to the heai content of fuel assuming a given engine efficiency. Fuel flow is measured in
g ] b Ly-
pounas per hour (F p x"’n) or ki‘.v‘-gra.'.'.'s pér nour (.\D. H)

The following items must be considered and specified for fuel flow systems:

58



S - e e e

LEeS T M4 e . YA ’
Downloaded from’ Rtlp:/www.éveryspec.com

a. Range. The lower range should be adequately low to provide an indication of flow for engine
start. The lower limit will vary depending upon the overall range of the system. It is difficult to obtain
a dynamic range of much greater than 200 to 1 in most mass flow systems; therefore, if a
100,000-pound-per-hour (PPH) maximum range is required the low limit will be around 500 PPH.
The upper limit may be the total core engine pius alter burner flow or may be limited to core flow only
depending upon mission requirements and necessity for afterburner monitoring, fuel-used
computations, etc. The highest flow currently used is on the F-15 having a 100,000 PPH capability.
The range mav be specified in kilograms per hour on aircraft destined for use in countries using the
metric svstem. The range of systems used for refueling can go as high as 600,000 PPH or higher.

b Accuracv. The accuracy of fuel flow F SyVSlems is varia
mass flow transmitiers have a “bathtub-shaped” curve with le
rates and greater accuracy in the mid~flow range. Indicator accuracies are usually constant over the

entire range. Mid-range accuracies of transmitters are usually about +1.0 percent of reading. It will be
ner rv 10 prepare 2 table of accuracies versus flow rates in the detail cnemflrall()n Accuracies

acca
HICLCSSaly W pivpaie a adic uialics us LW 2 S il “Loall cLilitall

should not be greater than required at each flow rate specified. Tolerances at high and low
temperatures will be greater than at room temperature and will have to be specified accordingly
depending upon the temperature extremes expected and the accuracies required.

ccuracy at the low and high-flow

¢.  Response. Specification of fuel flow system response may be required for two reasons; to follow
rapid throttle movements and to calibrate fuel control systems. Typical throttle response times wouid
require the system to respond to a fuli-scale step input within 1 percent after 3 to 5 seconds. If the
system is to be used for fuel control calibrauon, the response time can be as low as 2 seconds, and the
flow rates must be tailored to cover the rates requxred for calibration. The response time may be
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specified for the transmitier only assu
display .

d. Displav. Fuel! flow displavs are typically 2-inch round dial indicators installed i 2-inch
clamp-mounted cases per MS~33639. The scale shouid be oriented so that the cruise range fue! fiow
rate is positioned at § o'clock. Displays may be varied depending upon mission requirements and the
aircraft pane! design. Digital numeric readouts, vertical scale indicators or CRTs may be used.

e. Transmitter. The fuel {low sensor/transmitter must be of the true mass flow measuring type. The
output signal shall be proporuonal 10 the rate of fiow and may be analog or digital in format If a
digital signal 1s specified. 1t shall be compatible with MIL-STD-1553 or with ARINC standards,

depending upon end usage.

{ Pressure drop. Pressure drop is imporiant because it requires pumping force to overcome. In
some aircraft pressure drop is critical when the pumps fail and the engine must be fed by gravity fiow.
A typical pressure drop in a 100.000 PPH transmitter is 2.5 psi at flow. Pressure drop generally
increases by a square power of the flow. The pressure drop requirement is based on several factors,
such as the requirement for gravity feed. auxiiary pumping equipment. faii-safe considerations. etc.

g, Pressure. The static pressure that the transmitter must withstand without rupture or leakage must
be specified. The component should be capable of withstanding a prool pressure of two times
maximum operating pressure. an ultimate pressure of three times the maximum pressure, and a
negative pressure of approximately one atmosphere. A fuei resistance test similar to that specified 1n
MIL-F-8615 should be conducted.

h. Contaminated fuel. This requirement should be included because it is not always possible to keep
tuel from becoming contaminated. A typical contaminant for test purposes is listed in MIL-F-8615.

i.  Flame. Some transmitters may be required to withstand a flaming environment, particularly when
they are mounted on the engine. If a flame should occur around the transmitter, it is essential that
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there be no damage that could result in leakage. Typical limits for this test are 1093°C flame
temperature for a period of five minutes. Depending upon: the engine operation, fuel may be flowing
or static at a particular pressure. Data from the airframe manufacturer may be required to complete
this requirement.
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REQUIREMENT LESSONS LEARNED

Past experience has shown that cerain materials are not well suited for use in fuel flow transmitters when
they come in contact with fuels. Most plastics are unstable and can be affected by fuel additives;
magnesium alloys are highly corrosive and react to any moisture in the fuel. Magnesium protective
coatings have not proven effective over long periods because of scratches and thin spots in the coatngs.
Copper alloys and cadmium plati‘x" have been found to be attacked by manv erl aauii.iv‘és, and copper
salts are detrimental to engine oil could become contamin
e ! seals should be in accordance \.m;lh M!L—STD—!SS'?.

Fuel flow transmitters are mounted on the engine or airframe. The transmitter should be mounted at a
slight angle with the outlet higher in order to purge air from the transmitter. Sharp bends in the inlet and
outlet plumbing shall be avoided. This causes turbulance in the fuel and can produce erratic fuel flow
measurement. End fittings may be “0" ring clamp-type, screw-on, or flange-type. Mounting designs
must take into account plumbing expansion and contracuion and vibration and temperature when

mounted on the engine.

N
D
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4.2.2.9 Verification of rate of fuel flow system. The system requirements shall be verified in the
laboratory as [ollows:

VERIFICATION RATIONALE (4.2.2.9)

Accurate flow measurements can only be accomplished i the Jaboratory using calibrated weight

standards. Other conditions, including emxronmental fuel contamination, [lame resisiance, reversed flow,
etc., are all easily accomplished in the laboratory.

VERIFICATION GUIDANCE

Verification of production guantities is best accomplished with the use of automated test equipment.
Secondary standards are usually adequate for this use. All requirements specified must be verified on a
100 percent or sampling test basis.

VERIFICATION LESSONS LEARNED

It should be realized that the temperature of the fuel dictates the temperature of the transmitter. If high
temperature fuels are to be measured, the fuel temperature should be specified and not merely the

temperature around the transmitter.

3.2.2.10 Fuel savings advisorv svstem (FSAS). The fuel savings adwvisory system shall display
optuimum flight proules for minimum fuel consumption. The syvstem shall be compatibie with the aircraft
and the missions to be accomplished. The following characteristics shall be included in the system for
display 10 the aircrew

REQUIREMENT RATIONALE (3.2.2.10)

The Air Force has strong motivation to consider techniques for fuel conservation. Fuel costs conunue to
increase, and projected cost increases make fuel conservation even more important.

REQUIREMENT GUIDANCE

The FSAS uses a technology which offers the potential for achieving significant fuel savings through the
use of fuel minimizing-opumum flight path and throttle control laws. These control laws are designed to
enable a pilot or an automatic flight control/autothrottie system to regulate an aircraft’s kinetic and
potential energy s¢ that a mimmum amount of fuel is expended while meeting the mission objectives. The
FSAS shouid demonstrate mission fuel savings while considering the variabiiny of aircraft periormance,
the current atmospheric conditons. and the existing air traffic control procedures.

Quantitative fuel savings should be in the range of 3-5 percen: with the use of an FSAS ac opposed to
conventiona: ﬁ\vmc procedures. The system 18 applicable to both current awrcraft as well as future aircraft
and offers a rapid return on initial investment costs through fuel savings. A secondary benefit of the FSAS
s that it wili lessen the flightcrew member's workload by relieving him (them) of the necessity (o
frequently calcuiate the aircraft’s best altitude and airspeec from the flight manual charts. A typical FSAS

is described in Exhibit ASD/ENAID-79-1, Revision 1.

The following paragraphs describe components, interface, and other recommendations for specifying the
FSAS:

- trmtAeman o eatminon e Tk ar
a. Dybicnla {omponents. 1ne FSAS will ge€neia all y consist uf a compuie

unit (CDU), a flight data storage unit (FDSU), if required, and additional displays such as mode
annunciator panel, engine pressure ratio (EPR) indicators with command bugs and indicated airspeed/
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Mach (IAS/Mach) central computing and information processing unit for all fuel saving functions.
The computer unit receives all the fuel management related aircraft and propulsion sensor inputs and
provides signals for display information as required. The Control Display Unit provides ccntrol of the
FSAS with mode and function selection and data entry capability via an alphanumeric keyboard. The
CDU also displays all the required mode and function information, data entry or recall information
and the best flight profile command information via a CRT display. This information is presented in
the form of “pages”™ which are generated and recalled in a logical sequence necessary for proper
pilot-system interface and control. Because a FSAS requires versatility, digital technology is mandated
for design of this system.

o : Th ' .y . . - o A memmemialei m caioea c =
b. Interfaces. The FSAS interfaces with various aircraft ﬂ:gh{ ana propuision Systems anda Sensors
depending on the panicular design and application. Generally, the system will interface with the
following systems and sensors:

(1) Central Air Data Computer

(2) Fuel Filow or Fuel Totailizing System

) Ant-Icing and Air-Conditioning Bleeds

a

(6) Distance Measuring Equipment

{7)  Automatic Flight Control System

This list is not all encompassing and is provided to give an idea of the type of interfaces that will be
required. A particular aircraft may not have all the reguired svstems or sensors available in which case
other provisions or design accommodations will have to be provided. It is recommended that an FSAS
aircraft system/sensor interface comparison be performed at the time the system is considered for aircraft

implementation.
¢. Display. The CDU shouid display to the flightcrew aircraft flightcrew i pilot the aircraft in the
most fuel efficient manner. Typica! informauon that should be displaved on the CDU 1s as foliows
(1) Chmb
(a) Cruse altitude (CRS ALT)
(b) Actual altitude (ACT ALT)
{c) Required 1AS (REQ 1AS)
(d) Required EPR (REQ EPR)
(e) Actual JAN (REQ IAN)
(f) Altitude select (ALT SEL)
{2) Cruise
(a) Optimum altitude (OPT ALT)
62
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(b) Cruise altitude (CRS ALT)

{(c) Required Mach (REQ MACH)

(d) Fuel remaining at end (E-D FUEL)
of descent

(e) Estimated time to (ETE TO B-D)

beginning of descent

(fy Time and distance (STEP X:XX/XXKT)
to step climb

(g) New altitude (NEW ALT)

(h) New altitude temperature (NEW ALT TEMP)

(i) Wind at new altitude (WIND TRADE)

(j) Altiwude select (ALT SEL}

(k) Too close to descent (STEP N/A)
for step climb

()  Begin descent (DESCENT)

{3y Descent
(a) End of descent aiutude (E-D ALT)

(b) Distance to end of descent (DIS TO E-D)

I RN
e oy e

d Of degcn nt alnitnde (E—D AALT)

Ciit Sivsvers

(d) End of descent 1AS (E-D 1AS)

(4) Incremental Fuel Savings inquiry

(a) Cruse altitude (CRS ALT)
(b) Optimum altitude (OPT ALT)
{c) New aitituge (NEW)
(d+ Reaguired Mach ai (REC MACH)
new altitude
(e} Wind at new alutude (WIND TRADE}
(f) Esumated ume 10 (ETE TO B-D)
beginning of descent
(g) Fuel savings at new (FUEL SAV t%)
altitude and speed
d. Extended capaomiies FSAS capabiliues can be extended to include additional features. A
14 consist of a2 computer and a display unit. The addition of EPR and 1AS/Mach

paseline sysieni wouid COisis
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indicators with manual or remotely adjustable cursors will improve the usability of the system.
Integrating the system into an aircraft’s automatic flight control system and an auto-throttle system
will further improve the usability and also provide additional fuel savings through more precise control
of the aircraft flight. If an aircraft has autopilot and autothrottle systems available, it i1s advisable to
integrate them into the FSAS control loop, as this will result in about 1 percent fuel economy
improvement. Furthermore, depending on the type of equipment available on an aircraft, dedicated
FSAS equipment may not be required. As an example, an existing digital computer with spare
capability can be utilized to perform the computations or an existing display can be utilized to display
the FSAS functions.

LEARNED

N

FCCNNC
LI3oW.ND

Flight tests on C-141, B-52, and KC-135 aircraft have confirmed that fuel savings of approximately
3 percent can be realized if an FSAS is used.

4.2.2.10 Fuel savings advisory system (FSAS). Characteristics and performance of the FSAS shall be
verified in the laboratory and by flight test as follows:

VERIFICATION RATIONALE (4.2.2.10)

Svsiem component accuracy, functional checks, and environmental 1olerances can best be verified using
Jaboratory 1ests. Final system performance in conjunction with the air vehicle can only be accompiished

P S N W flialt eacec
LT OUR THEIIL LESLS.

VERIFICATION GUIDANCE

All specified requirements should be verified by examination and testing. It will not be possible to verify

fuel savings except by periodic flight testing.

VERIFICATION LESSONS LEARNED

3.2.2.11 Fuel quantity system. The fuel quantity gaging system shall indicate the amount of fuel in
The system shall measure and display the fuel quantity in

(units) and shall be in accordance with

REQUIREMENT RATIONALE (3.2.2.11)

L Lial miimmrirs: ronsinne ars meoros 2 aireroay T i : ]
The fuel quantity readings are needec by the aircrew member to plan the iength of his mission. 1o control
the center of gravity of the aircraft, and to insure that sufficient fuel reserves exist 1o insure 2 sale rewurn

REQUIREMENT GUIDANCE

The fuel quantity gaging system for use on Air Force aircraft shall measure and indicate the fuel quantity
in pounds or kilograms. Most gaging systems are of the capacitance type that sense changes in the
dielectric constant of the fuei/air mixture between the cylinders of the capacitance probes brought upon
by raising or lowering the fuel level. Compensation is provided to correct for varying tank configurations.

; meacirine <vstems
measuring <ystems
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is important to measure fuel from full 10 as near empty as possible. If a large

2P0k ad LR LA ol St e 1T 1 1V g0 Aikdl

unmeasurable amount of fuel exists, it will rob the aircraft of some of its potenual range and apply as a
weight penalty.
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b. Accuracy. The readings must be most accurate when the fuel tanks are near empty to insure
sufficient fuel to return to base. Typical accuracies are Class I, MIL-G-26988, *4 percent of
indication in addition 10 *2 percent of full scale, for older aircraft. Most newer systems specify
Class I[, *2 percent of indication added to 2 .75 percent of full scale. In rare instances where fuel
guantity is extremely critical and is needed to control the center of gravity of the aircraft, such as the
B-1 system, a tighter tolerance is used. That tolerance is usually Class III, * I percent of indication
and * 0.5 of full scale. This accuracy requires an attitude correction computer as part of the system
and will, therefore, result in much more expense. New weapon systems should be encouraged to
utilize Class Il systerns whenever possible.

c. Provisions. The fuel gage should provide an adjustable signal to close the refuel valves for
intermediate fuel loads.

d. Display. Fuel quantity displays take many different forms, including round dial, numeric readout,
vertical scale, etc. The configuration of the air vehicle will dictate the best’ display. In general, a
display will be included for each tank. A display of total fuel is also usually provided.

e. Tank units. The aircraft fuels and all their additives (including anti-static additives) and water
ks should not detrimentally affect the life, reliability, and accuracy of the

nr{engec NN 'h€ mentaliyv attect the il

VUt aii oL

{. Materials. Aircraft fuels and additives should not affect the materials used to construct the tank
units so that the fuel gaging system accuracy 1s not adversely affected and fuei 1s not contaminated.

g. Instaliation and calibrauon: Guidance for instaliation and calibration of the fuel quantity gaging
system is contained in MIL-G-7940 and MIL-F-87154.

REQUIREMENT LESSONS LEARNED

It has been found that tank units should be top-mounted and externally accessible wherever possible for
system maintenance.
The use of fuel additives, alternate fuels, and contaminated fuels is causing some concern about the
adequacy of capacitance-type gaging systems. These factors should be invesugated when specifying a
capaciance system.

Some portions of the system such as configuration, materiais. etc., can best be verified in the laboratory
by examunation. Overall accuracy of the systemn can only be accomplished in the aircraft

During testing in the aircraft, known quantites of fuel are added to each tank in certain increments, and
o) 1 o
v 1 ~

" .
the accuracy of the system is checked. This is n position. Dx.f.fere 1t aircraft

altitudes are difficult to achieve, but ramps or jacks ma
pitch or roil angles.
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VERIFICATION LESSONS LEARNED
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3.2.2.12 Horizontal situation indicator (HS1). The HSI shall provide a pictonal display of the
navigational relationship  of the awrcraft to the earth, including other information as follows:
It shall be compauble with

REQUIREMENT RATIONALE (3.2.2 12)

The HSI 1s usually the pilot's primary heading reference. it is a navigation instrument whose display was
Aeislinamnd son Al amilmte tem et smmnmmtismas TTAM AN o WVAD L A L..s fe la ol falo oaall Tia =
UTHVYTIOPpTU 1O a1l phuly l PInercopung 0 ALAN O VAR Tadgiars, pul it i8S ariso U\CU “lll] WNer Ii dVl&d On

The HSI shows the aircraft heading with respect to north (magnetic or true) and the aircraft position with
respect 1o a selected ground stauon and a selected course to the ground station. The aircraft heading is
shown on a compass card beneath a lubber line. The display also gives slant range and bearing 10 a
selected ground stauon and allows the pilot to select a desired course toward the station. The HSI then
shows the aircrait position with respect to tins selected course. The pilot can select a desired heading
which 1s shown by a marker on the ouier edge of the compass card. TO-FROM information with respect
to the selected ground station is sho»\n in the center of the HSI. The HSI also has various failure warning

a Heading The aircraft heading 1 the direction the aircraft i< pointing. The actual direction of
fight may be shghtly different depending on crosswinds or aircraft contro! problems. The heading may
be referenced 10 either magnetuic north or true nonh depending on the directional reference source.
Usuallv @ direcuonal gyro output is referenced to magnetic north while an INS output is referenced te
true north. The accuracy of the azimuth card (or compass card) is usualiv specified as 1° minimum.
which is readily achieved in anyv well-designed instrument and is about the hmil of readability on a

normal azimuth card with 3° petween markings. For the iarger HSis

4 ﬁ: PR PSRN S | . b | ST PP -l -~ memm s d A ST e o g, Py BN N -
1L Call DC SPCCLIICU WILH] UIC adindtil) Cald l“dll\lll‘ Spatcu dil < He nedadutng lll QUL SIEndt i

UCT Ramandc iimarn tha Airariinrnal rafarancra canirra whirh mralakle uill hauvua 2 curmecahra ciannal Ao emaee
L1l UCTp/Tiiuy upun LHIC JBDCLliviial 1 CIvi LHiLe DUUTNLe wiiivg ZruUuauwIy Wikl 11avoe C O DYJILhi v DIE al UuLpIut
but which may have a digital output. such as with a MIL-STD-1553 data bus

b. Command heading. The command heading is a heading the pilot wishes to flv from 0 to 359°
and which can be set with a knob on the HSI or can be set remotely, usuallv by a second HSI.

¢.  Heading marker. A heading marker 1s set around the outside edge of the azimuth ring 1o show
the command heading which has been selected. The heading marker (aiso called heading “bug”™ or

“Captain’s Bars”™) 1s set manualiy or remotely depending on the HSi mode {master or siave), which 1s
controlied by the exiernal pin connections. In 2 two-place cockpit. one HSI will be the master and
one the siave so that both HSIs will display the same command heading. Each HSI should be capable
Al e . aitdhvar 1hia mnmctar fanallasd Yenmanta Aavisca’” sn o cmanificratiarnt Ar tha elave The ciarmal maac s
Vi avil lb ad CiuIci LI 1iadic! (vailicu ITIIHIULT UC YLD il DpCNilIvaliui ) Ul Uliv jiavo .. e \lt.‘llul llla) ve
cvnchra ar dioital Whern chaoncane a2 cianal {armat cancideratinn chouild he oven 1 the cional inrmat
svnchro or digital. When choosing 2 signal format, consideration should he given 1o the signal format
of anv egquipment which interfaces with the command headimng dispiav of the HSI

d.  Command heading rate and accuracy. The maximum rate of change for command heading is
usually specified to be 60° per second, as this is about the maximum rate at which the pilot can
manually set the master HSl. While the minumum rate of change 15 0° per second, the lowest
measured rate of change is usually 1-1/2° per second, which corresponds to a d-minute turn.

o I

¢ Remote heading signal. When the HST s operating in ithe SEANTD mode, 1omust recere

- - . - e s - PR . el - RO P ) Wl - . . . N
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continously around the azimuth card. When an HSI is in the SLAVED mode, rotating the set knob
may temporarily move the heading marker; however, the marker must return to the heading of the
remote device to preclude having separate command heading values on the two HSIs. After being set
manually (only in the master mode) or remotely, the marker must not move with respect to the
azimuth card even if the azimuth card is rotating. The accuracy will normally be specified as 1° with
an azimuth card having $° marking or 1/2° with a card having 2° markings.

f. Command course. The command course is a heading the pilot wishes to fly toward a specific
i . 1

point, usuaily toward a seiected TACAN station. The course can be set manually with a knob on the
)
1

) ol TP U PO VR S £ U U 3 rICct

v, USUdll\ D) a Secona ridi.

>

S1 or it can be set remote

o

g. Course marker. A course arrow (marker) is the desired heading on the inside edge of the

azimuth card to correspond with the course selected. The course arrow may be set manually or
remotely depending on the HSI mode (master or slave) which is controlled by the external pin
connections. In a two-piace cockpit, one HSI will be the master and one the so that both HSIs will
display the same command course. Each HSI will normallv be capable of acting as either the master
or the slave. The signal may be synchro or digital. When choosing a signal format, consideration
should be given to the signal format of any equipment which interfaces with the command course

display of the HSI.

h. Course readout. In ordert
a digital course readout 1S provi
i Course rate and accuracy. The maximum rate of change for the course arrow 1s usually specified
10 be 60° per second for the same reason as in the command heading. Likewise, the lowest measured
rate 15 usually 1~1/2° per second. The accuracy s usually specified as 1° if the azimuth card has £°

marking and 1/2° if the card has 2° markings.

j. Remote course signal. In the slaved mode, the HS] musi receive a remote course signal Lo
preclude continuous rotation of the course arrow. A rotation of the course set knob on the slaved HSI
may cause a lemporary movement of the course arrow; however. the arrow must immediately return

Lo the value set by the remote device to preciude erroneous readings. After being set to a given value,
iess

the course arrow must not move with respect to the azimuth card unless reset to a new command
course. The accuracy is usually specified as 1° if the azimuth card has 5° markings or 1/2° if the card
h DO e ]—\» -

k. Course deviation bar. The command course is & specific direction toward a specific point and
can be represented bv a signal line on a map or by an imaginarv line on the earth. If the aircraft is
flying on course, it should be flying directly above and along this imaginary line. The deviation bar
(D bar) shows the relationship of the aircrafi to this imaginary line, which represents a command
course. If miniature airplane in the HSI is to the right of the deviation bar. then the actual aircraft is
10 the right of s commandec course. The impedance of the D bar input is usually specified ac
1000 ohms for compatibility with existing equipment. Likewise, the current reguired for one-dot
displacement usually specified 1o be 75 uA. with two dots requiring 150 uA. In most aircraft one dot
on the D bar represents 5° off course with two dots for 10°. One degree off course is defined as a 1°
difference between the command course and the bearing to the selected station.

. Deviation bar alarm flag. The primary purpose of the deviation bar alarm flag is to indicate
whether the deviation bar input signal is usable or not; however, when in the TACAN mode, it also

shows whether the bearing signal is usable or not. The suppress zero-type of meter movement holds
the flag tightly against its stop until the input current is a substantial fraction (about 1/3) of the
maximum rated current. This prevents the flag from moving off its stop during high vibration or high
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“g” loading environments. In order to be compatible with existing equipment, the flag is normally
required to leave its stop at no less than 180 uA and be fully out of view at not more than 245 uA.
For reasons of compatability, the input impedance is usually required to be 1000 ohms. With a digital
interface the flag operation may be a function of a status bit rather than a function of an input

current.

m. TO-FROM arrow. The TO-FROM arrow is used in making TACAN or VOR intercepts. The
arrow shows whether the aircraft would fly toward or away from the station if the selected course were
intercepted and flown. The signal is usually generated in the TACAN or VOR coupler; however, the
HSI can be designed to generate the signal internally if the TACAN or VOR coupler is to be deleted.
For compaubility with existing TACAN and VOR couplers, the TO-FROM arrow should have 200
ohms input impedance and should come into view with +225 uA.

n. Display movement. The central portion of the display contains all of the information pertaining
to the selected course and rotates as a unit with the azimuth card in order to present the desired
informaton in a usable and coherent manner.

0. Bearing pointer. The bearing pointer indicates the direction toward a selected radio station or
other target. Because a pilot may wish to track a TACAN station plus another radio station in the
direction finding (DF) mode or may need to find his position by triangulation, it is desirable to have
two bearing pointers on the HSI. If this is not possible because of size constraints or other reasons,
one bearing is considered to be the minimum acceptable. The maximum rate of change f{or the
bearing pointer is usually specified 10 be 60° per second, as this 1s adequate for navigation purposes
and is relatively easy to achieve. It also Keeps the test requirements uniform when compared to the
other servos on the HSI. The iowest measured rate of change for the bearing pointer is usualiv taken
to be 1-1/2° per second. as this corresponds to a 4-minute turn. This low rate is often more difficult
to achieve sausfactorily because of problems with jumpiness and erratic movement at the low rates of
movement. The accuracy is usually specified as 1° if the azimuth card has 5° markings and 1/2° if the

card has 2° markings.

p. Distance display. The distance (range) 1o a selected station is presented in the upper-left-hand
corner of the HSI in order to standardize the display features. The distance is usuallv the slant ranpe
but could be some other value received from a computer. The normal display consists of three digits,
each operated by a separate synchro receiver with separate three-wire inputs. The display may also
have a separately controlied thousands’ [lag 10 increase the range of the display from 999 o 1999. If
the distance displav is intended 1o interface onlv with a TACAN. 3 range of 99¢ miles would be
sufficient. The distance display can be designed with a digital interface. for use with a dignial TACAN,
or with a digital muhiplex bus, however, the range of the display will still be a funcuon of the
interfacing equipment which supplies the distance signal. If the signal is available to accuracies of
one-tentbh of a mile, it would be advantageous to dispiay to that accuracy. This can be done by adding
an additional digit or by using a movable decimal poini. 1f & movable decimai point 1s used, the typical
accuracy would be one-tenth of a mile from 0 10 999 miles and one mile from 100 to 999 miles.
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4.2.2.12 Verification of horizontal situation indicator (HSI). The HSI characteristics shall be

[959 ) Do
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VERIFICATION RATIONALE (4.2.2.12)

The HSI characteristics can be easily verified by laboratory testing. Known signals can be generated, and
the performance of the HSI can be observed.

VERIFICATION GUIDANCE

ryy a ance reguirements

Tvpicai verification pracuce can be found in MIiL-I-83034. Many ol ihe periormance requirements
specified will require 100 percent testing others may be verified on a sampling b asis

VERIFICATION LESSONS LEARNED

3.2.2.13 Hvdraulic pressure indicator and sensor. The hvdraulic pressure indicator 15 used in

conjunction with a hydraulic pressure sensor and is used to display pressure of each hydrauhc system on
the aircraft. The following requirements apply:

REQUIREMENT RATIONALE (3.2.2.13)

Hvdraulic pressure measurement is used to monitor the hydraulic systems on the aircraft. Hydraulic
pressure measuremeni 1s necessary to insure operational and functional system capability on those aircraft

which use hvdraulic power for flight controi, landing gear actuauon, etc.
REQUIREMENT GUIDANCE
Most of the hvdraulic pressure measurement systems in current use are of the basic synchro type.

The following requirements should be specified.

a. Range. Most of the hydraulic pressure systems in Air Force aircraft require a (-4000 psi range.
A few aircraft have higher hydraulic pressure systems where a 0-5000 psi range is required. The
vehicle svstem requirement will dictate the range.

b. Accuracy. The accuracy of the hydraulic pressure indicating svstem 1s approximately £.0 percent
of full-scale reading. The indicator and transmitter accuracies are approximately 2.5 percent of
full-scale reading and are fairly constant over the entire range. Accuracies at high and low
temperatures will be greater than at room temperature and will have to be specified accordingly
depending upon the temperature extremes expected and the accuracies required.

¢. Response. Requirement of hydraulic pressure indication response time may be required for two
reasons: (1) to follow rapidly dropping hvdrauiic pressure or svstem fluctuations and (2) to follow
not-so-rapidly dropping hydraulic pressure or system fluctuation so as lo cause oscillations or
erroneous readings. Typical response time of a pressure drop from 4000 psi to SO0 psi is 1 second to 3
seconds for the transmitter and not more than 2 seconds for indicator response time.

" installed in !-inch round dial clamp~mounted

[o%
.}

y iiya

cases per MS-33639. The scale should be orlemed SO thal the normal hydraulic pressure indicauon is
positioned in the 11 o'clock to 1 o'clock position. Any other display may be used depending upon
panel space and application.
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e. Transmitter output signal. Depending upon the indicator, the transmitter may use a synchro
signal, voltage output, or other analog signal. If a digital signal is specified, it shall be compatible with
MIL-STD-1553 or with ARINC standards depending upon end usage.

~ ~ o A=) 1 4 2

con gua he m verpress tua t ydrau
svstem. An upnper imit of 3500 psi over max narmal (7500 ps1 annlied) 15 usually specified for runture
ystem. An uppe t of 3500 ps: over max normal (7500 pst apphed) 1s usually specified for rupture
or leakage tests. Some loss of performance or permanent damage is allowed after this test

REQUIREMENT LESSONS LEARNED

The transmitter shouid be mounted as near 10 the hvdraulic fluid reservoir as possibie. This minimizes the

pOSSlDHIl\ of line ruptuures and leakage due 10 exposure of 1ong lines 10 excessive vibration Or wear dgd nst

sharp edges or protuberances. Pipe connections to transmitters are prone to leakage. Fittings per

A9 7 17 Jowifiratinn ~f hudranlisc nrocenrae indiratAar/concnr Verifiratinn nf the remiirementc fAr
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hvdraulic pressure sensors and indicators shall be accomphshed as follows:

VERIFICATION RATIONALE (4.2.2.13)
Hvdraulic pressure sensors and indicators must be tested 1o determine if they comply with the specified
requirements.

VERIFICATION GUIDANCE

Laboratory testing is the easiest and safest method to verify the specified requirements for pressure
transmitters and indicators. Pressures can be accurately controlled and environmental conditions can be

imposed 2s required.

VERIFICATION LESSONS LEARNED

anAing (ar eam e a macliim handing raforance and {ar croci—chockinoe thhe nrimary headine reference
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cvetem he followine reaguirements shall annhv
system. The lcliowing reguirements shall app!

REQUIREMENT RATIONALE (3.2.2.14)

The magneuc compass indicates the heading of the aircraft with respect to magneuc north. It requires no
electrical power for operauor. other than for hghung. The purpose of the magnetic compass is for a
heading source for emergency use and for cross-checking other aircraft heading sysiems. Most aircrait

require a magnetic compass as an emergency heading source.

REQUIREMENT GUIDANCE

The following requirements apply when specifying a typical magneuc compass:
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MIL-L-5020. An expansion unit is required to allow for liquid expansion and contraction with
temperature changes. A lubber line is installed such that parallax errors are minimum when reading
heading from the compass card. The compass card is marked in 5° increments with each 30°
increment labeled with the appropriate heading angle and cardinal heading angle and cardinal
headings labeled with N, S, E. and W. Increments larger than 5° should not be used as readability
errors would become excessive.

in north-south and east-west headings due to aircraft magnetic fields. The compensator consists of
two permanent magnets that are manually adjustable. A zero index mark is required to indicate the
adjustment position where the compensator magnets exert zero effect on the indicator. The range of
the compensator must be sufficient 10 remove errors due to the particular aircraft’s magnetic field.
Typical ranges that have proven suitable for any aircraft application are between 30° and 40°.

b. Compensator. The magnetic compass must be equipped with a compensator for removing errors

o IS NS U VRPN T VL RS U N S S . SNy n ssrmbila atrerds
¢c. Bubble visibility. Air bubbles should not be visible in the usable atutude range of the magnetic
Amrmmace Thic ramas ic timmirally me mmos o i ] i
compass. This range is typically no more than 18° in pitch. Steeper pitch angels result in larger errors
which make the compass unusable

d. Friction error. Typically, a friction error of 1° maximum has proven acceptable and is easily

met
e. Balance. The compass card must be balanced to provide a readable and accurate display.
Deviation of 1° between the compass card plane and the horizantal plane is generally required and

f.  Compass error without compensation. The accuracy of the standby compass is typically within
= 1.0¢ without compensators attached. This requirement has generally proven acceptabie.

I Attitude range. Pitch auitudes of * 10° should cause no more than 2° change in compass

indication. Pitch or roll attitudes of *+ 18° should cause no more than 5° change in indication. These
attitude errors are characteristic of the typical compass mechanization and should easily be met.

through a compass swing

Qﬂ

h. Compass swing. Each aircraft standby compass must be ca alibrate

when the compass is first instalied, when 1t 1s repxac or when iis errors become excessive.
Yy oy s Wy <4 Y = - - fm Finl2d e i e

NMIL=->1D-/02 Qaelines e

{ > )
maximum allowable errors due to anrcraft cllmb and glide atmudes movable and
movable magnetic parts, engine operation, landing gear effect, effect of continuously operated circuits,
elfect of variable circuits, and specification of the maximum allowable uncompensated and compensated
compass deviations. Test procedures are defined for measuring these various effects. The requirements of
MIL-C-7762 for direct indicating compasses should be imposed on the airframe contractor to insure that
errors due 10 the compass installation can be compensated for and o insure residual errors after

ceompensation dte not excessive
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4.2.2.14 Verification of magnetic compass. Requirements for the magnetic compass shall be verified
in the laboratory by

VERIFICATION RATIONALE (4.2.2.14)

Most of the requirements can be verified in the laboratory under controlied magnetic field conditions.
Final performance can only be verified after instailation in the air vehicie.

VERIFICATION GUIDANCE

The stated requirements should be listed under verification together with any special test procedures or
conditions which are 10 be imnosed on the compass. MIL-C-5604 contains typicai verification

1pPUse

procedures.

VERIFICATION LESSONS LEARNED

3.2.2.15 Structural integrity recorder. The structural integrity recorder shall record certain data for
use in determining the stresses to which aircraft structures have been subjected for the purpose of
predicting when certain parts require repair or replacement. The following parameters shall be recorded:

Other reguirements chall include:

TITICAIS Siall 282t

REQUIREMENT RATIONALE (3.2.2.15)

A structural integrity recorder 1s most often used during initial flights of new aircraft to measure and
record performance. configuration, and stresses in the aircraft. It can also be used on a continuous basis
so that the airframe condition can be monitored and corrective action taken before serious conditions,
such as cracked wing spars, occur due to overloads or fatigue.

REQUIREMENT GUIDANCE

The foliowing iist of “siandard” parameiers should be considered for recording. T¢ complete the
requirement it will also be necessary to fill in the update rate and resolution.
UPDATE RATE RESOLUTION
PARAMETER _(SECONDS) (Parameter Units)

Time

Timing word

Altitude

Airspeed

Mach number

Vertical acceleration
Lateral acceleration
Longitudinal acceleration
Free air temperature
Pitch rate

Yaw rate

Roll rate

Control surface positions
Center of gravity
Landing gear position
Weight

Documentary data
Stress(es)

Fuel counter

Refuel counter
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The blanks are to be filled in depending upon the type of aircraft and the structural elements that require
recording. It will be necessary to provide a list of the locations at which the aircraft stresses are to be

measured.
Other requirements which must be given consideration include the following:

a. Interface requirements. There are many sensors on board most aircraft whose signals can be used
as an input 1o the recorder. These sensors should be used whenever possible to avoid duplication.

b.  Recording ume. The recorder should be capable of running for the duration of the longest
mission. Recorder times of 20 to 35 hours without changing tapes can be specified if required. The
tape speed shall be constant and shall be within +1° of the specified design record speed.

c. Tape. The recording tape should be contained in a cassette/cartridge for ease of handling wh
changing it and to preclude inadvertent unwinding. The tape should be able to withstand temperatures
in the rang 0 +71°C. Depending upon the location of the recorder in the aircraft, the

d. Operating factors. The recorder should be powered automatically with no action required to be
taken by the flightcrew. The recorder must have a built-in alert feature which will notify the crew if
the recorder ceases to function.

REQUIREMENT LESSONS LEARNED

2.2.1%5 Verification of structural integrity recorder. Recorded parameters and other requirements
specified for the recorder shall be verified in the laboratory as follows:

The requirements of the recorder can most easily be verified in the laboratory where either actual or
simulated signal inputs can be applied and recorded. Other specified requirements can be visually

o

inspected and verified.

VERIFICATION GUIDANCE

The recorder shouid be tesied to determine if specified requirements are met. The requirements are
restated in the verification section together with any environmental condiuons and special test procedures
that are to be applied.

~2
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3.2.2.16 Engine oil quantity indicating system. The oil quantity indicator shall receive signals from

an oil guantity sensor and display to the aircrew the oil guantity in (units)
remaining in each tank associated with each engine. The characteristics of the system shall be as follows:

1&%
& 10

(%)
-

All aircraft engines require a continuous flow of oil for lubrication and cooling. Each engine is usually
fitted with an oil tank, and it 1s important to know the quantity of oil in each tank. Knowing the oil
quantity and the rate of usage as determined by the oil quantity gage, the duration of flight can be
determined. This is important in case of an oil leak or excessive oil consumption by 2 particular engine.

REQUIREMENT GUIDANCE

There are several types of oil quantity systems available. Technical Report ASD~-TR-74-39 provides a
comprehensive review of these systems and some of the factors that should be considered when specifying

an oil quantity svstem.
The following requirements must be addressed when specifying an oil quantity measuring system:

a. Units of measurement. The engine oil quantity indicating system should display volumetric
quantity rather than weight of oil because oil consumption is discussed in terms of quarts or liters per
hour. Oil 1s added one quart at a time, as 1t is procured only in guart cans to avoid the possibility of
an open can being left for future use and becoming contaminated.

b. Range. Full shouid correspond 10 minimum oil leve! which 1s about 20 percent less than actual
tank capacity 1o allow for oil expansion. Empty should correspond to minimum usable oil in the tank
in the event that the tank is designed so that an unusable amount of oil may remain in the tank.

c. Accuracy. There is a tendency to require greater accuracy than is actually needed. Care should
be iaken in "profiling” the output to the tank it would be if it were mounted in a fully loaded aircraft
fiying straight and ievel. This will normally be a different angle than the tank would assume when the
aircraft is parked on the ramp.

d. Response time. Rapid response time is not required and is not desirable. Too rapid response time
will result in much pointer fluctuation due to oil siosh. Ten to fifteen seconds for a full-scale change is

usually adequate.

e. Display. Oil quantity displays can be in many different forms. On large aircraft the oil quantity
display is normally a 2-inch diameter round dial display. On fighter-type aircraft, a dual-level system
may be considered consisting of two lights in the cockpit for each engine oil tank. One light would
indicate that the 1/2 point has been reached: the second light would indicate that the 1/4 point has

been reached.

f.  Prohibited materials. Because oil samples are used for diagnostic purposes, there are several
materials which may not be permitted to come in contact with the oil. Copper 1s one of these
materials, and there are others. Since the list 1s changing, it should be consulted prior to the issuing of

a specification.

REQUIREMENT LESSONS LEARNED

IR S amy £

Many oil quantity gaging systems use floats. Historically, the float has always been considered to be a very
simple device to build when in reality many { {
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of about 6-8 Ibs/sq inch which occurs a few times in a flight due to initial startup and a altitude changes.
The other cycle is a small change that occurs many times in a flight due to temperature changes in the
tank and throttle movement. If a metal float is not properly designed, the sides of the float will move with
the pressure changes that will cause fatigue and/or work-hardening which will result in a crack which will
sink the float. Nonmetallic floats have encountered problems due to the long-term adverse effects of
MIL-L-780B and MIL-L-23699 oils. Consideration of a metallic float with internal structural
honeycomb is recommended.

All but the very shortest tank probe should be retained at each end. A good method is to use a
straight-sided socket in the bottom of the tank with a matng part with a groove cut into it mounted on the
bottom of the probe. An “O" ring on the groove will provide for differential expansion and tank tolerance
variations. The "O" ring is the only par of the probe which comes into contact with the socket. Generally,
probes longer than 15 c¢m should be restrained at each end to prevent fatigue failure of the probe and/or

of the tank around the mounting fiange.

Nucleonic oi]l quantity measuring systems should be avoided. Most of these types of systems have been
removed from USAF aircraft. The acquisition cost is high, as is the maintenance cost. The systems must
be recalibrated every 6 months due to the decay of the radioactive source and it is dangerous for
personnel 10 work around the radioactive source for more than !5 minutes at a time.

4.2.2.16 Verification of engine oil quantity indicating system. To evaluate the performance of the
oil quanuty indicating system, tests shall be conducted in the laboratory as follows:

VERIFICATION RATIONALE (4.2.2.16)

ractical method 10 verify the reguirements and performance of an oil

1IR3 1 0 10

quanuty measuring system. The system can easily be tested using different oils and environments as

required.
VERIFICATION GUIDANCE

The system would typically be mounted in a duplicate of the tank used on the aircraft. The specified
requirements of range accuracy response time, etc., would then be verified using the measured amounts of
the proper oils while applving environmental or other conditions on the system.

VERIFICATION LESSONS LEARNED

75

Wt wh o hs e s e



Downloaded from http://www.everyspec.com

AFGS-87216A APPENDIX

3.2.2.17 Oil pressure indicating system. The oil pressure indicator shall display the pressure of the
engine oil to each engine in (units) using signals from a remote sensor. The oil
pressure sensor shall measure the pressure of the oil supplied to each engine and provide a signal
proportional to the pressure for use by a dispiay or other equipment. The following requirements shall
apply:

E /2917 17)
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Engine oil pressure is of vital importance to the operation of any aircraft engine. If the oil pressure drops
below certain limits, that engine must be shut down or it will be destroved.

REQUIREMENT GUIDANCE

Each engine oil sysiem is to be provided with an oil pressure transmitter and an associated pressure
indicator in the crew station. Oil pressure readings are calibrated in pounds per square inch (psi) in the
English system and kilopascals (kPa) in the metric system. Indicator dials are 1o be provided with colored
range markings in accaordance with T.O. 5-1-2 and STANAG 3436.

ge. Most oil pressure systems for engine bearing iubrication on Air Force aircraft operate in

a Ran
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the 0-100 psi range. There are systems that operaie in the 0-200 psi and 0-500 psi range.

b.  Accuracy. The accuracy of the oil pressure indicating system is approximately 4.0 percent of full
scale reading. The indicator has an accuracy of approximately .S percent, and the transmitter has an
accuracy of approximately 2.5 percent of full-scale reading and are fairly constant over the entire
range. Accuracies at high and low temperatures will be greater than at room temperature and will have
to be specified accordingly depending upon the temperature extremes expected and the accuracies

required.

-~ femmca fmiricasmamt il o acciien i Aimmtine rocmmmes 1imme mmay o romiiirad far tiin roncAne
C RESPpONSE. nequireémeni 61 Ol pressure indiCauon reSponse lime mayv 0¢€ Tequired 107 twl 1€asins
(1) 1a recnand in a reacanabhly chart time ninder extreme enld temneratiirec an enoine ctart and (2) 10
(1) Lo respond In a reascnaniy snort ime Unger exireme Coig temperatures ¢n engine start and (2} o

respond not too rapidly to cause fluctuations or excessive oscillations. Typical response time at cold
1 second to 4 seconds with a pressure change from 100 psi to 10 psi for the

transmitter and not more Lhan 1 seconds for the indicator.

d. Display. Oil pressure displavs are typically installed in I-inch or 2-inch round dial
clamp-mounted cases per MS33639. The scale should be oriented so that the normal oil pressure
indication is approximately at the 9 o'clock position. Other displavs may be used.

e. Transmitter. The oil pressure transmitter must be compatible with the indicator or display
intended for use. The output signal format may be anaiog or dignal. Svnchros and variabic
reluctance-types are commonly used. If a digital signal is specified. 1 shall be compatible with
MIL-STD-1553 or with ARINC standards depending upon user preference and end use.

{. Overpressure. The transmitter must withstand an  overpressure and stili operate within
specification tolerance requirements. For most aircraft using 0-100 psi oil pressure systems on
overpressure of 200 psi (300 psi applied) is considered adequate for covering any severe overpressure

fluctuations occurring under most conditions.

g urst pressure. An overpressure of 400 psi (500 psi applied) is usually specified for the
tr er 1o withstand without rupture or Ip,uk;mp to the pressure- Qpnunn element. This test should

he run at 70°F with pressure apph ed tn the input oil preccire pont
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h. Mounting. The transmitter should be mounted on the engine although it can be and is mounted
on the airframe of some aircraft. Mounting of the transmitter on the engine eliminates extra fittings
and oil lines and reduces the chances of oil line rupture on leakage.

i.  Mounting torque. A mounting torque test is usually specified for the transmitter 10 insure that t
case of the transmitter can withstand normal torque forces applied during installation without causing
distortion or other failures affecting the accuracy.

guirements for oil pressure tran nsmitters are greater than most

other equipment. Typical temperatures usually specified are from -54°C to +177°C.

k. Materals. As in the case of oil quantity gaging systems. copper and alloys of copper are not to be
used in contact with engine oil.

REQUIREMENT LESSONS LEARNED

In the past, many oil pressure transmitters used silicone fluid for damping. Very minute quantities of
silicone fluid intermixing with the lubricating engine oil results in a serious foaming problem causing loss of
oil pressure and bearing lubrication. This problem has been encountered previously where the oil pressure
sensing element in the transmitier ruptured or failed allowing the silicone fluid to mix with the engine

lubricating oil. The use of silicone fluids in transmitiers should be prohibited.

4.2.2.23 Verification of oil pressure indicating system. The accuracy and requirements for the oil
pressure indicating svstems shall be verified in the laboratory as follows:

VERIFICATION

LIS 5% 2N o N9

ATIONALE (4.2.2.23)

NAL

The accuracy and other requirements outlined for oil pressure indicaling sysiems can best be verified In
the laboratory where various pressure levels can be produced and accurately measured. Required
environmental condition can also be easily applied.

VERIFICATION GUIDANCE

The specified requiremem should be listed under verification together wuh any testing procedure that may
nce for zypical transmitter

......... .~ Ao 1l ar

be necessary 1o makée cenain the sysiem meets the
verification can be found in MIL-T-382 30

VERIFICATION LESSONS LEARNED
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3.2.2.18 Position indicating system. The position indicator system is used to indicate the position of
certain elements of the aircraft such as flaps, wings (sweep), pitch trim, nozzle, etc. It shall meet the
following requirements:

REQUIREMENT RATIONALE (3.2.2.18)

surface that cannot be seen by the aircrew.
REQUIREMENT GUIDANCE

Generally. surface position indicators do not have to be highly accurate devices except for wing sweep
angle. They are generally used to verify that a surface is moving in accordance with a command. Nozzie

)
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The following factors must be considered when specifying these systems:

a. Dispiay. Position displays are usually 2-inch diameter instruments. The use of symbolic displays
consisting of a miniature aircraft or wing cross section should be considered. The effect of control
surface trim can be displayed on the miniature aircraft and the position of life control devices, such as
spoilers and flaps, can be displaved on the wing cross section.

b. Range. Surface position is usually displayed in degrees. Nozzle position is generally displayed in

percent of full open.

¢.  Accuracy. Surface position is generallv displaved to an accuracy of +2° of transmitter shaft.
Pitch trim indicavon should be displayed somewhat more accurateiy. The rigping of the linkage
between the transmitter and the control surface can be a source of considerable error, and tolerances
should be determined for technical order use.

d. Response. The indication should be capable of moving slightly faster than the surface to which it
1s attached. Since engine nozzle movement can be extremely rapid. it may not be possible for the

indication to follow it.

e. Torque. The torque required to rotate the transmitter should be checked at temperature
extremes 1o insure that differential expansion will not cause internal binding. The transmitter for
either an engine nozzle or wing surface can be exposed to a very wide temperature change very
rapidly.

f.  Anti-freeze-up. Posituon transmitters for slats and flaps are located in the wing and may be
exposed when the surface 1s extendec. In rain they mav be exposed 10 a low of water which can freeze
as the aircraft chmbs to alutude. An anti-freeze-up test shouid be required on transmitters subject (o

rain and subsequent freezing temperatures.
REQUIREMENT LESSONS LEARNED

It has been found that position transmitters exposed to rain should be as well sealed as possible. The use
of drain holes has been detrimentai because rain is often driven into the transmitter through the drain
holes and is prevented from draining due to air flow.
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4.2.2.18 Verification of position indicating system. The position indicating system requirements are
verified in the laboratory as follows:

VERIFICATION RATIONALE (4.2.2.18)

The specified requiremems for position indicators and transmitters can easily be verified by laboratory
testing. Final installed performance can only be determined during flight test of the air vehicle.

VERIFICATION GUIDANCE

Simple tests equipment is usually provided to verify specified requirements. Environmental conditions can
be appiied as required.
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REQUIREMENT RATIONALE (3.2.2.19)

Engine rpm 1s an important parameter which must be displayed to the aircrew for safety and performance
reasons. It is used during engine starting and ali portions of flight.

REQUIREMENT GUIDANCE

The rpm of gas turbine engines 1s always displaved as a percent. This is because the numbers tend to be
high and vary greatly with the diameter of the engine. For some engines, rpm is the main power
parameter. With few exceptions, all USAF aircraft and commercial airlines (and helicopters) use the
standard tachometer system. The standard systemn consists of an engine-mounted tachometer generator
and a 2-inch diameter indicator. Basically, the standard system consists of an electric AC 3-phase
generator which drives a 3-phase synchronous motor in the indicator. The synchronous motor rotates

-~

several magnets within a copper drag cup. The standard tachometer generator consists of a 3-phase

winding with a 2-pole permanent magnetic rotating inside the winding. The tachometer generaior provides
both the signal and the electrical power 10 drive the indicator. The standard indicator has a four (4) pole
permanen! magnetic rotor wrning in & fieid, wound 1o accept the 3-phase output of the generator. The
indicator rotor synchronizes at one=hall (1/2) of the generator rotor speed. Therefore, the rpm signal is
transmitted by the freguency of the 3-phase electrical signal, not the voltage level as 1s commonly

t
T amp at 21 volts) generated by the generator drives the motor in the indicator.
power required is for the indicator lmht< A tachometer system should be provided for
each engine. On dual spool engines—-notably large turbofan engines—-a tachometer system may be
provided for each spool. The svstem consists of an engine-mounted transmitier and remote display.
Engine rpm shall be measured and displayed as a percentage of the maximum permissible rpm at the
maximum continuous nonafierburning power setung. On helicopters, the rotor transmitter may be
mounted on the transmission. Rotor speed will be displayed as actual rpm. The rpm of reciprocating

engines will be displayed as actual rpm.

The foliowing factors must be considered when specifying tachometer systems:

engine growth through rerating. Propeller and helicopter rotor speeds shall be displayed in actual
pm.

a. Range. The display range for gas turbine engines should be from 0 to 110 percent to provide for

79
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b. Accuracy. Highest accuracy should be required in the 80 percent to 105 percent range. To
require an accuracy of plus and minus 0.5 percent in this range is reasonable; even greater accuracy
may be desirable. The accuracy below 80 percent could be reduced to plus and minus 2.0 percent or
even plus and minus 3.0 percent. At the lower ranges, the tachometer is used during starting to
observe the rate of increase of speed to guard against hot starts and hung starts. In the higher ranges,
technical orders generally prescribe limits or operating points to one-tenth of a percent (0.1 percent).
Al temperature extremes, particularly low temperatures, the accuracy tolerances should be relaxed :

Q W
Y

= Aaociamc PSR Fao -
1

much as practicable. In some designs, a reduction of low tempe
larger amounts of lubricant.

¢. Response. The tachometer system should be able to travel up scale slightly faster than the engine
can accelerate to 100 percent rpm. Particular attention should be paid to the area between 80 percent
and 100 percent rpm to insure that the tachometer indication can keep up with the engine
acceleration in this area. This is so that the operator will have the capability of preventing an

overspeed in the event of a governor failure.

d. Starting and synchronous operation. In some cases, the operator may want O measure
acceleration or coast—down time or perform some operation that can only be done when the engine is
not turning. Therefore, the tachometer system should stant functioning at a very low rpm, such as

2.5 percent, and with decreasing speed, continue to function down to a low rpm.

e Display. The display must have the capability of being read to within 0.5 percent.
accomphshed using an expanded scale in the critical regions or by the use of a vernier subdial.
vertical scale, or other dpnpndmo upon user nreference

ype, vertical scale, or other 1ding upon user

DSICCIatioNs,

f.  Transmter. Most systems utilize the standard transmitter which mounts on the standard drive
pad located on t‘ne engine accessory case. If a magneuc pickup operaung from a gear 1s used,

becau&e the cou tenceo to act as an antenna. Efforts to induce and detect eddy currents in tita
n
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ndicator, tachometer, and generator, tachometer.

REQUIREMENT LESSONS LEARNED

~ 0N LY & LI WS
See paragraph 3.2.2.19 - “f" above.
4.2.2.19 Verification of tachometer indicating system. The tachometer display and sensor shall be

verified by testing in the laboratory as follows:

VERIFICATION RATIONALE (4.2.2.19)

With the exception of some sensors such as blade or gear tooth counters. which musi be iesied on th
engine or air vehicle, tachometer indicators and transmitters can best be verified by laboratory testing.

GUIDANCE

i
o
!
)
>
.
O
Z
’)

Displays and transmitters are usually tested separately using specially designed test equipment. Certain
requirements are tested on a 100 percent basis while environmental tests are conducted using a sampling

plan.
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3.2.2.20 Thrust computing system (TCS). The system shall display actual gross thrust divided by
reference thrust as a percentage. Rerating of the engine shall not require changes to the gross thrust
computation algorithm. The system will receive information (pressures, temperatures, etc.) from the
following aircraft systems: . The system will provide information to the following

aircraft systems:

REQUIREMENT RATIONALE (3.2.2.20)

The measurement of engine thrust has been a long sought-after achievement. Only recently has it been
possible 10 measure airborne thrust, the most important parameter as far as air vehicle takeoff and
performance is concerned. The TCS should be considered for use on any new air vehicle using turbojet,
turbofan. or afterburning turbojet and turbofan engines.

REQUIREMENT GUIDANCE

The TCS computes the actual gross thrust (in pounds) being produced and the percentage (based on
military power, nonafterburning) of available thrust that is actually being delivered. The TCS is operable
on the ground and in all flight modes. While the TCS is applicable to any turbojet or turbofan engine,
greatest benefits can be accrued by applving it to variable nozzie engines. On variable nozzle engines, the
TCS provides performance information not available from other engine instrumentation. Some potential
benefits of utilizing the TCS are as follows:

(1) Single instrument, quickly interpreted.

(2) Provides immediate quantative assessment of malfunction, deterioration, icing, battle damage.

(3) Confirms proper operauion of complete propulsion svstem prior to takeoff.
(4) Reduces unsubstantiated pilot squawks.
(5) Allows more accurate engine trimming which will reduce costs.
(6) Input to energy maneuverability system, flight recorder, etc.
(7) Unchanging performance standard built into each system.
When specifving a3 TCS, the following requirements must be considered:

a. Range. The percent system shouid be designed so that 100 percent is equivaient tc full miitary
power (nonafterburning for afterburning engines). In this usage, the term “full military power™ means
the maximum nonafterburning thrust level that the engine can maintain continuously in an operational
situation. On an afterburning engine. whenever the afierburner is lit. the percent displav will indicate

over 100 percen:.

b. Accuracy. To be useflul, the systemn should have a gross thrust error of not more than plus and
minus 2.5 percent of the point. The accuracy shouid be greater at the full miliary power point,
especialiy il the TCS 1s to be usec for engine tnmming The accuracy of the percent funcuor wili
necessarily be no better than the accuracy of the gross thrust readout.

c. Response. The system should be capable of changing indication slightly faster than the engine is
capable of changing the amount of thrust that it is producing

d. Sensitivity. The system should be capable of responding to the minimum adjustment of the fuel

control
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SYyatt

e. Interfaces. The system will interface with the central air data compu
pressure lransducers The CADC wi l

a cockpit display. a go-no-go mdlcauon, play a part in any diagnostic or engme momtormg programs,
and provide an input to future energy management or energy maneuverability systems.

f.  Display. The display may take any convenient format suitabie 10 the air vehicle. It is anticipated

REQUIREMENT LESSONS LEARNED

It has been learned by AFLC that J85 engines can be successfully trimmed using a TCS system. The
engines are experiencing longer life characteristics because the trimming is more accurately controlled
toward the minimum allowable thrust range, thereby maintaining a more uniform, lower operating engine

temperature.

4.2.2.20  Verification of thrust computing system. The requirements for the thrust computing system
shall be verified in the laboratory as follows:

Visual inspections and tests to verify that the displav an eneral requirements can

" o
1 [~
most ea%xl\ be accomplished in the laboratory. Actual system performance must be verified on an engine

running in an engine test ceil.
VERIFICATION GUIDANCE

When the measurement parameters and values have been established for a given system, future
ms of the same pan number car be verified in the laboratory using simulated pressure and
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VERIFICATION LESSONS LEARNED
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5.2.2.21 Turn and slip display. Turn and slip displays provide an indication of aircraft rate-of-turn
and slip information. It shall have the following characteristics:

REQUIREMENT RATIONALE (3.2.2.21)

The turn-and-slip display provides an indication of aircraft rate of turn and slip. It is sometimes
considered as a standby indicator in event of faiiure of the attitude indicator.

REQUIREMENT GUIDANCE

The twrn needle can display either a standard two-minute turn for one-needle-width deflection or a
four-minute turn for one~needie-width deflecion depending on the mechanization of the indicator and
system or rate gyro, sensing aircraft rate of turn. Most rate-of-turn displays are mechanized to display a
four-minute turn for one-needle-width deflection. The slip indicator or inclinometer indicates aircraft
slip or skid by means of a ball free to roll in a curved glass tube. This tube is filled with a colorless fluid
which is normally alcohol to provide damping. The preferred color for the ball is white. However, if the
slip indicator ball is smaller than 0.20 inches in diameter, a black ball is preferred. The reason for this 1s
that black balls being metal are denser than the white ceramic balls, and as a result, the possibility of
sticking is minimized. White ball slip indicators of less than 0.2 inches in diameter have generally proven

unacceptable.
The following requirements apply:

a. Rate-of-turn display. The turn-rate display normally appears similar to that contained in
MIL-1-7627.

b. Turn-pointer damping. The turn-pointer must have some damping to prevent pointer oscillation.
A suitable damping factor of full-scale deflection from one to three seconds has been found to be

sausfactory.

c. Turn-pointer accuracy. An accuracy of not more than plus and minus 7.5 percent of the input
rate has been found adequate.

d. Slip display. The display of slip is mounted direcuy below the turn display and usually consists of
a ball rolling in a curved glass tube as described above. At least half of the ball must be visibie at ail
times. No part of an air bubble is to be visible in the tube.

e. Slip-indicator damping. The time for the slip ball to roll from the zero mark to the end of the
tube should be not less than 0.2 seconds when the indicator is rapidly tipped to an angle of

24 degrees.

f.  Full-scale deflecting. The slip ball should travel full scale when the indicator is tipped between
6 degrees and 12 degrees depending upon the sensitivity required for best aircraft control. The ball
must travel freely from one end to the other with no sticking. Most of the requirements established for
turn-and-slip indicators were generated through trial and error. Damping and sensiuvity requirements
were determined by flight tests and pilot opinion and have been found to be acceptable ir most
aircraft. STANAG 3322 outlines internauonal agreements established for the indicator.
REQUIREMENT LESSONS LEARNED

Since most turn-and-slip indicators were and are powered by 28V DC, the original designs used DC
commutator motors to turn the gyro motors. The brushes used in DC motors are subject to wear and
provide very low reliability. New designs specify the use of inverters and AC motors which greatly increase
the reliability of this type of indicator.
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4.2.2.21 \Verification of turn and slip display. Turn-and-slip display characteristics shall be
evaluated in the laboratory as follows:

Accurate turn rates are easily produced on laboratory equipment providing ease of verification of
turn-and-slip indicator requirements.

VERIFICATION GUIDANCE

specified requirements should be tested on a 100 percent basis; 1hes include dampin

arcisrary Mthor usrificatiAane mavticiilariy o ~ anral 1actc ran ke nAarAmMA
ﬂb\.ulﬂb] NSl Vwillinvauuwiin, yalklbulﬂl IJ CIIYIIUIMILIC LA LW DLW,y W i1 U ﬂ\v\vllly
MIL-1-7627 contains a typical verification plan for turn-and-shp indicators

VERIFICATION LESSONS LEARNED

Normally, turn-and-ship indicators are tested on level rate tables with no bank angles applied. This does
not represent a true mgm condition because there will ama\s be some bank angle oepencmg upon
até inadications are required, it 18

dlrSpCCG, WHCH Ult‘ derTdH 15 LU”]II]E III \'er\ accurate wurn-r
recommended that the bank angle corresponding to the airspeed and rate of turn be applied when testing

tha indAiratar Thic ramitirarmant weaild rmosm that the imdicratar ainiilAd have 1A ke Aacionad fAr a2 Frortain
LIIC lidivailui . 4 321D ‘\—\-{ullblll\—‘l\ YU v all wuial uiie AllaIvalul WU Liave [V - uLDAbllbu i\l g wwivag
aireneed  If thic were done. the aircneed for which the indicator 1c intended chould be marked on the
airspeed. Il Lthis were gone, the airspeec lor 1ICh the Ingicator 1s mten geg should be marked on the
case

3.2.2.22 Warning system. The warning system shall warn the aircrew of a dangerous situation or an
impending dangerous condiuion using an aurai tone and/or voice warning. A warning of the following
conditions shall be provided: . The warning svstem shall have the f{ollowing

features:

REQUIREMENT RATIONALE (3.2.2.22)

u

Warning signals are an inherent part of the operation of any aircraft. During heavy workload periods. the
aircrew cannot monitor every systermn adequately and must be warned of a dangerous or an impending
dangerous condition.

REQUIREMENT GUIDANCE

he pilot by visuai, aurai. and/or tactile means. Recommendations

A warning can be presentec Lo t

concerninoe 1ntencity  rnlar anral frenuency and repetition ratec of the warnines involve considerable
cencerning intensily, CCIior, aura: iréguency, anc repeutien rates 188 INVOlve consiceranie
human factor considerations. AFSC DH 1-3 provides euidance in these human facitor considerations.
e ety ~ < r c

The requirement stated here is intended to be for more complex warning systems and does not inciude
simple warning or cauuon lights for low oil pressure, over temperature, high or low voitage, and other

similar warnings.
The following warnings may be considerec for the air vehicle:

a. Stwall warning. A warning of pending approach to aircraft stall. Refer to Air Data Sysiem and
Equipment Specification. MIL-A-87211.

b. Gear-up warning. A warning that landing gear has not been lowered while airspeed and altitude
are in landing envelope. Refer 1o Air Data Systern and Equipment Specification, MIL-A-87211.

rese lno him with: command

¢. Barometric altitude warning. A system to aid the pilot by p
ati

information prior tn capture of a preset altitude. deviation notification upon departure from preset

i
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altiude, and optional notification just before and at a preset decision height altitude. Refer to
Air Data System and Equipment Prime Specification, MIL-A-87211.

d. Ground proximity warning system (GPWS). A systern (o reduce the number of

n and configuration (gear, flaps, etc.);
evaluates these aircraft parameter; and gives a warning if a potentially dangerous situation exists. The
aircraft parameters are evaluated in pairs with each pair defining a mode (i.e., radar altitude versus
radar altitude rate with gear up). A warning area is defined for each of these two dimensional modes.
When the aircrafi parameters fall within this area, the warning is given (i.e.. when an aircraft 1s
descending at 3000 fpm and descends below 1500 feet, the aircraft is in the NMode 1 warning

envelope). The basic GPWS system 1s defined by five modes:

Mode 1 - Excessive rate of descent with respect to terrain

Mode 2 - Excessive closure rate to terrain

Mode 3 - Excessive sink rate after takeoff or missed approach

Mode 4 - Too great of a proximity to terrain for aircraft configuration

Mode £ - Glideslope deviation.

Improvements are being made in GPWS by a few manufacturers. One improvement is use of an additional
parameter of airspeed which is used to modify the warning area of some modes thereby increasing warning
ume and decreasing the occurrence of nuisance warnings. Another feature of an improved svstem is an
expanded warning vocabulary. A standard GPWS has only 2 simulated voice warning “PULL-LP”
preceded by a “WHOOP-WHOOP"” siren. An improved sysiem could have additional voice warnings such
as “SINK RATE,” “TERRAIN,” “DON'T SINK,” "TOO LOW,” “GEAR,” and “FLAP." These
warnings have better pilot acceptance because the warning identifies is cause. A standard GPWS is
designed for a 2500-foot range radar altimeter and would use only 2500 feet of higher range alumeters in
the USAF inventory. An improved system might use the full range of high- range radar altimeter. In the
more distant future, one may see the use of weather radar as an input into GPWS for forward-looking
capability. Aural warning generation should be centralized if any of the following features are desired:

(1) When warnings must be prioritized.

2) When a larpe vocabuiary of simulated voice warnings is desired.
£ \ £

(3) When simultaneous warnings are not allowed.

Tone warnings must be distinct and consisient with established practices. Frequency, period, sweep rate,
and volume discussions are found in the Stauons and Passenger Accommodations Military Standard,
MIL-STD-1776.

Humar. factor testing has shown that voice warning allows for a more immediate pilot response. The
vocabulary can be command or informative. Ciarity of simulated voice is a funcuion of technique and
alloted memory. Vocabulary discussion will be found in the Crew Stations and Passenger

Accommodations Military Standard, MIL-STD-1776.

GPWS is required by Federal Aviation Regulations (FAR) for all large turbine-powered aircraft. The
requirement compliance date was extended once to | September 1976. The exlension was due to

ol W ssinn e~ M e
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the general statement that with larger aircraft, one would notice fewer unwanted warnings. This i d
that one set of envelopes is not ideally suited to all large turbine aircraft in all roles. Flight testing and
tailoring the envelope for each aircraft type is recommended. The tailoring must be done by a contractor
who has accident data knowledge so that change effects on both warning time and occurrence rate of
nuisance warnings can be weighed. One should be cautious if a contractor proposes to provide GPWS
capability in some central computer without the aid of a progressive GPWS manufacturer. The governing
FAR GPWS TSO is RTCA Document DO-161A, but it does not define all aspects of the warning, such as
filtering of signals and delay times. A contractor may take the approach of defining an envelope and then
by flight testing keep reducing the protection area until he achieves a satisfactory occurrence rate of
nuisance warning with little thought given to the resulting protection against CFIT accidents.

REQUIREMENT LESSONS LEARNED

' ’ Ve 3 aark ] (3T aY lone-As ~e ~e

There are numerous, continuing accident reports on wheels—up landings and on

. _ . . s ; h idad if

controlied-flights-into-terrain. It is believed that many of these accidents could have been avoided if
proper warning systems were used

4.2.2.22 Verification of warning system. The characteristics and performance of the warning system

VERIFICATION RATIONALE (4.2.2.22)

Most of the system characteristics can be verified in the laboratory using controlled. simulated inputs.
Aural tones and voice simulation can be evaluated.

The verification of the warning system will closely follow the specified requirements. Each requirement
should be verified visually, by inspection or test. Some verifications should be accomplished on a
100 percent basis, others, particularly environmental tests can be tested using a sampling plan. Final
performance should be verified by flight tests.

VERIFICATION LESSONS LEARNED

o
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3.3 Reliability. The instrumentation reliability requirements shall be as follows:

REQUIREMENT RATIONALE (3.3)

In the early 1960s, the Air Force started placing greater and greater emphasis on reliability of equipment.
Prior to this time, instrumentation life was based on endurance testing, usually by merely running the
equipment at room environment for a given number of hours. This was found to be unsatisfactory and did
not provide assurance that the equipment would have a reasonable reliability when installed in the aircraft.

REQUIREMENT GUIDANCE

Several MIL-STDs are available, including MIL-STD-756, -757 and -785, to provide guidance In
predicting, specifying, and testing reliability of equipment. Reliability requirements may be specified in
terms of entire instrument systems or in terms of individual indicators depending upon the type of
procurement and user preference. Instrument reliability is usually stated in mean time between failures
(MTBF). The expected MTBF varies widely between instruments, depending upon the compilexity and
nature of the instrument. For details of the overall reliability program, consult MIL-STD-785.

REQUIREMENT LESSONS LEARNED

It has been learned that the reliability of equipment is directly related to the quality of the components
used in the design and the workmanship used in assembling the equipment. The standard components
outlined in paragraph 3.2.10 are selected with reliability in mind. Microelectronics are widely used and
are a major factor in the reliability of instrumentation. It has been found that reliability of equipment has
been greatly improved by screening microcircuits in accordance with the applicable tests outlined in
MIL-STD-88&3.

Most instrument specifications require 2 burn-in test of the completed instrument. The test, usually
conducted at an elevated temperature for 24 to 48 hours, has greatly reduced the infant monality rate in
the field. Certain procurement procedures, such as failure-free warranty contracts, have been found to
create an incentive for contractors to provide eguipment with high reliabilities and have been very

successful.

Some instrument manufacturers have elected 10 hermetically seal certain instruments to render them
impervious to certain environmental conditions, such as humidity and salt spray. Improved reliabilitv can
be realized using good seals but not necessarily hermetic. If a good seal is not used. the non-use of
dissimilar metals as found in MIL-STD-454, Requirement 16 must be carefully followed.

High temperature is probably the largest contributor to low reliability in all equipment. Paint on dials
rapidly deteriorates as do lubricants and other organic materials in the equipment. Electronic components.
capacitors, transistors, etc., also fail rapidly at high temperatures.

Reliability datz of equipment in use can be obtained from monthly reports produced by AFLC. Exampies
of suitable date are the RCS:LOG-MMO (AR} 7170 enutled “Maintenance Actions, Manhours, and
Aborts by Work Unit Code,” which provides historical information pertaining to each assigned WUC. The
work unit code for the particular equipment being investigated must be obtained from the file on each
aircraft. The most pertinent data produced is the monthly MTBF and MTBM for each item found in
RCS:LOG-MMO (AR) 7220, entitled “Maintainability Reliability Summary.” This document provides a
12-months' summary by air vehicle and includes “on” equipment maintenance action occurrences and
manhours and “off” equipment units and manhours as reported on AFTO Form 349. These reports are
obtainable from AFLC/MMOMA upon request.
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4.3 Reliability verification. The reliability requirements of 3.3 are verified in the laboratory as

VERIFICATION RATIONALE (4.3) -

The laboratory is the best place to verify reliability requirements because controlled environmental
conditions can readily be applied and performance monitoring equipment is avaiiable.

VDI A
VERICIUA

Most instrumentation is tested in accordance with MIL-STD-78&1 procedures to verify that the specified

MTBF has been met. The test plan that most nearly agrees with the planned and use of equipment should
be chosen. In service rehability data records are maintained by AFLC.

VERIFICATION LESSONS LEARNED

3.4 Maintainability. The instrumentation maintainability requirements shall be as follows:

REQUIREMENT RATIONALE (3.4)

The cost of maintenance of Air Force equipment is a very important consideration and should be taken

Into account when specifying any equipment.

‘T GUIDANCE

The instrumentation maintainability will be governed by the acquisition policy established for the air
vehicle. The overall system maintainability monitor should assist in establishing these requirements.
MIL-STD-470 provides information regarding mantainability requirements specifications for individual
pieces of equipment generally have not included maintenance requirements.

REQUIREMENT LESSONS LEARNED

It has been found that several equipment contractors have priced maintainabilny tests so high that
maintainabihity requirements have been deleted from equipment specifications
4.4 Maintainability verification. The maintainability requirements of 3.4 are verified as follows

VERIFICATION RATIONALE (4.4)

LR A L/

Maintenance of instrumentation is accomplished at various levels. The task allocation should reflect the
overall logistics plan and be consistent with the intended inventory pracuices. Mainienance times are
demonstrated in a repair shop environment.
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3.5 Safety. The instrumentation safety requirements shall be as follows:

{3.5)
a primary consideration in the dezine ol an overall weapons system and the
e used.

REQUIREMENT GUIDANCE

Safety requirements for the instrumentation should be consistent with these requirements for the
vehicle. Since many of the instruments are located in aircrew stations, a few unique safety consi

are required. Thev include:
Glass breakage due to explosive decompression.
Glass breakage due to thermal shock.

Reiease of toxic fumes due 1o fire or overheating.

A safety consideration for equipment mounted in areas where explosive fumes might accumulate would be

the requirement of explosion-proofing.

l~iz; smasaCiivimn can -
H

Fuel leakage and flame resistance is a safety requirement for fuel flow Measuring senso

The nstruments and related equipment design must take into consideration the hazards generatec by

2 Ne INISUTRINICHS alll Tcidlcll

various modes of failure and insure that these failures do not potenualiy create the Class 1T or IV hazards
listed in MIL-STD-882. MIL-STD-454, Requirement 1, provides some information regarding safety.

REQUIREMENT LESSONS LEARNED

There have been several instances of electrical shock due to improper grounding of equipment (see
3.2.1.7.3).
4.8 Safety verification. The safety requirements of 3.5 are verified as follows:

V'ERIFICATION RATIONALE (4.5)

Instrumentation safety assessment is an integral part of the system safety program for the total air vehicle.

VERIFICATION GUIDANCE

Safety of individual instruments can be verified by analytical methodc or by testing. Laboratory tests for

)
explosion. and temperature shock can be conducted in accordance with MIL-STD-£10. Release of toxic
fumes can be determined by applying heat to the indicator and a.n.alyzmg the fumes which may be

VERIFICATION LESSONS LEARNED
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3.6 Human engineering. Human engineering shall be in accordance with

REQUIREMENT GUIDANCE

The requirements for human engineering are found in MIL-STD-1472. Recommendations for display
details are also found in STANAG 3705. It is important to make certain that any instrumentation
procured for use in the U.S. and NATO countries follow accepted human engineering practice for ease of
training and consistent operation between different aircraft. If the equipment is large and heavy, it may be

e 4 aAA

necessary Lo provide handies in accordance with MIL-STD-1422.

There have been many accidents caused by poorly designed instrumentation. The three pointer altimeter
is one example of a display that can be confusing and misread, particularly under heavy workload

conditions.

4.6 Verification of human engineering. Human engineering requirements shall be verified by

inspection.

VERIFICATION RATIONALE (4.6)

instrumentation.
VERIFICATION GUIDANCE

Each element of the instrumentation that interfaces with the crew should be inspected to determine if it
meets the human factors requirements in MIL-STD-1472 and STANAG 3705, if applicable. Pointer and
counter motions, switch actuation direction and other eiements shouid be inspecied for proper

functioning.

VERIFICATION LESSONS LEARNED
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3.7 Interface requirements
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3.7.1 Relaied sysiems. The instrument system shall interface with other air vehicle systems as follows

REQUIREMENT RATIONALE (3.7.1)

Instrumentation must interface with several other air vehicle systems and components. It is essential that
all systems work properly together.

REQUIREMENT GUIDANCE

Normally, the inte is accomplished by the air vehicle contractor as part of the air vehicle mtegrat.ign
task. In some cases, it may be necessary for the government to define some interface characteristics such
as compatibility with MIL-STD-1553 data bus or when m odified instruments are retrofitted to an existing
air vehicle. In the case of an entirely new development, it may be desirable to include a statement such as:
“The instrumentation shall provide the performance requi red herein without degradation of other air
vehicle systems' performance below their specified performance requirements. The instrumentation shall
provide the performance specified herein while installed in the air vehicle and operated with interfacing
systems as required by all missions defined for the air vehicle.”
REQUIREMENT LESSONS LEARNED

4.7.1 Verification of related systems. Charactenstics of the instrumentation interface with other air
vehicle svstems shall be verified by

VERIFICATION RATIONALE (4.7.1)

Verification of interface requirements can ofien be accomplished in the laboratory by mating and testing
the two systems together. Some air vehicle requirements can only be verified by functional and flight tests

ach interface requirement must be verified either in the laboratory, in 2 mockup, or in the air vehicle.
] proof is in the ability of the air vehicle to perform the required missions.

VERIFICATION LESSONS LEARNED
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3.7.2 Ground support equipment. The instrument(s) shall interface with the following ground support
equipment

REQUIREMENT RATIONALE (3.7.2)

Ground support equipment is a costly but essential requirement to properly test and maintain aircraft

instrumentation.
REQUIREMENT GUIDANCE

Wherever possible. it is desirable 1o provide instruments which can be maintained using standard or
available ground support equipment. It may be necessary to define permissible modification of standard
ground support equipment. This requirement should be completed to state necessary contractual
coordination between the air vehicle development and the ground equipment modification. It may also be
desirable to identify specific ground equipment 10 be defined and/or developed by the contractor.

4.7.2 Verification of ground support equipment. The instrument(s) interface with other air vehicle

systems shall be verified by

Compatibility of instruments with ground support equipment can usually be verified by analysis of the
documeniation and drawings at PDRe and CDRs. Final verificauon is made when the instrument is
actually tested or repaired using the specified ground support equipment. Guidance. The blank shall be
filled in to identify the specific verification method to be used for each instrument and associated ground

support equipment.

VERIFICATION LESSONS LEARNED
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3.8 International standardization. “International Standards, including NATO STANAGS, ASCC
Air Standards, and 1SO documents shall be used as follows:

REQUIREMENT RATIONALE (3.8)

Since considerable effort has been expended on developing NATO, ASCC and other standards and
participating countries have agreed to use these standards, the Air Force is obligated to conform wherever
possible without penalizing the air vehicle.

REQUIREMENT GUIDANCE

With rare exceptions, existing Air Force instrumentation complies with NATO standards. If new
instrumentation is to be developed, the guidelines of STANAG 3705 should be foliowed. When it is
anticipated that an aircraft will be sold to and used by NATO or ASCC countries, international standards
should be reviewed to determine if they are apphicable. A complete hisung of NATO STANAGS and
ASCC Air Standards can be found in the DOD Index of Specifications and Standards.

REQUIREMENT LESSONS LEARNED

NATO and ASCC countries place much emphasis on international standards. If U.S. aircraft do not
comply, loss of foreign sales could result or aircraft could require modification.

4.8 Verification of international standardization. Requirements of NATO, ASCC and ISO
Standards shall be verified by:

VERIFICATION RATIONALE (4.8)

Verification that international standards have been followed is necessary, particularly if a foreign nation is
buying the aircraft and has specified that they be used.

VERIFICATION GUIDANCE

The verification of the use of international standards can easily be accomplished by examination of
drawings and comparison of the equipment with the particular standards specified during cockpit mockups
or on the production aircraft.

VERIFICATION LESSONS LEARNED
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INSTRUCTIONS: In a continuing effort to make our standardization documents better, the DoD provides this form for use in
submitting comments and suggestions for improvements. All users of military standardization documents are invited to provide
suggestions. This form may be detached, folded along the lines indicated, taped along the loose edge (DO NOT STAPLE), and
'mailed. In block 5, be as specific as possible about particular problem areas such as wording which required interpretation, was
too rigid, restrictive, looese, ambiguous, or was incompatible, and give proposed wording changes which would alleviate the
problems. Enter in block 6 any remarks not related to a specific paragraph of the document. If block 7 is filled out, an
acknowiedgement will be mailed to you within 30 days to let you know that your comments were rsceived and are being
considered.

NOTE. This form may not be used to request copies of documents, nor to request waivers, deviations, or ciarification of
specification requirements on current contracts. Comments submitted on this form do pot constitute or imply authorization
to waive any portion of the referenced document(s) or to amend contractual requirements.
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