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AEROSPACE - ARP 794
e  RECOMMENDED .
Society of Automotive Engineers, Inc. PRACTICE Issued - 12-15-68

Revised
. TWO PENNSYLVANIA PLAZA NEW YORK N Y 10001 :

ATRSTREAM DEVIATION INSTRUMENT
(ADI)

1. PURPOSE

This Aeros’pace ‘Recommended Practice recommends the industry standards for an Airstream Devia-
tion Instrument primarily for use with turbine-powered, subsonic transport aircraft, the operation
of which may subject the instruments to the environmental conditions specified in Paragraph 3. 4.

2. SCOPE
This rdcommended practice covers an instrument which measures and displpys angle of deviation of
the airgtream dependent on mounting location on the aircraft.

3. GENERAL REQUIREMENTS

3.1 = Matetials and qukmanship

3.1.1 Matg¢rials: -Materials should be of a quality which experienpe and/or tests have demonstrated to b¢
suitable and dependable for use in aircraft instruments. )

3.1.2 Workmanshqg. Workmanshlp should be con51stent with high grade instrument manufacturing prac-
tice

3.2 Identification; - The following infermation should be leglbly and permanently marked on the instru-
© - ment for nameplate attached thereto:

ame of instrument— Airstream Deviation Instrument
E ARP 794 (show number and revision letter)
anufacturer's\part number

anufacture?!s serial number or date of manufacture
anufacturer's name and/or trademark

bange . '

bating (Mominal voltage)

xplosion Category

to adhere to any SAE standard or recommended practice, and no commitment to conform to or be guided by

- .
et b b
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3.3 Compatﬂolhty of Components: If components are md1v1dua11y acceptable, but require matching for
_proper operatlon, they should be identified in a mannér that will assure proper matchmg

3.4 Envxronmental Conditions The following conditiohs have been established as design requirements.
~ Tests should be conducted as specified in Sections 5, 6 and 7, to insure compliance w1th this Aero~
space Recommended Practice. -

3 4,1 Temperature When installed in accordance with the instrument manufacturer's metructmns the
instrument should function over the range of ambient temperature shown in Column A below and
should not be adversely affected by exposure to the range of temperature shown in Column B
below: o

ry or trade is entirely voluntary. There is no agreement
any technical report. In formulating and approving techriical reports, the Board and its Committees will not investigate or consider patents which may apply to the subject

SAE, Technical Board riJles provide that: “‘All technical reports, inciuding standards approved and practices recommended, are advisory only. Their use by anyone engaged
matter. Prospective users of the report are responsible for protecting themselves against liability for infringement of patents.’”
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3.4.1.1 Housing: (That portion of instrument mounted inside of aireraft) .
Instrument Tocation A B
Pressurized Areas 6to 70 C =65 to 70 C
Non-pressurized Areasg -55 to 70 C -65to 70 C

3.4.1.2 Sensing Element: (That portion of instrument mounted in airstream)

A B, {
External Areas -56t0 70 C -65to 70 C

3.4.2 Altitude: When installed in accordance with the instrument manufacturer's instructions, the instrument
should functionfrem—mines—1006 g-to-altitudesandtemporatureslisted belows Altitudepressure
values are per NACA Report 1235. The instrument should not be adversely affectied following exposure
to extremes Ih ambient pressures of 50 and 2 inches of mercury absolute respectively.

3.4.2.1 Housing:

Insfrument Location Altitude Temperature
Pressurized Areas 15,000 £ See Paragraph 3.4.1
Non-presshirized Areas 60,000 ft See Paragraph 8.4.1

8.4.2.2 Sensing Elpment:

Altitude Temperature
External Areas 60,000 ft See Paragraph 8.4.1 ‘

3.4.3 Vibration: ‘E:en installed in accordance with the manufacturer's instructions, the instrument should
function and ghould not be adversely affected when subjected to vibrations of the fqllowing characteris~

tles:

Ingtrument Frequency Max Double Ampl. Max Accel.
Looation ) _ops _In, £
Nacelle and Nacelle 5~1000 0.036 10

Mounts, Wings, Em~
pennage and Wheel Wells

Fugelage:
Forward of SparAresn 51000 6020 2
Center or Spar Area 6-1000 0. 020 3
Aft of Spar Area 5~340 0.020 6
340-1000 0.001 8
Flight Deck Area 5-1000 0..020 .5

3.4.4 Humidity: The instrument should function and not be adversely affected following exposure to any rela-
tive humidity in the range from 0 to 95% at a temperature of approximately 70 C.

3.4.5 Joing; The instrument should function and not be adversely affected when subjected to icing conditions of
1.00 + 0,26 grams liquid water per cubic meter of air at temperatures of -15 + 6 C and ~30 + 5 C.
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3.5

3.6

3.7

3.8

3.9

3.10

3.11

operating conditions specified herein.

Ja- | ARP 794

Explosion Category: The instrument component, when intended for installation either in uninhabited areas
of non-pressurized aircraft or in non-pressurized areas of pressurized aircraft; should not cause an ex-
plosiori when operated in an explosive atmosphere. “The component 's'hould meet the requirements appli-
¢able to the:explosion category below. Specifically, any instrument component which can be an ignition
source and is intended for installation in an area in which combustible fluid or vapor may result from ab-
normal conditions, e.g., fuel line leakage, should meet the requirements of Category I. If the intended
location is an area where combustible fluid or vapor can occur during normal operation, e:g. fuel tank,
the instrument component should meet the requirements of Category II listed below:

Categogz Defihitio_n_ Reguirement
I Explosion proofed: Case - ‘ Paragraph 8.3.1
- not designed to preclude
flame-or-explogionpropa
gation.
IT : Explosion proofed: Case (OParagraph 8.3.2

designed to preclude
flame or explosion propa—,

gation.
Ir Hermetically sealed ' Not ajpplicable
IV Instrument not capable ‘of - Should not be capable

causing an explosion of prpducing a capaci-
: tive ¢r inductive spark
of m¢re than 0.2 milli-
joulep of energy or a
contacet spark of more
than #. 0 millijoules of
energy.

Fire Hazard:[ The instrument should be so designed to safeguard against hazards|to the aircraft in the
event of ’malfI;nction'or failure,(and the maximum operating temperature of surfades of any instrument
component coftacted by combustible fuel or vapor should not exceed 200 C due to gelf-heating.

All materials| should be 7non—combustib1eand should not liberate gases or fumes which will result in such
corrosion ag fo causeumalfunction of equipment or discoloration of dials or indicial, nor should toxic gases
or fumes thati are detrimental to performance of the aircraft or health of personngl be liberated under the

Radio Interference: The instrument should not be the source of objectionable interference, under operat-
ing conditions at any frequencies used on aircraft, either by radiation or feedback,' in the electronic equip-
ment installed in the same aircraft as the instrument, in'accordance with the latest revision of
MIL-I-6181.

Magnetic Effect: The magﬁetic effect of the instrument should not adversely affect the performance of
other instruments installed in the same aircraft and should be in accordance with Paragraph 8.9.

Decomp_ressmn When installed in accordance with the instrument manufacturer s instructions, the in-
strument should funetion and not be adversely affected following exposure to pressure decrease from 22 to
2 inches of mercury in 2 seconds.

Ini;erchangeability Instruments and components which are 1dent1f1ed in accordance with Paragraph 3.2
should be directly and completely interchangeable.

Definiﬁons Definitions should be in‘accordance with AS 425A, Flight Control Compartment Nomenclature
and Abbreviations, and as noted in the glossary of terms defmed in Paragraph 9.
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4. DETAIL REQUIREMENTS

4.1 Design: The instrument should be designed to measure the angles of airflow with respect to a pre-estab-
lished aircraft reference line. The fofal range of measurement should be at least 50 angular degrees.

4.2 QOperational Characteristics: The instrument should respond to a change of 0.1 deg of angular deviation
of the local airstream throughout a speed range of 80 to 220 knots with an accuracy of + 0.25 degrees.
The instrument should respond to a change of 0.1 deg of angular deviation of the local airstream through-
out the speed range of 220 to 660 knots with an accuracy of + 0.2 degrees.

4.3 Heater: An electrical heating element should be provided for anfi-icing purposes, A sufficient area of
the heater should be concentrated near the base of the sensing element so that the junction of the sensing
element and the airoraft fuselage will be kept free of ice. The heater should be automatically regulated
so that the power dissipated through the heater is an inverse function of the heater element temperature.

4.4 Sensor Electrical Alignment: The mounting surface of the instrument should proviide an indexing arrange-
ment to insurp that the sensing element electrical zero position can be related to the reference axis of the
aireraft within tolerances specified in Paragraph 4.2.

4.5 DPower Variatlon: The instrument should properly function with plus 6% minus 15% variation in DC voltage
and/or plus op minus 10% variation in AC voltage and plus or minus‘5% variation in frequency,

4.6 Synchro Requjrements: The synchro requirements should be\in accordance with the conditions specified
in ARP 461B.

4.7 [Fail-Safe Provisions: No single failure or malfunction of the instrument should introduce unsafe tran-
slents to associated interconnected instruments.

§. TEST CONDITIONS

5.1 Atmospheric Conditiong: Unless otherwige specified herein, all tests required by this Aerospace Recom-~
mended Practice should be made at an@tmospheric pressure of approximately 29,P2 inches of mercury,
an ambient. temperature of approximately 25 C and a relative humidity of not greater than 85%. When tests
are conducted with the atmospheric-pressure or temperature substantially different from these values,
allowance shopld be made for the variation from the specified conditions.

5.2 Power Conditjons: Unlegsiotherwise specified herein, all tests should be conducted at the power rating
recommended|by the manufacturer.

5.3 DPogition: Unless otherwise specified herein, all tests should be conducted with the instrument in its nor-
mal operating|pasgition.

6. INSTRUMENTATION FOR PERFORMANCE CHECKS

6.1 Vibration Iquipment

6.1.1 Vibration Equipment (Turbine-Powered Subsonic Aireraft): Vibration equipment should be such as to
allow vibration to be applied along each of three mutually perpendicular axes of the instrument at fre-
quencies and amplitudes consistent with the requirements of Paragraph 3.4. 3.

6.2 Test Synchrog: Synchro transmitters used to provide test output functions of the instrument should be in
accordance with the requirements specified in ARP 461B ~ Synchros.

6.2.1 Phage Rotation: A positive or clockwise phasge rotation of the standard test transmitter should result in
increasing function.

TR e e

P
l’z
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6.3 Test Potentiometers: Potentiometers used to provide test output functions of the applicable instrument
should be precision potentiometers with an accuracy of +0.02%, a resolution of 0.01%, and a linearity of
at least 0.005%. The total impedance of the test potentiometers should be a function of the instrument de-
sigh and should be specified by the manufacturer.

6.4 DPotentiometer Zero: Unless otherwise specified by the instrument manufacturer, where potentiometers
are used as output functions, the low impedance end of the potentiometer should correspond to the low end
of the function.

7. INDIVIDUAL PERFORMANCE TESTS

All instruments should be tested in accordance with the following recommended test procedures to show
specific compliance with this recommended practice and any additional tests recommended by the manu-
facturer.

7.1 [Electrical Zero and Rotation: When the sensing element is set to the center/positfon (zero degrees with
respect to a perpendicular to the reference axis of the indexing arrangement))the qutput of the instrument
should be zerp. When the sensing element is rotated in the direction of ingreasing positive function, the
output should fincrease in terms of potentiometer voltage or clockwise test indicatdr rotation in terms of
a synchro output. When the sensing element is rotated in the direction of decreasing positive function, the
output should decrease in terms of potentiometer voltage or counterclockwise test [indicator rotation in
terms of a syhchro output.

7.2 Aerodynamic |JAlignment: The instrument should be mounted in a suitable wind tunnel to simulate the air-
craft installafion. The airspeéd in the working sectionof the wind tunnel should be adjusted to 110 + 5
knots. The sensing element should then be displaced'in increments of 5 deg from p. 3 to 25 deg inclusive
in both directjons. After being released, without impulse, the sensing element shpuld return to zero
within + 0.1 degrees.

7.3 Scale Error dt Room Temperature: The instrument moving element should be rqtated in 5 deg increments
throughout the full range of travel. The'accuracy of the output for each of these ppsitions should be the
equivalent of § 0.1 deg of angle of attack:

7.4 Heater Operation: The heater ghould be checked to insure proper operation by applying the nominal rated
voltage for a period of five minuteés. The power consumption should meet the ratefl value.

7.5 Dielectric: Iach instrument should be tested by the method of inspection listed i Paragraphs 7.5.1 and
7.5.2.

7.5.1 Insulation Resistance: The insulation resistance measured at 200 v DC for five geconds between all
electrical cireuits connected together and the metallic case should not be less thin 5 megohms. Insula-
tion resistance measurements should not be made o circuifs where the potential will appear across ele-
ments such as windings, resistors, capacitors, etc., since this measurement is intended only to deter-
mine adequacy of insulation.

7.5.2 Overpotential Tests: The instrument should not be damaged by the application of a test potential between
electrical circuits, and between electrical circuits and the metallic case. The test potential should be
sinusoidal voltage of a commercial frequency with an rms value of five times the maximum circuit volt-
age. The potential should start from zero and be increased at a uniform rate to its test value. It should
be maintained at this value for five seconds, and then reduced at a uniform rate to zero.

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

=== < L Distributed under license from the IS Archive
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8. QUALIFICATION TESTS

As many instruments as may be deemed necessary by the manufacturer to demonstrate that all instruments
will comply with the requirements of this section should be tested in accordance with his recommendations.

8.1 Temperature Characteristics

8.1.1 Low Temperature Operation: The instrument should be subjected to the applicable low ambient tem-~
perature listed in Columnn A of 3.4.1 for a period of three hr without operating. The instrument
should then meet, at that temperature, the individual performance tests.

8.1.2 [MHigh Temperature Operation: The instrument should be subjected to 70 C for a period of three hrs
without operating. At the end of this period, the temperature should be increased to 98 + 2 C, and a
heater should heat the sensing element to 150 + 2 C for a period of 5§ minutes during which the instru-

i i i one extreme of travel

At the end of this period, the air temperature should be allowed to return to ambient and

ent should be subjected to and should meet the individual performange tests,

§.1.3 Extreme Temperature Exposure: The instrument should be exposed alternately to the applicable low
and high temperatures listed in Column B of Paragraph 3.4. 1 for a-period of 24 hr at each extreme
temperatuye, without operating. After a delay of three hr at room temperaturg, the instrument should
meet the individual performance tests of Paragraphs 7.2 and.7\ 3 at room temperature. There should
be no evidgnce of damage as a resulf of exposure to the extréme temperatures $pecified.

8.1.4 Altitude: [The instrument should be subjected to room-ambient temperature and the maximum altitude
listed in Paragraph 3.4.2 for a period of three hr while operating. The instrument should then meet
the requirgments of Paragraph 7. 3.

8.1.5 Decompregsion: The instrument while operating should be exposed to a pressyre decrease from 22 to .
2 inches of|mercury in two seconds. There-should he no evidence of damage aq a result of exposure to
the specifi¢d pressure change. The instrument should meet the applicable indiyidual performance
tests (Section 7, except Paragraph 7+5) at atmosphere pressure following this test.

8.2 Vibration

8.2.1 Resonance{ The instrument; while electrically excited, should be subjected td a resonant frequency
survey of the appropriate xange specified in Paragraph 3.4. 3 in order to determine if there exists any
resonant fiequencies afthe paxts. The amplitude may be any convenient value that does not exceed the
maximum double amplitude and the maximum acceleration specified in Paragraph 3.4.8. The instru-
ment shoulfl theiy bé subjected to vibration at the appropriate maximum double amplitude or maximum
acceleratian specified in Paragraph 3.4.3 at the resonant frequency for a periofl of one hr on each axis.
When morqnthan one resonant frequency is encountered with vibration applied along any one axis, a test
period may be accomplished at the most severe resonance, or the period may be divided among the
regonant frequencies, whichever should be considered most likely to produce failure. The test period
ghould not be less than one-half hr at any resonant mode.

When resonant frequencies are not apparent within the specified frequency range, the instrument should
be vibrated for two hr along each axis in accordance with the vibration requirements schedule (Para-
graph 3. 4. 3) at the maximum double amplitude and the frequency to provide the maximum acceleration.

8.2.2 Cyecling: The instrument, while electrically excited, should be tested with the frequency cycled between
limits specified in Paragraph 3.4.3 in 15-minute cycles for a period of one hr in each axis at an applied
double amplitude or an acceleration specified in Paragraph 3. 4.3 whichever is the limiting value. After
completion of this vibration test, no damage should he evident and the instrument should meet the indi-
vidual performance tests of Paragraphs 7.1, 7.2, 7.8, 7.4 and 7. 5. .

'
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The instrument should be subjected to whatever requirements are applicable for the

-7 -

Explosion Proof:

specific category listed in Paragraph 3.5. The following requirements cover only two categories.
Category I: The instrument should be subjected while in the test chamber to an ambient temperature in
the range of 20 to 50 C. The test should be conducted while the component is operating, and if applicable,
it should be connected electrically to related system components located externally to the test chamber.
It should be possible to operate the electrical and/or the mechanical controls and to apply electrical and/
or mechanical loads, as appropriate to the component. All making and breaking electrical contacts
should be operated at least ten times while the component is being tested.

The test chamber pressure should be reduced to a pressure approximately 10, 000 {t above the altitude
pressure test point at which the fest is to be conducted to compensate for increase in pressure when fuel
is introduced. Tests should be conducted at pressure altitudes in feet at approximately sea level, 10, 000,
20, 000, 30,000 and 40, 000 feet. The mtroductmn of the explosive mixture into the test chamber should
be made at pact i i f he test chamber, the

hould be aviation grade

100/130 gadoline or commercial butane

The above tpsts should be repeated utilizing explosive mixtures inithe "intermediate' and "rich" sectors
respectively of the explosive range and also at approximately(sea’level and at 40|, 000 ft pressure altitude

with the ins bd in Column A of Para-

graph 3.4.1.

Operation o
test chambe

rument component at the lowest applicable ambient temperature list

f the instrument component during the above conditions without an ex]
r should be considered as evidence that the instrument component fu

blosion resulting in the
fills the requirements of

this explosipn category.

Category IL The instrument component. ghould be installed in the test chamber, and both the case of the
instrument pomponent and the test chamber should be subjected to an explosive mixture circulated in a

hner. The instrument component need not be operated during this tegt. Upon energizing the
ins located within the case, an explosion should take place within the|test chamber external to
brder for the case design characteristics to be considered as fulfilligg the requirements of
pbn. category.

positive ma)
ignition me:
the case in
this explosi

ben sea level and 5, 000
d '"rich'" sectors respec-
chamber after complet-

This test should be repeated at least five times using any pressure altitude betw
feet. It shquld be repeated utilizing explosive mixtures in the "intermediate' an
tively of thg explosive-range. Any burned gases should be cleared from the test

ing each tegt.

o+

Heating Elemlent’ Endurance: The heating element should he operaied af rated voltage in still air tempera-
ture of 20 to 30 C for a period of 200 hours. There should be ho damage to the heater or deterioration of
instrument performance during this period of time. The instrument should meet the requirements of

Paragraph 7. 4.

Anti-Icing: The instrument should be mounted in an icing wind tunnel and tested at indicated airspeeds of
100, 200, 300 and 350 + 5 knots at the temperature of -15 + 5 C and -30 + 5 C.

The liquid water content of the air flowing over the sensing element should be 1. 00 + 0.25 grams per cubic
meter of air. Minimum voltage (Ref. Paragraph 4.5) applied to the heater elements of the instrument
should prevent the formation of ice on the sensing element.
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8.6

8.7

8.8

8.9

8.10

8.11

8.12

8.13

Damping and Time Constant: With the instrument mounted in a wind tunnel as in the aerodynamie align-
ment test and with the airspeed adjusted to 110 + 5 knots, the sensing element should be displaced 3 deg

in both directions. Upon release the sensing element should return to 0 deg without greater than 0.5 deg
overshoot. Maximum flutter about this position, discounting airstream turbulence should be + 0,15
degrees. Repe'u; the above procedure and the time required for the sensing element displacement to he
reduced to 36.7% of its maximum value should not exceed 0. 075 seconds. This test may be simulated for
the external vane type of angle-of-attack instrument by the use of suitable jig and springs to simulate the
aerodynamic forces of the wind tunnel.

Rain: The instrument should be tested in a water spray wind tunnel at an indicated airspeed of approxi-
mately 20 knots at room temperature for a period of 2 hours. Water spray equivalent to a heavy rain
(0.80 in. per hr) should be introduced into the wind stream. Only the sensing element should be exposed
to the wind stream; the remainder of the instrument should be enclosed to simulate installed conditions.
The sensing element should be hOl‘lZOllt’ll 'md facmg upstream. After the —hr exposure to the wind
stream confainingthe-water—-epra eo 5 2 < and no moisture
should be prespnt wlnch wxll affect mstuunent perfor.m'mee

Humidity: Thp instrument, unless hermetically sealed, should be mounted i a echfiimber maintained at a
temperature of 70 + 2 C and a relative humidity of 95 + 5% for a period of six hours. After this period,
the heat should be shut off and the instrument allowed to cool for a period of 18 hr in this atmosphere in
which the humidity rises to 1007 as the temperature decreases to not'more than 38/C. This complete
cyele should be¢ conducted:

a. [Five times for components located in uncontrolled temperature
areas.
b. [Once for components located in controlled-temperature areas.

Inmediately aier recycling, there should be no evidence of damage or corrosion, Which affects perform-
ance. TFollowing this test, the instruments should meet the individual performanceltests of Paragraph 7.

Magnetic Iffegt: The magnetic effect of the’ instrument should be determined in teyms of the deflection of

a free magnet,| approximately 1-1/2 in.\Iong in a magnetic field with a horizontal ijtensity of 0.18 -+ 0,01
gauss when the) instrument is held inmvarious positions on an east-west line with its|nearest part 12 in.
from the centey of the magnet. With'the instrument operating, the maximum deflegtion of the free magnet
should not excged 5 deg from any indicating or reference position.

Test: After completion of all the qualification tests, the instrument should meet the dielectric

test of Paragre

Endurance: 1e genging element of the instrument should be cycled through the rahge of travel for
1, 000, 000 cyclies at a rate of 2000 cyoles per hour At the conclusmn of thls test, [the transmitter should
he subjected toan s te v erformance tests.

Attitude Exror: Each instrument should be electrically excited and a reading should he taken while the

instrument ig in each of the following positions:
a. Normal operating position.

bh. Instrument rotated clockwise around its X (longitudinal) axis, 180 deg
from its normal position.

A change in output from that obtained when tested in the normal position (Item a. above) should be con-
gidered "balance erroxr' and should not exceed the requirements of Paragraphs 7.2 and 7. 8.

Sand and Dust

8.13.1 Characteristics of Sand and Dust: Sand and dust used in the test should be of angular structure and

should have characteristics as follows:

Distributed under license from the IHS Archive



https://saenorm.com/api/?name=2f148a6d03ff1eff8527813ed337dcc4

