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AIRSTREAM DEVIATION INSTRUMENT 
(AD11 

1. PURPOSE 

This Aerospace 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 recommended practice covers an instrument which measures and displays angle of deviation of 
the airstream dependent on mounting location on the aircraft. 

3. GENERAL REQUIREMENTS 

3.1 Materials and Workmanship 

3.1.1 Materials: Materials should be of a quality which experience and/or tests have demonstrated to bt 
suitable and dependable for use in aircraft instruments. 

3.1.2 Workmanshb: Workmanship should be consistent with high grade instrument manufacturing prac- 
tice. 

3.2 Identification: The following information should be legibly and permanently marked on the instru- 
ment or nameplate attached thereto: 

a. 
b. 

d. 
e. 
f. 
g. 
h. 

C. 

Name of instrument - Airstream Deviation Instrument 
SAE ARP 794 (show number and revision letter) 
Manufacturer's part  number 
Manufacturer's serial number o r  date of manufacture 
Manufacturer's name and/or trademark 
Range 
Rating (nominal voltage) 
Explosion Category 

3.3 Compatibility of Components: 
proper operation, they should be identified in a manner that will assure proper matching. 

Environmental Conditions: The following conditions have been established as design requirements. 
Tests should be conducted as specified in Sections 5, 6 and 7, to insure compliance with this Aero- 
space Recommended Practice. 

if components are individually acceptable, but require matching for 

3.4 

3.4.1 Temperature: When installed @ accordance with the instrument manufacturerls instructions, 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: / 

- - _ _  _ .  

Printed in U.S.A. Copyright 1968 by Society of Automotive 
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3 . 4 . L l  fïousing: (That portion of instrument mounted inside of aircraft) 

A ins trument Location - 
Pressurized Areas O to 70 Ci 
Non-pressurized Areas -55 to 70 C 

B 
_I 

-65 to 70 C 
-65 to 70 C 

3.4 ,1 ,2  Sensing Element: (That portion of instrument mounted in airstream) 

B - A - 
Exterruil Areas -55 to 70 G -65 to 70 C 

3.4.2 Altitude: When installed in accordance with the instrument manufacturer's instructions, the instrument 
should function from minus 1000 f t  up to altitudes and temperatures listed below: Altitude pressure 
values are per NACA Report 1235. The instrument should not be adversely affected following exposure 
to extremes in ambient pressures of 50 and 2 inches of mercury absolute respectively. 

3.4 .2 .1  €lousin@ 

instrument m a t i o n  Altitude 
Pressurized Areas 15,000 ft  
Non-pressurized Areas 60,000 f t  

3.4.2.2 Sensing Element: 

External Areas 

Altitude, 

60,000 ft 

Temperature 
See Paragraph 3.4.1 
See Paragraph 3.4.1 

Temperature 

See Paragraph 3.4.1 

3.4.3 Vibration: When installed in accordance with the manufacturer% instructions, the instrument should 
function and should not be adversely affected when subjected to vibrations of the following characteris- 
tic s : 

instrument Frequency Max Double Ampl. Max Accel. 
Location cps In. L 
Nacelle and Nacelle 5-1000 O. 036 10 
Mounts, Wings, Em- 
pennage ruid Wheel Wells 

Fuseiage: 
Forward of Spar Area 5-1000 
Center or Spar Area 5-1000 
Aft of Spar Area 5-340 

340-1000 

o. 020 
o. 020 
o. 020 
o. 001 

Flight Deck Area 5-1000 o. 020 .5 

3 .4 .4  EIumidity: The instrument should function and not be adversely affected following exposure to any rela- 
tive humidity In the range from O to 95% at a temperature of approximately 70 C. 

3.4.5 Iaiw: The instrument should function and not be adversely affected when subjected to icing conditions o 
1.00 2 O. 25 grams Iiquíd water per cubic meter of ai? at temperatures of -15 2 5 C and -30 f- 5 C. 
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3.5 

3.6 

3; 7 

3,8 

3.9 

3.10 

3.11 

- 3 -  [ARP 794 
I 

Emlosion 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- 
plosion when operated in an explosive atmosphere. The component should meet the requirements appli- 
cable 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 o r  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 norma1 operation, e. g. fuel tank, 
the instrument component should meet the requirements of Category II listed below: 

. Catenow 

I 

II 

ÏII . 

IV 

Definition 

Explosion proofed: Case 
not designed to preclude 
flame o r  explosion propa- 
gation. 

Explosion proofed: Case 
designed to preclude 
flame or explosion propa- 
gat ion. 

Hermetically sealed 

Instrument not capable of 
causing an explosion 

Requirement 

Paragraph 8.3.1 

Paragraph 8.3.2 

Not applicable 

Should not be capable 
of producing a capaci- 
tive o r  inductive spark 
of more than O. 2 milli- 
joules of energy or a 
contact spark of more 
than 4. O millijoules of 
energy. 

Pire Hazard: The instrument should be so designed to safeguard against hazards to the aircraft in the 
event of malfunction o r  failure, and the maximum operating temperature of surfaces of any instrument 
component contacted by combustible fuel or vapor should not exceed 200 C due to self-heating. 

All materials should be non-combustible and should not liberate gases o r  fumes which will result in such 
corxosion as to cause malfunction of equipment o r  discoloration of dials’ o r  indicia, nor should toxic gases 
or fumes that are detrimental to performance of the aircraft o r  health of personnel be liberated under the 
operating conditions specified herein. 

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 o r  feedback, in the electronic equip, 
ment installed in the same aircraft as the instrument, in accordance with the latest revision of 
MIL-1-6181. 

Magnetic Effect; The magnetic 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. 

Decompression: 
stkument should function and not be adversely affected following exposure to pre-ssure decrease from 22 to 
2 inches of mercury in 2 seconds. 

Wheii installed in accordance with the instrument manufacturer’s instructions, the in- 

interchangeability: 
should be directly and completely interchangeable. 

Definitions: 
and Abbreviatioils, and as noted in the glossary of terms defined in Paragraph 9. 

Instruments and components which are identified in accordance with Paragraph 3.2 

Definitions should be in accordance with AS 425A, Flight Control Compartment Nomenclaturc 

A+ - -  

. -  

~ . .  
- .  . 

. . . .  
. .                                                                      
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4. 

4.1 

4.2 

4.3 

4.4 

4.5 

4.6 

4.7 

DETAIL REQUIREMENTS 

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

Ooerational Characteristics: The instrument should respond to a change of O. 1 deg of angular deviation 
of the local airstream throughout a speed range of 80 to 220 knots with an accuracy of 5 O. 25 degrees. 
The instrument should respond to a change of O. 1 deg of angular deviation of the local airstream through- 
out the speed range of 220 to 660 knots with an accuracy of & O. 2 degrees. 

- Heater: An electrfcal heating element should be provided for anti-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 aircraft 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. 

Sensor Electrical Alignment: The mounting surface of the instrument should provide an indexing arrange- 
ment to insure that the sensing element electrical zero position can be related to the reference axis of the 
aircraft within tolerances specified in Paragraph 4,2. 

Power Variation: The instrument should properly function with plus o r  minus 15% variation in DC voltage 
and/or plus o r  minus 10% variation in AC! voltage and plus o r  minus 5% variation in frequency. 

Synchro Reciuirements: The synchro requirements should be in accordance with the conditions specified 
In ARP 4613. 

Pail-Safe Provisions: No single failure o r  malfunction of the instrument shouId introduce unsafe tran- 
dents  to associated interconnected instruments. 

5. TEST CONDITIQNS 

5.1 Atmospheric Conditions: Unless otherwise specified herein, alL tests required by this Aerospace Recorn. 
mended Practice should be made at  an atmospheric pressure of approximately 29.92 inches of mercury, 
an nmbie2t. temperature of approximately 25 G and a relative humidity of not greater than 85%. When testr 
are conducted with the atmospheric pressure o r  temperature substantially different from these values, 
allowance should be made for the variation from the specified conditions. 

5.2 Foiver Conditions: Unless otherwise specified herein, all tests should be conducted at the power rating 
recommended by the manufacturer. 

5.3 Position: Unless otherwise specified herein, all  tests should be conducted with the instrument in its nor- 
ma€ operating position. 

6, INSTRUMENTATION FOR PERFORMANCE CHECKS 

6.1 Vibration Equipment 

6.1.1 Vibration Eciuitiment (Turbine-Powered Subsonic Aircraft): Vibration equipment should be suoh as to 
allow vibration to be applied along each of three mutually perpendicular axes of the instrument a t  fre- 
quencies and amplitudes consistent with the requirements of Paragraph 3.4.3. 

6.2 Test Synchros: 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 Phase Rotation: A positive or  clockwise phase rotation of the standard test transmitter should result in 
increasing function, 
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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 +O. OZ%, a resolution of O. Ol%, and a linearity of 
at least O. 005%. The total impedance of the test potentiometers should be a function of the instrument de- 
sign and should be specified by the manufacturer. 

6 . 4  Potentiometer Zero: 
a r e  used as output functions, the low impedance end of the potentiometer should correspond to the low end 
of the function. 

Unless otherwise specified by the instrument manufacturer, where potentiometers 

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  

7.2 

7 . 3  

7.4 

7.5 

Electrical Zero and Rotation: When the sensing element is set to the center position (zero degrees with 
respect to  a perpendicular to the reference axis of the indexing arrangement) the output of the instrument 
should be zero. When the sensing element is rotated in the direction of increasing positive function, the 
output should increase in terms of potentiometer voltage o r  clockwise test indicator 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 synchro output. 

Aerodynamic Alignment: 
craft installation. The airspeed in the working section of the wind tunnel should be adjusted to 110 + 5 
knots. The sensing element should then be displaced in increments of 5 deg from O. 3 to 25 deg inclusive 
in both directions. After being released, without impulse, the sensing element should return to zero 
within 5 O. 1 degrees. 

The instrument should be mounted in a suitable wind tunnel to simulate the air- 

Scale Error at Room Temperature: 
throughout the full range of travel. The accuracy of the output for each of these positions should be the 
equivalent of 50.1 deg of angle of attack. 

The instrument moving element should be rotated in 5 deg increment 

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

Dielectric: 
7.5.2. 

Each instrument should be tested by the method of inspection listed in Paragraphs 7 .5 .1  and 

7.5.1 Insulation Resistance: The insulation resistance measured at 200 v DC for five seconds between all 
electrical circuits connected together and the metallic case should not be less than 5 megohms. Insula- 
tion resistance measurements should not be made to circuits 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 betweer 
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 a re  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. 
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8. QUALIFICATIQN TESTS 

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

8.1 Tenineratiire Cliaracteristics 

8.1.1 

8.1.2 

8.1.3 

8.1.4 

8.1. fi 

&ow Te%ieratiire -Q)era&n: 
peratiire listed in Colui~ui A of 3.4. i for a period of three h r  without operating. The instrument 
should then meet, at that temperature, the individual performance tests. 

The instriuneiit should be sul~jected to the applicable low ambient tem- 

'Iiwh Temperntiire Qieratioi 
without operating. At the end of this period, the temperature should be increased to O8 2 2 C, and a 
heater should heat the sensing element to 150 2 2 C for a period of 5 minutes during which the instru- 
ment should be operating and the sensing element should be iiioved slowly froin one extreme of travel 
to tho other. At the encl of this periocl, the a i r  teniperature should be allowed to return to ambient and 
the instrument should bc subjected to and should meet the individual performance tests. 

The instrunient should be subjected to 70 e: for a period of three hrs  

.Extreme Temperature E m  The instrument should he exposed alternately to the applicable low 
and high temperatures listed in €!0111iim B of Paragraph 3.4.1 for a period of 24 hr  at each extreme 
temperntiire, without operating. After a delay of three h r  at room temperature, the instrument should 
meet the individual perfoimance tests of Paragraphs 7.2 and 7.3 at room temperature. There should 
be no evidence of clamage as a result of expostire to the extreme teniperatures specified. 

Ntitiide; The instrunient shoiild be siilIjected to room anbient temperature and the maximum altitude 
listed in Paragraph 3.4.2 for a period of three lir while operating. The instrument should then meet 
the requirements of Paragraph 7.3. 

peconiprer;rsion; Th0 instrument while operating should be exposed to a pressure decrease from 22 to 
2 inches of mercury in two seconds. There shoiild be no evidence of damage a s  a result of exposure to 
the specified pressure change. The instrument should meet the applicable individual performance 
te6ts (Section 7, except Paragraph 7.5) at atmosphere pressure following this test. 

8.2 Vibratioq 

8.2.1 Resonance: 
eiirvey of the appropriate range specified in Paragraph 3.4.3 in order to determine if there exists any 
resonant freqtioiicies of the parts. The amplitude may be any convenient value that does not exceed the 
maximuni double amplitude and the maximuni acceleration specified in Paragraph 3.4.3. The instru- 
ment shoiilcl then be subjected to vibration nt the appropriate maximum double amplitude o r  maximum 
acceleration epecified Sri Paragraph 3.4.3 at the resonant frequency for a period of one h r  on each axis. 
Wien niore than one resonant frequency is encountered with vibration applied along any one axis, a test 
period niay be accomplished at the most severe resonance, o r  the period may be divided among the 
resonant frequencies, whichever should be considered most likely to produce failure. The test period 
should not be 168s than one-liaif h r  at any resonant niocle. 

The iiistrimient, while electrically excited, should be sulIjectec1 to a resonant frequency 

Wien resonant frequencies are not apparent within the specified frequency range, the instrument should 
bo vibrated for two hr  along each <axis in accordance with the vibration requirements schedule (Para- 
graph 3.4.3) at the maximimi double amplitude and the frequency to provide the maximum acceleration. 

8.2.2 . C ~ c l i n ~ :  Tho iiistriiineiit, while electrically excited, should be tested with the frequency cycled betwee 
limits specified hi Paragraph 3.4.3 in 15-minute cycles for a period of one h r  in each axis at an appliec 
cloiible amplitude or a11 acceleration specified in Paragraph 3.4.3 whichever is the limiting value. Aftei 
completion of this vibration test, no damage should be evident and the instrument should meet the indi- 
vidaal perfoimance tests of Paragraphs 7.1, 7.2, 7.3, 7.4 and 7.5. 

i' 
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8.3 Explosion Proof: 

specific category listed in Paragraph 3.5. The following requirements cover only two categories. 
The instrument should be subjected to whatever requirements are applicable for the 

8.3.1 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/ 
o r  mechanical loads, as appropriate to the component. 
should be operated at least ten times while the component is being tested. 

All making and breaking electrical contacts 

The test chamber pressure should be reduced to a pressure approximately 10,000 ff above the altitude 
pressure test point at which the test 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 ,00(  
20,000, 30,000 and 40,000 feet. The introduction of the explosive mixture into the test chamber should 
be made at each test altitude, the amount of fuel used should be appropriate for the test chamber, the 
test altitude pressure , and the prevailing atmospheric conditions. The test should be conducted utilizing 
an explosive mixture in the lean sector of the explosive range, and capable of producing an instantaneous 
explosion when ignited by a spark plug. The fuel used for conducting the tests should be aviation grade 
100/130 gasoline or commercial butane. 

The above tests should be repeated utilizing explosive mixtures in the "intermediate" and "rich" sectors 
respectively of the explosive range and also at approximately sea leve1 and at 40,000 ft pressure altitude 
with the instrument component at the lowest applicable ambient temperature listed in Column A of Para- 
graph 3.4.1. 

Operation of the instmment component during the above conditions without an explosion resulting in the 
test chamber should be considered as evidence that the instrument component fulfills the requirements oí 
this explosion category. 

8.3.2 Category II: The instrument component should be installed in the test chamber, and both the case of the 
instrument component and the test chamber should be subjected to an explosive mixture circulated in a 
positive manner. The instrument component need not be operated during this test. Upon energizing the 
ignition means located within the case, an explosion should take place within the test chamber external to  

. the case in order for the case design characteristics to be considered as fulfilling the requirements of 
this explosion category. 

This test should be repeated at least five times using any pressure altitude between sea level and 5,000 
feet. It should be repeated utilizing explosive mixtures in the "intermediate" and sectors respec- 
tively of the explosive range. Any burned gases should be cleared from the test chamber after complet- 
ing each test. 

8.4 Heating Element Endurance: 
ture of 20 to 30 C for  a period of 200 hours. There should be no damage to the heater or  deterioration of 
instrument performance during this period of time. The instrument should meet the requirements of 
Paragraph 7.4. 

The heating element should be operated at rated voltage in still air tempera, 

8 5 Anti-Icing: 
100, 200, 300 and 350 $- 5 knots at the temperature of -15 1.5 C and -30 5 5 C. 

The instrument should be mounted in an icing wind tunnel and tested at indicated airspeeds of 

The liquid water content of the air flowing over the sensing element should be 1.00 
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. 

O. 25 grams per cubic 
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8. G I)anipina and Time Constant: With the iiistriunent mounted in a wind tunnel as in the aerodynamic align- 
ment test and with the airspeed adjusted to 110 2 O knots, the sensing element should be displaced 3 dcg 
in both directions. Upon release the sensing element should retusii to O (leg without greater than O. 5 deg 
overshoot. Maxiniiini flutter about this position, discounting airstream turbulence should he 2 O. 15 
degrees. llepcat tim abovo procecltire and the time required for the sensing element displacement to be 
reduced to 36.955 of its maximuiti value should not exceed O. 075 seconds. This test may he simulated €or 
the external valie typo of angle-of-attack instrimient by tho use of suitable jig and springs to simulate the 
aoroclyriamic forces of the wind tunnel. 

8.7 m, The instriinieiit shou1d be tested in 8 water spray wind tunnel at an indicated airspeed of approxi- 
mately 20 h o t s  at room temperature for a period of 2 hours. Water spray equivalent to a heavy min 
(O. 80 in. per Iir) sIioiilcl be introduced into the wind stream. Oiily the sensing eleitient should be exposed 
to the wind stream; the remainder of the instrument should be enclosed to simulate installed conditions. 
Tho sensing element should be horizontal and facing upstreani. After the 2-hr exposure to the wind 
streSam containiiig the water spray, the inside of the instrument should be exaniiiied and no moisture 
s~ioiiici be present which will affect iiistriunent performance. 

8.8 Iliimiclity: 
temperatitre of 70 2 2 C! and a relative Iiiiiiiidity of 96 2 OC;:, for a period of six hours. After this period, 
the heat ~houlcl be eliut off and the instrument allowed to cool for a period of 18 h r  in this atmosphere in 
which tiis humidity rises to 100% as the temperature decreases to not more than 38 G .  This complete 
cycle should be condiicted: 

The iiistriirrient, unless heimetically sealed, ShOiild be mounted in a climiber niaintaincd at a 

a. 

b. 

Five tinies for coiiiponents located in uncontrolled temperature 
areas. 
Once for componeiitei located in controlled temperature areas. 

Imtneciiately after recycling, there ShOtIld be no evidence of damage os  corrosion, which affects perform- 
ance. 12ollowing this test, the instruments should meet tiie individual pcrforniance tests of Paragraph 7. 

8. O mgnetic Effec. 
a free uinguet, approximately i-1/2 in. long in a inagiietic field with a horizontal intensity of O. 18 2 O .  O1 
gaufis when the instrument is held in various positions on an east-west line with its nearest part 12 in. 
from the center of the magnet. With the instriiiiient operating, the m~xiniuiu deflection of the free magnet 
diould not exceed 5 (leg from any indicating o r  reference position. 

The magnetic effect of tlie instrument should be. determined in terins of the deflection oí 

8.10 pielectric Test; Mter completion of a l l  the qualification tests, tiie instrument should meet the dielectric 
test of Paragraph 7.5. 

8-11 Eiidumnce: The sensing elemeiit of the instruiiient should be cycled through the range of travel for 
1,000,OOû cycles at a rate  of 2500 cycles per hour. 
bo siibjeetecl to and siioiild nieet a l l  the requirements specified in the individual performance tests. 

At the conclusion of this test, the transmitter should 

8.12 Attitude E r r o s  Each instrument sboiild be electrically excited and 8 reading should lie taken while the 
instriiment is in each of the following positisiis: 

a. Eoriiial operating position. 

b. instriiment rotated clockwise around its X (longitudinal) axis, 186 (leg 
from its iiorrnal position. 

A cliaigo in output from that obtained when tested in the iiornial position (Item a. above) should be cori- 
siderod %alance error1' and should not exceed tiie i~equircmeiits of Paragraphs 7.2 and 7.3. 

8.13 gand and Dust. 

8.13.1 $Iiaracteristics of Sand ,?lid Du$: 
shoiild have charactoristics a s  follows: 

Sand and dust iised in the test shoiild be of angular structure and 
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