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SOCIETY OF AUTOMOTIVE ENOINEERS, I~c. 

4B5 LEXINOTON AVENUE 	 I A E R 0 S P A C E S TA N D A R D NEW YORK 17, N.Y. 
As 432a 

I 	 TACHOMETER INSTliiJMENTS (IT~]DICATOR AND GEIV~RATOR) 	 Isaued 2-1-59 

_ 	 Re~i:ea F3-31-63 

l. PURPOSE: This Aerospace Standard establishes the essential minimum safe per- 
forma.nce standards fbr Tachometer Instr~~nents primarily tor use on turbine- 
powered subsonic transport aircraft, the operation oi' which may subject the in- 
struments to the environmental conditions specified in Section 3•3• 

2. SCOPE: This Aerospace Standard covers tachometer instruments (RPP~I indicator, 
0-110 percent RPM and 0-120 percent RPM indicators and generator) i'or remote in- 
dication of en~ine speed. 

3 • G~NERAL R~QuIREN1ENTS : 

3.1 Nlaterials and j~lorkma.nship: 

3.1.1 Materials: T~a,terials shall be of a quality which experience and~or tests have 
den!~nstrated to be suitable and dependable for use in aircraft instruments. 

3.1.2 4lorkmanship: ~~7or~na,nship shall be consistent ~~ith hi~h-~rade aircraft instru- 
ment manufacturing practice. 

3.2 Identification: The following information shall be le~ibly and permanently 
ma.rked on the instrurnent or n~eplate attached thereto: 

(a) Name of instri;ment 
(b ) s~, as432a 
(c) A~ianuiacturer's part number 
(d) Ma.nui'acturer's serial number or date of manufacture 
(e) A,arnafacturer's na.me and~or trademark 
(f) Range 
(~) Pxplosion category 

3•3 Environmental Conditions: The followin~ conditions have been establisned as 
minimum design requirements. Tests shall be conducted as specii'ied in Sections 
5, 6, ~.nd 7. 

3 . 3•1 Temperature: Z~Ihen installed in accordance with the ins~rument manui'acture r's 
instructions, tne instr~u~ent shall function over the ran~e of ambient tempera- 
ture shown in Column A below and sha.11 not be adversely af:fected by exposure 
to the rar~e of temperature shown in Column 13 below: 

Instrument -L-ocation 	 A 	 B 

Power Plant Accessory 
Compartment 	 -30 to 150C 	-65 to 150C 

Pressurized Areas 	 -30 to 70C 	-65 to 70C 

Idon-pressurized or Fxternal Areas 	-55 to 70C 	-65 to 70C 

Coorr~snt ~-g63 p~r Socleb of Automotire En~lnssrs. Ina 	 Print~d In U. ~. A. 
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TACHOMCTER INSTRUNIEP~`i'S ( II~TDICATOR AND GFNERATOR) 

~ 4 ' 

3•3•2 Altitude: When installed in accordance with the instrument manufacture r's in- 
s~~-E'ions, the instrument shall funetion from sea level up to tne altitudes 
and temperatures listed below. Altitude pressure values are per NACA Report 
1235. The instrument shall not be adversely affected following exposure to ex- 
tremes in ambient pressure of 50 and 3 inches of inercury absolute respectively. 

Instrunient Location 	 Alt . Ft . 	Temp • 

Power Plant Accessory Conrpartment 	 60,000 	80C 
Pressurized Areas 	 15,000 	50C 
Non-pressurized or External Areas 	 60,000 	~+OC 

3•3•3 Vibration: When installed in accordance with the instrument manufacturer`s in- 
structions, the instrument shall function and sha11 not be adversely affected 
when subjected to vibra.tions of the following characteristics: 

P~1ax . 
Instrument Location 	Cycles 	 Double 	 Max. Peak 
On Airframe 	 per sec. 	 Amplitude 	 Accel. 

TJacelle & Nac~lle 	 5-1000 	 0.036" 	 lOg 
Mounts, Win~s, F,rrrpennage 
and ~rTheel 1~lells 

P1.i se lage 
Forward of Spar Area 5-500 0.036" 2g 
Center or Spar Area 5-1000 " 1+g 
Ai'~t of Spar Area (5-500 " 7g 

(500-l000 -- 5~ 

Vibration Isolated Rack 5-1000 0.030" 1.0~ 
Flight Deck Area (5-30 0.020" -- 

(3o-i000 -- o.25g 

3•3•~+ Humidity: The instrument sha11 function and shall not be adversely affected 
following exposure to any relative humidity in the range from 0 to 95~o at any 
temperature up to 70C. 

3.4 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, sha11 not cause an explosion when operated in an 
e;cplosive a.tmosphere. The component shall meet the requirements applicable to 
the explosion category below. Specifically~ any instrument cornponent which can b 
an ignition source and is intended for installation in an area in which combusti- 
ble fluid or vapor may result from abnorma.l conditions, e.g., fuel line leakage, 
shall meet the requirements of Category I. If the intended location is an area 
where combustible fluid or vapor can occur during noz~nal operation, e.~., fuel 
tank, the instrument component shall meet the requirements of Category II, listed 
below; 

~ 
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Cate~or,y 	 Definition 	 Requirement 

	

I 	Explosion-proofed; case not 	Paragraph 7.3.1 
desi~ned to preclude flame 
or explosion propagation. 

	

II 	Explosion-proofed; case designed 	Paragraph 7.3.2 
to preclude flame or ~xplosion 
propa~ation. 

	

III 	Hermetically sealed. 	 Paragraph 6.5 

	

N 	Instrument not capable of 	 Shall not be cap- 
causing an explosion. 	 able of producing 

a capacitive or 
inductive spark 
of more than 0.2 
millijoules of 
ener~,y or a con- 
tact spark of 
more than 4.0 
millijoules of 
energy. 

3•5 Fire Hazard: The instrument shall be so designed to safeguarcl a,gainst hazards 
to the aircraft in the event of ma,lfunction or failure, and the maximum operatin~ 
temperature of surfaces of ar~y instrument component contacted by combustible fuel 
or va.por shall not exceed 200C due to self-hea,ting. 

3.6 Ra.dio Interference: The instrument shall not be the source of objectionable 
interference, under operatin~ conditions at any frequencies used on the aircraft, 
either by radiation or feedback, in electronic equipment installed in the same 
aircraft as the instrument. 

3.7 Magnetic Effect: The ma,gnetic effect af the indicator shall not adversely affect 
the performance of other instruments installed in the same aircraft. 

3.8 Decompress~.on: When installed in accordance with the instrument manufacturer`s 
instructions~ the indicator shall function and not be adversely affected follow- 
ing exposure to a pressure decrease from 22 to 2 inches of inercury in 2 seconds. 

~+. DETAIL REQUIREMENTS: 

1F.1 Indicator: 

~+.1.1 Indicating Method: Engir~e speed shall be indicated in RPM or in percent RPM 
by raeans of one or more pointers, dials, tapes, drums, or other types of movin~ 
elements. Relative motion of the index with respect to the scale (either the 
index or the scale may be the moving element) shall be clockwise or "up" or to 
the right for increasing RPM or percent RPM. 
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- ~+ - 

~+.1.2 Display Markings: 

~+.1.2.1 Finisn: Unless otherwise specified by th~ user, ma.tte white rnaterial shall 
be applied to all graduations~ numerals and indication means. 

Tdon-functional surfaces and markings shall be durable dull black. 

~~.1.2.2 Graduations: The ~raduations shall be arran~,ed to provide a maximum of read- 
ability consistent with the accuracy of the instrument. 

4.1.2.3 Numerals: The display shall include sufficient numerals to permit quick and 
positive identification of each graduation. 

Numerals shall distinctly indicate the graduation to which each applies. 

~E.1.2.~+ Instrument Tit1e: The instrument title, ti~hen used, shall be of the same 
approximate size, but no larger than the numerals. The title may be of the 
same finish as the nu~erals. The units of ineasure (RPM or percent RPM) shall 
~,ppear on the dial in lettering noticeably smaller than either the numerals 
or title. 

~+.1.2.5 Visibility; The indicating means and all markin~s shall be visible from any 
point within the frustum of a cone the side of which makes an angle of at 
least 30 degrees with the perpendicular to the dial and the small diameter of 
which is the aperture of the instrument case. The distance between the dial 
and the cover glass shall be a practical minimum. 

~+.1.3 Hermetic Sealir~: ti~~Then hermetically sealed~ the case shall be filled with an 
inert gas, free of dust particles, and sufficiently dry so that fogging of the 
indicator glass does not occur during the low temperature or fogging tests of 
this Aerospace Standard. 

ZE.1.~+ Inte~ral Li~hti 	Integral li~hting, if provided~ shaLl be in accordance 
tiiith ARP-5 2 Lighting, Inte~ral for Aircraft Instruments, Criteria for Design" 

4.2 Generator: The generator sha.11 be designed to operate in either direction of 
rotation and in any position. 

5. TEST CONDITIONS: ~ 

5.1 Atmospheric Conditions: Unle~ss otherwise specified herein, all tests required 
by this Aerospace ~tandard sha11 be ~ia,de at an atmospheric pressure of approxi- 
mately 29.92 inches of Mercury~ an ambient temperature of approxima.tely 25C and 
relative hum.idity of not greater than 85io. When tests are conducted with the 
atmospheric pressure or the temperature substantially different from these values 
allowance shall be made for the variation from the specified conditions. 

~ 
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5•2 Vibration: (to minimize friction) Unless otherwise specified herein, all tests 

for performance may be conducted with the instrum~nt subjected to a vibration of 
0.001 inch double amplitude maximurn at a frequency of 10 to 60 cycles per seconcl 
The term double ampl.itude~ as used herein~ indicates the total displacement from 
positive maximum to negative maximum. 

5•3 Vibration Equipment: Vibration equipment shall be such as to allow vibration 
~ 	to be applied along each of three mutua.11y perpendicular axes of the instrument 

at frequencies and amplitudes consistent ti~ith the re quirements of Para~raph 
3•3•3• 

~, 5•~+ Position: Unless otherwise specified herein, all tests shall be conducted with 
~, 	the instrument in its normal operating position. 

5•5 RPM vs. Percent RPA4 requirements: For instruments ~aith ma.rlcings in IiPA4 instead 
of percent RPD4, all references herein to percent RPD4 or °p E~.'M shall apply and 
sha11 be interpreted to mean the RPM value equivalent to the stated percent of 
the indicated RPM corresponding to ~+200 RPM generator drive shaft speed. 

6. INDIVIDUAL PERF'OI~~11~11VCE REQUIREMENTS: All instruments shall be sub ject~d to 
tests by the instrun~ent manufacturer to demonstrate specific corrpliance t ,rith this 
Aerospace Standard, includin~ the followir~ requirements where applicable. 

6.1 Scale ~rror at Room Temperature: The tachometer indicator shall be connec~ed to 
a~enerator that m~ets the requirements of Para.~raph 6.6 and the ~enera.tor 
operated at the shaft speeds listed in either Table I or Table II. The test 
sha11 be made either by driving the generator at a speed to produce the speci- 
fied indicator readings and readin~ the speed of tne generator, or by drivin~ 
the generator at the specified speeds and reading the indicator. The test shall 
be made with speeds increasing and the speed shall be brought up to, but shall 
not exceed the speed specified to ~ive . the desired reading. The scale error at 
any speed sha11 not exceed the values specified in the Table. 

ti~~1en the speed is held constant at any point on the scale, the pointer siiall not 
oscillate over a range greater than 0.5 o from 5-20~ RPA4 and 0.3w i'rom 20;; RPPyI 
to f~ll scale. 

6.2 Friction ~rror: 	The indicator shall be se't at the 5~ 20, ~-0~ 70, 85 and 1.00 
p~rcent graduations, or at ~enerator speeds of 200, 800, 1600, 3200, 3600 and 
~-200 RPA2, whichever is more convenient. Af'ter each settin~, the indicator 
shall be tapped and the change in indications noted. The change shall not ex- 
ceed 2~o at the 5 o graduation~ 1 o at the 20~ graduation, and .75;o at the 1F0, 70, 
85, and 100~o graduations. 

6.3 Position Error: The indicator shall be operated ~,t 100~o with the inst rument 
in its normal operating position. Readings obtained with the indicator tilted 
~+5 de~rees in any direction (back, forward, left and right) sha11 not vary i'rom 
the readin~ taken in the normal position by an amount in excess of 0.3 percent. 

6.~+ Dielectric: Eaeh instrument shall be tested by the method of inspection listed 
in Paragraphs 6. ~+.1 and 6. ~+. 2. 
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A c~~ ~ Isaued 2-1-59 	TACHOA'~'I'~R INSTRUT~NTS ( IPdDICATOR AN~ GEIVEREITOR) 
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6.~+.1 Insulation Resistance: The insulation resistance measured at 200 volts DC for 

i'ive seconds between a11 electrical circuits connected together and the metal- 
lic case shall not be less than 5 me~ohms. Insulation resistance measurements 
shall not be made t~ circuits zahere the potential will appear across elerr~nts 
such as windings, resistors, capacitors, etc., since this measurement is in- 
tended only to determine adequacy of insulation. 

6.~+.2 Overpotential Tests: The instrument shall not be dama~ed by the application 
of a test potential between electrical circuits, and between electrical cir- 
cuits and the metallic case. The test potential shall be a sinusoidal voltage 
of a commercial frequency with an RN1S value of five times the maximum circuit 
volta~e or per para~raphs b.~+.2.1 or 6.~+.2.2 whichever applies. The potential 
shall start from zero and be increased at a uniform rate to its test value. 
It shall be maintained at this value for five seconds and then reduced at a 
uniform rate to zero. Since these tests are intended to insure proper elec- 
trical isolation of the circuit components in question, these tests sha11 not 
be applied to circuits where the potential will appear across elements such as 
windings, resistors, capacitors, etc. 

6.~+.2.1 Hermetically seal.ed instr~unents shall be tested at 200 volts RP~1S. 

6. 1+.2.2 Circuits that operate at potentials below l5 volts are not to be subjected 
to overpotential tests. 	 ` 

6.5 Sealin~ Hermstically sea_led components sha11 be tested for leaks by means of a 
ma,ss spectrometer type of helium leak detector or equivalent. The leak rate 
shall not exceed 76 microns per hour per~cubic foot of fillin~ gas at a pressure 
differential of one atmosphere. 

Note: A micron cubic foot per hour leak rate is defined as that gas lealia,~e 
whi,ch would change the pressure of one cubic foot volume by the amount 

- 	 of one micron (.one millionth of a meter of inercury) in one hour. 

6.6 Generator Volta.ge Output: The generator shall be operated at a drive shaft 
speed of 200 RPNI with.a load consistir~ of three ~+0-ohm Y-connected resist- 
ances, and the three terminal voltages shall be 21 + 0.5 volts, when measured at 
the generator terminals. When the generator is similarly operated at a shaft 
speed of 1000 RPM with a load of three 20-ohm Y-connected resistances~ none of 
the 3 terminal voltages shall be less than 3.5 volts. 

7. QUA.LIFICATION TESTS: As many instrun~nts or components as deemed necessary by 
the manufacturer to demonstrate that all instruments will comply with the require 
ments of this section sha11 be tested in accorda.nce with his recoirunendations. 

7.1 Temperature Characteristics: 

7.1.1 Low Temperature Operation: The instrument shall be subjected to the appli- 
cable low ambient temperature listed in Column A of paragraph 3.3.1 for a 
period of five hours without operating. 4Thile still at the low temperature 
the instrument shall meet the scale error requirement of Table I or II. It is 
permissibl~ to operate the instrument at approximately half scale for a period 
of' 10 minutes before starting the scale error test. 
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The force required to turn the generator shaf`t tirhile, and after it has been 
subjected to the low temperature of Column A~ Para,graph 3.3.1 sha11 not exceed 
8 pound inches. No datna.ge to the generator sha,l.l result i'rom this test. 

7.1.2 High Temperature Oper~.tion: The instrument sha11 be subjected to the appli- 
cable high ambient terrperature listed in Coluirui A of Paragraph 3.3.1 for a 

. 	period of five hours without operatin~. ~ •Jhile still at the high temperature, 
the instrument shall meet the scale error requirements of Table I or II. 

7. l. 3 I~xtreme Temperature Exposure : The instrur,lent shall b~ exposed to the appli- 
cable low and hi~h teMperatures listed in Column B of Paragraph 3.3.1 For a 
period of 2~+ hours at each extreme temperature without operating. Af`ter a de- 
lay of 3 hours at room temperature~ the instrument shall meet the requireinents 
of Paragraphs 6.1 "Scale Error at Room Tenrperature~, 6.2 "Friction Error", and 
6.3 "Position Error." There shall be no evidence of dama,ge as a result of ex- 
posure to the extreme temperatures specified. 

7.1.4 Altitude: The indicator sha11 be subjected to the ambient temperature and 
pressure listed in para~raph 3.3.2 i'or a period of three hours while operatin~. 
The indicator shall then meet at the conditions specified, the requirements of 
Table I or II. 

The indicator shall be exposed alternately to 50 inches Hg absolute and three 
inches H~ absolute, non-operatir~. The indicator shall meet the requirements 
of' Para.~raph 6,1 "Sca1e ~rror at Room Tempera,ture" at atmospheric pressure 
followin~ this test. 

7.2 Vibration: After comp_letion of the followin~ vibration tests, no dama.ge shall 
be evident and the Scale Error at Room Tenrperature Test, Paragraph 6.1 shall be 
repeated. The chan„e in indication as a result of this test sha11 not exceed 
l~ RPM. 

7.2.1 Resonance: The instrurr~ent, while operatir~ at approximately one ha.lf scale 	, 
shall be subjected to a resonant frequency survey of the appropriate ran~e spe- 
cified in para,~raph 3.3.3 in order to determine if there exists any resonant 
frequency of the parts. The amplitude used ma.y be any convenient value that 
does not exceed the maximum double anYplitude and the maximum acceleration 
specified in paraoraph 3.3.3. 

The instrument shall then be subjected to vibr~,tion at the appropriate double 
amplitude or maxir.ntm acceleration specii'ied in para~raph 3•3•3 at the resonant 
frequency for a period.of one hour in each axis. When more than 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 anwng the resonant fre quencies, whichever shall be consider~ed most 
likely to produce failure. The test period shall not be less than one-half 
hour at any resonant mode. j-rhen resonant frequencies are not apparent within 
the specified frequency ran~e, the instrun~nt sha11 be vibrated for two hours 
in each axis in accordance with the vibration requirements schedule, para~raph 
3•3•3, at the maxir.ium double amplitude and the frequency to provide the ma:si- 
rnzm a,cceleration. The pointer position may be chan~ed every t~~enty to thirty 
minutes durin~ this test. 
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While the instrument is bein~ viUrated~ the pointer oscillation sha11 not exce 
lo RPM and the avera~e pointer variation shall not exceed 1Cf RPM. 

7.2.2 Cycling: The instrument, while operating shall be tested with the frequency 
cycled between the limits specified in para,graph 3•3•3 in 15-minute cycles for 
a period of one hour in each axis at an applied double amplitude specified in 
3 • 3•3, or an acceleration specified in 3•3•3, ti~hichever is the limiting value. 
The pointer position ma,y be changed every twenty to thirty minutes during this 
test. 

7.3 ELTplosionproof; The instrument component . shall be subjected to whatever require- 
ments are applicable for the specific category listed in parabraph 3.~. The 
following requirements cover only two cate~ories. 

7 . 3•1 Cate~ory I: The instrument coriponent shall be subjected, while in the test 
cha,mber, to an ambient temperature in the range of 20C to 50C. The test shall 
be conducted while the component is operating, and if applicable, it sha11 be 
connected electrically to related system components located externally to the 
test chamber. It sha11 be possible to operate the electrical an.d~or the 
mechanical controls, and to apply electrical and~or mechanical loads~ as ap- 
propriate to the compon~nt. All makin~ and breaYir~ el~etrical contacts shall 
be operated at least 10 times while the component is being tested. 

The test cha,mber pressure shall be reduced to a pressure a.pproximately 10,000 
feet above the altitude pressure test poin~ at which the test is to be con- 
ducted to compensate ior increase in pressure when i'uel is introduced. Tests 
shall be conducted at pressure altitudes in feet at approYimately sea level; 
10,000, 20~000, 30~000~ lK~,000, 50,000, and at 60,000 feet for turbine aircraf't 
application only. The introduction of the explosive mixture into the test 
chamber shall be made a,t each test altitude, and the amount of fuel used snall 
be approp~iate for the test chamber, the test altitude pressure, and the pre- 
vailing atmospheric condi~ions. The test sha11 be conducted utilizing an ex- 
plosive mixture in the lean sector of the e~cplosive range, and capable of pro- 
ducin~ an instantaneous explosion ti~hen ignited by a spark plu~;. The fuel used 
i'or conductin~ the tests sha11 be aviation grade 100~130 ~asoline or commercial 
butane. 

The above tests sha11 be repeated utilizing explosive mixtures in the inter- 
mediate and rich sectors respectively of the e~plosive ran~e, and also at a.p- 
proximately sea level a.nd at 1~-0,000 feet pressure altitude with the instrument 
conlponent at the lowest applicable ambient temperature listed in Column A of 
Paragraph 3.3.1. 

Operation of the instrutnent component during the above conditions without an 
explosion resulting in the test chamber shall be considered as evidence that 
tne instrument component fulfills the requirements of this explosion category. 
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7.3.2 Category II: The instrument component sha11 be znstalled in the test chamber, 
and both the case of the instrument component and the test cha,mber sl~all be 
sub~iected to an explosive r.~ixture circulated in a positive n~a,nner. The instru- 
ment component need not be operatin~ durin~ this test. Upon ener~izin~ the i„- 
nition means within the case, the explosion must be contained within the case 
to satisfy the requirements of this explosion category. 

This test shall be repeated at least five times using any pre ssure altitude 
betsaeen sea level and ~~000 f~et. It shall be repeated utilizin~ er.plosive 
mixtures in the "intez~nediate" and "rich" sectors respectively oi' the explo- 
sive ran~e. Any burned gases shall be cleared from the test chamber a~'ter 
completin~ each test. 

7.~+ Hwnidity.: The instrument unless herr~etically sealed, shall be mounted in a 
chamber maintained at a temperature of 70 + 2C and a relative numidity of 
95 + 5; for a period of six hours. After this period, the heat shall be sl~ut off 
and the instrument allowed to cool for a period o~ ei~;hteen hours in tl~is atn~o- 
sphere in which the hw~.dity rises ~0 100;; as tlie temperature decreases to not 
r.wre than 38C. This complete cycle shall be conducted: 

(a) Five times for instruments located in uncontrolled temperature areas. 

(b) Once for instruments located in controlled tentperature areas. 

Irunediately ai`ter cycling, there sha11 be no evidence of dama~e or corrosion 
which affec-~s performance. Following this ~;est~ the instrument shall meet tlie 
requirer~ents of Para~raph 6.1, Scale Error at Room Temperature Test. 

7.5 NSa~netic Effect: The r~netic efiect of the indicator shall be determined in 
terms of the deflection of a free nu~,~net approxima,tely 1-1~2 inches lon~, in a 
r.~agnetic field with a horizontal intensity of 0.18 + 0.01 gauss when the in- 
dicator is held in various positions on an east-west line with its nearest part 
12 inches from the center oi' the magnet. tilith the instrument operatin~;, the 
maximum deflection of the free magnet shall not exceed 5 degrees i'rom any in- 
dicating or reference position. 

7.6 Decompression: The indicator while operating shall be exposed to a pressure 
decrease from 22 to 2 inches of Mercury in 2 seconds. There sha11 be no evidence 
of dama~e as a result of exposure to the specified pressure char~e. The inclica- 
tor sha11 ~et the Scale Error at Room Temperature Test, Paragraph 6.1 following 
thi s te st . 

7.7 Thermal Shock: This test sha11 applf to hermetically sealed instruments only, 
Tne indicator shall be subjected to four cycles o:L' exposure to water at 85C + 2C 
and 5+ 2C without evidence oi' moisture penetration or da.ma~e to enclosure. Each 
cycle of tn.e test shall consist of irrmlersin~ the indicator in wa.ter at S5 + 2C 
for a period of 30 minutes, and then witni~~ j seconds o:f removal i'rom the bath, 
irrm~ersin~ the indicator for a period of 30 minutes in tne other batil n~a,intained 
a.t 5C. This cycle shall be repea,ted continuously, one cycle lollowin~ ~:h~ other 
until i'our cycles ha.ve  been completed. 

Follotain~, tiiis test, tne indicator shall be subjected to the Sealir.~ Test apeci- 
fied in para~r~,ph 6.5. 
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