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AERONAUTICAL l A R P 4 2  7 SOCIETY OF AUTOMOTIVE ENGINEERS, Ino. 

485 LEXINGTON AVENUE -1 RECOMMENDED P R A C T I C E  NEW YORK 17, N.Y. 

PRPSSURE RATIO INSTRUMENTS 

101 To reuonnnend requirements for  e lectr ical  Pressure Ratio Inäiaating 
Instruments f o r  use in aircraft ,  the operation of whioh may subject 
the instruments t o  the  environmental aonâitions speaified in Para. 303. 

1.2 T h i s  recommended practiae is  t o  be considered as being currently 
applicable and necessarily subje& t o  revision from the to  time due t o  
rapid development in the aircraf t  industry. 

2. SCOPE: This Aeronautical. Reaonnnended Practice covers two types of two 
=Pressure Ratio Instruments each of which consist of a Transduaer 
and an Indioator. The Transducer computes the rat io  of two pressures 
and converts this ra t io  t o  a synchro electr ical  signal which i s  
transmitted t o  the indicator. 

Type I - All material i n  this document applies t o  this classification 

Type II - Additional material for  this olassifioation w i l l  be adäed 
t o  superseding issues as the s ta te  of the art permits. 

om. 

30 GENERAL REQUITIEMENTS: 

3.1 Haterids and Workmanshipr 

3olol Materials: Materials should be of a quality which experience and/or 
tes t s  have demonstrated t o  be suitable and dependable for  use in air- 
craf t  instruments. 

3.102 Worlananshigr Workmanship should be consistent with high-grade aircraf t  
instrument manufaeturing praatiae. 

3.2 Identificationt The following information should be legibly and per- 
manently marked on the hstrument or attachedtheretoc 

a. Name of instrument - Pressure Ratio !l!ransducer, o r  Indicator 
bo SAE Aeronautical Recommended Practice ARP 427 
a. Mufacturer ts  part number 
d. Mamfautursr~s serial number or date of manufauture 
e. Manufacturerts name and/or trademark 
f. Range 
g. Rating 

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

w- 
-..---?. : - _  F 

by Swlotv of Automotive Ensinrori. i n c . F = . \  Printed in U. S. A. 
1958 

CoDYrlsht 
                                                                    
                                         
                                                                    
                                         

 
Distributed under license from the IHS Archive
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ar
p4

27

https://saenorm.com/api/?name=4777cc42202389ea170a174afab08aa8


ARP 427 
-2- 

~~~~~d 2/15/50 
Revired PRESSURE RATIO iXSTRUMENTS 

When installed h aucordance with the b s t m e n t  
jnstruations, both tranaduoer and indicator should 

function over a range of d i e n t  temperatures from -55~ t o  TOC. 
The indicator should not be adversely affected by exposure t o  tem- 
peratures of from -65C t o  8OC. 
actverssw affeoted by exposure t o  temperatures of from -6sC t o  UOC. 

The transdutler should not be 

iiwnidit t The instrwnent shouid function and should not be adversely d when exposed t o  any relative humidity in the range from O 
t o  95% at any tamperature up t o  TOC. 

Vibration: When h t a l l e d  i n  amordance with the instrument 
manuf,aoturerts instruetiom, the instrument should funation and 
should not be adversely affected when it is subjected t o  vibrations 
of Che following charauteristios. 

instrument Location Maximm Double Maximm 
Ln Airframe Cycles per Seq. Amplitude (Inuhes) Acaeleratkx 

Fuselage Forward-of %;o0 
spas area 

Panel or  Rack (with 5-500 
shook mounts) 

.o2 2g 

Altitude% The instrument should funotion and should not be adversely 
affected when subjeched to  a pressure and temperature range equiv- 
alent t o  -1000 t o  S0,oOO feet standard al t i tude per NACA Reporb 1235, 
exoept as ìimited by application of Para. 3.3.1. 
should not be adverseïy affected when subjected t o  a pressure of 
3 in, Hg absolute. 

The Inâieator 

3.4 Explosive Atmospherez A l l  bt ruments  located in the uninhabited 
areas of non-pressurized airoraf t  o r  l n  non-pressurized areas of 
pressurized aircraf t  should not aause an explosion when operated in an 
explosive mixture. 

objectionable interferenoe, under operating conditions a t  any fre- 
quencies used on airarafi, e i ther  by m a a t i o n  or  feedbactk,-in the 
radio equipment jnstaìled i n  the same a i roraf t  as the instrument. 

3.5 Radio Interferenoet The instrument should not be the source of 

3.6 Ma e t i c  Effects The magnetic effect  of the instrument should not 
'*t the operation of other hstmunents instailed in the 
sane a3ruraftr 

4.1 Rating: 
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Revired 

-3- 

4.i.i Pressure: The engine h i e t  pressure (W2) l imi te i  am 7.0 t o  6000 
m f  memury absolute. The engine exhaust pressure (PT7) W t s  
are 8.4 t o  ï8û.û inuhes of mercury absolute. 

4.102 Electriualz The instrument should be designed t o  operate on 11s plus 
or minus 10% volts a-a, 400 plus or  minus 5% cyules per second powero 

Momti%: 
satisfy the conditions necessary f o r  shock and vibration tests. 

The mounting raok, i f  used, should be such that  it w i l l  

Ranger The indicating range should be graduated from l , 2  t o  F 
Fi l l i n  Medium: When hsrmetiually sealed, the oase should be f i l l ed  im+-- t an inert gas at leas t  10 peruent helium, of a t  least  98 percent 
purity, f ree  of dust par t ides ,  and d f i G i e n t i y  dry so that  fogging of 
the dial glass (indioator) does not OCICUT during the lm temperature 
tes t s  of t h i s  ARP. 

Finish: 

functionai surfaces should be durabh dull blaek. 

ünless otherwise specified by the wer, matte white material 
be applied to all major graduations, numerals and pointer. Non- 

Visibi l i t  : + s 6 d e readable from any point within the frustrum of a oone whose 
The indicating means and aì1  significant dial maridngs 

sides make an angle of not-lees than 30 degrees w i t h  the perpendioular 
t o  the dial, aiad whose smt3.l diameter is the aperture of the instrument 
ease. The distarme between the dial and the oover glass should be a 
prautical minimum and shozild not exceed 0,250 OF an huh,  

50 TEST CONDITIOB t- 

5.1 'Atmospheric ConditAons: Unless otherwise specified, all t es t s  required 
th i s  should be made at an atmospheritr pressure of approxinaately 

29.92 hohes of mercury and a t  an ambient temperature of appr-ely 
25 deg C, and a t  a relative humidity of not greater than 85%. When tests 
are conduoted with the atmospheric pressure or  the temperature 
differing ma%&.ally from these values, allowanue should be made for the 
variation from the specified conditionso 

b a t e d  w i t h  an appïied voltage of 1 1 5 V  plus or minus 2 peroent, AC single 
phase, 400 ops pltu or minus 2 percent, 

5.e Power Conditions: ünless otherwise specified, the instrument should be 
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5.3 Transmitting and 1.ndioating Standards: Eaoh synchro transmitter in 

the transduoer and eaclh smohro receiver in the indicator should be 
oonneoted t o  an indiaat& standard and a transdttdng standard, 
respeatively, when readings raust be taken except as otherwise 
specified. The indioating standard should be oompletely oalîbrated, 
and should have a maximum error of plus or minus 0.50 uircular 
degrees when tested against a primary transmitting master. The 
primary transmitting master should have a maxtmUm error of plus o r  
minus 0.10 cbcular  degrees. The tolerances of the standards m y  
be added to those indaated for the applioable tests. 

i i i F & ë  instrument in its nomaï operating position. 

provide frequenaies and amplitudes oonsistent with the requirements of 
Para. 3.3.3 with the following oharaoteristirrst 

5.4 Position: Unless otherwise speoified, a l l  t es t s  should be conduoted 

5.5 Vibration Equipment: Vibration equipment sh0d.d be used which w i l l  

505.1 Linear Motion Vibration,: Vibrating equipment should be such as t o  
aìlow vibration t o  be applied along each of three mutually perpen- - -  - 
dioular  axes of the tes%-instrumen%. 

S&.2 Ciroular  Motion Vibration: Vibration e q u i p n t  should be such that  a 
p o h t  on the  instrument owe w i l l  desuribe a oirole i n  a plane in- 
oUned 45 degrees t o  the horiaontal plane, the diameter of which is 
equal t o  the double amplitude speaified. 

6.  3NDïVIDUAz PERFORMANCE REQUIREMENTS: A l l  instruinents should be ~ub-  
m o t m e r  deems necessary to demon- 
strate speoific oompïiance with this AFP, including the following 
requirements where applioable. 

6.1 S o d e  Error: With the transducer aonnected under the uonditions of 
Para. 5.1 and 5.2 pressures should be applied to the engine exhaust 
pressure and engine inlet pressure conneotiona per Table I. The 
engine Inlet pressure is t o  be stabilised. The engine exhaust 
pressures should be brought up to,  but should not exaesd the value 
given; a reading Wen;  the tramducter tapped or gently vibrated, and 
another reading taken. The prooedum should be repeated for  decreasing 
engine exhaust pressures. Each reading taken af ter  tapping ahould 
not àiffer  fromthe theoretical. reading by more than the toleranaes 
given in Table IIa. 

The indicator aoale errors should not exceed the toleranoes given in 
Teble ïIb. 

6.2 Fricrtion Error: The diffemnee between readings taken before and 
after tapping i n  Para. 6.1 should not be nore than the values given 
in  Tables IIa and In. 

e 

J 
e 
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PRESSURE RATIO INSTRUMENTS ARP427 luued 2 f s / s B  
Reviaed 

6.3 Position Error:  The difference i n  indicta%or reaàings between teats  ia 
the normal position and those in any o%hw position should not exueed 
that shoun in Table IIb. 

6.4 Power Variation Testt When the power supply is varied between the limiter 
hdioated i n  Para. 6.1.2, the instrument (system) should not indicate a 
pressure rat io  change exaeeäing .OO~.  

605 Leakager The engine in le t  pressure connection should be pressuriaed t o  
W K e s  of mercury absolute. 
or otherwise sealed off upstream of the manometer. The pressure should 
not decrease by more than .15 inches of mmury during the next f ive 
( 5 )  minute period. 
t o  atmosphere durhg th i s  tes t .  

The pressure tube should then be "pinchedn 

The engine exhaust pressure connection shouîd be open 

The above test should be repeated with a pressure of 96 inches of mercury 
absolube applied t o  the engine exhaust pressure aonneetions and a 
pressure of 35 inohes of mercury absolute applied to the engine inLet 
pressure cohitection. The engine exhaust pressure should not decrease 
more than a25 Inches of mercury during t he  f ive ( 5 )  minutes. 
of the entrapped a i r  i n  the manometer well and oonrueotkg piping should 
not exceed 45 cubic inches. 

The volume 

6.6 Dielectric: Ungrounded instruments or grounded instruments prior t o  
oonnection of internal ground wire, should be tested by ei ther  the method 
of inspection of Para. 6.6.1 or 6.6.2. 

6.6.1 Insulation Besistancet The insulation resistance measured a t  s'O0 volts 
B.C. (200 volts for  hermetiaally sealed, iner t  gas f2l led instruments) 
between all electr ical  circuits oonnected together and the tnstdlllie 
orne should not be less than 2Q mgohm. 

6.6.2 Dielectric Strength% The insulation should withstand without evidenoe 
of damage the applieation of a sinusoidal voltage at  a oomnercial fre- 
quencty between a l l  eleotrical  circuits oonnected together and the 
metallic uase, f o r  a period of five seconds. 
sinusoihl voltage applied should be either f ive ( 5 )  times the maximum 
instrument operating voltage, or 500 volts, (Soo volts  for  hermetically 
sealed, inert gas f i l l e d  instruments) whichever i r a  lower. 

6~6.2~1 instruments having a permanent internal ground oonnection should be 
tested as followst 

The RMS value of the 

The insulation should withstand without evidenoe of damage the ap- 
plication of a sinusoidd. voltage at  a commeraial frequency between 
each electric c i rcui t  and the metallic case, f o r  a period of f ive 
( 5 )  seconds. 
be 1.25 times the maximm circui t  operating voltage obtainable 
between two t e s t  points. 

The REU value of the sinusoiclal voltage applied should 
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7. QUAT,IFICATXON TESTS; As marqr instruments as may be deemed necessary t o  
demonstrate that ãU instruments w i l l  comply wi$h the requirements of 
this seotion rrhould be tested in accordanoe d t h  the mufauturer ts  
recommendations. 

7 e 1  Room Temperaturest 

7 b1.l Res orne Rate: +--s 8 andard. esp1we should be applied to the engine inlet  pressure 
connection per Table III and stabilized a t  each t e s t  poM. Pressura 
should then be applied t o  the engine exhaust pressure connection 
fo r  the smller number Listed in Table III uorresponding lm the 
engine in le t  pressure used. When the pressures are stabilized the 
pressures should be blocked An the transhoere The power should 
remab "on" during this test. A se t  up s h i l a r  to Figure I should 
be used. The quiok acting valve rshould be closed and the pressure 
should then be raised t o  and stabiìized at  the Mgher presaure 
given i n  Table III corresponding t o  the engine in le t  preraure used. 
The quiok acting valve should be opened w i t h i n  5 minutes af ter  the 
pressures are stabilized. The response t h e  durhg each step teated 
should not be greater than the t b e s  speciiied i n  Table 111. 
indicator should be aonsidered stabil isedwhenthe t o t a l  motion dm8 
not exmeed 0.02 incheso 
within 0.25 seconds of the ohange in pressure in the transduoer. 
The ind icahr  rshould s t ab i î im  within 1.5 seaonds of the tirne the 
indioatbg means first shows the f ïna l  reading. 

The tranaduoer should be aonneoted ta an indicating 

The 

The indicating means should begin t o  move 

7.1.2 Sensitivity and Deadbandr The enghe in l e t  pressure and the engine 
exhaust pressure should b e adjusted and stabilized t o  the presaures 
indicated in  Table ï V 4  While holding the engine M e t  pressure 
aonstant, the engine exhaust pressure should be inerëased unt i l  a 
ohange of indioatim is first deteeted. The engine exhaust pressure 
should then be decreased slowly un t i l  a change of indioatian is 
deteoted. The deorease of pressure.neoessary t o  oatwe the uhange 
of indication should not be greater than those values specified in  
Table m. The pracedurea should be repeated by varying the engine 
inlet '  pressure and holding the engine exhaust pressure oonstant. 

7.2 H u n i l d i  g The instrument, unless heme%iaall;y aealed, should be 
d h  tl ohamber maintained a t  a temperature of 70 plw or ininus 2 
C and a relative humidity of 95 plus or minus 5% f o r  a period of six 
houm. After t h b  period the heat should be shut off and the 
instrument aUsued to o001 for a period of 18 hour# i n  this atmonphere 
in whieh the h d d i t y  rises t o  100% as the temperature deoreaser t o  
not nore than 38 C. This complete aycle should be conduotedo 

a. Five tinrBs f o r  oomponents located in uncontrolled temperature ar8438 
b. ûnoe for oomponents loaated i n  controlled temperature areas. 

Immediately after rsoycrling; there ahould be no evidenos of âamage or 
oorrosion, whioh qffeuts performnce. Folleuj.ng tbis test the instmi- 
menta should meet the requirements of Para. 6.1 and 6.2, 

I _ _  

I__ - ,---- ~ -~~ - - ,- -, 
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7.3 Law Temperature Tests; 

7.3.1 Low Temperature High Altitude Tests (Operatingl: Both %he transducer 
and indieator should be plaeed within a teæt ohamber and the internal 
absolute pressure reduaed t o  a pressure equivalen% t o  an altitude of 
50,Qûû ft .  above sea level. Simultaneously the a h d e r  should be 
(3o~led t o  and be maintained at a temperature of -55 C fo r  a period 
of t h e e  hours. The instruments should then meet the requirements of 
Para. 6.1 and 6.2. 

7.3.2 Low Temperature (Exposure): The chamber in Parao 7.3.1 should be 
returned t o  ambi ent pressure then further moled t o  -6s C and maintained 
for three hours t o  assure stabîiiriatien. Thereafter a ì ì ~ w ~ h t m t i n e n t  
t o  return t o  a stabilized rom tsaiperature oondition. The instrument 
should then meet the requirements of Para. 6.1 and 6.2, 

7.4 High Temperature Testsr 

7A.1 Operatinqt Both indictator and transduoer s h ~ d d  be placed in a test 
ohamber and the internal temperature of the chamber raised t o  70 C 
with an internal humidity of not more than 5%. The Wnperature should 
be maintained for a period of three hours. 
then m e t  the requiremnts of Para. 6.1 and 6.20 

The instrument should 

7.4.2 Exposurer 

7 0 ~ 0 2 0 1  Inrllcator: With the bdioator  o w  lei% in the t e s t  ahamber the 
bte- temperature of the ohamber should be raised t o  80 C and 
maintained f a r  a period of three hours. 
t o  r e t m  t0 stabi i ized room temperature conditionso The instrument 
ishould then met the requirements of Para. 6'1 and 6.2. 

74.2.2 Transduuer: Repeat the prouedure of Para. 7.4.2.1 with snly the 
tranæduoer i n  the ohamber and the temperature raised t o  120 C. 
Maintain for  three hours for  ooqleta stabilhation. Thereafter 
ellow the tr'ansduoer t o  return te ratabilîsed rom tempetrature om- 
d i t i ~ m .  The hstnuaent should meet the requirements of Para. 6.1 

Thereafter allm the b d i a a t o r  

and 6.2. 
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7.5 xibratimu 

Resonsmuo 0 The Znstrument should be sub3eseed Co a r e s o m t  fre- 
qusnpy survey of the appropriate range apeeified 5n Para. 3.3.3 Si 
order %CI determine ;Lf there d s t s  any resonant frequenoies o f  the 
parts. 
exceed the nmininn double amplitude and the  nwdmm aaoeleration 
specified i n  Para. 3.3.3. 

The amplitude usred may be any mnveaelrt; value that does not 

The instrument should then be subjected t o  vibration at the appm- 
priate maxhum double amplitude or m-un acoeleration specified i n  
Para. 3.3.3 at the resonant frequeney f o r  a period of one hour i n  
eaah axis or with eirori2ar notion vibration, whichever As appiîcable. 
When more than one resonant frequeriay is encountered with vibration 
applied along any one axis, a t e s t  period may be aaaompïbhed a t  the 
m o s t  severe reaonanae, or the period niay be difided anong the resonant 
frequencies, uhiuhever should be considered most likely $0 Produce 
fadlure. The t e s t  period should not be less  than one-half hour at  any 
resonant W e .  When resonant frequencies are not apparent within the 
speoified frequenoy range, the indmnnent ahouldbe vibrated for  two 
hours in auoordance w i t h  the vibration requirenkents sahedule 
(Para. 3.3.5) at the maximum double amplitude and the freqwnoy t o  
provj.de the maxlmuia ameleration. 

C c i i n  - The instrument, W e  operat-, should be tested with the 
&&oy uyuled between limits opeoflied in Para. 3.3.3 ;Ln l $ h i n u t e  
oplee  for a period of one hour h eauh exis at an applied double 
ampìitude or an aaoeleration specrified in Para. 3.3& wh2ahgver is 
the limiting value, or a t o t a l  of three hours for o%roular iaoticm 
vibration, whichever is applicable. while being vibrated the indicator 
reading should not vary more than that indicated 5n Tabls Iïb. 

The i n s t m n t  should be tested to  determine t h a t  it is functioning 
properly during vibration. 

On completion of the above teat, the component should meet the 
requirenients of Para. 6.1 and 6.2. 

?a6 Explosiop ,hoof: AlJ. inStrments whiu.h are not h e m t i o a l l y  seaïed 
and whioh f a l l  into the oategory defined in Paka. 3.4 should be 
operated i n  an explasive atmosphere in sueh a manner that  a l l  norinal 
operations ocmur. $ìl making and breaking eleotrical qontactr should 
be actuated a miniinuin of 10 Biner.  Normal operation of the instma- 
aiant should not ignite the axplosive atmosphere. The t e s t  should be 
aonduoted at prwsures simulating aititudos of sea level and 40,006 
feet. The temperature e t  the explosive atmosphere should be between 
20 C and $0 C. A t  t h e  aonolirgian of eaoh t e s t  it should be demon- 
strated that the uiibienk mixture was explosive by intentionally Ig- 
nithg it with an electrie spark0 Aviation g a o ï h e  or eomniemial. 
butane should be used t o  generate the explOSiV0 mixture. 
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Sealin z The instrument, If hermeticaïìy sealed, should be h r s e d  
d r  and the absolute air pressure above the water reduued t o  
one ineh of Hg unti l  bubbles subitantially cease t o  be given off by 
the water. The absolute pressure is then increased t o  2 4 2  behe8 
of mercury. Any bubbles a a b g  from wlthin the instrument should be 
oansiàered as leakage. A helium leak deteotor or  other means of t es t ,  
equal or superior i n  sensit ivity t o  the innuersion t e s t  method described 
above, iisay be used. 

Magnetia Effect: (Indieator d y ) t  The inagpetio effeet  of the instru- 
ment should be determined i n  term of the deflection of a free magnet, 
approximately 1-1/2 inches long, in a magnetic f i e ld  with a horizontal 
intensity of 0.18 ( p l w  o r  minus . O l )  gauss when the indieator is held 
i n  various positions on an east-west line w i t h  its nearest part 1 2  
inuhes from the center line of the magnet. With the instrument 
operating %he maximum deflection of the f ree  magnetic? should not exceed 
5 degrees from any indioating or  refereme position. 

TABU I 

I Engine Inlet  I 
PRESSURE RATIO I 
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