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PRESSURE RATIO INSTRUMENTS Revised

e

1.  PURPOSE:

lesl To recommend requirements for electrical Pressure Ratio Indicating
Instruments for use in aircraft, the operation of which may subject
the instruments to the environmental conditions specified in Para. 3.3

l.2 This recommended practice is to be considered as being currently
applicable and necessarily subjest to revision from time to time due to

rapid dsvelopment in the sircralt industry.

2, SCOPE: This Aeronautical Recommended Practice covers/twg types of two
unif|Pressure Ratio Instruments each of which consigt of p Transducer
and an Indicator. The Transducer computes the ratio of two pressures
and ¢onverts this ratie to a synchro electrical ‘signal which is
trangmitted to the Indicator.

dard or recommended practice, and no commitment:
Committees wiil not investigate or conside

ecting themselves against liabllity for infringment of patents.”

I « All material in this document applies to thils classification

Onlya :
Type II = Additional material for. this classification will be added
t0 superseding issuss_as the state of the ant permits.

uding standards approved and practices recommended, are advisory only. Their

nt to adhere to any SAE stan
chnical reports. the Board and its

3. GENE REQUIREMENTS ¢

3.1 HatLrials and Workmanships

3elel Materials: Materials-should be of a quality which exgerience and/or
tests have demonstrated to be suitable and dependable [for use in aire
eraft instruments.

34162 Workmanships \Workmanship should be consistent with hilgh-grade aircraft
trument manufacturing practice.

3e2 Ideptification: The following information should be legibly and per-
maneéntly marked on the instrument or attached theretos

ae Name of instrument - Pressure Ratio Transducer, or Indicator
be SAE Aeronautical Recommended Practice ARP Li27

ce Manufacturerts part number

de Manufacturer's serial number or date of manufacture

e, Manufacturer's name and/or trademark

f. Range

ge Rating

3+3 Environmental Conditions: The following conditions have been established

as design requirements only. Tests should be conducted as specified in
Sections 5, 6, and 7.

patents which may apply to the subject matter. Prospective users of the report are responsible for prot:

use by anyone engaged in Industry or trade Is oentirely voluntary. There is no ag,
to conform to or be guided by any technical report. In formulating and agprovi

Section 7C of the SAE Technical Board rules provides that: “Al technical repo
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™~

e ~ A

958 Distributed under license from the IHS Archive
Copyright by Scclety of Automotive Engineers, Inc. - < . Printed In U. S. A.



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

SAE ARP%4Y27 54 NN 8357340 0028188 3 =

ARP 427 Issued 2/15/58
Revised PRESSURE RATIO INSTRUMENTS
o ®
3636l T%rature: When installed in accordance with the instrument
manuiacturerts instructions, both transducer and indicator should

function over a range of ambient temperatures from =55C to 70C.

The indicator should not be adversely affected by exposure to teme
peratures of from =55C to 80C. The transducer should not be
adversely affected by exposure to temperatures of from «565C to 120C,

3e302 Humidity: The instrument should function and should not be adversely
Eﬁ‘ecfeﬁ when exposed to any relative humidity in the range from O
to 95% at any temperature up to 70C.

3e303 Vibration: When installed in accordance with the instrument
§ Instructions, the Instrument sho unption and
should not be adversely affected when it is subjected tp vibrations

of [the following characteristics.

Instrument Location Maximum Double Maximum
in Airframe Cycles per Sec, Amplitude (Inches) Acceleration

Fugelage Forward-of 5=500 «036 2g

spar area

Panel or Rack (with 5-500 «02 2g

shopk mounts)

303¢4 Altfitudes The instrument should function and should not be adversely '
affpcted when subjected to ‘d-pressure and temperature range equive
alent to =1000 to 50,000 feet standard altitude per NACA Report 1235,
excppt as limited by application of Parae 3e3.l. The ipdicator
should not be adversely affected when subjected to a pressure of
50 fin, Hg absolute,

3l Explobive Atmosphére: All instruments located in the abited
areas| of non-pressurized aircraft or in non-pressurized areas of
pressprized aircraft should not cause an explosion when opérated in an
explogive mixture.

345 Radio| Interference:
Obdec onab le nteo AYTENCA nder opers ng gonditions s Y
quencies used on aireraft, either by radiation or feedback, in the
radio equipment ingtalled in the same aircraft as the instrument.

The instrument should not be the source of

346 Magnetic Effect: The magnetic effect of the instrument should not
adversely aifect the operation of other instruments installed in the
same aircraft,

4is DETAILED REQUIREMENTS3 ' |
Lol Rabings |
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helel Pressure: The engine inlet pressure (PTp) limits are 7.0 to 6040
inches of mercury absolute. The engine exhaust pressure (P‘1‘7) limits
are 8.i to 180.0 inches of mercury absolute.

hele2 Electrical: The instrument should be designed to operate on 115 plus
or minus 10% volts a=c, 40O plus or minus 5% cycles per second powers

Lhe2 Mownting: The mounting rack, if used, should be such that it will
satisfy the conditions necessary for shock and vibration tests,

Le3 Indicating Ranger The indicating range should be grafluated from 1.2 to

joh.

heky Hilling Medium: When hermetically sealed, the 6ase should be filled
th an inert gas at least 10 percent helium, of at least 98 percent
urity, free of dust particles, and sufficiently dry 8o that fogging of
e dial glass (indicator) does not occuf \during the low temperature
ests of this ARP.

he5 Hinishs Unless otherwise specified by the user, matté white material
0 be applied to all major graduations, numerals and pointer. None
unctional surfaces should be durable dull black.
‘ Le6 Wisibility: The indicating means and all significant|dial markings

: ould be readable from any point within the frustrum|of a cone whose
ides make an angle of not less than 30 degrees with the perpendiecular
o the dial, and whose small dlameter is the aperture|of the instrument
ases, The distance between the dial and the cover glass should be a
ractical minimum'and should not exceed 0.250 of an inech.

5. THST CONDITIONS:

Sel ° Atmospheric Conditiens: Unless otherwise specified, #ll tests required

by this ARP should be made at an atmospheric pressure|of approximately

9492 dinches of mercury and at an ambient temperature| of approximstely

' nan 85%. When tests
: 3 sphe emperature

d:i.ffering materially from these values ’ allowance should be made for the

variation from the specified conditions,

52 Power Conditions: Unless otherwise specified, the instrument should be
tested with an applied voltage of 115V plus or minus 2 percent, AC single
phase, 40O ¢ps plus or minus 2 percent.
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55

6o

641

642

.

Transmitting and Indicating Standards: Each synchro transmitter in
the transducer and each synchro receiver in the indicator should be
connected to an indicating standard and a transmitting standard,
respectively, when readings must be taken except as otherwise
specified, The indicating standard should be completely calibrated,
and should have a maximum error of plus or minus 0,50 circular
degrees when tested against a primary transmitting master, The
primary transmitting master should have a maximum error of plus or
minus 0,10 circular degrees. The tolerances of the standards may
be added to those indicated for the applicable tests.

Pogition: Unless otherwise specified, all tests should bd conducted
with the instrument in its normal operating position.

Vibration Equipments Vibration equipment should belused which will
provide frequencies and amplitudes consistent with the requirements of
Para.|3e¢3.3 with the following characteristicsy

Se5el Lingar Motion Vibration: Vibrating equipment should be [such as to

allow vibration to be applied along each of thres mutually perpens=
dioylar axes of the test instrument,

5¢5¢2 Cirgular Motion Vibrations Vibration equipment should He such that a

point on the instrument case will describe a cirole in g plane ine
o d L5 degrees to the horizontal plane, the diameter |of which is
eq to the double amplitude specified.

INDIVIDUAL PERFORMANCE REQUIREMENTS: All instruments sho

jected [to whatever tests the manufacturer deems necessary
strate [specific compliance with this ARP, including the following
requirgments where applicable.

Scale [Error: With the transducer connected under the conditions of
Para. [5el and 5.2 pressures should be applied to the eng
pressyre and-engine inlet pressure connections per Table
enging inlet pressure is to be stabilized. The engine
pressures should be brought up to, but should not exceed the value
giveny a reading takenj the tranaducer tapped or gently rated, and
another reading taken. The procedure should be repeated for decreasing
engine exhaust pressures. Each reading taken after tapping should

not differ from the theoretical reading by more than the tolerances
given in Table ITa.

The indicator scale errors should not exceed the tolerances given in
Table IIb.

Friction Error: The difference between readings taken before and
after tapping in Para. 6.1 should not be more than the values given
in Tables IIa and IIb,

T ————
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643 Position Error: The difference in indicater readings between tests in
the normal position and those in any other pesition should not exceed
that shown in Table IIb.

6o4 Power Variation Test: When the power supply is varied between the limits
indicated in Para. lhele2, the instrument (system) should not indicate a
pressure ratio change exceeding 005,
Leakage: The engine inlet pressure connection should be pressurized to
? inches of mercury abseolute. The pressure tube shoyld then be "pinched"
or otherwise sealed off upstream of the manometer.’|The pressure should
npt decrease by more than .15 inches of mereury during
(%) minute period. The engine exhaust pressure conne
atmosphere during this test.

Pressure connection. The engine exhaust pressure shoyld not decrease
mpre than .25 inches of mercury daring the five (5) utes. The volume
ing plping should

Dieleotric: Ungrounded instruments or grounded instryments prior to
cpnnection of internal ground wire, should be tested Qy either the method
of inspection of Para. 6.6.1 or 6,642,

6e6e1 | Insulation Resistence: The insulation resistance mgasured at 500 volts
D.C. (200 volts for hermetically sealed, inert gas flilled ingtruments)
between all ‘electrical circuits connected together gnd the metallic
case should not be less than 20 msgolms,

66642 Dielectric Strength: The insulation should withstand without evidence
of damage the application of a sinusoidal voltage ali a commercial free
quency between all elestrical circults connected together and the

: case . = pcond; he RMS value of the
sinusoidal voltege applied should be either five (5) times the maximum
instrument operating voltage, or 500 volts, (200 volts for hermetically
sealed, inert gas filled instruments) whichever is lower.

ne DY LOg—0O re s avalal- ne

64642.1 Instruments having a permenent internal ground connection should be
tested as follows:

The insulation should withstand without evidence of damage the ap-
plication of a sinusoidal voltage at a commereiel frequency between
each electric circuit and the metallic case, fer a period of five
(5) seconds. The RMS value of the sinusoidal voltage applied should
. be 1.25 times the maximum circuit operating voltage obtainable
between two test points.

f____-———ﬂ——-——__"_'—'\.
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QUALIFICATION TESTS: As many instruments as may be deemed necessary to

demonstrate that all instruments will comply with the regquirements of
this smection should be tested in accordance with the manufacturerts
recommendations.

Tel Room Temperaturess:

7+l¢l Regponse Rate:

Tele2

T¢2 Humidi

The transducer should be cennected to an indicating

standard.

Pressure should be appln.ed to the engine inlet pressure

e smaller number listed in Table III corresponding|to the
e inlet pressure used. When the pressures are stabllized the
The powex should
fion® during this test. A set up similar(to Figurd
seds The quick acting valve should be cloged and the |pressure
ssure
sure used,
after the

oni in Tsble III corresponding to the engine inlet pr
guick acting valve should be opened within 5 minutes
; The response time during each [step tested
should not be greater than the times specified in Table III. The
indi¢ator should be considered stgbilized when the total motion does
bxceed 0,02 Inches. The indicating means should begin to move
within 0,25 seconds of the change in pressure in the transducer.
indicator should stebilize within 1.5 seconds of the [time the
ating means first ghows the final reading.

Sensitivity and Deadband: The engine inlet pressure and [the engine
pressure should be adjusted and stabilized to thg¢ pressures
indi¢ated in Table, IV, While holding the engine inlet pressure
econstant, the engine exhaust pressure should be inorsased until a
change of indieation is first detected. The engine exhayst pressure
ghould then'be decreased slowly until a change of indication is
deteoteds. The decrease of pressure.necessary to cause the change
of indication should not be greater than those values spgcified in
Table IV, The procedures should be repeated by varying the engine
inlet pressure and holding the engine exhaust pressure constant.

¢ The instrument, unless hermetically sealed, should be
mounted in a chamber maintained at a temperature of 70 plus or minus 2
C and a relative humidity of 95 plus or minus 5% for a period of six
hours. After this period the heat should be shut off and the
instrument allowed to cool for a periecd of 18 hours in this atmosphere
in which the humidity rises to 100% as the temperature decreases to
not more than 38 C. This complete oycle should be conducted.

ae. Five times for components located in uncontrolled temperature arees
be Once for components located in controlled temperature areas.

Immediately after recyclings there should be no evidence of damage or
corrosion, which affects performance, Following this test the instru-
ments should meet the requirements of Para. 6,1 and 6.2,
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7¢3 Low Temperature Tests:

7¢3¢l Low Temperature h Altitude Tests (Operating)s Both the transducer
and indicator should be placed within a test chamber and the interneal

;.bsolute pressure reduced to a pressure equivalent to an altitude of

0,000 ft. above sea level.
opoled to and be maintained at a temperature of =55.C
of three hours. The instruments should then meet the
8 e 6.1 and 6.2.

Te3e2 Lpw Temperature (Exposure)s The chamber in Para. 7.3,
returned to amblent pressure then further €ooled to =4
fpr three hours to assure stabilizatien,
tp return to a stabilized room temperatire conditien,

should then meet the requirements of Para. 6.1 and 6.2
T4 Hi
Teliel

Temperature Tests:

erating: Both indicator and’ transducer should be pl
er and the internal temperature of the chamber
th an internal humidity of not more than 5%. The
be maintained for a period of three hours.
then meet the requirements of Para. 6.1 and 6.2.

T2 H

Simultaneously the chamber should be

for a period
requirements of

1 should be
5 C and maintained

Thereafter gllow instrument

The instryument

laced in a test
ed to TO C

x
ﬁn;erature should
The instruyment should

Telie2el Ind:l.cator: With the indicator only left in the test

temperature of the chamber should be raised
maintained for a peried of three hours. Thereafter
to retirn to stabilized room temperature conditions

should then meet the requirements of Para. 6.1 and

Tolte242

, chamber the

to 80 C and
allow the indicator
The instrument

624

th only the

Eransauoer in the chamber and the temperature raised to 120 C,
Maintain for three hours for complete stabilization.

Thereafter

allow the transducer to return to stabilized room temperature con-

ditions,
and 6.2 .

The instrument should meet the requirements of Para. 6.1

' Distributed under license from the IHS Archive
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wBe
Vibration:

Resonance = The instrument should be subjected to a resonant fre-
quengy survey of the appropriate range specified in Para. 3.3.3 in
order to determine if there exigts any resonant frequencies of the
parts. The amplitude used may be any convenient value that does not
exceed the maximum double amplitude and the maximum acceleration
specified in Para. 3.3.3.

The instrument should then be subjected to vibration at the appreo~
pria'l’,e ReEximumaounble—ampirItuas o X IMUN 009 .18ra on—speclfied in
Para. PBe3.3 at the resonant frequeney for a period of one hour in
each akis or with circular motien vibration, whichever|is applicable.
When mpre than one resonant frequency is encountered with yibration
appliefl along any one axis, a test period may be acdomplished at the
most spvere resonance, or the period may be divided among the resonant
frequepcies, whichever should be considered most likely to|produce
fallurp. The test period should not be less then one~half hour at any
resonant mode. When resonant frequencies are not apparent within the
specifiled frequency range, the instrument should be vibrated for two
hours in accordance with the vibration requirements schedule

(Para.| 3¢3+3) at the maximum double amplitude and the freqyency to
provide the maximum acceleration,

Cycling - The instrument, while) operating, should be tested with the
requehoy oycled between limits spegified in Para. 3.3.3 ip l5-minute
oycles| for a period of one-hour in each axis at an applied|double
amplitpde or an acceleration specified in Para. 3.3e3, whichever is
the limiting value, or'a total of three hours for eircular|motion
vibratiion, whichever is applicable., While being vibrated the indicater
reading should not (vary more than that indleated in Table IIb.

The instrument ®hould be tested to determine that it is fupectioning
properily during vibration.

On completion of the above test, the component should meet |the
requirpments of Para. 6,1 and 6,2,

Explosion Proof: All instruments which are not hermetically sealed
and whioh fall into the category defined in Para. 3.k should be
operated in an explosive atmosphere in sueh a manner that all normal
operations ocour. All meking and breaking electrical contacts should
be actuated a minimum of 10 times. Normal operation of the instru-
ment should not ignite the explosive atmosphere, The test should be
conducted at pressures simulating altitudes of sea level and 40,000
feet. The temperature ef the explosive atmosphere should be between
20 C and 50 C. At the conclusion of each test it should be demon=
strated that the ambient mixture was explosive by intentionally ige
niting it with an electrie spark., Aviation gasoline or commercial
butane should be used to generate the explosive mixture.

———n—————— e -y
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To7 Sealing: The instrument, if hermetically sealed, should be immersed
water and the absolute air pressure above the water reduced to
one inch of Hg until bubbles substantially cease to be given off by
the water. The absolute pressure is then increased to 2-1/2 inches
.! of mercury. Any bubbles coming from within the instrument should be
oonsidered as leakage. A helium leak detector or other means of test,
equal or superior in sensitivity to the immersion test method described
above, may be used.

T+8 Magnetie Effect m affect of the instrue
ent should be determined in terms of the dei‘lection pf a free magnet,
gpproximately 1-1/2 inches long, in a magnetic field with a horizontal
intensity of 0418 (plus or minus .0l) gauss when the indicator is held
in various positions on an east-west line with/ its nearest part 12
inches from the center line of the magnet. With the instrument
grerating the maximum deflection of the free magnetiec| should not exceed
Y degrees from any indicating or reference position,

TABLE .T
~ Engine| Inlet

Presspre '

(in of|HG) PRESSURE RATIO

Absolpte

PT
2 1,20 | 1.50 1,70 | 2.30 | 2.7 | 3.00 ] 3.k0
78 11.25 17.25 22.50 ;

15.0 18,00 | 22.50 . 45,00 51400

25,0 K2.80 | §7.80 | 67.50 85400

hz 0 50 .]4 1260

60 72.0 180

ENGINE EXHAUST PRESSURES
(In of HG ABSOLUTE PT;)

——
T~
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