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SOCIETY OF AUTOMOTIVE ENCINEERS, Inc.

485 LEXINGTON AVENUE
‘NEW YORK 17, N.Y.

AEROSPACE STANDARD

AS 5954

CIVIL TYPE AIRCRAFT VARIABLE DELIVERY HYDRAULIC PUMP

issued 2-1-59
Revised 7-10-bl;

SCOPE

1.1 This specification establishes the common requirements and provides a guide for

1.2 Model

special requirements for variable delivery hydraulic pumps, suitable for use in civil
aircraft. It also specifies the methods to be used for demonstrating compliance with
these requirements. :

ecification ~ A pump Model Specification, conforming to Appendix I of this
specification, shall be prepared for each distinet-pump-medel-bv—ej er the purchaser
who intengls to purchase and jnstall that model or the pump manufacturer, and shall be
to the purchaser for approval.

APPLICABILE SPECIFICATIONS, OTHER PUBLICATIONS, AND DRAWINGS

2.1 The following documents shall form a part of this specification to the extent specified

he applicable issue of each shall be that in effect on the date of this Aero-
idard unless otherwise specified in the Model Specification. Supplementary
specificatjons, standards, etc., which by reference in any of the follgwing publications
are indicated to be part thereof, shall not be considered as effective gxcept as speci-
ated in the Model Specification, .or;as may be otherwise mutyally agreed upon
e vendor and purchaser. '

pecifications

QAQ-C-320 Chromium Plating (Electrodeposited)
QQ-N-290 Nickel Plating '
QQ-P-416-1 Plating, Cadmium (Electrodeposited)-
VV-P~236 Petrolatum, Technical
QQrZ=325 Zinc Plating (Electrodeposited)

3. REQUIREMENTS

3.1 Functional Requirements

3.1.1 Hydraulic Fluid - The basic design of any pump normally presumes the use of a speci-

fic fluid, and the ability of the pump to meet the functional requirements ‘stated below is |
predicated on the use of that fluid. Therefore the identity of the hydraulic fluid that

the particular pump model is designed to handle shall be fully defined in the Model Spe-
cification.

3.1.2 Rated Discharge Pressure - The rated discharge pressure of a pump is defined as the

maximum pressure against which that pump is designed to operate continuously at
rated temperature and ratel speed. It shall be expressed as pounds per square inch
gage (psig). :

Copyright 1064 by Society of Automotive Engineers, Inc.

Printed in U. §. A.
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3.1.2.1 The design of the pump shall be such as to maintain its rated d1scharge pressure
- at the following combination of conditions: rated temperature, rated speed, rated
' inlet pressure, and zero flow, using the hydraulic fluid specified in the Model
Specification.

3.1.2.2 The value of the rated discharge pressure shall be stated in the Model Specifieation.

3.1.3 Maximum Full Flow Pressure - The maximum full flow pressure of a pump is de-
fined as the maximum discharge pressure at which the pump control will not be acting
to reduce pump delivery. It shall be expressed as pounds per square inch gage (psig),

" and its minimum value shall be established in the Model Specification.

AN

.1.3.1 For purp{es of acceptance and pre-production testing the value of maximum full

w

flow presdqure shall be set to the cutout and full flow pressures defmed by the

Model Spefification.

sure at the inlet port of the pump when it is operating at rated speed, maximum full
- flow pressure, and a specified fluid inlet. temperature: ‘Inlet pressure shall be mea-

sured at the inlet port of the pump in a manner which indicates the stati¢ head, and

shall be expressed in pounds per square inch absolute (psia). ' '

3.1.4 Inlet Pressuxe - The rated inlet pressure of a pump is defined as the inEicated pres-

3.1.4.1 The required maximum ar;d minimum values of inlet pressure at stated values of
fluid inlet temperature shall be specified'in the Model Specification.

3.1.5 Case Drain Port Pressure - Unless 4 different value is specified in the|Model Speci-
fication, all pumps shall be designed to withstand a pressure of 150 psi maximum and
surges to 50Q psi for at least 20,000 cycles at the case drain port withoyt permanent
damage or impairment of furiction.

3.1.6 Rated Temperature - The rated temperature of a pump is defined as thé maximum
continuous flyid temperature at the inlet port of the pump. It is expressed in degrees
Fahrenheit (F).

3.1.6.1 The ratedtemperature-is : Y hydrauhc
system in wh1ch the pump is to be used accordmg to the value shown and shall be
one of the.values as follows: :

Hydraul’ic , Maximum.Systeﬁy ' Rated Temperature

—System - Temperature - of Pump Inlet
. Typel 160 F - .. 140 F
Type II S . 275 F - 240 F
Type Il . . 450 F © 400 F :

It shall be specified in the Model Specification.
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.7 Minimum Continuous Fluid Temperature - This temperature at the pump inlet port is
.8 _Mé_ximum Displacement - The maximum displacement of a pump is defined as the

.8.1 The maximum displacement of any pump model shall be determined by calculation

.8.2 Thd maximum displacement of a punip shall be specified in the|Model Specification

.9 Rated Delivery - The rated delivery of a pump is defined as the measured output of the

.10 Rated Speed - The rated speed of a pump shall be the maximum |speed at which the '
.10.1 The rated speed of any individual model pump sha11 be established in the Model

.11 Rated Epdurance - The rated endurance of a pump is defined as|the total number of
.11.1 A pump used on commerc1a1 aircraft, usmg a realistic test sequence shall have a

.12 -Efﬁciet;cy - The efficiency of a pump is defined as the ratio of output power to input

_3_

not related to the rated temperature by this specification. A minimum continuous fluid
temperature may be specified in the Model Specification.

maximum theoretical column of hydraulic fluid delivered in revolution of its drive
shaft. It shall be expressed as cubic inches per revolution (cu. in. rev.).

frrm the geometry and dimensions of the pump. The dimensions of the cylinder bore
“and maximum stroke shall be taken at their nominal values as stated on the pertinent
drajvings. f deflections of the

maximum displace-

ment is intended to be an index of the size of the pump rather than of its performance

and|shall be equal to or not more than 20% greater than the specified value..

pump tnder conditions of rated temperature, rated speed, and maximum full flow pres-
sure, using the hydraulic fluid specified'in the Model SpeciﬁcatioI. It shall be ex-

pressead in U. S. gallons per minute-{gpm), and its value specified in the Model Speci-'
fication. ' ' '

pumyp is designed to operate continuously at rated temperature, and rated discharge
pressure. The rated speed shall be measured and stated as rpm of the pump drive
shaft].

Specification.

hours: of operation to be included in the endurance phase of 1ts pre-production test
(see paragraph 4.3.3.9).

life test of no less than 4000 hours unless otherwise spec1f1ed in the Model Specifi-
cation,

power when the pump is operated at rated temperature, rated speed, and maximum
full flow pressure, using the hydraulic fluid specified in the Model Specification. It
is customarily stated as a percentage. The above ratio is commonly referred to as
‘mover-all efficiency" and includes volumetric efficiency. In the determination of out-
put power by calculation from flow rate and pressure change, only the net pressure

" difference between inlet and outlet ports of the pump shall be used. / '
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3.1.12,1 A mini'mum'value for all efficiencies shall be specified in the Model Specification.

3.1.13 Pressure Pulsat1ons - For the purposes of this specification, pressure pulsations
are defined as oscillations of the discharge, the inlet and the drain pressures, oc-
curring during nominally steady operating condltlons at a frequency equal to or
higher than the pump shaft speed. The amphtude of pressure pulsations, as deter-
-mined by the test procedure of paragraph 4. 3. 3. 5.3, shall be recorded and sha11 not

- exceed such 11m1ts as may be prescribed in the Model Specification. -

3.1.14 Variable Delive Control - All pump models shall incorporate delivery control
. means whirh shall act to increase the delivery of the pump from zere fto its maxi-
mum full flow pressure value for any given operating speed as the,disgcharge pres-
sure is reduced from rated discharge pressure to maxiinum full flow pressure and
vice versal g

f

'3.1.14.1 .Speed of Response - The speed of response of the delivery control means is de-
fined as l-T-Ae time requlred for the control to regulate:from rated dis¢harge pres-
sure to ax1mum full flow pressure or vice versa.

| 3.1.14.1.1 The os cillographic trace of discharge pressure vs. time shall be [employed as
the criterion of movement of the delivery control mechanism.

3.1.14.1.2 All pump models, when operating at rated temperature and at any| speed greater
than 50% of rated speed, shall-regulate from rated discharge pressure to maxi--
mum full flow pressure or.any intermediate pressure, and vice versa in not
more than 0.05 second..

3.1.14.2 Stability Stability is.defined as freedom from persistent or quasi-persistent os-
cillation pr "hunting'™ of the delivery control mechanism. .

criterfon of stability.

3.1.14.2.1 The oTclllographlc trace of d1scharge pressure vs. time shall be- employed as the

3.1.14.2.2 All pump models, when operating at rated temperature and at any speed greater
than 50% of rated speed, after being disturbed from steady state operation by a
. change in flow demand, shall recover steady state operation--other than per-
missible pressure pulsations, as defined in Paragraph 3. 1.13--in not more
than one second after the initial response to that change in flow demand.

3.1.14.3 Maximum Transient Pressure - The maximum transient pressure is defined as
the peak value of the oscilloscopic trace of discharge pressure, made ‘during opera-
tion of a pump, as prescribed in paragraph 4. 3. 3 5.1. '

3.1.14.3.1 The value of the maximum. trans1ent pressure as determ'med in the transient
pressure tests specified in parag'raph 4.3.3.5.1 of this spec1f1cat10n shall not -
exceed 150% of rated d1scharge pressure. :
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.1.15 Rated Horsepower - The rated horsepower of the pump is defined at the maximum

horsepower output at rated delivery and maximum’ full flow pressure.

.2 Environmental Requirements - In general, pumps shall be designed to operate, without

" limitation as to time, and without i_mpairment of function or change in adjustment,
under the environmental conditions specified below. Except as specifically directed
herein, testing to demonstrate compliance with these requirements shall not be manda-

tory.

.1 Altitude ~ Provided inlet pressure is maintained in accordance with paragraph 3.1.4,

pum t be affecte 1ange of altitude from sea level to
80,000 feet or vice versa. ‘ o -

Y

.2.2 Ambient and Pad Temperatures - The estimated ambient-and pymp pad temperatures

shall|be as specified in the Model Specification.

.2.3 Vibrdtion - It shall be é design objective that pumps shall be capable of withstanding
: all ni

rmal vibrations excited by the driving means.

.2.3.1 Fon design purposes, linear vibrations.ex¢ited by typical turbihe propulsion engines

of qurrent ‘design shall be assumed to:be defined by Figure 1.

.2.3.2 Fon design and test purposes, torsional vibrations excited by the driving means

sha]l be considered negligible,

.2.3.3 As part of the pre-production test, all pump models shall be Subje_cted to the vibra-

tion test specified inparagraph 4.3.3.7 of this specification.

.2.4 Accelerationg - All pumps shall be designed to withstand'sustained'accelerations of

20 g applied infany direction during operation.

.2.5 Atmdspheric Conditions - All pumps shall be désign_ed to withstand continuous expos-

-

ure, |in-the configuration.as installed in aircraft, and either oper ating or non-opera-
ting, to saltspray as encountered i marine or coastal areas and to sand and dust as
encountered in desert areas. '

t

.2.6 Sonic Fatigue - The pump shall not be adversely affected or prematurely failed due to

external noises as definéd in the Model Specification.

.2,7 Sonic Affect - The pump shall not generate noise greater than that 1ndlcated in the

Model Spe01flcat10n

.3 Installation Requiremen’cs

. 3. 1 Dimensions - Dunensmns pertinent to the installation of pumps in aircraft shall be -

shown on the manufacturer S Installatlon Drawmg
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3.3.2 Weight - The dry weight of the completely assembled pump shall not exceed the value'
specified in the Model Spe01f1cat1on '

3.3.3 Mounting - All pumps shall incorporate a standard mountmg flange, which shall be in
accordance with either AND10261 or AND10262, as spec1f1ed in the Model Spe01f1-
cation. :

3.3.3.1 The oil holes and o1l flow, spec1f1ed on drawmgs AND10261 and AND10262
' shall not be applicable. :

3.3.3.2 The mounting flange drain bosses specified on drawings AND10261 and
AND1026 , as applicable, shall be required, and all of them may be fapped at the
option of 1e pump manufacturer. By agreement between the plimp mianufacturer
and the purchaser, only certain of the bosses shall be tappedfor ext rnal connec-
tion; in sulch case, the boss or bosses to be so tapped shall ‘be spec,if cally de~
~ signated_on the installation drawing of the pump which@ccompanies the Model
Specification. ' ‘ ' . ' :

3.3.3.3 Pump operation shall be unaffected by the position in which the pump is mounted on
the engine|drive pad, or by the orientation in"space of the plane of th¢ pump mount-
ing flange - ‘ -

3.3.3.4 The direcf ion of rotation of the pump shall be clearly and permanently marked on ‘ |
an exposed surface of the pump housing.

3.3.4 Drive Coupling - A replaceable part of the pump assembly, incorporatiphg a shear o
section, shalll be interposed between the pump drive shaft and the enging accessory
drive shaft by which the pump is to be driven. This shear coupling part|shall be held
in place by a positive rétainer. : ‘

3.3.5 Ports - Port sizés shall be in accordance with MS 33524 port conflguratmn shall be
- specified in the Model Specification.

3.3.5.1 The structural -de_sig'n of the ports and of the affected sections of the pump housing
shall be such as to withstand the application of a torque as specified in MIL-F-5509.

3.8.5.2 Inlet, outlet, mounting flange seepage drain and case drain ports shall be identi-
fied on each pump by clear and permanent markings. .. :

3.4 Detail Requirements

3.4.1 Material - Materials and processes used in the manufacturer of these products shall
be of high quality, suitable for the purpose and shall conform to applicable specifica-
tions. Materials conforming to the pump manufacturer's material specifications may
be used, provided the specifications are acceptable to the purchaser and contain pro-
visions for adequate tests. The use of the pump manufacturer's spec1flcat10ns will
not constitute waiver of other applicable specifications.
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Selection of Materials - Specifications and standards for all materials and parts,
which are necessary for the execution of this spec1f1cat1on shall be selected as
prov1ded in the followmg paragraphs

Metals - All metals shall be compatible with the fluid and intended temperature,
functional, service, and storage conditions to which the components will be ex-
posed. The metals shall possess adequate corrosion-resisting characteristics, or
shall be suitably protected in accordance with paragraph 3.4.1.3.

Type I Svstem Pumps - Except for internal surfaces in constant contact with hy-
draulic fluid, ferrous alloys shall have a chromium content of not less than 12%
or shall be suitably protected against corrosion as specified under Paragraph
3}4.1.3. - O-ring grooves for external seals shall not bé>conpidered as internal
shrfaces in constant contact with hydraulic fluid. ‘ ‘

Type II and Type I System Pumps - Ferrous alloys shall have a chromium con-
tent of not less than 12% chrome or shall be suitably protected against corrosion,

5 specified under paragraph 3.4.1.3. In.addition, cadmium and zinc platings
“shall not be used for internal parts or oninternal surfaces in contact with hy- .
raulic fluid or exposed to or on internal surfaces in contact|with hydraulic fluid
 exposed:to its vapors. Magnesium’ shall not be used. Where performance or
2liability ‘of the pump will be jedpardized by the use of materials and processes,

5 defined in paragraphs 3.4.1.2 and 3.4.1.3 alternate materials and/or process-
s may be used subject to the approval of the purchaser. Su¢h materials and/or
rocesses shall be selected so as to provide the maximum dggree of corrosion
¢sistance consistent with the performance requirements. :

n o

H'T O ® X O

Magnesium Alloys - The use of magnesium and its alloys shall be subject to the
prior approval of the purchaser. :

Corrosion Protection - Metals which do not inherently possess adequate corrosion-
redisting characteristics shall be suitably protected to resist ¢orrosion which may
regult. from such conditions as dissimilar metal combinations,| moisture, salt spray,

ano-htglrtanperamre-determratnnra's-amrrc'a'bre.—

Castings - Castings shall be of high quality, clean, sound, and free from cracks,
blow holes, excessive porosity, and other defects. Defects not materially affecting
the suitability of the castings may be repaired at the foundry or during machining by
peening, impregnation, welding, or other methods acceptable to the purchaser.
Inspection and repair of castings shall be governed by quality control techmques and
standards satisfactory to the purchaser.

.4.2 Standard Parts - Standard parts (Military or Commercial) shall be used whenever

they are suitable for the purpose, and shall be identified on the drawings by their part
numbers.
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3.4.3 Screw Threads -. Except where necessary for functional or manufacturing purposes,
only straight threads conforming to National Fine Thread Series, Class 3 (NF3) or
Unified Fine Thread Series, Classes UNF-3A or UNF-3B shall be used.

3.4.3.1 Safetying - Threaded parts shall be positively locked or safetied by safety wiring,
self-locking nuts, or other approved methods. Safety wire shall be applied in ac-
cordance with standard aircraft practices. Star washers and lockwashers shall not
: be used. Jam nuts shall also be properly safetied.

3.4.4 Marking

3.4.4.1 Identificatipn of Product -~ The equipment shall be marked for identificatioh in
accordance with standard practices and the purchaser's requirements

3.4.4.2 Nameplate [- A nameplate containing the following information leg.ibly filled in shall
be securely attached to the pump. The information shall be-marked in the spaces’
provided. - : ‘

AIRCRAFT VARIABLE DELIVERY HYDRAULIC PUMP

)del Specification No.

(or‘dentification)

fs. Name or Trade Mark
Iial Number
Fluid

M

Mis. Part No.
M1

S

3.4.4.2.1 Any nameplate data required in addition to the above shall be specifiéd in the
Model Spe c1flcat1on

3.4.5 Design and Construction -~ ‘ -

3.4.5.1 Lubricatio_nr s The hydraullc pump shall be self—lubrxcated with no prc visions for
lubrication other than the circulating fIuid. : o

3.4.5.2  Lubricants - Lubricants where used on threads or drive splines shall be suitable
for use with the hydraulic fluid used. These must be approved by the purchaser.
Lubrication shall be so accomplished that no dlsassembly for relubrication is ne-
cessary durmg endurance testing.

3.4.5.3 Retainer Rings - Except where they are positively retained from being dislodged
from their grooves, retainer or snap rings shall not be used in any location where
failure or dislocation of the ring will allow blow-apart of the equipment or failure
of the unit. Neither shall they be used in locations where the buildup of clearances
and manufacturing tolerances will allow destructwe end play in the assembly con-
tributing toward failure of packings or gaskets, brinelling, or fatigue failure of
parts. . ' ‘ 7
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3.4/5.4

3.4.5.5

3.4.5.6

3.4. 5.7

3.4.5.8

<, P

bLeakage - External ieakage from the pump housing or from any static seal thereof,

of sufficient magnitude to form a drop shall not be permitted except at the drive
shaft seal, where the rates of leakage under specified operating conditions shall
not exceed the values specified in Section 4 of this specification.

Bosses - Internally threaded bosses shall be used where possible for connecting
fittings and shall conform to drawing AND10050, unless otherwise specified in the
Model Specifications. Spacing of ports. for connecting fittings shall conform to
drawing AND10074. '

External Tube Connections - External male threaded tube conpections, when used,
shall conform to drawing AND10056 and AND10057 or MS33514, MS33515. Male
threaded tube fitting ends of 3000 psi components shallbé steel except that in sizes
above 1/2 inch, tube size, these may be aluminum alloy or stgel. Caution should
bef used in the use of aluminum alloy where repeated assembly could damage the
fitting which is an integral part of the component thus rendering the entire com-
panent unserviceable.

ss Clearance - Bosses shall be made deep enough or shall [incorporate fitting
stpps to prevent damage to internal mechanism or restriction|of fluid flow when
uniiversal fittings are screwed intothe bosses to excessive depths.

Function Adjustment - Means shall be provided to adjust the delivery control
mechanism to cause zeroflow to occur at rated discharge pressure. This adjust-
ment shall be preferably infinite, or acceptably in steps of less than 1% of rated
discharge pressurej:-over a minimum range from 95% to 1059 of rated discharge
prtessure. The adjustment means shall be capable of being pgsitively locked; and
it|shall be posgible to accomplish adjustment and locking by the application of
sthndard hand tools. Function adjustment shall be factory segled unless otherwise
specified by the purchaser. Where practicable, the arrangement of the adjustment
ans shall permit adjustment to be made while operatmg under full system pres-
e and.with negligible loss of fluid.

3 4.6 Workmanship - All details of workmanship shall be in accordance with high grade
aircraft, hydraulic pump manufacturing practices.

3.4.6.1

3.4.6.2

Cleanlinesé - All parts shall be clean and free from dirt, sand, and other foreign
particles. Extreme care shall be taken to prevent dirt entering the assembled
pump. ' ‘ : :

Surface Roughness - Surface roughness finishes where required shall be estab-
lished and shall be specified in the manufacturer's drawings or as outlined in

AS 291. The determination of surface finish shall be made by the use of surface
roughness measuring equipment with an accuracy of plus or minus 15% at the level
being measured.
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3.4.7 Interchangeability - All parts having the same manufacturer's part number shall be

' directly and completely interchangeable with each other with respect to installation
and performance. Changes in manufacturer's part numbers shall be governed by the
purchaser's requirements. Sub-assemblies composed of selected mating parts must
be interchangeable as assembled units, and shall be so indicated on the manufacturer's
drawings. The individual parts of such assembled units need not be interchangeable.

3.4.8 Special Tools - The design shall be such that special or unusual tools shall not be
used, unless absolutely necessary, for normal service maintenance and inspection of
the equipment. ' '

3.4.9 Maintenance

3.4.9.1 Repair and Replacement - Repair and repla'c"ement of parts shall be possible
without digcarding serviceable parts.

3.4.9.2 Overhaul 1 The pump shall operate on the aircraft without requiring maintenance
or repair for the flight hours as specified in the Model Specification.
3.4.10 Reliability 1 Reliability shall be a prime consideration in the design, ¢evelopment
~ and manufagture of this pump. Reliability will be achieved into the unit by such
means as parts de-rating, high quality parts; close manufacturing contirols, and in-
~ spection surveillance.

3.4.10.1 Justified upscheduled removal ratefor pumps operating on aircraft shall be a
maximum .25 per 1000 pump flight hours or as specified in the Mod¢l Specifica-
tion. '

4. QUALITY ASSURANCE PROVISIONS

4.1 General - Foy the purpose of demonstrating compliance of pumps with this specifica-
tion and the applicable Model Specification, two distinct test programs shdll be con-
ducted, hereinifter referred to as Acceptance Tests and Design Approval Tests.

4,1.1 Acceptance Tests - This is essentially a routine inspection test program intended to
contribute to overall quality control by demonstrating that all pumps of a given model
perform within certain limits established in this specification and the pertinent Model
Specification. ‘ -

4.1.2 Design Approval Tests - This is a comprehensive and basic test program intended
to demonstrate the suitability of a given model pump for use in the application for
which it is specified. This program shall be conducted on selected samples of each
pump model. '
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In cases where the pump model, for which .design approval is desired, incorporates |
the same working parts as a pump model which has previously received design ap-
proval, all or some portion of the design approval tests may be waived by agree-

ment between the purchaser and the pump manufacturer.

4.1.3 Filter Patch Standard - Provision shall be made in'the Model Specification for the es-

tablishment of a Preliminary Patch Standard before the start of the Design Approval
Test or before the first pump to be delivered under the contract, whichever occurs
first.. This Preliminary Patch Standard may be modified by agreement of the con-
tracting parties until the completion of the Functional Test of the 25th pump to be de-
livered under the contract, thereafter the standard in effect for that test, will become

the stlandard for the remainder of the contract.

4.2 Acceptance Test Procedures - Each hydraulic ‘pump éubmitted fo

r delivery under a

procurgment contract shall be subjected to the acceptanceitests ls]ieciﬁed herein. Ac-

ceptan¢e or approval of material during course of manufacture s
strued|as a guarantee of the acceptance of the finished product.

4.2.1 Acceptance Test Methods

4.2.1.1 Egamination of Product - The pump shéll be examined to detg
with the applicable drawings and all requirements of this speg
pertinent Model Specification for which there are no specific {

4.2.1.1.1

4.2.1.2

Break-In.Riin - The break-in run shall be made with any desi

Proof Test - The method, procedure, criteria, and sequenc
phases of the acceptaneé test program, of a proof pressure
guch be required, .shall be defined in full detail in the Model
dtherwise specified in the Model Specification, no proof pre
dluded in the:acceptance test program.

inj

11 in no case be con-

rmine conformance
ification and of the
ests.

e with respect to other
test of the pump, if
Specification. Unless
ssure test shall be in-

red pressure in the

et agd outlet lines and shall consist of 1/2 hour minimum at 80 per cent to 100
percent of rated rpm.

4.2.1.2.1 After the above break-in run, the pump shall be disassembled and inspected by
the pump manufacturer. If all parts are in acceptable condition, the pump shall
be reassembled and placed on functional test. If working parts require replace-
ment, the pump shall be reassembled, using the replacement parts, and the
break-in run and subsequent disassembly, inspection, and reassembly repeated.
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One-half hour at rated speed and maximum full flow pressure.

Functional Test - The Functional Test shall comprise the following runs:

(b) One-half hour at rated speed with the discharge pressure varied between
maximum full flow pressure and rated discharge pressure at a frequency
of 6 cycles per minute. -

One hour at rated speed and rated discharge pressure; except that at

10-minute intervals the discharge pressure shall be reduced to maximum
“full flow pressure for one minute. ' :

to form g drop shall be permitted.-

4.2.1.3
4
(2)
(©)
4.2,1.3.1 Duringa
' in the M(
+10Fa
4.2.1.3.2 During t}
ceed an 4
4.2.1.3.3
at rated
The deliv
measure
fied in th
4,2.1.4 TFilter Pat

Calibration - At the completion of run: (c) the torque required'\to dr

Y

] of the Functionai Tests the hydraulic fluid used shall-be t
del Specification. It shall be supplied to the pump at rated

e Functional Test, shaft seal leakage shall. he checked and
lverage rate of 5ml per hour. No other leakage of sufficien

speed and rated discharge pressure shall be measured and
ery of the pump at rated speed and maximum full flow pres
1 and shall not be less than the minimum value of rated deli
e Model Specification, :

ch ‘Test - Filters.as recommended shall be installed in the

and case-drain or cooling'port lines-of the test setup. The fluid in t

downstrea
below for

4.2.1.4.1 Oil from

m of the pump .shall be checked by the procedure in paragr
contamination accumulated

the filter bowl shall be processed as follows:

nd at the inlet pressure specified in the Model Specification|

hat specified
temperature

shall not ex-
t magnitude

ive the pump
recorded.

sure shall be
very speci-

inlet, outlet,
filter bowls
ph4.2.1.4.1

(@)

Car

(b)

fully Temove the bowl to avoid oil spliiage.

the volume of the f11ter bowl

(c)

Pour the oil into a precleaned beaker having approxunately tw1ce

Rinse the filter element with (approx) 20 cc of trichlorethylene or

other suitable solvent from a solvent dispenser thru a 2 micron or

(d)

finer membrane filter.

Rinse the residue from the bowl with the same apparatus, but invert

the bowl and direct the clean solvent stream upward to the bottom

and

sides of the bowl. Use 20 cc of solvent (approx). -
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(e) Stir the beaker to assure a uniform dispension of particles in

the oil.

Caution-.The heavier metal particles will fall rapidly

to the bottom; therefore good agitation is required to keep them

:suspended,

(f) Remove an adequate sample of the oil for processing by the par-
" ticle count method per ARP 598. The volume of oil for analysis
must be sized to give a quantity of particles within the realm of

good statistical counting.
4.3 Design Approval Tests

© 4.3.1 First[Sample Tests - These tests shall be conducted

Acceptance Test (Ref. para. 4.2.1)

Fluid Immersion Test (Ref, para. 4. 3.3.2)
Proof Pressure Test (Ref. para. 4.3.3.3)
‘Calibration Test (Ref. para. 4.3.3.4)

Response Time Test (Ref. para. 4.3.3.5.2)

Heat Rejection Test (Ref. para, 4. 3. 3.6)
Vibration Test (Ref. para. 453.3.7)

Acceptance Test (Ref. para. 4.2.1)
Proof Pressure Test (Ref. para. 4.3.3.3)

. Additjonal Tests, if-any; required by the Model Specification

Endurance Test (Ref. para. 4.3.3.9)
Cavitation Test (Ref. para. 4.3.3.10)

4.3.2. 1- In lcases where the entire program is to be conducted on one s

Pressure Pulsation Test (Ref. para. 4.3.3.5.3)

Low T‘emperatufe Test (Ref. para. 4.3.3.8)

 Drive Coupling Shear Test (Ref. para. 4.3.3.11)

on the first|sample pump:

Maximum Transient Pressure Test (Ref( para. 4.3.3.5}1)

These tests shall be conducted on the se¢ond sample pump:

ple pump, the

tests shall be run in the same order except that the Acceptance Test of paragraph

4, 3. 2 shall be omitted.

4.3.3 Design Approval Test Methods - The hydrauhc fluid used in all design approval tests
shall be that specified in the Model Specification. Unless otherwise noted, required
‘test operating conditions shall be maintained within the following limits:

Inlet Pressure vyithin 5%

Inlet Temperature -TYPEI - 1T70Fto
- TYPEII. - 160 F to
TYPEII - 275 Fto -

~ Pump Shaft Speed within - 5%

160 F within + 5 F.

275 F within + 10 F,
400 F within + 15 F.
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Discharge Pressure within 5%

Flow within 2%

4.3.3.1 Acceptance Tests - The acceptance tests which are included in the design approval
' test program shall be run exactly as specified in Paragraph 4.2.1 of this specifi-
cation. The pumps shall meet or exceed these acceptance test requirements both
before and after the Design Approval Tests, except for shaft seal leakage and any
other changes as permitted by the Model Specification.

4.3.3.2 Fluid Immersion Test - The pumps shall be immersed continuously for a period
of 72 houts in hydraulic fluid maintained at Type I maximum rated te|mperature
All internal parts of the pumps shall be in contact with the fluid during this immer-
sion. After the 72 hour soak period, the pump shall remain in the flyiid at normal
room temperature until ready for test. The pumps shall not be expoIed to any air
internally|for any appreciable length of time during this/period.

4.3.3.3 Proof Prgssure Test - The pump delivery control.mechanism shall pe temporarily
adjusted, [or modified, to enable the pump to develop 150% of rated discharge pres-
sure. The pump shall be operated for 3 minutés at rated speed, rated tempera-
ture, any[convenient inlet pressure, and 150% of normal rated discharge pressure.
There shdll be no external leakage at or.dbove a rate which will forn] drops except
at the shaft seal. There shall be no evidence of structural failure or|permanent
distortion|. : -

4.3.3.3.1 At the conclusion of the proof pressure test, the pump dehvery meghanism shall
be restored to its normal.adjustment or configuration.

A4. 3.3.4 Calibratign Test - Values of flow rate and driVing horsepower shall pe determined
. at minimym operating speed, 25, 50, 75, 100, and 110% of rated spe

proximatgly the following pressures: 25, 50, 75, and 100% of maximyum full flow
pressure; at five equally spaced increments of either pressure or flow between
- therwise

specified in the Model Specification, calibrations will be made at each of the
following three inlet conditions.

4.3.3.4.1 Pump Inlet at Sea Level Pressure - Regulate the pressure at the pump inlet port |-
to be 15 psia for each of the flow and horsepower recorded readings. ’

4.3.3.4.2 Pump Inlet Pressurized - Regulate pump inlet pressure at the inlet port such
that it is 80 psia for each of the flow and horsepower recorded readings.

'4.3.3.4.3 Pump Inlet at Altitude Equivalent Pressure - Regulate pump inlet pressure at
the inlet port such that it is 7 psia for each of the flow and horsepower recorded
readings.
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Minimum Operating Speed - At each of the ten test conditions, the speed shall be
reduced below 25% of rated speed to determine the speed at which the discharge
flow or pressure becomes erratic. This point shall be recorded and designated
the minimum operating speed for that condition.

Maximum Pressure, Response Time, and Pressure Pulsations - Pressure pick-up
and recording equipment shall be used to provide an oscillographic record, or its
equivalent, of the pressure-time function of the pump and its hydraulic circuit
through the transient and steady state periods described in the following three tests.
The pressure p1ck-up and recordmg equipment shall be capable of static calibra-
tio ability of 3% of rated -
préssure. It should be considered essential that the dynamic)galibration of the

" pidk-up and recording equipment is valid for the dynamic(openating conditions. The

4.3.3.5.1

4.3.3.5.2

system impedance of the test circuit used in all tests shall be [such that when the

pump is operating at rated speed, maximum full flow, ‘and rated inlet temperature;
the rate of pump discharge pressure rise, when the flow in the system is suddenly
stgpped shall have minimum pressure rise slopeof 25,000 to B5, 000 psi per second

’

aximum Pressure Test - As the test pump is caused to opgrate from steady
state maximum full flow pressure to.steady state rated discharge pressure, an.
ogscilloscopic record of the pressure-time function through the transient period
shall be made. The test shall be‘run at 50 and 100% of rated pump speed. An hy-

aulic actuating cylinder may be bottomed to produce the priessure change in the

draulic circuit. If used, any relief valve between the pump and the actuating
ciylinder shall be set to-erack at a pressure more than 150% pf rated pump pres-
sure. Air entrainment-in the hydraulic fluid shall be at a minimum. Unless
otherwise specified.in the Model Specification, the peak pregsure as measured.

the above record shall not exceed 150% of rated dischargg pressure.

(.02 seconds or less), a hand throttle valve as close to the solenoid valve as pos-
sible, a pressure gage, and a second hand throttle valve with as little hydraulic
line as possible between the two hand throttle valves. The two hand throttle
valves shall be adjusted for each test with the solenoid valve open and the pump
operating at the test conditions as follows: Adjust the first valve to maintain
maximum full flow pressure.at the discharge port of the pump; adjust the second
valve to maintain 50% of this pressure on the gage located between the two hand
throttle valves. The solenoid valve, which changes discharge line from full open
to full closed, or vice versa, shall then be used to execute the test. Runs shall
be made at 50, 75, and 100% of rated speed. With the solenoid valve open and
the test pump operating at steady state maximum full flow pressure, an oscillo-"
graphic record shall be made of the pressure-time function through the transient
period associated with the closing of the solenoid valve and the establishment of
steady state rated discharge pressure. Typically this record should be similar to
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Figure 2, and the response time, as indicated thereon, shall not exceed 0.05°
second. In a similar procedure, the response time for the change from rated dis-
charge pressure to maximum full flow pressure shall be recorded and, as indi-
cated in Figure 3, shall not exceed 0.05 second..

Pressure Pulsations - The test setup specified in Paragraph 4. 3. 3. 5. 2 shall be
modified for use in this test by adding means whereby any hydraulic pressure spe-
cified for this test can be applied, as by a gage tester, simultaneously to the dis-
charge pressure pick-up and the discharge pressure indicating gage when the pump
is not running in order to provide on the osc1llograph1c record a cahbratmg trace
of the nomins arge pre : e pulsations
easured. As the test pump is caused to 0perate at the following speeds
and system pressures, an oscillographic record shall be made of the| steady state
pressure pulsation pattern using the discharge system described in Haragraph
4.3.3.5.9. The solenoid may be omitted or maintained opén for this| test. Runs
shall be made at 50, 75, and 100% of rated speed, and at each speed at maximum
full flow pgressure, rated discharge pressure, and three equally spaced increments
of either flow or pressure between maximum full flow pressure and rated discharge
pressure.| The hand-throttle valve nearest the pump shall be used to regulate the
pressure at the pump discharge port. The second hand-throttle valve shall be used
to maintajn 50% of the discharge pressure between the two hand-throftle valves.
During th¢ test recording period, the gage’shall be isolated from the|hydraulic
system b appr0pr1ate valves. / :

are to be

ion Tests - The obJect of these tests is to measure the rate of heat re-
jection of the pump over the expected normal range of operating conditfions. The
rate of heat rejection at the specified conditions shall be considered equal to the
difference between the input-and output horsepower of the pump at those conditions.
To determine the rate.of heat rejection, the pump, shall be run at rated speed,
rated inlet femperatare, and the input and output horsepower measured at rated

~ discharge pressure;”maximum full flow pressure, plus at least two additional flow
. points between those valves. Should it be desired to determine the rafie of heat re-

jection at operating conditions other than those specified above, the a ditional re-
quirements shall be defined in the Model Specification.

The maximum acceptable value in British thermal units per minute-(btu/min.) of
heat rejection rate at specific operating conditions shall be specified in the Model

Specification.

. 4.3.3.6.1 Preparation of Test Sample - The pump and hydraulic line fittings except for the

mounting bracket shall be enclosed by a coating of not less than two inches of "85
per cent magnesia" or its equivalent thermal insulation. Temperature sensing de-
vices shall be placed in the oil stream at the pump inlet and case drain lines.
Caution should be taken to assure constant ambient conditions.  Means should be
provided for maintaining the face of the mountmg bracket in contact with the pump
at rated inlet temperature
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Temperature Readings - Temperature differential readings for the determina-
tion of heat losses shall be taken at stabilized thermal conditions only. To assure
this, a plot of temperature differential versus time and oil inlet temperature
versus time shall be made. Measurements shall be made each five minutes for
at least 30 minutes or until both temperature differential and controlled inlet
temperature have remained constant-for ten minutes. Evidence of remaining
constant shall be less than 1/2 F variation in temperature differential and less.
than 1 F variation in inlet oil temperature. The temperature differential to be

' measured is that between the inlet oil and the case drain oil. This temperature
differential shall be measured by means accurate to + 5% of the measured dif-
ferential. | -

Calculation of Heat Rejection Rate - Heat rejection rate shhll be calculated as
the product of the temperature differential in Fahrenheit; tHe mass flow rate of
ydraulic f1u1d through the case drain port in pounds per mmute, and the specific
eat of the hydraulic fluid used. It shall be expresseéd in Biitish thermal units
er minute (btu min.). The hydraulic fluid used in this test|shall be that speci-
ied in the Model Specification. :

lternate Method - Under the operating.conditions specified in Paragraph 4.3.3.6,
411 the power absorbed by the pump istconverted into heat and, when all tempera- .
tures have stabilized, is being rejected to the fluid passing fhrough the case drain
line. The heat rejection rate indtu mm can therefore alsq be calculated from
the measured input horsepower:

Vibration Tests - The test pump shall be mounted on a vibration generation

echanism successively’in each of three positions. All of the testing described
st 11 be conducted in.each of the three mountmg pOS1t10ns One of these mounting

per second shall be searched according to the double amphtude and frequency
chart of Figure 1, Procedure 1, of MIL-E-5272A. If resonant frequencies are
encountered the test specimen shall be vibrated for 4 hours at each such fre-
quency in each of the three positions. When no such frequency is identified, then
the test specimen shall be vibrated for 12 hours along each of its mutually per-
pendicular axis at an applied double amplitude of 0.009 and a frequency of 150
cycles per second.
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Cyclic Frequency Vibration - Upon completion of the resonant frequency vibra-
tion, a cycling vibration shall be imposed, from 5 to 500 cycles and back to 5
cycles in a two-minute span and enduring for a four-hour period, in each of the
three positions of mounting. During this cycling the conditions of Procedure 1 of
Figure 1 of MIL-E-5272A shall be approximately maintained.

Pump Operation - Throughout the above vibration tests the pump shall be operatq_d :
on a normal hydraulic system, such as will be used for the endurance test. Oil
inlet temperature shall be maintained at 140 F regardless of the rated tempera-
ture of the pump being tested, and ambient temperatures shall be maintained at
room ambient conditions. The pump discharge pressure shall be continuously
cycled frgm rated discharge pressure (zero flow) to a discharge pregsure of ap-
proximatgly 95% of rated discharge pressure, corresponding to @ppropximately

50% of rated delivery. These pressure cycles shall be abruptly-accomplished by
electrically controlled hydraulic valves at a rate of 5 cycles per minyite, Transi-
tion from |one condition of flow to the other condition of flow must be accomplished
in a valve|time of less than 1/2 second. ‘

Low Tempegrature Test - All temperature requirements apply equally to the pump
body, hydrFlic fluid, and ambient environment. “After at least 18 hours at the

minimum inlet temperature specified in the Model Specification--or a
in the abse
started and
runs shall |
unpressurij
least ten se
through the
the pump dj
pressure.
pletely clos
of the last t
pump to rat
required cq
be allowed €
temperature before starting the next run.

Endurance Tests - As a minimum requirement, one sample pump shall complete
the endurance test schedule consisting of eight (8) phases specified in Table IV in
the order listed, plus two calibrations; the stop start cycles, filter checks, and air
ingestion cycles are described in the following subparagraphs. Modification of any
of the test conditions of Table IV, and/or additional endurance testing, either in the
form of additional cycles in any of the eight phases may be required by specifying
such modifications or additions in the Model Specification. - |
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Calibration - Before starting the above endurance test, and again upon its com-
pletion, the pump shall be calibrated, using the procedure specified in paragraph
4. 3. 3.4; the results of these two calibrations shall be plotted on one chart to show
the effect of the endurance test on the performance of the pump. During the cali-
bration after the endurance test the performance of the pump shall meet the re-
quirements (calibration after endurance) specified in the Model Specification.

Fluid - The hydraulic fluid used in the endurance test shall be that specified in
the Model Specification. The endurance test system shall be charged with the
amount of fluid specified below at the start of the endurance test and no fluid
shatt-beadded-before-the-endurance-test-iscompletedexceptas follows:

(a) The amount of fluid unavoidably removed from the system in the
course of specified filter checks may be replaced.
(b) In the event of failure of the test system external to the pump, resulting in
loss of fluid or contamination not pertinent-to pump endurance, the entire

fluid supply may be replaced.

A [record shall be made of the time and the quantlty of f1u1d added in each case,
and entered in the log of the test.

FLUID QUANTITY

Rated Delivery of "~ Amount of Fluid Inifially
Pump on Test : in Endurance Test System
Gdto 6gpm 6 gallons
g to 10 gpm 10 gallons

Mpore than 10 gpm 20 gallons

Flltration - The hydraulic fluid to be charged into the endurgnce test system shall
be passed through a 5 micron filter before entering the test system. Ten-micron .
filters shall be installed in the pump inlet, outlet and case drain or cooling port
lines throughout the endurance test.

Filter Check - At intervals of 50 hours during the eight phases of the endurance
test, clean filter elements shall be installed in all three filters of paragraph
4.3.3.9.3; and the endurance test schedule resumed for two hours, at the end of
which time these filter elements shall be removed and replaced with others. The
filter elements removed after two hours running shall be checked in accordance

- with the procedure of paragraph 4.2.1.4.1.

4.3.3.9.5

Calibration - Before starting Phase 1 of the above endurance test, the pump
shall be calibrated, using the procedure specified in paragraph 4. 3. 3.4; the re-
sults of these two calibrations shall be plotted on one chart to show the effect of
the endurance test on the performance of the pump.
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étop -Start Cycles - The endurance test shall include a simulation of starting the
pump against system load. At intervals of not more than four hours of test run-
ning, when the pump is operating at full flow, the test shall be shut down and the
pump brought to a complete stop. The test shall be restarted immediately and
the prescribed schedule restarted immediately and the prescribed schedule re-
sumed. At least 200 stop-start cycles shall be included in the eight phases of the
endurance test. Stops and restarts made in connection with filter checks and air-
ingestion checks shall be included in the above total.

Pump Case Pressure Cycles - Throughout all eight phases of the endurance test,
the pump case shall be subjected, at approximately equal intervals of running time,
to interndl pressure impulses originafing in the case drain (or by-pass) line, to at
least 500|psi peak pressure. The time from the start of the pressure impulse to,
the initia] return to normal case pressure shall be not less than 0.1 jand not more
than 0.5 second.

4.3.3.9.7.1 At leagt 20,000 pressure cycles shall be applied to the pump case|, distributed

with reasonable uniformity over the eight phases of the endurance test.

4.3.3.9.7.2 ' An oso:1llograph1c or equ1valent record of the pressure impulse shall be taken

4.3.3.9.8

within|the first hour of the endurance test'and within each even huindredth hour
thereafter to provide verification that the pressure-time history of the impulse
compljed with the requirements of paragraph 4.3.3.9.7.

Air Ingestion - The ingestion of.air by the hydraulic system, for mample, as a
result of the replacement of components during line maintenance shall be simulated

during the eight phases of the endurance test, by the following procedure:

The line supplying oil to-the pump shall be arranged so that a four-foot length of it
immediately adjacent:to the pump can be disconnected, vented, drained, and re-
connected without draining the rest of the test system. Each time the test is

‘stopped tp install the filter elements for the two~hour patch run--or alternatively,

~ the four foot length of mlet 11ne shall be d1sconnected vented drained, and re-

connected. During these operations, the filter elements will have been replaced.
The pump shall then be started against full flow pressure; 30 seconds after start-
ing, the discharge pressure shall be recorded, the reservoir re-pressurized, and

“the endurance test schedule resumed.
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4.3.3.9.9 Cavitation Test - The pump shall be operated at rated speed, rated inlet tem-
perature, and maximum full flow pressure. The fluid pressure at the pump inlet
port shall be adjusted to 80 psia. The rate of flow and the driving horsepower
shall be measured at this condition. These measurements shall be repeated as
the inlet fluid pressure is reduced in steps of 10 psi to 15 psia and thence in steps
of 1 psia until it is no longer possible to record pressure or torque. The above
tests shall be discontinued when the pump flow drops to 50% of rated value. At
~ the completion of all other tests the pump should be run at 4 psia inlet pressure
for 25 hours. It shall continue to supply at least 25% rated flow and shall not fail

due to catastrophic damage. -

4.3.3.9.10 [Drive Coupling Shear Test - The drive coupling shall be_rgmoved from the pump

at the shear section of the coupling.

5. NOTES

and set up for torsion test. It shall be loaded torsionally until failure takes
place, and the load producing the failure recorded.?>The fajlure shall take place

5.1 Intendef] Use - The hydraulic pumps covered, by this specification are intended for use
in civil| aircraft for hydraulic operation of*such mechanisms as popered flight control

are pri

arily intended to be driven by the aircraft engine. When driven by other means

systen%: landing gear, brakes, flaps, gervo units, and automatic|pilots. These pumps
al tests or separate approval may be required.

PREPARED BY SAE COMMITTEE A-6, AEROSPACE FLUID POWER TECHNOLOGIES
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