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11

1.2

2.

2.1

2.1.

SCOPE:

This SAE Aerospace Standard (AS) establishes the general requirements for pressure compensated,
variable delivery hydraulic pumps, suitable for use in commercial aircraft hydraulic systems.

This document shall be used in conjunction with the procurement specification for each pump model.

Purpose:

The purpose of this document is to provide in one document, the requirements for the design,

construction, accgptance and qualification testing of civil type variable delivery hydraulic p
addition, the parafneters which must be specified in the procurement specification for €ach

are also identified
Field of Applicatio

This document ap
systems that are d

Although the docu
document can, in
motors, ram air tu

REFERENCES:
Applicable Docum
The following pub
of the SAE publicg
on the date of the
references cited h

however, superse

1 SAE Publicatior

-

plies to hydraulic pumps which are fitted to commercialtransport aircraft
esigned to comply with FAR and/or JAR 25 regulations:

ment is primarily for pumps that are driven by an‘engine via an accessory

bines, and engine bleed air turbines.

ents:

ications form a part of this'specification to the extent specified herein. Th
itions shall apply. The applicable issue of other documents shall be the if

prein, the text of this specification takes precedence. Nothing in this speq
Hes applicablelaws and regulations unless a specific exemption has bee)

s: Available from SAE, 400 Commonwealth Drive, Warrendale, PA 150

mps. In
pump model

hydraulic

gearbox, the

jeneral terms, be also applied to pumps thatate driven by other means slich as electric

e latest issue
sue in effect

purchase order. In the*event of conflict between the text of this specification and

ification,
n obtained.

96-0001.

AS568 Aerdspace Size Standard for O-rings

ARP819 Fluid-SystermmCharacteristics Affecting Hydrautic Pump-Operation

AS1241  Fire Resistant Phosphate Ester Hydraulic Fluid for Aircraft

ARP1288 Placarding of Aircraft Hydraulic Equipment to Identify Phosphate-Ester Fluid Compatibility

ARP1383 Impulse Testing of Hydraulic Actuators, Valves, Pressure Containers and Similar Fluid Sys-
tem Components

AIR1922  System Integration Factors that Affect Hydraulic Pump Life
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211

21.2

213

214

215

2.16

217

(Continued):

AS4059

AS4716
ARP4752

AMS 2402

Aerospace Cleanliness Classification for Hydraulic Fluids
Gland Design, O-ring and Other Elastomeric Seals
Design and Installation of Commercial Transport Aircraft Hydraulic Systems

Plating - Zinc

FAR Publication
Avenue, SW, W

s from the FAA: Available from the Federal Aviation Administration, 8Q0.Independence
hshington, DC 20591.

FAR Part 25 Cofle of Federal Regulations, 14 CFR1.1, Part 25 Airworthiness Standards,|Transport
Category Airplanes

NAS Standards] Available from Aerospace Industries Association, 1250 Eye Street NW, Washington,
DC 20005.

NAS 1613 Pag
NAS 1638 Cle

Radio Technical
1425 K Street, N

RTCA/DO-160 E

International St4
Institute, 1430 B

ISO 2685 Envi
Fire
ISO 8278 Hyd

Joint Aviation A

king, Preformed, O-ring, Ethylene Propylene Rubber
hnliness of Parts Used in Hydraulic Systems

roadway, New York, NY~10018.
ronmental Test Conditions for Airborne Equipment - Resistance to Fire i

yones

Lithorities Committee Documents: Available from Civil Aviation Authority,
Publications Serlvices, Grenville House, Cheltenham, Glos. GL50 2BN, United Kingdom.

Commission for Aeronautics Documernts: Available from RTCA Secretar
.W., Washington, DC 20005.

nvironmental Conditions and Fest Procedures for Airborne Equipment

ndards Organization Documents: Available from American National Star

aulic, Presstre Compensated, Variable Delivery Pumps - General Requ

JAR 25 Joint airworthiness requirements, large aeroplanes

at, Suite 500,

dards

Designated

rements

Printing and

U.S. Government Documents: Available from DODSSP, Standardization Documents Order Desk,

Building 4D, 700

AND 10260
AND 10261
AND 10262
AND 10263
AND 10264
AND 10265

Robbins Avenue, Philadelphia, PA 19111-5094.

Flange - Type X Accessory Mounting
Flange - Type Xl Accessory Mounting
Flange - Type Xll Accessory Mounting
Flange - Type XllII Accessory Mounting
Flange - Type XIV Accessory Mounting
Flange - Type XV Accessory Mounting
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2.1.7 (Continued):

AND 10266 Flange - Type XVI Accessory Mounting

AND 10267 Flange - Type XVII Accessory Mounting

AND 10268 Flange - Type XVIII Accessory Mounting

AND 10269 Flange - Type XIX Accessory Mounting

QQ-C-320 Chromium Plating (Electrodeposited)

QQ-N-290 Nickel Plating (Electrodeposited)

QQ-P-416 Plating Cadmium (Electrodeposited)

QQ-S-365 Silver Plating, Electrodeposited; General Requirements for

MIL-C-5541 Chemical Conversion Coatings on Aluminum and Aluminum Alloys

MIL-H-5606 Hydraulic Fluid, Petroleum Base; Aircraft, Missile and Ordnance

MIL-A-8625 Anodic Coatings for Aluminum and Aluminum Alloys

MIL-H-8775 Hydraulic System Components, Aircraft and Missiles, General Specificatjon for

MIL-R-8791/1 [Retainer, Packing, Hydraulic and Pneumatic, Tetrafludgroethylene Resin

MIL-T-10727 [Tin Plating; Electrodeposited or Hot Dipped, for Fetrous and Non-Ferroup Metals

MIL-P-19692  [Pumps, Hydraulic, Variable, General Specification)for

MIL-C-26074 [Coating, Electroless Nickel, Requirements for

MIL-R-83248 [Fluorocarbon - 75 Durometer

MIL-H-83282 Hydraulic Fluid, Fire Resistance Synthetic Hydrocarbon Base, Aircraft

MIL-P-83461 [Packing, Preformed, Petroleum Hydraulic Fluid Resistant, Improved, Pefformance at
P75 °F

MIL-R-83485 [Rubber Fluorocarbon Elastomer, Improved Performance at Elevated Temperatures

MIL-STD-276 [mpregnation of Porous Non:Ferrous Metal Castings

MS3330 Flange Accessory, 2,663 B.C. Square, Design Standard for

MS3331 Flange Accessory, (5,000 B.C. Square, Design Standard for

MS3332 Flange Accessory, 5,000 B.C. Round, Design Standard for

MS3334 Flange Accessery, 10,000 B.C. Round, Design Standard for

MS21344 Fitting, Installation of Flared Tube, Straight Threaded Connectors, Desigh Standard
for

MS27595 Retainet, Packing Backup, Continuous Ring, Tetrafluoroethylene

MS33514 Fitting End, Standard Dimensions for Flareless Tube Connection and Ggsket Seal

MS33515 Fitting End, Standard Dimensions for Bulkhead Flareless Tube Connections

MS33566 Fitting, Installation of Flareless Tube, Straight Threaded Connectors

MS33649 Bosses, Fluid Connection - Internal Straight Thread

2.2 Definitions:

PURCHASER: The purchaser is the organization that has the engineering responsibility for the
hydraulic system that includes the pump. Typically, the purchaser is an aircraft manufacturer or a
modification center. The purchaser is responsible for the compilation of the procurement specification.
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2.2 (Continued):

PROCUREMENT SPECIFICATION: The procurement specification is the document that includes the

Acceptance and qualification test requirements

following:

a. Technical requirements
b.

c. Reliability requirements
d. Quality requirements

e. Packaging requirements.

SUPPLIER: The
design, production]

design, development and manufacture of aerospace hydraulic pumps.

3. REQUIREMENTS:

The purchaser sha
desired.

3.1 General:
The requirements
a conflict between

of the procuremery

3.1.1 System Specific
ARP4752.

3.1.2 System Characteristics: Using the guidelines of ARP819, the procurement specificatior

the characteristi

3.1.3 Airworthiness R
Regulations (FA|
25 (for non-US ¢
pumps are as fo

supplier is the manufacturer of the hydraulic pump who will be respansif
, and qualification of the pump. The supplier shall be approved bycthe pur

| prepare a procurement specification for each pump.for which design ap

of MIL-H-8775 apply with the exceptions and additions specified herein.
the requirements of this standard and.the procurement specification, the
t specification shall take precedence.

ation: The pump shall be-designed for installation in hydraulic systems

Cs of the hydraulic_system in which the pump is to be used.

equirements:— The hydraulic pump shall comply with Federal Airworthing
R), Part 25-(for US certified aircraft) or to Joint Airworthiness Requiremery
ertified aircraft). The sections in these regulations that are applicable to
lows”

le for the
chaser for the

proval is

In the case of

requirements

as defined in

shall include

PSS
ts (JAR), Part
hydraulic

25.621 Cast

@~0ooo0oy

25.581 Lightning protection
25.603 Materials
25.613 Material strength properties and design values

ing factors

25.1163 Powerplant accessories
25.1183 Flammable fluid-carrying components
25.1435 Hydraulic systems

The impact of these requirements on the design, manufacture, and qualification of civil type hydraulic

pumps will be re

ferred to throughout this document.
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3.2

3.3

Qualification:

Pumps furnished under this document shall be products which have passed the qualification tests as
specified in the procurement specification.

Functional Requirements:

3.3.1 Hydraulic Fluid: The applicable hydraulic fluid shall be specified in the procurement specification.

3.3.2

It is assumed that civil type hydraulic pumps will generally use phosphate-ester based fluids per

AS1241. HoweV|
use mineral bas

It must be noted
MIL-H-83282 flu
are generally no

Therefore, pumg
MIL-H-83282 flu

Rated Discharg
temperature, rat

The design of th

specified in the procurement specification, at the following range of conditions:

a. From 100 °H
b. From 50 to ]
c. Atrated inle

The value of the
following noming

pr, for some applications (predominately small commercial aircratft), the
bd fluid as per MIL-H-5606 and/or synthetic based fluid per MIL-H-83282

that AS1241 fluids are not mixable or interchangeable with MIL‘H-5606
ds. In addition, the seals, bearing finishes and the pump timing*tused for
I compatible with the military specification fluids and viceversa.

e Pressure:  This is the pressure which the.puUmp is required to maintain
d speed, rated inlet pressure and at zero\flow (see Figure 1).

e pump shall be such as to maintain rated discharge pressure, using the
(38 °C) to rated temperature
| 00% of rated speed

pressure

rated discharge pressure shall be stated in the procurement specificatio
|l values of rated-discharge pressure are commonly used:

umps may

DI
NS1241 fluids

s that are designed and qualified for use with AS124% fluids cannot use MIL-H-5606 or

ds and vice versa.

at rated

hydraulic fluid

. The

a. 1500 psi (19 345 kPa)
b. 3000 psi (24 690kPa;
c. 4000 psi (27 586/kPa);
d. 5000 psi (34.483 kPa)

The permissible tolerance range for the rated discharge pressure shall be +50 psi (345 kPa), unless
otherwise stated in the procurement specification. This tolerance range shall be doubled for fluid

temperatures be

low 100 °F (38 °C) or for pump speeds from 25 to 50% of rated speed.

-10 -
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>

Pressure, p

Actual pressure/delivery

pytolerance range
/ characteristics

Pn

TS bb= *-)

p,=rated discharge pressure (see 3.3.2)

b= maximum full-flowpressure (see 3.3.3)

g, =rated delivery (see 3.3.10)

q.=actual delivery at maximum full-flow pressure

’
Delivery, g

qu ga

NOTE: Thisdiagramis givenas anindication. it may be presented in a different
way, forexample, the axes may be reversed

FIGURE 1 - Pressure/Delivery Characteristics Curves of Pumps
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3.3.3 Maximum Full-Flow Pressure:

3.34

3.3.4.1 Rated Inlet Pressure:

3.3.4.2

3.3.4.3

3.3.4.4

not be acting to

reduce pump delivery at rated temperature, speed and inlet pressure.

This is the maximum discharge pressure at which the pump control will

Its value shall be no less than 95% of the rated discharge pressure, unless otherwise specified in the
procurement specification (see Figure 1).

Inlet Pressures:

speed, maximum full-flow pressure and rated temperature.

The value of til\e rated inlet pressure shall be stated in psia or kPa absolute and contaif

procurement s

The rated inlef

the static head.

Cavitation Pre
pump running

a. lItis runnir
b. The inlet t
c. The pump

Minimum Inlef
operate during

The procurem
during a transi
impedance m3
that:
a. Itisimpor
b. The hydral
respond as ra

This is the pressure at the inlet port of the pump when it is operating at rated

pecification.
pressure shall be measured at the inlet port of the pump in @ manner wh
ssure:  This is the inlet pressure when the discharge/flow is reduced by
at the following conditions and progressively reducing the inlet pressure:
g at rated speed

bmperature is the rated temperature

is delivering 90% of maximum full-flow pressure

Pressure:
a system failure or during a system high flow transient condition.

bnt specification shall state'a’value of the minimum inlet pressure and whd
ent condition or during'a steady state failure case. Although the aircraft g

ant to detefmine the pump response in the aircraft circuit;

ulic system should be designed such that the supply of fluid to the pump

ed in the

ich indicates

2%, with the

This is the lowest inlet.pressure at which the pump may be required to

ther it applies
ystem

y not be that specified'in 6.7.1.1 (impedance of pump test circuit), it shoyld be noted

is able to
Il otherwise

occur. AIR192
response requ

Maximum Inlet Pressure:

idly\as the pump. Dynamic cavitation in the inlet sections of the pump w

irements for the pump in the circuit.

P should be used as a guide for the sizing of the inlet lines so that they match the

This is the maximum steady state inlet pressure at which the pump may

be required to operate. The value of the maximum inlet pressure shall be stated in the procurement

specification.
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3.3.5 Case Drain Pressures:

3.3.5.1 Rated Case Drain Pressure:

3.3.5.2

3.3.5.3

3.3.6

3.3.7

3.3.8

3.3.9

is required to operate continuously in the system.

This is the nominal pressure at the pump case port at which the pump

The value of the rated case drain pressure shall be stated in the procurement specification.

Case Drain Port Pressure:

Unless a different value is specified in the procurement specification, all

pumps shall be designed to withstand at least 300 000 pressure cycles of 0 to 150 to 0 psi (0 to 1034
to 0 kPa) at the case drain port without permanent damage or impairment of function.

Maximum Tral
the pump case
case pressure

Case Drain Floy:
producing at lea|
conditions:

Rated disch

Any speed H
A given max

oo

The minimum ar
specification.

Rated Temperal
temperature at t

Minimum Contin
port may be spe|

nsient Case Pressure:
drain port. The value, duration and frequency of occurrence of thesmaximum transient

5t a minimum case drain flow to sufficiently cool the pump under the follg

Rated inlet femperature

This is the maximum pressure spike that may-be
shall be stated in the procurement specification.

The procurement specification shall specify that the pump shall be ca

hrge pressure (zero delivery flow)

etween 50 to 100% of rated speed
imum differential pressure between case pressure and inlet pressure

d maximum case drain flow shalkbe stated at conditions specified in the
ure: The rated temperature of a pump shall be the maximum continuod
ne inlet port of the pump.

uous Fluid Temperature: A minimum continuous fluid temperature at th
cified in the pracurement specification.

Maximum Displ

of hydraulic fluid delivéréd in one revolution of its drive shaft. It shall be expressed as cul
revolution (in%/rdv)-or milliliters per revolution (ml/rev).

cement:The maximum displacement of a pump is the maximum theor

imposed on

pable of

wing

procurement

s fluid

e pump inlet

btical volume
ic inches per

The maximum displacement of any pump model shall be determined by calculations using 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 drawings. The following effects shall be excluded from
the calculation of the maximum displacement as it is intended to be an index of the pump size rather

than of its perfor

mance:
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3.3.9

anufacturing tolerances

Deflections of the pump structure
Compressibility of the hydraulic fluid

(Continued):

a. Allowable m
b.

C.

d. Internal leakage
e. Temperature

3.3.10 Rated Flow: The rated flow of a pump shall be the measured output of the pump under conditions of
rated temperature, rated speed, rated inlet pressure and maximum full-flow pressure, using the

3.3.11

3.3.11.1 Overspeed:
of operation @t 115% of rated speed for the durations and at the conditions of Table 2

3.3.12

hydraulic fluid §
per minute (gp

Rated Speed:
maximum spes§
rated dischargg
drive shaft.

The rated spee
As an indicatio

If speeds are k
substantially hi
temperature, d
some of these

It should be no
bearing lubrica]

Rated Endurar
operation to be
complete the e
seal.

bpecified In the procurement specification. The rated flow shall be expres|
M) or liters per minute (I/min) and its value specified in the procurement-g

The rated speed of a pump shall be established by the suppliefolt shall
d at which the pump is designed to operate continuously at fated tempe

d of any individual model pump shall be established in the procurement
n, the maximum recommended values are given'in the nomograph in Fig

ept well below those indicated by the curyves; operating life expectancies
gher than otherwise can be expected. However, several system factors g
ity cycle, contamination, expected lifey etc. will also influence the values.
nfluencing factors and their effects.

ed that a pump should neyer:be used at a sufficiently low running speed

Unless stated othérwise in the procurement specification, the pump sha

ce: Therated endurance of a pump is the total number of hours and cy
included.in’the endurance phase of its qualification testing (see 6.11). T
ndurance test without the replacement of functional components includin

ion is in the boundary layer-rather than being hydrodynamically balancedl.

5ed in gallons
pecification.

be the
ature and at

pressure. The rated speed shall be stated as revolutions'pér’minute (rpmp) of the pump

Epecification.
Lre 2.

will be

uch as fluid,
AIR1922 lists

such that the

Il be capable

cles of
ne pump shall
j the shaft

A pump used on commercial aircraft, using a realistic test sequence, shall have a life test of not less
than 2000 h, unless otherwise specified in the procurement specification.
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FIGURE 2A - Nomograph of Maximum Recommended Values for Rated Speeds Against
Pump Displacement (American Units)

FIGURE 2 - Maximum Recommended Values

-15 -



https://saenorm.com/api/?name=1bb703d24cfd59391aecdf56e49c1a68

SAE AS595 Revision B

MAXIMUM PUMP DISPLACEMENT - mL/REV

FIGURE 2B - Nomograph of Maximum Recommended Values for Rated Speeds
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FIGURE 2 - (Continued)
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3.3.13 Torque and Heat Rejection: The procurement specification shall specify:

a.

The maximum value of input torque for rated flow and temperature conditions for the pump

b. The maximum value of heat rejection, or input torque, when the pump is operated at zero flow, at
rated pressure, temperature and rotation speed

3.3.14 Efficiency: The efficiency of a pump is defined as the ratio of output power to input power when the
pump is operated under rated conditions and at maximum full-flow pressure. It shall be stated as a

percentage.

NOTE: The aLove ratio is commonly referred to as “overall efficiency” and includesyo

efficie

When determir
pressure differg
measured in th
compensate fo

A target degrag
endurance test
3.3.15 Discharge Pre
occurring durin
pump drive shg

JAR 25.1435(a
discharge pres
approximately

The amplitude

3.16 Variable Delivery

from zero to its njaximunmfull-flow pressure value. This shall be for any given operating sy

discharge pressu
versa.

ncy.
ing the output power by calculations of the flow rate and pressure chang

e low pressure side of the discharge line, provided thatthie efficiency cal
r fluid compressibility.

ation limit in efficiency may be considered as an.objective after the quali
Esure Pulsations:
g nominally steady operating conditions, at a frequency equal to or highg
ft speed.

(4) requirements state that'pulsations shall not exceed 10 percent of thg

sure. However, as a desigh-objective, the pressure pulsation band shoul
b% in order to significantly improve the reliability of the hydraulic system.

Control:

re is{educed from rated discharge pressure to maximum full-flow presst

pf pressure pulsations shall be determined by the test procedure of 6.7.4.

umetric

, only the net

bnce between inlet and outlet ports of the pump shall be used. The flow rate may be as

culations

fication

Pressure pulsations;are the oscillations of the dischaige pressure,

r than the

rated
| be held to

The delivery control means shall act to increase the delivery ¢f the pump

eed as the
re and vice

3.3.17 Response Time:

The response time of the pump shall be defined as the time interval between the

moment when an increase (or decrease) in discharge pressure begins and the subsequent moment
when the discharge pressure reaches its first maximum (or minimum) value. In Figures 3 and 4, the
time intervals t; and t, are the response times of the pump as a function of the system impedance.

The oscillographic trace of discharge pressure against time shall be used as the criterion of movement
of the delivery control mechanism. All pump models shall have a response time of 0.050 s maximum,
unless otherwise specified in the procurement specification when:
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1 second maximum

/— Maximum transient pressure (3.3.19)

Maximum full-f

FIGURE 3 -7

ow pressure (3.3.3)

pulsations (3.3.15)

Rated dischargepressure (3.3.2)

ypical Variation of Pressure Against Time - Transient from Maximum F|
Pressure to Rated Discharge Pressure (Zero Flow)

Allowable discharge|pressure

Lill-Flow
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Rated discharge
pressure (3.3.2)

Minimum

h 4

Allowable discharge pressure
puisations (3.3.15)

pressure

FIGURE 4 -

\ 4

Maximum fuli}flow
pressure (3.3}3)

90% Maximum full-flow
pressure (6.7.3)

Typical Variation of Pressure Against Time - Transient from Rated Disgharge

Pressure to Maximum Full-Flow Pressure
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3.3.17

3.3.18

3.3.19

3.3.20

3.3.21

(Continued):

a.
b. Atrated sp
C.

Operating at rated inlet temperature

eed

Refer to AIR1922 for inlet pressure requirements and response time.

In a circuit, the system impedance of which is that defined in 6.7.1.1 for response tests

Stability: The stability of the pump shall be the freedom from persistent or quasi-persistent oscillation
or “hunting” of the delivery control mechanism at any frequency that can be traced to the pump

delivery contro
the criterion of

All pump mode¢
specified in 3.3
This shall occu

a. Any operat
b. Any speed

When required
permit the syst
analysis.

Maximum Trar]
of the oscillogr
6.7.2 and mea

JAR 25.1435(4

determined in the transient pressure)test specified in 6.7.2, shall not exceed 125% of th
Sure or the maximum pressure specified in the procurement specification.

discharge pres

Depressurizati
either automati
control shall ng
control.

means. The oscillographic trace of discharge pressure against time sha|
Stability.

.15) within not more than 1.000 s after the initial response to‘a change in
f for:

ing condition within the limits stated in the procurement specification
greater than 50% of the rated speed

by the purchaser, the pump manufacturer shall’ provide adequate pump
em designer to integrate pump dynamic performance into his complete p

sient Pressure: The maximum transient pressure shall be defined as th
hphic trace of discharge pressure-made during operation of the pump, ag
ured as shown in Figure 3:

(4) requirements state\that the value of the maximum transient pressure

pn:  If it is-required by the procurement specification that the pump be d
cally or remotely, (for example, by means of an electrical signal) the dep
t, whén de-energized, interfere with the normal operation of the variable

| be used as

Is shall recover steady-state operation (other than permissible pfeSsure pulsations as

flow demand.

barameters to
Limp/system

e peak value
specified in

, as
P rated

bpressurized
essurization
delivery

The procurement specification shall specify the qualification and inspection tests for the
depressurization control. When full-flow depressurization is required, the procurement specification

shall identify th

Balance:

e maximum and minimum operating pressure.

The moving parts of the hydraulic pump shall be inherently balanced and the pump shall

not vibrate in such a manner as to cause failure of any part in the pump or drive mechanism at speeds
up to 115% of rated speed.
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3.3.22

3.3.23

3.3.24

3.4 Environmental Requirements:

Adjustment: Means shall be provided to adjust the delivery control mechanism to cause zero flow to
occur at rated discharge pressure. This adjustment shall, preferably, be continuous or it is acceptable
for it to be in steps of less than 1% of the rated discharge pressure over a minimum range from 95 to
105% of the rated pressure.

The adjustment device shall be capable of being securely locked and it shall be possible to carry out

adjustment and locking using only standard hand tools. Where practicable, the adjustment device shall
be fitted in such a way that adjustments can be made while operating under full system pressure with
negligible loss of fluid.

Safety Wire Sdaling: Lead type safety wire sealing shall not beused.

Directionally Critical Components: Wherever practical, internal parts which are/subject to
malfunction or failure due to reverse installation or out of true position shall havesmechanical
provisions to ensure that they cannot be installed or assembled incorrectly.

All pumps shall bg designed to operate under the environmental conditions specified below without:

a. Any limitationfas to time
b. Any impairmeht of function or change in adjustment

Except as specifically directed herein, testing to demonstrate compliance with these requirgments shall

not be mandatory

34.1

3.4.2

3.4.3

3.4.4

Altitude: Provifled that the inlet and case drain pressures are maintained in accordance with 3.3.4 and
3.3.5 respectively, pump performance shall-not be affected by change of altitude from sef level to
60 000 ft (18 288 m) or vice versa.

Ambient and Pald Temperatures:\_Unless specified in the procurement specification, it shall be
assumed that the ambient tempeérature surrounding the pump shall be such that no heat |s transferred
to or from the pymp, exceptiby normal circulation of the working fluid.

Vibration: Punjps shall'\be capable of withstanding vibrations excited by the driving megns. All pumps
shall be designed to\withstand the applicable vibration levels as stated in RTCA/DO-160,|unless
specified in the juroeurement specification

For design and test purposes, torsional vibration excited by the driving means shall be considered
negligible. As part of the qualification tests, all pump models shall be subjected to the vibration tests
specified in 6.9.

Operational Shocks and Crash Safety: All pumps shall be designed to withstand sustained
accelerations in accordance with RTCA/DO-160 requirements unless specified in the procurement
specification.
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3.4.5 Other Environmental Conditions: The pump shall be designed to comply with the following sections of
RTCA/DO-160, unless otherwise specified in the procurement specification:

a. Fluids Susceptibility: The procurement specification shall identify the relevant fluids that have to
be considered

b. Salt Spray: This requirement only applies if the pump is mounted in an unpressurized part of the
aircraft and is defined as Category S

c. Water Resistance: The procurement specification shall determine the applicable Category for the
pump

d. Sand and ddist

Tests shall be carried out to show compliance with the salt spray and sand ahd‘dust requirements.
Compliance with the other requirements can be demonstrated by design,analysis.

If a solenoid defressurization valve is used to control the pump, then.compliance with elgctromagnetic
interference (EMI) requirements, as stated in the procurement spegification, shall also apply.

3.4.6 Fire Resistance| FAR/JAR 25.1183 and FAR/JAR 25.1435(¢)\fequirements state that if the hydraulic
pump is installed in an area which is subjected to engine fire conditions (that is, an engine [driven pump),
it must be fire repistant.

The procuremernt specification for the pump muststate the running speed of the pump, ahd the flow
through the punmp that will occur during enginefire conditions. This is to enable the necegsary
precautions to be incorporated into the pump-design in order for the pump to be shown tq fully comply
with this requirement.

3.4.7 Sonic Fatigue: | The pump shall not be adversely affected or prematurely failed due to ekternal noises
as defined in thg procurement spécification.

3.4.8 Sonic Effect: The pump shall not generate acoustic noise greater than that indicated in|the
procurement specification:

3.5 Installation Requirlements:

3.5.1 Dimensions: Dimensions pertinent to the installation of pumps in aircraft shall be specified on the
supplier’s installation drawing and in the procurement specification.

3.5.2 Weight: The wet and dry weight of the completely assembled pump shall be stated on the installation
drawing.
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3.5.3 Mounting:

Unless otherwise specified in the procurement specification, all pumps shall incorporate a

standard mounting flange. This shall be in accordance with one of the following standards:

a.

3.5.31

3.5.3.2

3.5.4 Drive Coupling:
incorporate a sh
The drive coupli
pump by a posit

The interface be

MS3330 through MS3334; or
b. AND210260 through AND10269.

Orientation:

The case drain port of the pump shall be located at or near the top of the pump as it is

installed on its drive pad. The shaft seal drain port shall be located at or near the base of the pump as
it is installed on its drive pad. The reorientation of the pump due to aircraft attitude shall not affect

pump operatio

n.

Direction of thation: The direction of rotation of the pump shall be clearly and petma

on an exposed

including the colipling spline lubrication at the engine accessory gearbox end or the nonr

in the gearbox.
3.5.5 Ports: The por
the procurement

3.5.5.1 Structural Strd
housing shall
specified in M
function.

3.5.5.2 Port Markings

clear and permanent markings.

3.6 Detail Requireme

surface of the pump housing.

The drive coupling shall be a replaceable part of the pumpfassembly a
par section to comply with FAR/JAR 25.1163(c) and JAR 25-1435(a)(8) 1
ng shall only fail at its shear section. The drive coupling shall be held in g
\ve retainer.

tween the coupling and the driver shall be as outlined in the procuremen

(s’ configurations shall be in accordance with MS33649 unless otherwise
specification.

ngth: The structural desigh.of the ports and of the affected sections of

be such as to withstand the-application of a torque 2.5 times the maxim
521344 or MS33566,.as.applicable, without permanent distortion or imp

The inlet, autlet, case drain and seal drain ports shall be identified on

hts:

3.6.1 Materials: FAHR

[JAR 25.603 requirements state that the materials and processes used |

o

irment of

hently marked

nd shall
egulations.
lace in the

specification

hetallic insert

specified in

he pump
value

pach pump by

the

manufacture of these products shall be of high quality, suitable for the purpose and shall conform to
applicable specifications. Materials conforming to the supplier's material specifications may be used,
provided the specifications are acceptable to the purchaser and contain provisions for adequate tests.

The use of the supplier’s specifications will not constitute the waiver of other applicable specifications.
The choice of materials, and the assumed strength of the materials shall comply with FAR/JAR 25.613

regulations.
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3.6.1.1 Metals: All metals shall be compatible with the fluid and intended temperature, functional, service,
and storage conditions to which the components will be exposed. The metals shall possess adequate
corrosion-resisting characteristics, or shall be suitably protected in accordance with 3.6.2. Magnesium

shall not be used.

3.6.2 Corrosion Protection: Metals which do not inherently possess adequate corrosion-resisting
characteristics shall be suitably protected, in accordance with the following subparagraphs, to resist
corrosion which may result from such conditions as dissimilar metal combinations, moisture, salt spray,

and high temperature deterioration as applicable.

3.6.2.1 Ferrous and dopper Alloys: Ferrous alloys requiring corrosion preventive treatment, and all copper
alloys, except ffor parts having bearing surfaces, shall have a suitable electrodepaosited [metallic

coating select¢d from Table 1.

Tin, cadmium,|and zinc plating shall not be used for internal parts or on intérnal surfacgs in contact
with hydraulic fluid or exposed to its vapors and not where subject to abrasion. Where not indicated,

class and type are at the option of the manufacturer.

TABLE 1 - Metallic Coatings

Material Specification
Cadmium plating  QQ-P-4165Type I, Class 2
Zinc plating AMS 2402
Chromium plating QQ-C-320
Nickel plating QQ-N-290
Silver plating QQ-S-365
Tin plating MIL-T-10727, Type |
Electroless nickel MIL-C-26074

Other metalliclor nonmetallic caatings or treatments, the use of which has been demonstrated to be
satisfactory to[the purchaser (such as electrodeposited 85% tin, 15% cadmium alloy) may be used.

3.6.2.2 Aluminum Allgys: Unléss otherwise authorized, all aluminum alloys shall be anodized |n accordance
with MIL-A-8625, except that in the absence of abrasive conditions they may be coated|with chemical
film in accordgncewith MIL-C-5541. The exceptions noted will be subject to the approval of the

purchaser.

3.6.3 Castings: Castings shall be of high quality, clean, sound, and free from cracks, blow holes, and
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
techniques and standards satisfactory to the purchaser.
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3.6.3 (Continued):

When impregnation castings are used, they shall be in accordance with impregnation procedures and
inspection requirements of MIL-STD-276.

The casting factors assumed in the design of the hydraulic pump shall comply with FAR/JAR 25.621
regulations.

3.6.4 Reclaimed Materials: Reclaimed materials shall be utilized to the maximum extent possible within the
quality limits required by this specification.

3.6.5 Seals:

3.6.5.1 Packings: Wherever possible, O-rings shall conform to aerospace dimensiorfal standards such as
AS568, and glands to AS4716.

Sealing elastomer material shall conform to NAS1613 in all pumps designed for use with fluids per
AS1241.

Pumps designed for operation in fluids per MIL-H-5606 or MIL-H=83282 shall use nitrild sealing
elastomers copforming to MIL-P-83461 or fluorocarbon elastomers conforming to MIL-[R-83248 or
MIL-R-83485. [Fluorocarbon material is often preferred if\system fluid temperatures are|expected to
exceed 160 °H (71 °C). Of the two materials in this category, MIL-R-83485 is rated for & wider
temperature rgnge.

3.6.5.2 Backup Rings| Backup rings should conform:te-MIL-R-8791/1 or MS27595. Nonstandayd seals
necessary to demonstrate compliance with-the requirements of this specification may be used,
subject to the ppproval of the purchaser.

3.6.6 Standard Parts:| Aerospace standard*parts (Military or Commercial) shall be used whenever they are
suitable for the purpose, and shall be identified on the drawings by their standard part ipentifying
numbers.

3.6.7 Marking:

3.6.7.1 Identification af the’Product: FAR/JAR 25.1301 requirements state that the pump mus$t be marked
for identificatidn in accordance with standard practices (refer to ARP 1288) and the purchaser’s
requirements.

3.6.7.2 Nameplate: A nameplate containing the following information (see Figure 5) legibly filled in shall be
securely attached to the pump. The information shall be marked in the spaces provided.
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PUMP, HYDRAULIC, VARIABLE DELIVERY, AIRCRAFT

Procurement Specification
Mfrs. part No.*

No.

Mfrs. name or trademark

Serial number

Fluid

* (or identification)

The following in figure 6 is to be provided if required by the procurement spegitieation:

FIGURE 5

Rating:
Delivery

Pressure

Speed

gpm*
psi*
rpm

*(or I/min; +(or kPa)

FIGURE 6

Any additionallnameplate data required shall be specified in the procurement specification.

The color of the nameplate shall be purple and aluminum for pumps designed for AS1341 hydraulic
fluids. For punps designed for MIL<H=5606 and MIL-H-83282 hydraulic fluids, the colonof the

nameplate shall be black and aluminum.

3.6.8 Electroconductiye Bonding:/2FAR/JAR 25.581 requirement states that the aircraft must
against catastrophic requirements from lightning. In order to comply with this regulation,
pump must havd a facility-to enable it to be effectively bonded to the airframe. The resistal

he hydraulic

{e protected
ce measured

shall not exceed 300.milliohms unless otherwise specified in the procurement specificatign.

3.7 Strength Requirements:

3.7.1 Pressure Loads: FAR 25.1435(a)(1) requires the pump to be designed to withstand the design
operating pressure loads in combination with limit structural loads which may be imposed. No
permanent or temporary deformation of the pump is permitted under these conditions that would
prevent it from performing its intended function.
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3.7.1 (Continued):

The design operating pressure is defined in FAR 25.1435(a)(1) regulations as the maximum normal
operating pressure, excluding any transient pressures. The equivalent JAR 25.1435(a)(1) requirement
is identical to the FAR 25 regulation except that “working pressure” is used instead of “design operating
pressure". The working pressure is equivalent to the maximum steady state pressure of the of the
system.

The procurement specification for the pump shall define the design operating pressure or working
pressure (as applicable) for the suction, delivery and case pressure parts of the pump. In addition, the

procurement spécification for the pump shall define the limit structural load It applicable.

3.7.2 Proof and Ultimate Pressure Requirements:

3.7.2.1 Proof Pressurg Requirements: The FAR 25.1435(a)(1), JAR 25.1435(a)(2)«equirements state that
the pump withstand without rupture the design operating pressure or werking pressure [loads
multiplied by 1.5 in combination with ultimate structural loads that carrreasonably occuf
simultaneously. In addition, the JAR 25.1435(a)(10) requirement (n@ €quivalent FAR 2% regulation)
states that the| pump must withstand the loads due to the working.pressure multiplied bl 1.5, without
leakage or pefmanent distortion.

3.7.2.2 Ultimate Pressure Requirements: The JAR 25.1435(a)(10) requirements state that the pump must

withstand the loads due to the working pressure multiplied by 2.0, without rupture.

For applications that are required to comply with'EAR 25 regulations, there is not a formal ultimate
pressure requirement. However, the procurement specification may stipulate a value that matches
system requirgments.

3.7.3 Impulse (Fatigug¢) Requirements: The JAR 25.1435(a)(11) requirement states that an ad¢quate
allowance must pe made for fatigue(for'any part of the hydraulic system which is subject tq fluctuating or
repeated external or internal loads. Although there is no equivalent FAR 25 regulation, thg procurement
specification for the pump shall.state:

a. Anoverall pfedicted duty cycle for the delivery (high pressure), suction and case port$ of the pump,
throughout the lifetime of its application;
b. The scatter factor that is to be applied for analysis or fatigue (pressure impulse) testing.

In addition, when defining the duty cycle for the impulse testing, the following should be considered:
a. The pressure variations due to the pump pulsation levels.

b. The peak transient pressure generated by the pump as it reacts to changes in flow demands.
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3.8 Design and Construction:

3.8.1

3.8.2

3.8.3

3.8.4

3.9 Maintainability:

3.9.1

3.9.2

3.9.3

Lubrication:

provisions for lubrication other than the circulating fluid.

External Leakage:

Except for the coupling shaft spline, the hydraulic pump shall be self-lubricated with no

External leakage 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 5.2.

External Tube Connections:

pressure, compq

Interchangeabili
interchangeable
numbers shall b
mating parts mu
drawings. The in

Maintenance Cq
specification, for

Useful Life and
be stated in the

a. Life before i
b. Storage life
c. Life before it

Maintainability H
cost of ownersh

a. All wear sur

ty: All parts having the same supplier’s part number shall be directly an
with each other with respect to installation and performance.‘Changes in
b governed by the purchaser’s requirements. Subassemblies’composed
5t be interchangeable as assembled units, and shall be'so indicated on t

Storage Conditions:
brocurement specification andshall consist of:

nents shall be steel.

dividual parts of such assembled units need not be interchangeable.

ncept: The required maintenance concept'shall be stated in the procur
example, “On Condition".

The requiretnents together with the appropriate de

has to be overhauled (if, applicable)

has to be scrapped

eatures:~The pump shall incorporate the following features in order to f
p and the possibility of incorrect assembly:

External threaded tube connections, when used, shall conform to
drawing MS33514 or MS33515. External threaded tube fitting ends of 3000 psi (20 690 K

a), or higher

d completely
supplier’s part
pf selected

ne supplier’s

ement

initions shall

hinimize its

aces shall be replaceable or repairable

NOTE: The swaged ball seat in the piston/shoe assembly should not be disturbed. A new assembly
shall be used if ball seat endplay becomes excessive.

b. Electrical sockets and connections, mounting and wiring provisions shall be designed to prevent
erroneous connections.
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3.9.3 (Continued):

c. Components which are not functionally interchangeable shall not be physically interchangeable.

d. The design shall permit line replacement of the unit or any module of the unit, using standard tools

only.

e. The design shall be such that special or unique equipment is kept to a strict minimum for shop
repair, overhaul and maintenance checks.

3.10 Reliability Requifements:

3.10.1 Mean Time Before Unscheduled Removals:

3.10.2

4. QUALITY ASSURA

4.1 Responsibility for

4.2

The justified unscheduled removal tate fg

operating on aircraft shall be a maximum 0.05 per 1000 flight hours unless otherwise st

procurement s

Data Requiren
a. The defect
b. The failure
c. The safety
d. The failure

Unless otherwise
inspection require
may use his own f

The purchaser res
such inspections 3

requirements.

Classification of T]

ecification. This shall include the removal of the pump due t@ shaft seal

ents: The supplier shall provide the following data:
rate

rate

rate (if applicable)

modes and effects analysis (FMEA)
NCE PROVISIONS:

nspection:

specified in the contract or'efder, the supplier is responsible for the perfo

ments as specified herein. Except as otherwise specified in the contract,
acilities or the servicés of any industrial laboratory that has the necessar

P StS:

erves the right.to ‘perform any of the inspections contained in this docum
ire deemed necessary to ensure that supplies and services conform to th

r pumps
hted in the
eakage.

'mance of all
the supplier
y approvals.

ent where
e stipulated

For the purpose of demonstrating compliance of pumps with this document and the applicable
procurement specification, two distinct test programs shall be conducted, hereinafter referred to as
Acceptance Tests and Qualification Tests.
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4.3 Test Stand Requirements:

For the test stands that are employed for the acceptance tests and the qualification tests, the following
limits are set for the required steady state operating conditions, unless otherwise agreed to between the
supplier and the purchaser:

a.

b.

5 ACCEPTANCE TES

Inlet pressure:

2% but not less than 5 psi (34 kPa)

Case pressure: 2% but not less than 15 psi (103 kPa)

Delivery presq

Inlet temperatpre: -70 to +110 °F, within 5 °F(-57 to +43 °C, within 3 °C)

Pump shaft sy
Flow within 29
The accuracy

The test stand

or AS4059 Class 6, or better, except for the qualification endurance testing (See 6.11)

bTS:

ure: 2% but not less than 30 psi (207 kPa)

+110 to +225 °F, within 10 °F (+43 to +107 °C, within 6 °C)

eed within 100 rpm

of the instrumentation shall be consistent with the’measurement tolerang

s shall use sufficient filtration so as to maintain the cleanliness of the flui

es required.

] to NAS1638

Each hydraulic pump submitted for delivery updér-a procurement contract shall be subjected to the

acceptance test reg

a.

b.

5.1 Examination of th

Visual and dim

A test program
performance rg
specified in 5.2

uirements specified below=These shall consist of:
ensional examinations
to determine product conformance to the dimensional, workmanship, fur

quirementsiof-this document and the procurement specification. The tesf

b Product:

ctional and
program is

The pump shall be examined to determine conformance with the applicable standards and all
requirements of this document and of the procurement specification, for which there are no specific tests.

5.2

Test Program and Inspection Methods:

Throughout the test program, there shall be no external leakage sufficient to form a drop except that the
shaft seal may leak at a rate not to exceed 12 drops per hour or as stipulated in the procurement
specification.
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5.2 (Continued):

Starting with 5.2.3, the hydraulic fluid in the test circuit shall be as specified in the procurement
specification. Filter elements qualified to MIL-F-8815, or as specified in the procurement specification,
shall be installed in the pump inlet, outlet and case drain or cooling port lines of the test setup.

If, at any phase of testing, working parts require replacement, the entire conformance test procedure shall
be repeated. The break-in run portion may be omitted if the rotating group assembly was not affected.

5.2.1 Proof Pressure Tests: These tests may be conducted at normal operating temperature, either

5.2.2

5.2.3

5.2.4

statically or with
the tests.

The discharge p
procurement spe
be pressurized f

Break-in Run:
optimal by the s
while at maximu

Load Cycles: 4

the pump in operation. There shall be no evidence of permanent deformation following

prt shall be pressurized for at least 1 min to the proof pressure stipulated in the
cification. With the discharge port at rated pressure, the casé.drain and iplet ports shall
Dr at least 1 min to the proof pressures stipulated in the proecurement spegcification.

The break-in run may be conducted at any desired operating conditions fs deemed
Iipplier, but must include at least 15 min of operation at rated speed and femperature
m full-flow pressure.

\ step function load shall be imposed causing the pump to cycle from ratgéd discharge

pressure (no flo
procurement sp

v) to maximum full-flow pressure at 6.cpm for at least 15 min or as specified in the
cification, with equal dwells at each4oad condition.

Teardown Inspdction: A teardown inspection'shall be conducted after completion of thg proof, break-
in and cycling tefts on a minimum of 3 pumps of a given model of an initial production rup or as

specified in the
are in acceptabl

rocurement specification. Fhe pumps shall be disassembled and inspecied; if all parts
b condition, the pump.shall be reassembled and the test program continded.

After the last pump has successfully passed the inspection, the requirements of this paragraph may be

omitted. The ted
program occur:

a. Continuity o
designated i

rdown inspection ‘shall be reinstated whenever the following changes in & production

manufacturing is interrupted. Permissible periods of production interrupfion shall be
h the”procurement specification.

b. Alternate tooling and production facilities are designated.
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5.2.5.1 Patch Compal

5.2.6 Calibration:

5.2.5 Filter Patch Test:

This test shall be conducted to prevent shipment of a functionally acceptable but

materially deteriorating pump (incipient failure). The fluid from the case drain and/or discharge of the
pump shall be checked for contamination as agreed to between the supplier and the purchaser. The
operating time and duty shall be chosen such as to yield the most significant patch information for the
particular pump model, and shall be a permanent part of the acceptance test procedure along with the

filter membrane

specifics.

Provisions shall be made in the procurement specification for the establishment of a preliminary patch
standard before the start of the quality conformance tests of the first pump to be delivered under the
contract. This preliminary patch standard may be modified by agreement of the contracting parties until

the completion ¢
between the pur|
standard for the

with the stand

If the contami
second patch

does not, up t¢ two additional patch tests may be run to establish the trend. If the patch

unacceptable,
corrective acti

Dy
specification. Ty

a. Rated inlet g

b. Rated inlet fluid temperature or typical system fluid temperature

c. Normal roon

The pump shall
limits of the prog

a. Rated disch

T the functional test of the 25th pump to be delivered under the contract,
chaser and the supplier. Thereafter, the standard in effect for that testwi
remainder of the contract.

ison: Each filter patch specified in the acceptance test proéedure shall
hrd patch then in effect and any discrepancy noted in the-test log.

ation level exceeds that of the standard, the filter patch’test may be repg
shall show equal or less contaminant than the standard patch to be acce

the pump should be disassembled to determiiie the source of the contan
bn taken.
pically, these are:

Ind case pressures

N ambient conditions

be tested fardat least the following characteristics and the results shall co
urementspecification:

Argepressure variation as the pump speed is varied from 50 to 100% of

or as agreed
| become the

be compared

ated. The
btable. If it
es remain
nination and

ring the calibration tests, the test conditions shall be as specified in the procurement

hform to the

Fated speed

b.

There shall be no indication of pressure control instability as the pump speed is varied from 50 to

100% of rated speed through the flow range. Specific system conditions, if any, must be defined in
the procurement specification.

The flow of the pump at maximum full-flow pressure and at rated speed shall be measured and

recorded. The flow may be measured in the low pressure side of the discharge line provided
adequate compensation is made for fluid compressibility when stating the value.
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5.2.6 (Continued):

d. The case drain flow at rated discharge pressure and at rated speed shall be measured and

recorded.

e. The input torque at maximum full-flow pressure and/or at rated discharge pressure shall be
measured if required by the procurement specification. This test need not be conducted if pump
torque is not especially critical in the application.

5.2.7 Electroconductive Bonding: Measure the electrical resistance between any point on the mounting

flange face and
seal connectiong
procurement spé

5.3 Preparation for Sk

After testing, the
shall be either the

hydraulic system fjuid.

5.4 Storage and Pack
The method of stg
6. QUALIFICATION T

Qualification tests,
this document and

6.1 Qualification Proc

6.1.1 Qualification By
conditions are

a. The pump in
which was p

). It shall not be greater than 300 milliohms, unless a higher value is(sta
pcification.

ipment:

ump shall be drained and 90% filled with fresh, clean hydraulic fluid. The
specified hydraulic system fluid or preservative fluidiwhich is compatible

ing:
rage and packing shall be defined in the,procurement specification.

ESTS:

or the purposes of checkingwhether the pump design conforms to the re
the procurement specification, shall consist of the tests specified herein.

bdure:

Similarity:  All.or some of the qualification tests may be waived if the fol
et.

corparates the same or operationally similar working parts and materials
reviously qualified

Specified points on the pump (for example, the pump suction, case, delivery and shaft

d in the

fluid used

with the

quirements of

owing

as a pump

b. The service requirements for the previous application for which the pump was qualified was
equivalent to or greater than the service requirements for this application.

A report, substantiated by drawings showing the similarity with the qualified pump, shall be submitted
instead of carrying out actual tests.
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6.1.2 Pump Qualification Test Report: A report of the tests performed and the test results shall be compiled.
This report shall include a full assessment of the extent to which the tested pumps comply with the
specified requirements. The report shall include full descriptions of the manner in which the tests were
performed, including instrumentation description, schematic diagrams, photographs, as appropriate,
and copies of the test data sheets. Hydraulic test circuits shall be described in complete detail for each
test. A set of parts’ lists of the pump shall accompany the report.

6.2 Range of Qualification Tests:

The qualification tests shall be conducted on pumps which are fully representative of the pumps to be
manufactured.

The number of pumps to be used during the qualification testing shall be agreed between the supplier
and the purchasel].

The qualification tests to be carried out are as follows:

Acceptance tests (see 6.3)

Fluid immers|on test (see 6.4)

Dimensional pheck of working parts before endurance testsisee 6.5)
Calibration (Jee 6.6)

Maximum prgssure test (see 6.7)

Determinatiop of response time test (see 6.7)

Pressure puls$ation test (see 6.7)

Heat rejection test (see 6.8)

Vibration test (see 6.9)

Low temperafure test (see 6.10)

Endurance tgsting (see 6.11)

Cavitation test (see 6.12)

Drive coupling shear test (See 6.13)

Fire resistange test (se€'6:14)

Structural tegts (6.15)

Environmental tests(6.16)

Any additiongl fests required by the procurement specification

S@ "0 20T

L T o 5 3

6.3 Acceptance Tests:

Those acceptance tests which are also part of the qualification test program, shall be performed exactly
as specified in 5.2, except that:

a. The pressure control test of 5.2.6 shall be extended to check the discharge pressure at cut off, as well
as the pump stability, throughout the complete fluid temperature and speed range as specified in
3.3.2

b. The shaft seal leakage is allowed to degrade to a maximum of 2 ml/h or as stipulated in the
procurement specification. This shall be throughout the duration of the qualification program.

-34 -



https://saenorm.com/api/?name=1bb703d24cfd59391aecdf56e49c1a68

