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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proced e ) e are
described in the ISO/IEC Dlrectlves Part 1. In partlcular the dlfferent approval cr1ter1a needed fpr the
different types of ISO documents should be noted. This document was drafted in accordanee with the

Attention is firawn to the possibility that some of the elements of this document may)be the subject of
4. ISO shall not be held responsible for identifying any or all such patentrights. Details of
ights identified during the development of the document will be in the Introduction and/or
on the ISO ligt of patent declarations received (see www.iso.org/patents).

Any trade ngdme used in this document is information given for the conveniéence of users and dogs not
constitute ar} endorsement.

For an explanation on the meaning of ISO specific terms and-expressions related to conformity
assessment, [as well as information about ISO’s adherence to the WTO principles in the Technical
Barriers to Trade (TBT) see the following URL: Foreword - Supplementary information

The commitfee responsible for this document is ISO/TC20, Aircraft and space vehicles, Subcomrhittee
SC 10, Aerospace fluid systems and components.

This second pdition cancels and replaces the firstiedition (ISO 8278:1986) and ISO 12334:2000, which
have been tefhnically revised.
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Aerospace series — Hydraulic, pressure compensated,

var

1 S

iable delivery pumps — General requirements

cope

This International Standard establishes the general requirements for pressure compensated, variable

deliv
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nternational Standard is to be used in conjunction with detail specificationsthat is
hpplication.

ormative references

bllowing documents, in whole or in part, are normatively refefenced in this docur

nces, the latest edition of the referenced document (including any amendments) app
D93, Electroplated coatings of tin — Specification and test-methods

h69, Environmental tests for aircraft equipment — Steady-state acceleration

b71, Environmental tests for aircraft equipments=— Part 3.4 : Acoustic vibration

685, Aircraft — Environmental test procedure for airborne equipment — Resistar]
pated fire zones

B23, Aircraft — Hydraulic components — Marking to indicate fluid for which componen

b01-1:2012, Fluid power systeims — O-rings — Part 1: Inside diameters, cross-sections, t
hation codes

| 37, Aircraft — Envirgnmental conditions and test procedures for airborne equipment

820, Aerospace —<.Couplings, threaded and sealed, for fluid systems — Dimensions

)79, Aerespace process — Anodic treatment of aluminium alloys — Sulfuric acid process,

D81\ Aerospace process — Chemical conversion coating for aluminium alloys — General

particular to

nent and are
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ce to fire in

L is approved

blerances and
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dyed coating
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ISO 8399-T, Aerospace — Accessory drives and mounting jlanges (Metric series] — Part 1: Design criteria

[SO 8399-2, Aerospace — Accessory drives and mounting flanges (Metric series) — Part 2: Dimensions

ISO 8625-1, Aerospace — Fluid systems — Vocabulary — Part 1: General terms and definitions related to
pressure

ISO 8625-2, Aerospace — Fluid systems — Vocabulary — Part 2: General terms and definitions relating to

flow

ISO 8625-3, Aerospace — Fluid systems — Vocabulary — Part 3: General terms and definitions relating to
temperature
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ISO 11218:—

1), Aerospace — Cleanliness classification for hydraulic fluids

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 8625-1, ISO 8625-2, 1SO 8625-3,
and the following apply.

3.1
variable del

ivery hydraulic pump

self-regulating hydraulic pump that supplies hydraulic power to the hydraulic system (or subsystem) at
a nominal constant pressure

Note 1 to entr]

by an eng

pneumat

3.2
purchaser
organization

Note 1 to enf

y: The pump can be driven by a variety of power sources, including the following:

ine via an accessory gearbox;

electric npotor;

c power drive.

that has the engineering responsibility for the hydraulic system that includes the pu

ry: Typically, the purchaser is an aircraft manufacturer,han equipment manufacturer th

hydraulic sysfem responsibility or a modification centre.

Note 2 to entr]

3.3
detail speci
document ¢

a)
b)
‘)
d)
e)
f)

3.4
supplier

technic
acceptar
reliabilit]

quality 1

other re

I

y: The purchaser is responsible for the compilation of the detail specification.

fication
piled by the purchaser that specifiesthe following:

equirements;
ce and qualification test regitirements;
y requirements;

equirements;

packaging requirements;

Juirements

organization|

that provides the pump

mp

ht has

Note 1 to entry: Typically, the supplier is the manufacturer of the pump who will be responsible for the design,
production and qualification of the pump.

3.5 Ports of the hydraulic pump

3.5.1

pump inlet port
port that receives flow from the hydraulic reservoir to supply the pump

1) To be pub

2

lished. (Revision of ISO 11218:1993)

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=8ae255cf514e36471d635356416994a4

3.5.2

ISO 8278:2016(E)

pump discharge port
port that supplies pressurized flow to the system

3.5.3

pump case drain port
port that drains internal leakage flow to the reservoir

3.5.4
shaft

seal port

port that routes any shaft seal leakage from the pump to an overboard drain, collector tank, etc.

3.6

3.6.1
rated

maximum continuous temperature of the fluid to be supplied at the supply ppft of the pum

Note 1

3.6.2

minium continuous temperature
hum continuous temperature of the fluid to be supplied atthe supply port of the pumpp

minin

Note 1

3.7
3.71

design operating pressure

norm
Note 1
— P
— T

— d

3.7.2

3.7.2.
rated
minir]
perfo

Temperature terms

temperature

to entry: The rated temperature is expressed in degrees centigrade.

to entry: The minimum continuous temperature is expressed in degrees centigrade.

Pressure terms

h] maximum steady pressure
to entry: Excluded are reasonable tolerances, transient pressure effects such as may arise f}

Fessure ripple,

bactions to system functioning, and

bmands that may affect fatigue.

Inlet pressure

1
inlet pressure
hum pressure measured at the inlet port of the pump at which the pump is requirg
Fnance without any degradation, with all other parameters at their rated values, e

p

om

d to provide
xcept for the

fluid

3.7.2.

emperature, which isthe minimum continuous temperature

2

maximum inlet pressure
maximum steady-state inlet pressure at which the pump may be required to operate

3.7.2.

3

minimum inlet pressure
lowest pump inlet port pressure, specified by the purchaser, for which the supplier ensures that the
pump might be required to operate without cavitation during a system failure or when the pump is
delivering the maximum flow

Note 1 to entry: For the purposes of this International Standard, cavitation is assumed to occur when there is a
2 % reduction in discharge flow with reducing inlet pressure.
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3.7.3

discharge pressure

maximum pressure against which the pump is required to operate continuously at rated temperature,
at rated speed and at zero flow

Note 1 to entry: See Figure 1.

Note 2 to entry: This diagram is given as an indication. It may be presented in a different way, for example, the
axes may be reversed.

qt 1

dy 2
N

Key
actual discharge/pressure characteristic curve
at pm, qAP 9N

p  pressure

pm  maximum full-flow pressure (3.7.3.1)

pN rated dispharge pressure

tolerancg¢ range

q  discharge flow
qa maximuth rated discharge flow-(3.8)
gn  minimum rated discharge flow

Figure'l — Delivery/pressure characteristic curve of pumps

3.7.31

maximum fill-flow pressure
maximum di i i i ischarge,

at rated temperature, rated speed, rated inlet and case drain pressure

3.7.3.2

maximum pump discharge transient pressure

peak value of the discharge pressure recorded during a discrete transient event (normally found whilst
cycling from full-flow pressure to rated pressure (zero flow))

3.7.3.3

pressure pulsations

oscillations of the pump discharge pressure, occurring during nominally steady operating conditions,
at a frequency equal to the number of pistons times the drive shaft speed or a multiple thereof

Note 1 to entry: The amplitude of the oscillations is the difference between the average minimum and the average
maximum oscillations recorded during a one-second trace.

4 © IS0 2016 - All rights reserved
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3.7.4 Case drain pressure

3.741

maximum case drain pressure

maximum continuous pressure developed by the pump to enable case drain fluid to return to the
reservoir

3.74.2
rated case drain pressure
nominal pressure at which the pump case is required to operate continuously in the system

3.74.3
maxiltlum transient case pressure
maximum pressure peak that may be imposed by the hydraulic system on the pump case drain port

3.8
rated discharge flow
flow fate measured at the pump delivery port under conditions of

— rated fluid temperature,

hted inlet pressure,

|
~

— rated case drain pressure,

— mpaximum full-flow pressure, and

c

sing the hydraulic fluid specified in the detail specification
Note 1 to entry: The flow shall be measured in the compressed state.

3.9
rated displacement
maximum theoretical volume of fluid genetrated by one revolution of the pump drive shaftfat full stroke

Note 1 to entry: The rated displacement shall be calculated from the geometrical configuration] of the pump,
witholit allowing for the effects of thefollowing:

— pprmissible manufacturingitolerances;
— djstortions of the pump structure;

— the compressibility)of the hydraulic fluid;

—

ternal leakage;

— t¢mperature.

Note 4 teentry: The rated displacement is used to indicate the size of the pump rather than its performance.

3.10
rated speed
maximum speed at which the pump will operate

Note 1 to entry: The rated speed is expressed as a number of revolutions of the pump drive shaft per minute.

3.11

response time

time interval between the moment when an increase (or decrease) of the pump delivery pressure
begins and the subsequent time when the delivery pressure reaches its first maximum (or minimum)
value, when connected to a specified circuit

© IS0 2016 - All rights reserved 5
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freedom from persistent or quasi-persistent oscillation or “hunting” of the pump (cyclic variations in
speed) at any frequency that can be traced to the delivery control mechanism, within stated limits in
the detail specification

3.13
pump overa

11 efficiency

pump overall efficiency (including volumetric efficiency) is obtained from the formula:

pump overall efficiency (%) = (output fluid power/input shaft power) x 100

where

input sh:

output fluid power

Note 1 to en
measurement

3.14

rated endur
total numbe
qualification

3.15

first article
FAI

process that

— verifies
verifies {
verifies {

verifies {
the resu

4 Generd

4.1 Order
The detail sp

ft power  is shaft torque x RPM;

is (full-flow pressure - inlet pressure) x rated flow
ry: This formula ignores compressibility effects. If this formula is tebe used, the floy
should be made on the compressed flow stream.

ance
r of hours and cycles of operation to be included, in the endurance phase
testing

inspection

conducts the following:

hat the parts of a component complies with the drawings;

hat the manufacturing processes-have been compiled and are adhered to;

hat the assembly processes have been compiled and are adhered to;

hat the acceptance test of the component is in accordance with the test procedure an
ts of the test are infagreement with the test requirements

I requirements

of précedence

v rate

of its

d that

eeification shall take precedence in the case of a conflict between the requirements o¢f this

Internationa

Standard and the detail specification.

4.2 Hydraulic system characteristics

The hydraulic pump shall be designed to supply the hydraulic system as defined in the detail

specification

The detail specification shall include the characteristics of the hydraulic system in which the pump is to
be used. This shall include the flow versus pressure curves for the inlet, discharge and case drain lines
for the following hydraulic fluid temperatures:

— normal operating temperature (for example, +20 °C);

— rated temperature;

© ISO 2016 - All rights reserved
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— minimum continuous temperature.

4.3 Airworthiness requirements

The hydraulic pump shall comply with the applicable airworthiness requirements.

4.4 Qualification

Hydraulic pumps furnished under this International Standard shall be products that have passed the
qualification tests specified in the detail specification.

5 I-{unctional requirements

5.1 (Hydraulic fluid

The detail specification shall state the applicable hydraulic fluid.
5.2 |Pump pressure

5.2.1| Rated discharge pressure

The design of the pump shall be such as to maintain rated discharge pressure at the following
combjnation and range of conditions:

— from 30 °C to rated temperature;
— frrom 50 % to 125 % of rated speed;
— afrated inlet pressure.

The vialue of the rated discharge pressure shall be stated in the detail specification and shall be one of
the following values of rated discharge-pressure listed in Table 1 (derived from ISO 6771):

Table 1 — Rated discharge pressure

Pressure Metric system Imperial system
class kPa basic psi basic

A 4000 600

B 10 500 1500
C 16 000 2500
D 21000 3000
E 28000 4000
] 35000 > 000

The maximum and minimum tolerance of the rated discharge pressure shall be specified in the detail
specification. The permissible tolerance range shall be doubled in each direction for fluid temperatures
below 30 °C or pump speeds from 25 % to 50 % of rated speed.

5.2.2 Maximum full-flow pressure

The maximum full-flow pressure of the pump shall be defined as the maximum discharge pressure at
which the pump control will not be acting to reduce pump delivery at rated temperature, speed and
inlet pressure.

The detail specification shall specify the minimum value of the maximum full-flow pressure (see
Figure 1).

© IS0 2016 - All rights reserved 7
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5.2.3 Pressure pulsations

The detail specification shall state the maximum permitted amplitude of the discharge pressure
pulsations.

The amplitude of pressure pulsations shall be determined by the test procedure of 14.3.5.
5.2.4 Inlet pressure

5.2.4.1 General

. 1l 111 1 1l - 1 L 1l L] 1 . 1=
The lnlet pr ESSUTE SlidIT DE TTIIEdSUrcd dt Lie I1I1I1ct [)Ul U Ol LUIIE [JUIII[) TIT Jd IITdIIrer crdc IIaIrcdces the
static head.

5.2.4.2 Raged inlet pressure

The detail specification shall state the value of rated inlet pressure, which shalljbe”in kPa (o psi)
absolute.

5.2.4.3 Mipimum inlet pressure
The detail splecification shall state the following:

— the valup of the minimum inlet pressure, which shall be in kPRa (or psi) absolute and whether it
applies during a short term high flow condition or during a steady-state failure case;

— the assofiated minimum hydraulic fluid temperature;
— any alloyable performance degradation when the puimp is operating at the minimum inlet prefsure.

The purchaser shall specify the inlet conditions thatwill exist at the pump inlet including the proyision
of the circuif impedance for the pump inlet and discharge piping system and/or a complete phlysical
description qf the circuit. This is to enable th€¢ supplier to conduct a dynamic flow analysis to determine
the pump oppration at the minimum inlet pressure.

5.2.4.4 Maximum inlet pressure

The detail specification shall state-the value of the maximum steady-state inlet pressure, which shall be
in kPa (or ps]) absolute.

5.3 Case drain pressure

5.3.1 Rated case-drain pressure

The detail splecification shall state the value of the rated case drain pressure for the pump case, Which
shall be in kPa (or psi).

5.3.2 Maximum transient case drain pressure

The detail specification shall state the value, duration and frequency of occurrence of the maximum
transient case drain pressure for the pump case, which shall be in kPa (or psi).

5.3.3 Maximum case drain pressure

The detail specification shall state the value of the maximum case drain pressure for the pump case,
which shall be in kPa (or psi).

8 © IS0 2016 - All rights reserved
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Flows

Pump rated discharge flow

The detail specification shall state the value of the rated pump discharge flow, which shall be in 1/min
(or gpm). The minimum and maximum rated discharge flow (see Figure 1) shall be specified.

5.4.2

Pump case flow

The detail specification shall state that the pump shall be capable of producing at least a minimum
case drain flow to limit the differential temperature between the inlet port and the case drain port to a
stated maximum value.

The 1

ump case flow rate [which shall be in 1/min (or gpm)] shall be specified under t

condikions:

—

|
~

|
[<8)

— 4a

The 1
speci

If the)

minin

5.4.3

hted discharge pressure (minimum attainable steady-state flow);

ited temperature;

hy discharge flow demand between 5 % to 100 % of rated flow;

given maximum differential pressure between case pressureand inlet pressure.

hinimum and maximum case drain flow shall be stated at conditions specified
ication.

case drain flow is routed to a system heat exehanger, the detail specification sh
hum case flow.

Shaft seal leakage flow

The detail specification shall state the'value of the maximum dynamic shaft seal leakage

be in
a) n
1
2
3
b) q

1

drops/min) at the following conditions:
ew build:
the pump filled with fluid but un-pressurized;
when subjectto\proof pressure at ambient temperature;
when theurp is supplying rated discharge flow;
palification testing:

ever the expanded test envelope;

he following

in the detail

all state the

(which shall

PR | ) B £41 ] ~ 4
2) dU UIC LUIITPITUUIN U LIT CHIUUl 411t Lest,

3) when subject to proof pressure at rated temperature;

4) when subject to burst pressure at rated temperature.

5.4.4

External leakage

No leakage sufficient to form a drop from the pump case or from any case static seal shall be permitted.
Dynamic shaft seal leakage shall not be considered as external leakage.

© ISO 2016 - All rights reserved
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5.5 Speed and direction of rotation

5.5.1 Rated speed

The rated speed of the pump shall be defined as the maximum speed at which the detail specification
requires the pump to operate continuously at rated temperature and at rated discharge pressure. The
rated speed shall be expressed as a number of revolutions of the pump driving shaft per minute.

The rated sp

NOTE As

Figures 2

Figures 4

If speeds ar
However, sey
etc. will also

5.5.2 Ovel

Unless other

eed of the pump shall be stated in the detail specification.

an indication, the maximum recommended values are given in the Nomograph in

and 3 for commercial aircraft applications, and
and 5 for military aircraft applications.

e kept well below those indicated by the curves, the operating life may“be impt
reral system factors such as fluid, temperature, duty cycle, contamination, expecte
influence the values.

speed

wise specified in the detail specification, the pump shall be'capable of operation at

of rated pumjp discharge flow for the durations and at the conditions‘ef Table 7.

5.5.3 Dire

ction of rotation

The direction of rotation of the pump drive shall be stated in the detail specification and shall be ¢

indicated on

5.6 Torque

The detail sp
the max

— the torq
rotation

5.7 Pump
The followin
the over

the over

the installation drawings and by a label on the pump.

ecification shall specify the follawing:
mum value of driving torque'for rated operating conditions for the pump;

e value when the pump is operated at zero flow, at rated pressure, temperatur
speed.

overall efficiency
b efficiencywalues shall be stated in the detail specification:

h1l efficiency of the pump when new;

oved.
d life,

115 %

learly

e and

hll-efficiency of the pump after endurance test, this value being considered as an objé

ctive.

When determining output 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. The flow rate may be as
measured in the low pressure side of the discharge line, provided that adequate compensation is made
for compressibility when calculating efficiency.

10
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Figure 2 — Nomograph of maximum recommended values for rated speeds against pump
displacement (Metric units) — commercial aircraft applications
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Figure 3 — Nomograph of maximum recommended values for rated speeds against pump
displacement (American units) — commercial aircraft applications
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Figure 4 — Nomograph of maximum recommended values for rated speeds against pump
displacement (Metric units) — military aircraft applications
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5.8 Variable delivery control

5.8.1 General

All pump models shall incorporate means to control the delivery which shall act to increase the delivery

of the pump from zero to its maximum full-flow value for any given operating speed, as t
pressure is reduced from rated discharge pressure to maximum full-flow pressure and vic

5.8.2 Adjustment

Means shall be provided to adjust the delivery control mechanism to cause zero flow to o
dischprge pressure. This adjustment shall, preferably, be continuous or it is acceptable
steps|of less than 1 % of the rated discharge pressure over a minimum range from 95 %.to
rated|discharge pressure.

The ddjustment device shall be capable of being securely locked and it shall-be possible
adjustment and locking using only standard hand tools. Where practicable, the'adjustmen

he discharge
e versa.

ccur at rated
or it to be in
105 % of the

to carry out
[ device shall

be fitfed in such a way that adjustments can be made while operating under full system pressure with

negligible loss of fluid.

5.8.3| Response time

The real-time plot of discharge pressure against time shall be used as the criterion of
the diischarge control mechanism. All pumps shall have. a*maximum response time i
with the detail specification when changing the flow demand, unless otherwise specified,
specification when

a) operating at rated inlet temperature,
b) afrated flow, and
c)

In Figures 6 and 7, the time intervals.t1 and t are the response times of the pump as a fu
system impedance.

1 a circuit, with the system impedaiice defined in 14.3.4.2.2.

—n

The gump discharge pressure-shall be stabilized within 2 % of the rated discharge pre
decrefpsing flow transient (at the end of 1 s after the initiation of the transient flow deman

The detail specification/may state the minimum and maximum response time for the pum
the flpw from full£low to zero (t1) and a separate minimum and maximum response time
to indrease the flow from zero to full-flow (t7).

movement of
| accordance
in the detail

nction of the

ssure after a

).

b to decrease
for the pump

© ISO 2016 - All rights reserved
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1 s max.

Key

1 maximun} transient pressure (see 5.8.5)

2 maximun[ full-flow pressure (see 5.2.2)

3 rated disqharge pressure (see 5.2.1)

4  allowablg discharge pressure pulsations (see 5.2.3)
5 rate of prgssure rise (dP/dT)

Figure 6 + Typical variation of pressure against time — Transient from maximum full-flow
pressure to rated discharge pressure (zero flow)

I3

B
R || N
) —

— c— —
e

e
(
\
X

Key
minimum trahsient pressure

rated disdharge pressure (see 5.2.1)

maximum full-flow pressure (see 5.2.2)
allowable discharge pressure pulsations (see 5.2.3)

Ul s W N =

90 % maximum full-flow pressure (see 14.3.4.4)

Figure 7 — Typical variation of pressure against time — Transient from rated discharge
pressure to maximum full-flow pressure (full-flow)

5.8.4 Stability

The oscillographic trace of discharge pressure against time shall be used as the criterion of stability.
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All pumps shall recover steady-state operation other than permissible pressure pulsations as specified
in 5.2.3 within not more than 1 s after the initial response to that change in flow demand, under the
following conditions:

a) under any operating condition within the limits stated in the detail specification;
b) atany flow rate greater than 50 % of the rated discharge flow rate;
c) after a change in the flow demand.

When required by the purchaser, the supplier shall provide adequate pump parameters to permit the
system designer to integrate the pump dynamic performance into the complete pump/system analysis.

5.8.5| Maximum transient pressure

The vplue of the maximum transient pressure, as determined in the transient pressure tesft specified in
14.3.4.3, shall not exceed

a) 7/000kPa (1 000 psi), as determined in the transient pressure test,

b) 1P5 % of the rated discharge pressure, or

) t;]:e maximum pressure as specified in the detail specificationy

The maximum transient pressure is dependent on the hydraulic system characteristics. The purchaser
shall provide the circuit impedance for the pump outlet\piping system and/or a complete physical
descrjption of the circuit. This is to enable the supplier texconduct a dynamic flow analysis fo determine
the mjaximum transient pressure.

5.9 |Rated temperature

ISO 8p25-3 provides the requirements fortemperature classification (type I, type Il or type III) if the
pump is to be used in a military aircraft-dvhelicopter.

If the|application is for a commercial aircraft or helicopter, the detail specification shall stiate the rated
temperature.

5.10|Acoustic noise level

If required, the pump_shall have a maximum acoustic noise level at rated operating copditions. The
detai] specificationshall state its value together with the measuring procedure, when applicable.

Wher] conducting the acoustic noise test, the hydraulic test rig shall have the circuit ilnpedance as
specified in<l4v3.4.2.3. To the extent possible, acoustic noise contributions from other [hydraulic or
strucfural members attached to or in the vicinity of the pump shall be accounted for separjately.

5.11 Endurance

The detail specification should specify the duration and the conditions of the endurance test. However,
if they are not specified in the detail specification, then the endurance test shall be in accordance with
Table 2 and 14.3.7.

The endurance test shall be conducted with the fluid cleanliness of the hydraulic fluid at the maximum
class specified for the application.

© IS0 2016 - All rights reserved 17
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Table 2 — Duration of endurance test

Pump Application Duration of endurance test
h
Used for military applications 2000
Used for commercial applications 4000

5.12 Environmental requirements

The detail specification shall state the environmental and operating conditions to which the pump is

| 4=l £all - . H
EXpOSEd, basedonthefottow Hrgcriterta:

a) temperafure and altitude (in accordance with ISO 7137);
b) humidity (in accordance with ISO 7137);

c) fluids sulsceptibility (in accordance with ISO 7137);

d) vibratioms (in accordance with ISO 7137);

e) acoustic|vibrations (in accordance with ISO 2671);

f) steady-sfate acceleration (in accordance with ISO 2669);
g) resistange to fungus and mould (in accordance with ISO 7137%3;
h) saltspraly (in accordance with ISO 7137);

i) water refistance (in accordance with ISO 7137);

j) sand and dust (in accordance with ISO 7137);

k) shock (i accordance with ISO 7137);

1) ice formation (in accordance with ISQ 7137);

m) fire resigtance (in accordance with ISO 2685) - pumps in fire zones only.

6 Detail design requirements

6.1 Dimensionally critical components
Parts shall ifjclude mechanical means to prevent them from being installed incorrectly if

a) they arellikély'to cause incorrect operation,

b) they can cause damage if the installation direction is reversed, and

c) theyareincorrectly located on assembly.

6.2 Maintainability features

In addition to the requirements of 6.1, components that are not functionally interchangeable shall not
be physically interchangeable.

All wear surfaces shall be replaceable or repairable.
Connections, mounting, and wiring provisions shall be designed to prevent incorrect coupling.

The design shall permit the line replacement of the unit or a module of the unit using standard tools only.
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The design shall be such that special or unique equipment is kept to a strict minimum for shop repair,
overhaul, and maintenance checks.

6.3 Seals

Static and dynamic seals shall be in accordance with ISO 3601-1:2012, series A. Non-standard seals,
necessary to demonstrate compliance with the requirements of this International Standard, may be
used subject to the approval of the purchaser.

For pumps used in commercial aircraft and military type 1l systems, back-up rings used shall be subject
to the approval of the purchaser.

6.4 |Lubrication

The pump shall be self-lubricated, with no provision for lubrication apartdtom the¢ circulating
hydrgulic fluid.

6.5 |Balance

The individual rotating parts of the pump shall be inherently balanced about their gwn primary
operdting axis. The pump shall not vibrate due to self-generated accelerations in such a way that
any part of it yields or is otherwise structurally compromised\throughout the speed range up to the
maximum specified overspeed condition.

6.6 |Self-contained failure

The pump shall be designed to completely contain:all internal parts in the event of a failujre due to the
following:

a)

=

rhen the supply of hydraulic fluid to the pump is zero or is less than the volume the pump displaces,
dr any duration up to the maximum flight time. The detail specification shall state th¢ time period
ahd the running speed when the pump will be running under these conditions;

=

b) during an overspeed conditien;'The maximum overspeed conditions shall be specified in the detail
specification.

No loss of fluid from the pamp shall occur as a result of these failures, other than the exterjnal and shaft
seal leakages specified irtthe detail specification.

6.7 |Safety wire’sealing

A mafnufacturer’s non-metallic seal of guarantee may be used to indicate if the pump has bgen tampered
with Interfally.

Lead-type safety wire sealing shall not be used.

6.8 Electro-conductive bonding

The pump shall have a facility to enable it to be effectively bonded to the airframe. The detail
specification shall state the bonding requirements.

6.9 Marking

6.9.1 Nameplate

A nameplate shall be securely attached to the pump. The information marked in the spaces provided
shall be as required in the format given in Table 3.
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Table 3 — Format for nameplate

Pump, hydraulic, pressure-compensated, variable delivery

Rated deliver]
Rated pressu

Rated speed:

6.9.2 Fluid identification

The fluid for

6.9.3

Each port, in
each pump.

7 Streng

7.1 Gener

The strength

7.2 Press

The detail sp

parts of the pump.

7.3 Proof

Ports

which the pump is approved to use shall be identified in accordance‘with ISO 3323.

cluding the case drain and the seal drain ports, shallhe*clearly and indelibly mark

h requirements

al

requirements shall be maintained.over the entire ambient and fluid temperature ra

ire loads

ecification shall state the design operating pressure for the inlet, discharge and case

pressure

7.3.1 Pu

Unless the
a pressure o

pressure for xe

being impair

p case

letail specification states a different value, the pump case shall statically with|

1,5 times the design oper

ed on

hge.

drain

stand

at least equal to or greater than 3 500 kPa (500 psi) or

ed.

7.3.2 Pump inlet port

Unless the detail specification states a different value, the pump inlet port shall statically withstand a
pressure equal to 1,5 times the design operating pressure for the pump inlet without any permanent

damage bein

g done or performance being impaired.

7.3.3 Pump discharge port

Unless the detail specification states a different value, the pump discharge port shall statically
withstand a pressure equal to 1,5 times the design operating pressure without permanent damage
being done or performance being impaired.

20
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Ultimate pressure

Pump case

Unless the detail specification states a different value, the pump case shall be designed to withstand a
pressure of atleast 5 000 kPa (750 psi) at the case-drain portor 2,5 times the design operating pressure
for the case (whichever is the greater) with no structural failure.

7.4.2

Pump inlet port

Unless the detail specification states a different value, the pump inlet port shall statically withstand a

press

7.4.3

Unles
withs
struc

7.5

The p
induc|

lre equal to 2,5 times the design operating pressure for the pump inlet with no strugd

Pump discharge port

tand a pressure equal to 2,5 times the design operating pressure for the)pump disch
fural failure.

Pressure impulse (fatigue)

The

7.6 |Port strength

The strructure efithe ports and the relevant area of the pump case shall be such that it

torq

installatienor removing the pump during maintenance operations.

The

tural failure.

5 the detail specification states a different value, the pump discharge port shpll statically

arge with no

ump shall withstand the fatigue effects of all cyclic pressures, including transients apd externally
ed loads.

tail specification shall state the following:

e overall predicted duty cycle for the differerit parts of the pump, throughout the lifetime of its
plication;

e scatter factor that is to be applied for‘analysis or fatigue (pressure impulse) testing;

y externally induced loads (for exanple, structural or thermal).

ition, when defining the duty cycle for the impulse testing, the following should be cpnsidered:

e pressure variations due.to the pump pulsation levels;

e peak transient pressure generated by the pump as it reacts to changes in flow denjands.

2,5 time$ the maximum torque resulting from attaching or removing the unions

lwithstands a
and lines on

tail cpprifir‘qfirm shall state the maximum torque value

No permanent distortions or alterations in the correct operation shall occur.

8 Construction requirements

8.1

8.1.1

Materials

General

All materials shall be compatible with the hydraulic fluid that is specified in the detail specification.

© ISO 2016 - All rights reserved
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d processes used in the manufacture of the pump shall

— be of aerospace quality,

— be suitable for the purpose, and

comply with the applicable official standards.

Materials that comply with the supplier’'s material specifications are acceptable provided that these
specifications are acceptable to the purchaser and include provisions for adequate testing. The use of

the supplier’

8.1.2 Metals

8.1.2.1 Ge

All metals shall be compatible with any fluids with which it will be in contact, with the servid
storage temy

metals not i

properties o}

If the proper

and processé

approval. In

resistance cd

8.1.2.2 Pu

Except for t

have a chroy
specified in §

Tin, cadmiuy
with the hyd

considered a

Magnesium 4

8.1.2.3 Pu

Ferrous alloy

Tin, cadmiun

fluid or expo

Magnesium ¢

8.2 Corro

s specifications does not constitute a waiver of other applicable standards.

neral

eratures, and functional requirements to which the components will be' subjected.
h direct contact with the hydraulic fluid shall have the appropriate’ corrosion-res
" they shall be suitably protected as specified in 8.2.

ties or operating safety of the pump are likely to be jeopardized by the use of the mat]
s specified above, other materials and procedures may béwused subject to the purch|
this case, materials or processes shall be chosen te_provide the maximum cory
mpatible with the operating requirements.

mps for type I systems

he internal surfaces in constant contact\with the hydraulic fluid, ferrous alloys
hium mass fraction of at least 12 % op-shall be suitably protected against corros
B.2.

h, and zinc platings shall not be(ised for internal parts or for internal surfaces in cc

5 internal surfaces in constant contact with hydraulic fluid.

lloys shall not be used.

mps for type II anid-11I systems and for commercial aircraft applications
s used shalldbe'suitably protected against corrosion as specified in 8.2.

h and zing platings shall not be used for internal parts that are in contact with the hyd
sed te.lts vapour.

e and
[hose
istant

erials
aser’s
osion

shall
on as

ntact

raulic fluid or exposed to its vapours. The grooves for external O-rings seals shall ot be

raulic

ltoys shall not be used.

sion protection

8.2.1 General

Metals that do not inherently possess sufficient corrosion-resisting characteristics shall be suitably
protected, in accordance with the following subclauses, to resist corrosion that may result from
conditions such as the following:

22

dissimilar metal combinations;
moisture;

salt spray;
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— high temperature deterioration.

8.2.2 Ferrous and copper alloys

Ferrous alloys requiring corrosion-preventive treatment and all copper alloys, except for parts with
bearing surfaces, shall receive surface plating selected from the following:

a) electrolytic nickel plating;
b) electrolytic silver plating;

c) electrolytic tin plating, in accordance with ISO 2093;

d) electrodeless nickel plating.

Electrolytic tin shall not be used for internal parts or internal surfaces in contact with the hydraulic
fluid pr exposed in its vapours or on surfaces subjected to abrasion. Where not'indicated, the class and
type ¢of plating are at the supplier’s discretion.

Exceptions shall be submitted to the purchaser for approval.

8.2.3| Aluminium alloys

All aliiminium alloys shall be anodized in accordance with I1SO 8078 and ISO 8079 (except that in the
absernce of abrasive conditions, they may coated with chémical film in accordance with ISO 8081),
unlesp otherwise authorized.

Exceftions shall be submitted to the purchaser for approval.

8.3 |Castings

Castings shall be of high quality, clean, sound and free from cracks, blow holes, excessive porosity, and
other|defects.

Defedts not materially affecting the suitability of the castings may be repaired at the foun‘iry or during
machjning by peening, impregnation, welding or other methods acceptable to the pulrchaser. The
inspeftion and repair of castifigs’shall be checked by quality control techniques and standards that are
satisfpctory to the purchaser.

9 Installation réquirements

9.1 |DimenSions

Dimensions pertinent to the installation of the pump in aircraft shall be specified on the supplier’s
installation drawing and in the detail specification.

9.2 Mass
The dry mass of the completely assembled pump shall be stated on the supplier’s installation drawing.

The supplier and the purchaser shall agree on the mass of fluid contained in the pump.

9.3 Mounting

Unless otherwise specified in the detail specification, all pumps shall incorporate a standard mounting
flange, which shall be in accordance with ISO 8399-1 and ISO 8399-2.
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When the mounting flange is in conformity with ISO 8399-1 and ISO 8399-2, the relation between
the maximum displacement of the pump and the type of mounting flange shall be in accordance with
Table 4.

Table 4 — Relation between displacement and flange type

Maximum displacement Maximum displacement Flange type —
cm3/r in3/r Spigot reference
2,5 0,15 150
5 0,31 200
10 0.61 300
15 0,92 350
20 1,22
30 1,83
40 2,44
50 3,05

9.4 Orientation

The mountinlg conditions of the pump shall be defined by agreement between the manufacturer and the
purchaser.

9.5 Drivecoupling

An easily removable drive coupling, incorporating a shear section, shall be interposed betwedn the
pump drive ghaft and the drive shaft by which the pump\is to be driven.

The drive shaft shall be held in place by means of a positive locking system.
The drive shaft shall include a shear section.

The end of the drive shaft shall comply with ISO 8399-1 and ISO 8399-2 unless otherwise speciffied in
the detail spégcification.

The following shall be specified imthe detail specification:
— shear torque;

— the couplling lubricatien'mode.

9.6 Ports

The port corffiguration shall be in accordance with ISO 7320, unless otherwise specified in the (detail
specification:

10 Maintenance requirements

10.1 Maintenance concept

The detail specification shall state the specified maintenance concept, for example, “On Condition”.
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Service life limitations and storage specifications

The detail specification shall state the specifications and appropriate definitions and shall include the
following:

a) the time between overhauls (if applicable);

b) the storage life;

c) the service life limit.

11

11.1

All of]
thata

11.2

The (detail specification shall state the specifications and the @ppropriate definitions,
include the following:

a t

b) the failure rate;
c) the safety rate (if applicable);

d) the failure mode and effect analysis (FMEA).

12

12.1

Unles

1ialaslids H =
ClldUIIItY 1CTUIITIITIIL

Equipment compliance

the reliability specifications shall be met throughout the service life of the equipme
1l approved maintenance cycles have been carried out.

Requirements

e defect rate;

Juality assurance provisions

Responsibility for inspection
s otherwise specifiedin.the contract or order, the supplier

responsible for.edarrying out all the inspection operations specified in this |
fandard, and

12.2

ay use his¢own inspection and testing facilities or the services of any industris

nt, assuming

which shall

nternational

11 laboratory

cified in this

Classification of tests

atlcomply with

The following test program shall be performed for the purposes of checking whether the pumps comply
with this International Standard:

a) acceptance tests (see Clause 13);

b) q

ualification tests (see Clause 14).

© ISO 2016 - All rights reserved
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12.3 Test stand requirements

The following tolerance limits are set for the required steady-state operating conditions for the test
stands that are employed for the acceptance tests and the qualification tests, unless otherwise agreed

between the

a) inlet pressure: 2 % of rated inlet pressure but not more than +35 kPa; (5 psi);
b) case pressure: +2 % of rated case pressure but not more than +100 kPa; (15 psi);
c) discharge pressure: +2 % of rated discharge pressure but not more than +200 kPa; (30 psi);
d) inlet/teqperature=57"°Cto+43C,withim*3-€;
+43 °Cto +107 °C, within £6 °C;
e) flow: within +2 % of rated flow;
f) shaftsp¢ed: £100 r/m;
g) torque: 2 % of maximum pump input torque. The accuracy of the instrumentation sh
consistent with the measurement tolerances required.
The test stands shall use sufficient filtration so as to maintain the cleanliness of the fluid to ISO 112
2) Class 5, or petter, except for the qualification endurance testing (se€/14.3.7).
The hydraulic fluid in the test circuit shall be the same as that spécified for the application (see 5.[1).
13 Acceptphnce tests
13.1 Genernal
Each pump spbmitted for delivery under a procurement contract shall be subjected to the examin

and accepta
manufacture

Acceptance
a) visual ey

b) a test p
perform

The first pr
purchaser’s |
the delivery

supplier and the purchaser:

hce tests specified in this subclause. The acceptance or approval of material d
shall, in no case, be construed as a guarantee of the acceptance of the finished prody

ests, for the purposes of this International Standard, shall consist of the following:
aminations;

rogram to determine quality design and check whether the pumps conform ¢t
hnce requirements of this International Standard.

hll be

18:—

itions
uring
ct.

o the

pductiompump shall undergo a first article inspection (FAI) in the presence of the

epresentatives. Any deviations recorded in the FAI shall be corrected, or agreed, prj
bf the first pump.

ior to

13.2 Examination of the product

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

13.3 Test programme

13.3.1 General

Filters shall be installed in all the lines to and from the pump, as applicable.

2) To be published. (Revision of ISO 11218:1993)
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The supplier shall repeat the applicable parts of the conformance test procedure if, at any phase of
testing, working parts require replacement. The break-in run portion may be omitted if the rotating
group assembly was not affected.

13.3.2 External leakage requirements

13.3.2.1 General leakage

Other than at the shaft seal, no external leakage of sufficient magnitude to form a drop shall be
permitted.

13.3.2.2 Shaft seal leakage

Durirlg acceptance and calibration tests, the shaft seal leakage shall not exceed thevalues|specified for
new huild conditions (refer to 5.4.3).

13.3.8B Break-in run

suppljer but shall include at least 15 min of operation at rated speed_and temperature whiile operating

The T(eak-in run may be conducted at any desired operating conditiens-as deemed apprﬁlpriate by the
1 il
at majkimum full-flow pressure.

13.3.4 Proof pressure test

This §est may be conducted either statically or with the/pump in operation. There shall bg no evidence
of pelmanent deformation following the test.

The test comprises the following:

a) pressurizing the discharge portatleast 2unin to the proof pressure stated in the detail §pecification;

b) pressurizing the case drain and inlet ports for at least 2 min to the proof pressures [stated in the
detail specification with the outletport at rated pressure.

During this test, the shaft seal'leakage may exceed the requirements as stated in 5.4.3| If this does
occury} it shall not be considered as a test failure.

13.3.5 Load cycles

A step-function leadvshall be imposed causing the pump to cycle from rated discharge jpressure (no
flow)[to maximum full-flow pressure at 6 cycles/min for at least 15 min, or as specified|in the detail
specification,with equal dwells at each load condition.

Therg shall'be no external leakage sufficient to form a drop except that the shaft seal may [leak at a rate
not tq ex¢eed 5 cm3/h. There shall be no evidence of any malfunctions.

13.3.6 Teardown inspection examination

13.3.6.1 Sampling requirements

A teardown inspection shall be conducted on a minimum of 10 pumps of a given model of an initial
production run or as specified in the detail specification.

The teardown inspection shall be redone whenever either of the following changes in a production
programme occurs:

a) continuity of manufacturing is interrupted. Permissible periods of production interruption shall be
designated in the detail specification;
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b) alternative tooling and production facilities are chosen.

13.3.6.2 Inspection procedure

After the break-in run and proof tests, dismantle and inspect the pump. If all parts are in acceptable

condition, re

-assemble and run in the pump in accordance with 13.3.7.

If, at any phase in the testing, working parts require replacement, the entire conformance test procedure

shall be repe

ated.

The run-in in accordance with 13.3.7 may be deleted when the teardown inspection is no longer

required.

13.3.7 Run
The run-in a

determined
and rated di{

13.3.8 Fung

Throughout

in

fter teardown inspection shall be performed at 50 % to 100 % of rated speéd for a
by the supplier with the discharge pressure varied between maximum,full-flow pre
charge pressure at a frequency of 6 cycles/min.

tional tests

he functional tests, the hydraulic fluid used shall be that specified in the detail specifid

Rated inlet pressure shall be maintained within the tolerance specified'in this International Star

Inlet temper

The function|

a) running
b) running
rated dis
c) running
pressurg

The time spe

13.3.9 Pres

Rated dischd
speed is vari

There shall b
of rated spes

The hysteres

hture shall be at the rated condition.
al test shall comprise the following:
at rated speed and maximum full-flow pressure;

at rated speed with discharge pressure varied between maximum full-flow pressur
charge pressure at a frequency of 6 cycles/min;

at rated speed and rated dischargepressure, except that at 10 min intervals, the disc
shall be reduced to maximum.full-flow pressure for 1 min.

nt at each of these conditions shall be agreed between the supplier and the purchase

sure control test

rge pressure shall remain within the limits specified in the detail specification as
e no indication of pressure control instability as pump speed is varied from 50 % to ]
d throtuighout the flow range. System conditions shall be defined in the detail specifig

iSseharacteristics of the pressure control from zero to rated flow at rated speed sh4

eriod
ssure

ation.
dard.

e and

harge

Il

pump

ed from 50 %te/100 % of rated speed or to the speed specified in the detail specification.

100 %
ation.

11 not

exceed the v

tue asspecified in the detait Specification.

13.3.10Calibration

On completion of the other acceptance tests, the torque required to drive the pump and the case drain

flow shall be
a)
b)
c)
d)

rated inl
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measured and recorded for the following conditions:

rated speed;

rated discharge pressure;

et pressure;

case pressure of 140 kPa (20 psi), or as specified in the detail specification, above inlet pressure;

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=8ae255cf514e36471d635356416994a4

ISO 8278:2016(E)

e) rated inlet temperature or as specified in the detail specification.

The delivery of the pump at rated speed, rated maximum full-flow pressure, and at rated inlet pressure
shall be measured and recorded.

The measured values for torque, case drain flow and delivery shall be within the limits specified in
the detail specification. Flow may be measured in the low pressure side of the discharge line, provided
adequate compensation is made for compressibility in stating the delivery.

13.3.11Fluid contamination test

13.3.ITT General

This tlest shall be conducted to prevent shipment of a functionally acceptable but materially fleteriorating
pump (incipient failure). The fluid from the pump case drain and/or discharge-of the ptiimp shall be
checled for contamination as agreed to between the supplier and the purchasef’

13.3.11.2 Inline particle counters

Inling particle counters should be used to check for an incipient, pump failure by [continuously
moniforing the particle sizes. The pump shall be stopped and removed for a tear down |inspection if
therelis a noticeable increase in the number of particles in the cdase'drain line after the brepk-in run has
been fFompleted.

13.3.11.3 Filter patch test

13.3.11.3.1 General

If inline particle counters are not available;, then the use of filter patches check for|an incipient
pump failure is an acceptable alternative_ means. The definition of a patch standard is either initially
established by the manufacturer and, in that case, shall be specified in the detail specifidation or may
possibly be established during the functional tests of the first 25 pumps.

Unless otherwise specified in thewdetail specification, all the filters used during the test shall be able to
filter ko a value less than or egual'to 5 um absolute.

13.3.11.3.2  Filter sampling method

Install filters in the otitlet and case drain or cooling port lines of the test set-up. Check the fluid in
the fijter bowls by the procedure specified in 13.3.11.3.3 for contamination accumulated during the
functjonal testpérformed in accordance with 13.3.8.

13.3.11.3.3 Patch preparation

Collectthe fluid 1n each filter bowl in clean containers. Rinse both the filter bowl and element with the
appropriate volume of a suitable fluid solvent and add to the applicable container. The total resulting
fluid shall be passed through a membrane having a diameter of approximately 47 mm (1,85 in), which
will trap contaminant in each filter bowl. The detail specification shall state the membrane material.
Wash the membrane free of fluid with the appropriate volume of fluid solvent. After drying, the resultant
filter patch shall be coated with clear lacquer and permanently attached to the log sheet of the test.

All fluid solvent shall be filtered through a 0,45 um pore size membrane prior to use in all stages of the
patch preparation procedure.

13.3.11.3.4 Patch comparison

Each filter patch specified in the acceptance test procedure shall be compared with the standard patch
then in effect and any discrepancy noted in the test log.
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If the contamination level exceeds that of the standard, the filter patch test may be repeated. The second
patch shall show equal or less contaminant than the standard patch to be acceptable. If it does not, up
to two additional patch tests may be run to establish the trend. If the patches remain unacceptable, the
pump should be disassembled to determine the source of the contamination and corrective action taken.

13.3.12Electro-conductive bonding

If required, measure the electrical resistance between any point on the mounting flange face and
specified points on the pump (for example, at the pipe connections). It shall not be greater than the
value specified in the detail specification.

13.4 Storage and packaging
The detail splecification shall state the procedures for preservation and packing.

The packaging used for the shipment of the pump shall consider the normal handling.damage that may
occur during transportation. Care shall be taken to avoid damage to any electrical /connectord, thin
metal parts, ptc.

The packagihg shall be suitable for storage according to the shelf life reqairements specified |n the
detailed spegification, considering that adequate care shall be taken by the storage agency. If the pump
relies on the|hydraulic fluid internal to the unit for corrosion protectiom,then the hydraulic plugg shall
form a leak-ffee seal.

14 Qualification tests

14.1 Purpgse

Qualification tests, with the purpose of checking whether the pump design is in conformity with the
requirementp of this International Standard, shallieonsist of the tests specified in 14.2.3.

14.2 Qualification procedure

14.2.1 Qualification by analogy
All or some df the qualification tests may be waived if the following requirements are met:

a) the pump incorporatesthe same or similar working parts as another pump that has alreadyj been
qualified by a controlling authority;

b) the operpting conditions are not more restrictive than those for which the other pump has alfready
been qualified:

A report, substantiated by drawings showing the similarity with the already qualified pump, shall be
submitted instead of carrying out the tests.

14.2.2 Pump qualification test report

A report of the tests carried out and the test results shall be compiled. This report shall include a full
assessment of the extent to which the pumps tested comply with the detail specification and a detailed
account of the way in which the tests were carried out. The report shall also include a description of the
instruments used, schematic diagrams and photographs, as appropriate. The complete test results shall
be given in the report in table form. Hydraulic test systems shall be described with all the details for
each test. Assembly drawings and installation drawings shall be appended to the test report.
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14.2.3 Samples and program of qualification tests

The qualification tests shall be conducted on one or two sample pumps (A and B). It is essential that
these sample pumps be representative of the pumps to be manufactured. The qualification tests, to be
carried out in the suggested order, are given in Table 5.

Table 5 — List and sequence of qualification tests

Tests Specimen Co;;iscl;:::geing
A B

Dimehsional check X 114.3.1
Expapded envelope acceptance X X 3.2
Flow frate and driving torque X X 14.3.3.2
Minirhum operating speed X X 14.3.3.3
Maxifnum transient pressure X 14.3.4.3
Deterimination of response time X 14.3.4.4
Presdure pulsation X 14.3.5
Heat fejection X 14.3.6
Endufancea X 14.3.7
Air ingestion X 14.3.7.8
Therial cycles X 14.3.79
TherI:al shock X 1413.7.10
Minirhum inlet pressure test X 14.3.8
Environmental X or X 14.3.9
Low tlemperatureb X 14.39.2
Fire Resistancec X 14.39.3
Vibration X 1413.10.1
Fatigfie (pressure impulse) X 14|3.10.2
Port 4trength X 143.10.3
Proof|pressure at rated temperature X 1413.10.4
Ultimlate pressure X 14{3.10.5
Drivelcoupling shear X 14|3.10.6
Additjional tests X or X Detail specification
a  The shaft sealNeakage is permitted to degrade to the limit specified in the detail specification (refer to 3.4.3).
b Ah additional test specimen shall be used if a fire resistance test is required.
¢ Ap additional test specimen shall be used if a fire resistance testis required.

14.3 Qualification testing

14.3.1 Dimensional check

Prior to the start of the qualification test, conduct the full acceptance test of both test sample pumps.
The run-in specified in 13.3.7 may be carried out, if necessary, after reset and before the test sequence
is continued.

Check the critical wear dimensions and record the dimensions of each test sample pump. Check these
dimensions again for comparison purposes once the qualification tests have been completed.
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14.3.2 Expanded envelope acceptance tests

The acceptance tests shall be repeated but the pump shall be run with the following:
a) the fluid temperatures from minimum continuous to rated;

b) flows from zero to rated discharge.

No malfunctions shall be recorded.

14.3.3 Calibration

14.3.3.1 Puan inlet pressurized

Regulate the pressure at the pump inlet port to the rated inlet pressure at full flow and rated ppeed
conditions.

14.3.3.2 Flgw rate and driving torque values

Determine vplues of flow rate and driving torque at minimum operating speed; at 25 %, 50 %, [/5 %,
100 %, and 110 % of rated speed. At each of these speeds, make four sets of flow and torque recordings
at 25 %, 50 %, 75 %, and 100 % of maximum full-flow pressure and at fjvelequally spaced incremgnts of
flow betweenh maximum full-flow pressure and rated discharge pressure:.

Unless othegwise specified in the detail specification, perform.calibrations at the inlet confition
specified in $.2.4.2 and flow measurements may be made in theline downstream of the load valye but
shall be corrgcted for fluid compressibility.

14.3.3.3 Mipimum operating speed

Reduce the speed to below 25 % of the rated speed to determine the speed at which the discharge flow
or pressure pecomes erratic. Record this point'and designate it as the minimum operating speed for
that conditiojn.

14.3.4 Maximum pressure and response time tests

14.3.4.1 Geperal

Pressure transducers and gecording equipment shall be used to provide a permanent record pf the
dynamic prgssure/time History of the pressure/time function of the pump and its hydraulic dircuit
throughout the transientand steady-state periods described in the following three tests.

The pressurg¢ transdiuicers and recording equipment shall be capable of meeting the repeated accuracy
requirementp as'stated in 12.3 over a frequency range of 0 times to 5 times the pump piston fundanpental
frequency. An“essential consideration is that the dynamic calibration of the pick-up and recljlrding
equipment is valid for the dynamic conditions. The pressure transducers shall be located in the pump
discharge line as close to the pump outlet fitting as is physically possible. The pressure pulsations shall
be measured with a pressure transducer with a minimum additional volume and shall have a frequency
range from 20 Hz to 100 kHz. Tests shall be conducted at the rated conditions, unless otherwise noted
below or in the detail specification.

14.3.4.2 System impedance

14.3.4.2.1 General

The impedance is calculated from the system configuration, the pump rated discharge and the fluid
bulk modulus at rated temperature and rated discharge pressure.
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14.3.4.2.2 System impedance for determination of response time

The system impedance of the test circuit when determining the pump response shall meet the following

requirements:

a)

the pump is operating over the specified flow range and at rated inlet temperature;

b) the rate of pump discharge pressure rise when the flow in the system is suddenly stopped shall be

340 000 kPa/s (50 000 psi/s) minimum.

NOTE
initial pressure transient increase, prior to the peak value (see Figure 6).

The pump discharge pressure rise rate is defined as the average value of the slope of dP/dT during the

14.3.4.2.3 All other tests

etail specification shall state the system impedance of the test circuit, when

um pressure, pressure pulsations, stability and the remaining qualification tests. TH
be ingtalled in a hydraulic circuit that simulates the aircraft system, details @f Which shal
in the detail specification. The system volume may be simulated using(tubing of the d
diamg¢ter while being careful to avoid a line length whose natural frequeficy is resonant wj
frequency.

The hligh-pressure circuit shall be representative of the pump application.

The s
to be
for pa

ystem impedance can get very small due to circuit isolation or degraded modes. If it
hppropriate for the pump, the test circuit shall replicate the different system impeda
tential pump instability.

14.3.4.3 Maximum transient pressure test

The t
pump
with
speci

bst circuit specified in 14.3.4.2.2 shall belused. For this test, all gases shall be evacua
inlet and discharge lines. Flow changes shall be initiated by means of a solenoid-oq
W response time, from full closed tofull open and vice versa, of 0,02 s or less, or a resg
ied in the detail specification.

te the test pump between steady-state maximum full-flow pressure and steady
hrge pressure and makeyan oscillographic record of the pressure/time function
ent period. Run the test at 50 %, 60 %, 70 %, 80 %, 90 % and 100 % of rated punj
trainment in the hydraulic fluid to a minimum. The peak pressure transient as med
record shall nof-exceed the requirements of 5.8.5, at rated fluid temperature.

Opers
disch
trans
air en
above

14.3.4.4 Determination of response time

This est shall be conducted at the rated fluid temperature. The test set up shall be as follo

determining
e pump shall
be provided
scharge line
ith pulsation

s considered
hces to check

ted from the
erated valve
onse time as

-state rated
through the
p flow. Keep
sured on the

WS:

e
a) t]\e test circuit specified in 14.3.4.2.2;

b)
100 % of pump rated speed.

load valves set at a flow condition equivalent to maximum full-flow pressure at 50 %, 75 % and

Use the solenoid valve that changes the discharge line from fully open to fully closed, or vice versa, to
conduct the test.

Carry out runs at 50 %, 75 % and 100 % of rated flow or as specified in the detail specification. With
the solenoid valve open and the test pump operating at steady-state maximum full-flow pressure, make
a record of the pressure/time function through the transient period associated with the closing of
the solenoid valve and the establishing of steady-state rated discharge pressure. This record shall be
similar to the typical variation shown in Figure 6 and the response time, t1, as indicated in Figure 6,
shall not exceed the specified time at 100 % of rated flow. At 50 % and 75 % of rated speed, t1 shall not
exceed the value specified in the detail specification.
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Record the response time ¢; for the change from rated discharge pressure to minimal pressure and, as
indicated in Figure 7, t; shall not exceed 0,05 s at 100 % rated flow. At 50 % and 75 % of rated speed, ¢t
shall not exceed the value specified in the detail specification.

Record the response time t3 for the change from rated discharge pressure to 90 % maximum full-flow
pressure and, as indicated in Figure 7, t3 shall not exceed 1 s at 100 % rated speed.

Check the response time for small incremental changes of flow as follows:

a) introduce a parallel flowpath which includes an orifice and a downstream solenoid valve with a
0,02 s response time or a response time as specified in the detail specification;

b) adjust tiis orifice to pass o % of maximum full-Tlow and adjust the main load throttling vajlve to

pass 90 ¥ of maximum full-flow for each of the three pump speed settings;

c) check the response time at each speed setting when the small flowpath solenoid s epened and
closed with the main flowpath solenoid valve both opened and closed. The response-time at|rated
speed should not exceed 0,05 s;

d) check the response time at rated speed, rated pressure, minimum inlet“pressure and| fluid
temperafure as specified in the detail specification.

14.3.5 Pressure pulsation test

Equip the tegt circuit specified in 14.3.4.2.3 with a pressure transducer of zero volume and sensitjive to
20 kHz to 10p kHz, installed in the pump discharge line.

During this test, the following conditions shall be maintainedk
— the pump at rated discharge pressure;
— pump injet pressure to be at the rated inlet pressure;

— pump cajse pressure to be at the nominal €ase pressure;

—  fluid te:[perature to be 50 °C + 10 °C:

Run the punpp to deliver 25 % of rated’flow. Make an oscillographic record of the pulsation palttern.
Repeat the t¢st with the pump supplying 50 %, 75 % and 100 % of rated flow. The values of prgssure
pulsations slall not exceed the lintits specified in 5.2.3.

14.3.6 Heatrejection test

14.3.6.1 Principle

The principl¢ of this test is to demonstrate the ablhty of the pump to reject the heat that it generates.
When the pump/i a ) atu aseldrain
ports should not exceed a spec1f1ed maximum temperature

14.3.6.2 Determination of heat rejection

Run the pump at zero pump discharge flow rate and with rated inlet temperature. Measure the pump
inlet and pump case drain temperatures when the temperatures have stabilized. Repeat the test with
the pump running at rated flow and at least two additional flow points between these values.

Check that the fluid temperatures in the pump case drain port does not exceed the specified maximum
temperatures.
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14.3.7 Endurance test

14.3.7.1 General

The sample pump shall undergo an accelerated endurance test, as outlined in Tables 6 and 7.

The total endurance time for the pump applications is specified in Table 2. The detail specification shall
state any modification of any of the test conditions.

The pump under test shall satisfactorily complete the test with no failure of parts or excessive wear.

The test circuit for the endurance tests shall be as specified in 14.3.4.2.3. Modification of a
condifions given in Tables 6 and 7, or additional endurance testing, in the form of additional

ny of the test

cycles in any

of the phases may be required by specifying such modifications or additions in the detail specification.

The shmple pump shall undergo the following endurance tests:

a)

b)

nprmal test

200 h for pumps used for military applications and 3 500 h feE-pumps used for

N oL =

Ibclauses;
operload test

00 h for pumps used for military applications¢cand 500 h for pumps used for

O O

hlibrations, the stop start cycles, thermal cyclés and thermal shock test.

commercial

bplications, consisting of the nine phases specified in Table¢6“in the order listed, plus two
hlibrations, the stop-start cycles, filter checks and air ingestien‘eycles as specified in the following

commercial

pbplications, consisting of the four phases specified in Table 7 in the order listeéd, plus two
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