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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.
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Aerospace series — AC induction electric motor
driven, variable delivery, hydraulic pumps — General

requirements

1 Scope

This|document establishes the general requirements for electric motor driven, variable delivery,
hydrpulic pumps suitable for use in aircraft hydraulic systems.

This|document includes the general requirements for Alternating Current (AC) induction elgctric motor
powe¢red units. The AC power electrical power supply can be either controlled to provid¢ a Constant
Frequency (CF) or uncontrolled to provide a Variable Frequency (VF) AC supply to the electric motor.
This|document is intended to be used in conjunction with the detail spegification that is particular to
eachfapplication.

2

The
cons
undg

ISO 4
ISO 2
[SO 2
ISO 3

I1SO 3
desig

ISO 4
ISO 7}
ISO 7}
ISO 8

Normative references

following documents are referred to in the text incstich a way that some or all of t
Fitutes requirements of this document. For dated-references, only the edition cited
ted references, the latest edition of the referenced*document (including any amendme

093, Electroplated coatings of tin — Specification and test methods

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

671, Environmental tests for aircraftequipment — Part 3.4: Acoustic vibration

323, Aircraft — Hydraulic components — Marking to indicate fluid for which component

601-1:2012, Fluid power systems — O-rings — Part 1: Inside diameters, cross-sections, to
nation codes

771, Aerospace —Fluid systems and components — Pressure and temperature classifica
137, Aircraft~~Environmental conditions and test procedures for airborne equipment
320, Aerospace — Couplings, threaded and sealed, for fluid systems — Dimensions

078, Aerospace process — Anodic treatment of aluminium alloys — Sulfuric acid process, unj

ISO 8

heir content
applies. For
hts) applies.

is approved

lerances and

tions

dyed coating

079, Aprncpnr'p process — Anaodic treatment nfnluminium allays — ﬂ'ulfurir' acid process,

dyed coating

ISO 8081, Aerospace process — Chemical conversion coating for aluminium alloys — General purpose

[SO 8278, Aerospace series — Hydraulic, pressure compensated, variable delivery pumps — General
requirements

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 11218:1993, 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, and
ISO 8625-3 and the following apply.

NOTE

See ISO 8278 for terms and definitions that relate to the variable delivery hydraulic pump.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

IEC Eled

ISO Onl
3.1

electric motor driven variable delivery, hydraulic pump

EMP
hydraulic py
system (or §

Note 1 to ent

as the p
continud
landing;

as a bacH

tropedia: avallable at http://www.electropedia.org/

ne browsing platform: available at http://www.iso.org/obp

hmp driven by an electric motor that is able to supply hydraulic_power to the hydr
ub-system) to meet a variety of functions within the aircraft system

'y: Examples of these functions are listed below:
rimary power source for the hydraulic system to supply fluidas demanded by the system, §

usly operating or switched on for particular phases of theaircraft operation e.g. for take-of

-up source when the primary source has failed; and

as a pow
ground

Note 2 to e
including the

3.2
purchaser

organization that has the engineering.responsibility for the hydraulic system that includes the pui

Note 1 to en
hydraulic sy

Note 2 to ent

3.3
detail spec
document c

|

ry: To operate the EMP, the electrical supply may be derived from various electrical sorces,

er source to be used when the aircraft is on the>ground to operate various utility functions
aintenance purposes.

main engine driven generators, auxilidry power unit driven generators, or ground cart gener3

try: Typically, the pukchaser is an aircraft manufacturer, an equipment manufacturer thg
tem responsibility er’@modification centre.

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

fication
mpiled by the purchaser that specifies:

aulic

bither
f and

br for

tors.

—

p

t has

technic

reliabili

packagi

| 3 rs
T Cblull CIIITTIILS,

acceptance and qualification test requirements;

ty requirements;

quality requirements;

ng requirements; and

other requirements.
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supplier
organization that provides the EMP

Note 1 to entry: Typically, the purchaser is the manufacturer of the EMP 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

3.6

3.6.1
rate
maxi

Note
3.6.2
mini
mini
Note

Note

3.7

3.7.1
desi{

oColve

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

L seal port
that routes any shaft seal leakage from the pump to an overboard drain, collector tanK

Temperature terms

1 temperature
mum continuous temperature of the fluid-to be supplied at the supply port of the pum

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

mum continuous temperature
mum temperature of the fluidt at the supply port of the pump at which the pump is ablg

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

P to entry: This teniperature is generally higher than the survival temperature.

Pressure_ terms

bn gperating pressure

nornlnal maximum steady pressure

etc.

to function

Note 1 to entry: Excluded are reasonable tolerances, transient pressure effects such as may arise from:

— pressure ripple;

— reactions to system functioning; and

— demands that may affect fatigue.

© ISO

2017 - All rights reserved
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3.7.2 Inlet pressure

3.7.2.1

rated inlet pressure
minimum pressure measured at the inlet port of the EMP at which the pump is required to provide
performance without any degradation, with all other parameters at their rated values, except for the
fluid temperature, which is the minimum continuous temperature

3.7.2.2

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

3.7.2.3

minimum i
lowest pum
EMP might |
flow transie

Note 1 to ent
in discharge

3.7.3
discharge
maximum p
— rated sy

rated su

rated fly

rated cg
zero flo

using th

Note 1 to ent
example, the

ressure against which the EMP is required to operate cortinuously at:

rated inllet pressure;

nlet pressure
b inlet port pressure, specified by the purchaser, for which the supplier ensures tha
be required to operate without cavitation during a system failure or during\a-system
nt condition

Fy: For the purposes of this document, cavitation is assumed to occur whenthere is a 2 % redy
low with reducing inlet pressure.

ressure

pply voltage;

pply frequency;

hid temperature;

se drain pressure;
v; and
e hydraulic fluid specified in the detail specification.

ry: The diagram in Figure 1 is given as an indication. It may be presented in a different w3
xes may be reversed:

t the
high-

ction

y, for

© ISO 2017 - All rights reserved
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D
X

Key
1 differential pressure type pump characteristics A rated pressure
2 donstant pressure type pump characteristics B minimumflow at maximum pressure p
3 donstant pressure type pump characteristics B* cut-off préssure for constant pressure
4  donstant power type pump characteristics C fullflow at minimum pressure point
5 ipcreasing power and weight D maximum flow point

X&> flow in 1/min

Y pressure in kPa

3.7.3
max

maxi
discH

3.7.3.

max
peak
cycli

3.7.3.

pres
oscil

Figure 1'=— Discharge pressure

1

imum full-flow pressure
mum discharge pressure¢ at which the EMP pump control will not be acting to r¢
arge, at rated temperatupe, rated speed, rated inlet and case drain pressure

2

imum EMP discharge transient pressure
value of the discharge pressure recorded during a discrete transient event (normally {
hg from full-flow pressure to rated pressure (zero flow))

3
sure pulsations
atigns of the EMP pump discharge pressure, occurring during nominally steady operatin

bint

ump

educe pump

ound whilst

b conditions,

ataf

EqUency equat to the number of pistons times the drive shaftspeed, or a muttipie there

of

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.

3.7.4 Case drain pressure

3.7.4

a

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

© ISO

2017 - All rights reserved
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rated case drain pressure
nominal pressure at which the EMP case is required to operate continuously in the system

3.7.4.3

maximum transient case drain pressure

maximum p

3.8

ressure peak that can be imposed by the hydraulic system on the EMP case drain port

rated discharge flow
flow rate measured at the EMP delivery port under conditions of:

— rated sy
— rated sy

— rated fIy

— rated inllet pressure;

— rated cg
— maximy
— using tH
Note 1 to ent

39

rated displ
maximum t
full stroke

Note 1 to en

without allowing for the effects of:

— permiss

— distortidns of the pump structure;

— the compressibility of the hydraulic fluid;

— internal
— tempera
Note 2 to ent

3.10

pply voltage;

pply frequency;

1id temperature;

se drain pressure;
m full-flow pressure; and
e hydraulic fluid specified in the detail specification.

'y: The flow shall be measured in the compressed state.

hcement
heoretical volume of fluid generated by ofié revolution of the EMP pump drive shg

'ry: The rated displacement shall be calculated from the geometrical configuration of the f

ble manufacturing tolerances;

leakage; and

kure.

"y: Therated displacement is used to indicate the size of the pump rather than its performancg.

1ft at

ump,

rated speed

maximum speed at which the EMP pump will operate at based on:

— maximum AC supply frequency;

— rated voltage.

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 EMP delivery pressure begins
and the subsequent time when the delivery pressure reaches its first maximum (or minimum) value,

when conne

cted to a specified circuit

© ISO 2017 - All rights reserved
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3.12

stability

freedom from persistent or quasi-persistent oscillation or “hunting” of the EMP (cyclic variations in
pressure) at any frequency that can be traced to the delivery control mechanism, within stated limits in
the detail specification

3.13 Electrical terms

3.13.1

nominal electric supply condition
nominal system voltage and frequency without consideration of any distribution drop or cable
impedance

3.13)2
starfing in-rush current
RMS|value of the current ignoring any initial half cycle transient effects

3.13{3
voltage drop
reduftion in voltage across a given wire length for each phase of an AC\electrical supply

3.14
EMP|overall efficiency
ratio| of the EMP pump output fluid power to the EMP electric motor input electrical powger when the
EMP|is operating at rated conditions or any other operating conditions if so specified in the detail
specification. It is derived from the following formula:

EMP overall effiency (%) = [(APp X Qp)/(V X L\c6s ¢)] x 100 @8]

where

AP, differential pressure betweenthe EMP pump delivery and inlet ports (kPa);
Qp EMP pump delivery flow (}/min);

4 supply Voltage (volts}for AC volts the Root Mean Square (RMS) value shall be used;

) supply Currentfamps) for AC current the Root Mean Square (RMS) value shall be used;

p phase angle-between voltage and current

Note|1 to entry:\Fhis equation ignores compressibility effects. If this equation is to be used, the flow rate
measurementshould be made on the compressed flow stream.

Note 2 telentry: For a three-phase AC supply, the power should be derived from the summation ¢f the powers
for egch-phase, i.e. Vala+VpIp+Vclc multiplied by the power factor (cos ¢). For a balanced supply, the input power
equatesto (3 X Va X 14 COS OJ-

3.15

rated endurance

total number of hours and cycles of operation to be included in the endurance phase of its
qualification testing

3.16

first article inspection
FAI

process that conducts:

— verifies that the parts of a component comply with the drawings;

— verifies that the manufacturing processes have been compiled and are adhered to;

© IS0 2017 - All rights reserved 7
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that the assembly processes have been compiled and are adhered to; and

the results of the test are in agreement with the test requirements

4

General requirements

4.1 Order of precedence

verifies that the acceptance test of the component is in accordance with the test procedure, and that

The detail specification shall take precedence in the case of a conflict between the requirements of this

document a

4.2 Elect

The detail

abnormal o
deviation fn
between th
aircraft feed

4.3 Hydr

The detail s
be used in o

The detail sj
be used. Thi
for the folloy

normal

rated te

4.4 Airwg
The EMP sh

4.5 Qualj

EMPs furnis
in the detail

Nd the detall Speclrication.

rical system characteristics

specification shall define the range of electrical supply characteristicspfor normal
peration. This shall include any of the normal faults such as power‘interruption.
om the nominal performance due to variations in the electrical supply shall be ag

er cables shall be considered as part of the electrical supply.

hulic system characteristics

pecification shall include the characteristics of the hydraulic system in which the EMP
rder to assist in the integration of the EMP into the hydraulic system.

pecification shall include the characteristics of the hydraulic system in which the pump
s shall include the flow versus pressure curyes for the inlet, discharge and case drain
ving hydraulic fluid temperatures:

operating temperature;

mperature; and

minimujm continuous temperature:

prthiness requirements

h1l comply with the.applicable airworthiness requirements.

fication

hed under'this document shall be products that have passed the qualification tests speg
specification.

and
Any
reed

e supplier and the purchaser as early as possible in the design gphase. The effect f the

is to

is to
lines

ified

5 Functi

onal requirements

5.1 Functional requirements - electrical

5.1.1 AC power requirements

5.1.1.1 General

The power supply should be compliant with the specifications provided in ISO 1540. Any non-
compliance should be defined in the detail specification.

© ISO 2017 - All rights reserved
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5.1.1.2 Rated voltage

The detail specification shall define the rated voltage at the point of regulation (POR), taking into
consideration all potential sources of power that will be applied to the EMP. The rated voltage shall be
defined at the interface with the EMP, i.e. at the electrical connector. The rated voltage range shall be
defined under normal operating conditions and the minimum shall be defined for start-up.

The rated voltage at the POR shall be defined and will typically be a nominal value of either 115 or
230 V AC per phase (single or three phases). The voltage drop between the POR and the electrical
motor connector shall be defined in the detail specification to allow for reduction in voltage under all
operating conditions. The voltage drop and the phase shift between the rated voltage and the current
that ecification.
Alter

rsimtroducedbetweenmrthe PORamd-motor conmector shatt bedefimed-imrthedetaits
natively, the feeder cable impedance should be defined in the detail specification.

The
avail
mate

boltage drop in the return path should be taken into consideration when determinin}El
able to run the electric motor, particularly for those aircraft that are manufac¢tured fro
rials.

the power
composite

5.1.1.3 Rated AC frequency

5.1.1.3.1 Constant AC frequency supply

The
of p(
freq
appl
5.1.1
The
of p(
pPOWE
mini
Hz m

5.1.1

5.1.1
The ¢

condjiitions andJJunormal temperature conditions (+20 °C) shall be specified in the detail sp

For V
The

lillcation should specify the actual application range.

letail specification shall define the rated frequency takinginto consideration all poter
wer that will be applied to the EMP. Typically, a constant frequency supply will n
ency within the range from 385 Hz to 415 Hz with-a nominal value of 400 Hz. Hg

.3.2 Variable AC frequency supply

letail specification shall define the ratedfrequency taking into consideration all poter]
wer that will be applied to the EMR._The frequency range for engine driven gener
r sources will be dependent on the.ehgine speed range for each application; the ratio
mum and maximum frequencies.may exceed 2:1. Typically, the frequency range lies 4
in to 800 Hz max.

4 Input current
4.1 Rated input<current

lectrical curpernt supplied to the motor in steady state when operating at nominal elec

F systems, a specific frequency or frequency points should be specified.

itial sources
haintain the
wever, each

itial sources
htor derived
between the
etween 360

rical supply
ecification.

maximum electrical current supplied to the equipment in steady state at full out

but shall be

spec

fied in the detail specification at the minimum ambient and fluid operating temperatures.

The maximum electrical current at maximum ambient and fluid temperatures should also be specified;
typically, these are 70 °C and 107 °C. A de-rated performance at extreme temperatures should be
provided in the detail specification.

The power factor of the EMP shall be specified in the detail specification with the relevant operating
conditions, for example, during the EMP start up and when running in steady state conditions at
full power.

5.1.1.4.2 Starting (in-rush) current

The starting in-rush current of the EMP, whatever the voltage at the POR and considering the voltage
drop between POR and EMP terminals shall be defined in the detail specification.
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The starting in-rush current of the EMP should be provided for the extreme ambient and fluid
temperatures in addition to the 20 °C condition.

The characteristics of the electrical protection devices, e.g. Remote Controlled Circuit Breaker (RCCB),
shall be specified in the detail specification. The EMP shall comply with the electrical protection device
characteristics to meet nominal running steady state within a time defined in the detail specification. Any
protection device shall not trip under worst case combinations of conditions during start-up of the EMP.

The nominal rating of the protective device should generally exceed the maximum continuous ACMP
current by at least 20 %.

5.1.2 Ele¢

The EMC/E
included in {
there is suff

5.1.3 Ele(

5.1.3.1 Gg¢

The bonding
be provided

A wired con

(case bonding) for bench testing. This connection should not b&made when the EMP is installed o

aircraft.
The bondin

between thd

5.13.2 1

u
The minim:[n insulation resistance shallibé specified in the detail specification. Typically, the insul

resistance s
EMP case.

The dwell t
(23 +5)°C.

5.1.3.3 Di

The dielecty
the electricd

tromagnetic iterierence

MI requirements shall be specified in the detail specification. Where compénent
he unit to assist with EMC/EMI requirements, consideration shall be given to-ensuring
cient rating/de-rating of the components to ensure their compatibility with’the threat

trical bonding

tneral

b requirements shall be specified in the detail specification~A bonding dedicated area
on the unit in order to make the connection to the aircraft structure.

nection shall be provided between the EMP case housing and a pin in the electric conn

b resistance between any point of the EMP.ahd the dedicated bonding area and any
EMP case and the connector bonding pjn shall be specified by the purchaser.

lation resistance

hall be at least 100 MQ measured with a voltage of 500 VDC between each circuit an

me for the test shpuld be 1 min and the test should be carried out at room temper:

electric strength

ic strength shall be specified in the detail specification. Typically, the electrical circ
1l unit’shall be capable of withstanding an insulation breakdown test without damagyg

b are
that
evel.

shall

pctor
n the

boint

htion
d the

hiture

1it of
P at a

voltage of:

— [(2xPh

ase Voltage) + 1 000 VJ;

1 250 VAC, 50 Hz for a system operating with a nominal supply voltage of 115 VAC per phase.

The test should be carried out at room temperature.

1 500 VAC, 50 Hz for a system operating with a nominal supply voltage of 230 VAC per phase; and

The ramp rate for application of these voltages should not exceed 500 V/s and the dwell time at the final
voltage should be 1 min. The leakage current observed should be specified by the purchaser (values
between 2 mA and 20 mA may be specified depending on size and other considerations).

Any subsequent tests should be carried out at 80 % of the stated voltage.

10
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5.1.4 Protection requirements

5.1.4.1 Self-protection from electrical failures

The EMP motor shall be designed such that means are provided to prevent secondary failures occurring
as aresult of an internal electrical failure.

Typical examples are:

— limiting motor surface temperature to below 204 °C in the event of a locked rotor self-protection
(i-e.is achieved when conducting the locked rotor test); and

— ¢xplosion proofness test and any other electrical failure mode tests as may be definéd by the detail
pecification.

This|may necessitate devices that can detect failure modes as defined in the detail specification and
if the failure modes can result in a fire hazard, then means to isolate the EMP'shall be pr¢vided. Such
equipment shall be considered as a part of the EMP sub-system and shalkbé subjected [fo the same
acceptance and qualification tests as defined within this document.

Consjideration shall be given to the reliability of any safety features{protection to determfine whether
the EMP is required to protect itself (i.e. without the safety features present) in the eyent of such
faultp. The safety features may be part of the EMP itself or as-part of a system. The level of inherent
safetly/protection in the EMP shall be agreed with the purchaseras early as possible in the design phase.

5.1.4.2 Thermal protection

The temperature of cables, pins, crimped connections;etc. shall remain below a safe limit under normal
operpting conditions. External surfaces shall besbelow 204 °C. Internal surfaces may b¢ above this
temperature if they are within the containment\envelope of explosion proof motors.

Protection shall be provided such that when the motor is in the locked rotor condition arnjd at voltage
and the frequency (or frequency range)-specified in the detail specification is applied cpntinuously,
the durrent of all three phases shall be limited to a specified value without causing a fire jhazard. The
proté¢ctive system shall not be automatically reset and both the motor and the protectoi] system are
cons|dered expended after ongoperation.

5.1.4.3 Short circuit protéction

Unless stated otherwise in the detail specification, the EMP shall fully contain any arcs/sparks or flames
and the externalsurfaces of the EMP shall not exceed 204 °C in the event of a short circdit occurring
withfn the motor:

The fault current capability of the electrical system shall be stated in the detail specificatign.

5.1.3 “Electric motor cooling methods

Cooling may be achieved by different methods including:

a) Indirect hydraulic fluid cooling whereby both the stator and rotor are cooled using the hydraulic
fluid, but the fluid passes through a jacketed housing and through the shaft without coming in
direct contact with the rotor or stator windings. This is a totally enclosed design.

b) Direct hydraulic fluid cooling whereby the rotor and stator are immersed in hydraulic fluid to
provide the cooling. This is a totally enclosed design.

c¢) A combination of air and hydraulic fluid cooling whereby the air cools the stator utilizing an
integrated fan to force the airflow on the outside of the stator housing and the hydraulic fluid cools
the rotor via the shaft. This is a totally enclosed design.
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The maximum heat rejection and the means of cooling the electric motor shall be agreed between the
purchaser and the supplier.

5.2 Functional requirements — Hydraulic

5.2.1 Hydraulic fluid

The detail specification shall state the applicable hydraulic fluid.

5.2.2 EMP pump pressure

5.2.21 thed discharge pressure

The design|of the pump shall be such as to maintain rated discharge pressure at(the” following
combination} and range of conditions:

— from 3(Q °C to rated temperature;

— from 50 % to 125 % of rated speed (pump only);

— within yoltage and frequency range specified in the detail specification;’and
— atrated|inlet pressure.

The value of the rated discharge pressure shall be stated in the‘detail specification and shall be gne of
the followinlg values of rated discharge pressure listed in TableZl (derived from ISO 6771):

Table 1 — Rated discharge pressure

Pressure Metric system Imperial system
class kPa basic psi basic

A 4.000 600

B 10 500 1500
C 16 000 2500
D 21000 3000
E 28000 4000
J 35000 5000

The maximym and mihimum tolerance of the rated discharge pressure shall be specified in the detail
specificatiof: The permissible tolerance range shall be doubled in each direction for fluid temperatures
below 30 °Clorpump speeds from 25 % to 50 % of rated speed.

5.2.2.2 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 — for a
“constant power” pump characteristic; this is defined as point B (Figure 1).

5.2.2.3 Pressure pulsations

The detail specification shall state the electrical input frequency range over which the pulsation levels
are to be defined.
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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 14.2.8.5.

5.2.3 Inlet pressure

5.2.3.1 General

The inlet pressure shall be measured at the inlet port of the EMP pump in a manner that indicates the
static head.

5.2.3

The
abso

5.2.3

.2 Rated inlet pressure

detail specification shall state the value of rated inlet pressure, which shall be in
ute.

.3 Minimum inlet pressure

The dletail specification shall state:

The |

ipplies during a short-term high flow condition or during.a steady state failure case;
he associated minimum hydraulic fluid temperaturé;;and
iny allowable performance degradation when the pump operation is at the minimum in

purchaser shall specify the inlet conditions that will exist at the pump inlet including t

of thee circuit impedance for the pump inlet and discharge piping system and/or a compl

desc
the p

5.2.3

fiption of the circuit. This is to enable the’supplier to conduct a dynamic flow analysis 4
ump operation at the minimum inlet pressure.

.4 Maximum inlet pressure

The gletail specification shall-state the value of the maximum steady state inlet pressure, w

in kP

5.2

5.2.4

The
shall

a (or psi) absolute.
Case drain pressures

.1 EMP pump rated case drain pressure

letail.Specification shall state the value of the rated case drain pressure for the pump|
be‘in kPa (or psi).

kPa (or psi)

he value of the minimum inlet pressure, which shall be imkPa (or psi) absolute, angl whether it

et pressure.

e provision
ete physical
0 determine

hich shall be

case, which

5.2.4.2 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).

5.2.4.3 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).

© ISO
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5.2.5 Flows

5.2.5.1 Pump discharge flow

5.2.5.1.1 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; this is defined as points C and D (see

Figure 1) sh

5.2.5.1.2

If required i

all be specified.

fero pump detivery flow

y the application, the EMP shall be capable of running continuously at zero flow.

5.2.5.2 Puymp case flow

The detail s
case drain f
stated maxi

The pump (
conditions:

— rated di
rated te
any disq

agiven

The minimym and maximum case drain flow-shall be stated at conditions specified in the d

specificatio}

If the case
minimum cd

5.2.5.3 Sh
The detail s

pecification shall state that the EMP pump shall be capable of producingatleast a mini
ow to limit the differential temperature between the inlet port and the case drain por
mum value.

ase flow rate [which shall be in I/min (or gpm)] shall be¢specified under the follo

scharge pressure (minimum attainable steady-state flow);
mperature;
harge flow demand between 5 % and 100 % df‘rated flow; and

maximum differential pressure between.case pressure and inlet pressure.

1.

Arain flow is routed to a system heat exchanger, the detail specification shall stat
se flow.

aft seal leakage flow

pecification shall’state the value of the maximum dynamic shaft seal leakage (which
min) at the following conditions:

1d:

pumpfilled with fluid, but un-pressurized;

muim
ttoa

wing

etail

b the

shall

be in drops
a) Newbu
— the
— wh

L £ 4 £ i L 4+ 4 £ A
1T DUUJCLL U }Jl UVUl lJl cCoourtT at dIiiriuiItTilit LCllllJCl dlul e, diiu

— when the pump is supplying rated discharge flow.

b) Qualific

ove

14

ation testing:

r the expanded test envelope;

at the completion of the endurance test;
when subject to proof pressure at rated temperature; and

when subject to burst pressure at rated temperature.
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5.2.5.4 External leakage

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

5.2.6 EMP pump characteristics

5.2.6.1 Displacement

The rated displacement shall be calculated from the nominal theoretical displacement of the pump,
without allowing for the effects of:

— permissible manufacturing tolerances;
— (dlistortions of the pump structure;

— thhe compressibility of the hydraulic fluid;
— internal leakage; and

— flemperature.

The rated displacement is used to indicate the size of the pump rather than its performancg.

5.2.4.2 Pressure versus flow characteristics

The fletail specification shall define the pressure versus flow characteristics, examples of which are
shown in Figure 1.

5.2.7 Rated speed

The [rated speed is determined by the ‘supplier to achieve rated flow demand. Considgration shall
be glven to the range of electrical supply in terms of AC frequency and voltage and pump torque
requjrements that would affect motor’ speed when determining the rated speed to achieye the rated
flow|requirement.

The fpeed is determined by the design of the electric motor (number of poles) and is rdlated to the
supply frequency by Formula {2).

N =120xF/P (2)

wherte

r frequency (Hz);

P number of poles;

N synchronous speed (rev per min).

This equation defines the synchronous speed; the actual speed has to take slip into consideration,
which is defined as follows:

Slip (%) = [1 - (actual speed / synchronous speed)] x 100
NOTE As anindication, the maximum recommended speeds for the pump design are given in the nomographs
in Figure 2 a) and b). If the speeds are kept well below those indicated by the curves, the operating life can be

improved. However, several system factors such as case drain pressure, fluid temperature, duty cycle, fluid
contamination, expected life, envelope, weight, etc. will also influence the operating life.
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Figure2:— Nomographs of maximum recommended values for rated speeds against pump
displacement

5.2.8 Efficiency

5.2.8.1 General

The efficiency of the EMP is generally expressed as a percentage.
It should be determined at

— normal operating conditions; and

— extreme temperature and power supply conditions.

The latter efficiency requirements should take into account any de-rating factors for operating the EMP
under these conditions.
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5.2.8.2 Overall efficiency

The detail specification shall state the following efficiency values:

— the minimum overall efficiency of the EMP motor and pump when new; and

— theminimum overall efficiency of the EMP pump after endurance testing, this value being considered

in objec

tive.

When calculating the input and output power from the flow rate and pressure change, only the net
differential pressure between the inlet and outlet ports of the pump shall be used. The flow rate may
be measured downstream of a throttling valve that is used to control the delivery flow of the pump,

provided th

5.2.9 Hed

Heat rejecti
determine
specificatio}

5.2.10 Var

5.2.10.1 Gg¢

The pump 9
the pump fi
pressure is |

5.2.10.2 Adjustment

Means shall
delivery pr¢
300 kPa (45
pressure.

The adjustmpent device shall be capable of being securely locked and it shall be possible to carr

adjustment
be fitted in
negligible lo

For variablg
at the nom
specificatio}

For motor p

ht the efficiency calculations compensate for fluid compressibility.

t rejection

on is determined by subtracting the power out from the power in. The ‘supplier
vhat proportion of the heat is rejected to the fluid at the conditions speg¢ified in the
1. Refer to 5.1.5 for a more detailed explanation of cooling the electric' motor pumps.

able delivery control

tneral

hall incorporate means to control the delivery which)shall act to increase the delive
om zero to its maximum full-flow value for any given operating speed, as the disc}
‘educed from rated discharge pressure to maximuin full-flow pressure and vice versa.

be provided to adjust the delivery control mechanism to cause zero flow to occur at 1
ssure. This adjustment shall, prefefably, be continuous, but it may be in steps of less
psi) of the rated delivery presstire’ over a minimum range from 2 % of the rated del

hnd locking using only. standard hand tools. Where practicable, the adjustment device
buch a way that adjustments can be made while operating under full system pressure
ss of fluid.

nal speed, ‘and/or electrical supply conditions, unless otherwise specified in the d
.

Lmps that have a “constant” power or power limiter characteristic, there is no require

shall
etail

ry of
arge

rated
than
very

y out
shall
with

speed motor-pumps, the adjustment of the delivery control mechanism shall be made

etail

ment

to make thig

feature adjustable from the exterior of the unit.

5.2.10.3 Response time

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

atrated

18

operating at rated inlet temperature;

flow; and

in a circuit, with the system impedance defined in 14.2.8.2.2.
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In Figures 3 and 4, the time intervals ¢1 and ¢t are the response times of the pump as a function of the
system impedance.

The pump discharge pressure shall be stabilized within 2 % of the rated discharge pressure after a
decreasing flow transient (at the end of 1 s after the initiation of the transient flow demand).

The detail specification may state the minimum and maximum response time for the pump to decrease
the flow from full-flow to zero (t1), and a separate minimum and maximum response time for the pump
to increase the flow from zero to full-flow (t2).

For EMP designs that incorporate a “constant” power control, or similar, the response time shall be
perf rmed from the maximum flow where the pump is operating in the “flat cut-off” regio

<1s

N

I
VAV

Key

1 aximum transient pressure (5.2.10.5)

2 I:aximum full-flow pressure (5.2.2.2)

3 1ated discharge pressure (5.2.2.1)

4 3llowable discharge pressure pulsations (5.2.2.3)
5 1jate of pressure rise (dP/dT)

Figure 3 — Typical variation of pressure against time — Transient from maximum| full-flow
pressure to rated discharge pressure (zero flow)
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minimur
rated dis

allowabl
90 % ma

Ul s W N =

h transient pressure (5.2.10.5)
charge pressure (5.2.2.1)

maximuimn full-flow pressure (5.2.2.2)

e discharge pressure pulsations (5.2.2.3)
ximum full-flow pressure (14.2.8.4)

Figure ## — Typical variation of pressure against tinte'— Transient from rated dischargg

5.2.10.4 St
The oscillog]

All EMPs sh
in 5.2.2.3) W
following cd

— undera
— atanyf

after a

When requi
to permit f{

pressure to maximum full-flow-pressure (full flow)

ability
raphic trace of discharge pressureagainst time shall be used as the criterion of stabili

hll recover steady-state operation (other than permissible pressure pulsations as speq
rithin not more than 1 s,after the initial response to that change in flow demand, undg
nditions:

hy operating conditien within the limits stated in the detail specification;
ow rate greaterthan 50 % of the rated discharge flow rate; and
hange in'the flow demand.

redby’the purchaser, the supplier shall provide adequate EMP pump and motor param
he- system designer to integrate the EMP dynamic performance into the com|

\14

LY.
ified
r the

eters
|plete

EMP/electri

cal anmd hydrautic systents amatysis.

5.2.10.5 Maximum transient pressure

The value of the maximum transient pressure, as determined by the transient pressure test specified in
14.2.8.3, shall not exceed:

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

125 % of the rated discharge pressure, or

— the maximum pressure as specified in the detail specification.

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

For EMP designs that incorporate a constant horsepower control, or similar, the maximum transient
pressure test shall be performed from the full flow condition (lower pressure) and from the maximum

flow

where the pump is operating in the “flat cut-off” region.

5.2.11 Rated temperature

ISO 8625-3 provides the requirements for temperature classification (type I, type II or type III) if the

EMP

is to be used in a military aircraft or helicopter.

If the
temp

5.2.1

The ]
inlet
min,
the e

acceptable, e.g. discoloration of mating surfaces or insulation which‘'would indicate operation

temp
This
even

5.3

5.3.1

If red
spec

Whe
spec
strug

5.3.2

The
if the
14.2.

application is for a commercial aircraft or helicopter, the detail specification shall stz
erature.

2 Dryrunning

KMP shall be capable of meeting the ATP requirements after 10 min of continuous opera
flow. The test shall be to operate the pump normally and close avalve on the inlet Ii
the valve shall be re-opened while the pump is still operating. During the test, the temn]
xterior surface of the EMP shall not exceed 204 °C. Minor internal damage of the pumy

eratures. However, no repair shall be necessary to meet the\ATP subsequent to a dry ru

requirement is to cater for a single event system failure. The EMP shall not be subje
[ in normal operation in the aircraft system, even for short periods of time.

Functional requirements — EMP integrated assembly

Acoustic noise level
juired, the EMP shall have a maxjmum acoustic noise level at rated operating condition|

fication shall state its value together with the measuring procedure, when applicable.

fied in 14.2.8.2.3. To the-éxtent possible, acoustic noise contributions from other
tural members attachedto or in the vicinity of the EMP shall be accounted for separat

Endurance

letail specification should specify the duration and the conditions of the endurance te
y are not specified in the detail specification, then the endurance test shall be in acco
12.

te the rated

tion without
ne. After 10
perature on

or motor is
at excessive
n test.

cted to this

s. The detail

h conducting the acoustie-noise test, the hydraulic test rig shall have the circuit impedance as

hydraulic or
ely.

st. However,
rdance with

5.4

Environmental rpqnirpm ents

The detail specification shall state the environmental and operating conditions to which the EMPs are

expo

sed, based on the following criteria:

a) Temperature and altitude (in accordance with ISO 7137);

b) Humidity (in accordance with ISO 7137);

‘)
d)
e)
)

© ISO

Fluids susceptibility (in accordance with ISO 7137);
Operational Shocks (in accordance with [SO 7137);
Vibration (in accordance with ISO 7137);

Acoustic vibration (in accordance with ISO 2671);
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Steady-state acceleration (in accordance with ISO 2669);
Resistance to fungus and mould (in accordance with ISO 7137);
Salt spray (in accordance with ISO 7137);

Water resistance (in accordance with ISO 7137);

Sand and dust (in accordance with ISO 7137);

Shock (in accordance with ISO 7137);

Ice form

Explosi

6 Detail

e La | Ly . T el 2437 |
dliull (urdetorudiitc witilriov 7107 J, dllu

bn proof (in accordance with ISO 7137).

pd design requirements

6.1 Dimensionally critical components

Parts shall i

— they arg

nclude mechanical means to prevent them from being installed thcorrectly if:

likely to cause incorrect operation;

— they canp cause damage if the installation direction is reversedyand

— they arg

6.2 Main

In addition
be physicall

All wear sur
Connections
The design

The design
overhaul an

6.3 Seals

Static and d

incorrectly located on assembly.

fainability features

o the requirements of 6.1, componentscthat are not functionally interchangeable sha
y interchangeable.

faces shall be replaceable or repairable.
, mounting and wiring prowvisions shall be designed to prevent incorrect coupling.
hall permit the line replacément of the EMP or a module of the EMP using standard tools

bhall be such that.special or unique equipment is kept to a strict minimum for shop rq
 maintenance chécks.

ynamic seals shall be in accordance with 1SO 3601-1:2012, series A. Non-standard §

necessary t

i

demonstrate compliance with the requirements of this document, may be used subjsg

the approvalofthe purchaser

]l not

only.

pair,

eals,
ctto

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 EMP shall be self-lubricated, with no provision for lubrication apart from the circulating
hydraulic fluid.

22
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Balance

The individual rotating parts of the EMP shall be inherently balanced about their own primary
operating axis. The EMP 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 over-speed condition.

6.6

Self-contained failure

The

over
No g
leaka

6.7

A mqg
with

Lead|

6.8

The |
shall

6.9

6.9.1

A na
shall
the c

EMP shall be designed to completely contain all internal parts in the event of a failu
speed condition. The maximum overspeed conditions shall be specified in the detail s
ss of fluid from the EMP shall occur as a result of the failure, other than the external ai
iges specified in the detail specification.

Safety wire sealing

nufacturer’s non-metallic seal of guarantee shall be used to indicate/if the EMP has beg
internally.

Ltype safety wire sealing shall not be used.

Electro-conductive bonding

MP shall have a facility to enable it to be effectivély bonded to the airframe. The detail
state the bonding requirements.

Marking

Nameplate

meplate shall be securely attached to the EMP. The information marked in the spad
be as recommended in the format given in Figure 5. Additional information may be
ustomer and shall be defined in the detail specification, for example, modification stat

re due to an
pecification.
nd shaft seal

en tampered

pecification

es provided
required by
us.

AC Electric motor driven, variable delivery hydraulic pump

NamE Of MANUFACIUIET: .......uuuieiiiii e e e eass e s ssasseesessseeesssnseesnsssneensan
1Y =Y 110 2= Lo (1] (=T oo Yo [ SRS
Manufacturer's part NUMDET: ... ... e e
STy E= TN 1000l o=

Eluid:

© ISO

Pump displacement: ... e

= T =T LY 1A
L T =Y I o] =TT |
Rated VOIAGE: ... e e e e e e e e nnneenn
LT 0[BT oo TSRS

Figure 5 — Nameplate format
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If the purchaser requires the nameplate to be readable when the equipment is installed, it is the
purchaser’s responsibility to indicate the required position of the nameplate as early as possible in the

design phase.

6.9.2 Flui

d identification

The fluid for which the EMP is approved for use shall be identified in accordance with ISO 3323.

6.9.3 Ports

Each port, i

ncluding the case drain port, and seal drain port shall be clearly and indelibly marked on

each EMP.

6.9.4 Dirg

The directid
of the EMP,

6.9.5 Eled

Details of th

the EMP to bbe correctly connected to the aircraft and test benches, and to assist in troubleshootin

In addition,

7 Streng

7.1 Gene

The strengt

7.2 Elect

7.2.1 Motor case

7.2.1.1

If the EMP
detail specif
to be applie
addition, thg

Infternal pressure du@ to cooling fluid

pction of rotation

n of rotation of the pump shall be clearly and permanently marked on an'exposed su
n either the pump or motor housing.

trical connection details

e pin connections shall be provided on the EMP adjacent to the‘electrical connectors to e}
the electrical connection point shall state the phase identification.

th requirements

ral

ric motor

1ses the hydraulic system fluid as the cooling medium for the electrical motor, the
ication forthe EMP shall state the design operating pressure for the motor case. The fa
1 for theppoof and ultimate pressures shall be as defined in 7.3.2 and 7.3.3, respective
e pressure impulse requirements as detailed in 7.3.4 shall be considered for the motor

7212 M

rface

nable

D
D

h requirements shall be maintained oyver the entire ambient and fluid temperature range.

h the
ctors
ly. In
case.

chanical strength

The motor case shall prevent the non-containment of any electric motor parts in the event of faults
occurring such as the motor over speeding, which could cause the parts to fail.

7.3 Hydraulic pump requirements

7.3.1 Pressure loads

The detail specification for the EMP shall state the design operating pressure for the inlet, delivery and

case drain p
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arts of the EMP pump.
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7.3.2 Proof pressure

7.3.2.1 General

During the proof pressure tests, the shaft seal leakage may exceed the maximum allowable leakage for
normal operation. If this does occur, it shall not be considered as a test failure. If the shaft seal leakage
exceeds the maximum allowable at the rated case pressure after the proof pressure test, then the test

shall

be considered to have failed.

7.3.2.2 Pump case

Unleps the detail specification states a different value, the pump case shall staticallfyf withstand a
pressure of at least equal to or greater than 3 500 kPa (500 psi), or 1,5 times the design operating
presgure for the case (whichever is the greater) without permanent damage being déne or performance
being impaired.

7.3.2.3 Pump inlet port

Unleps the detail specification states a different value, the pump inlet-port shall statically withstand
a pre¢ssure equal to 1,5 times the design operating pressure for the pump inlet withouf permanent
damage being done or performance being impaired.

7.3.2.4 Pump outlet supply port

Unleps the detail specification states a different value;, the pump discharge port shgll statically
withptand a pressure equal to 1,5 times the desigioperating pressure without permarlent damage
being done or performance being impaired.

7.3.3 Ultimate pressure

7.3.3.1 Pump case

Unle
pres

for the case (whichever is the greater) with no structural failure.

7.3.3

Unle
pres

7.3.3

5s the detail specification states a different value, the pump case shall be designed to
bure of at least 5 000 kPa (750'psi) at the case drain port or 2,5 times the design operat

.2 Pump inlet port

5s the detail specification states a different value, the pump inlet port shall statically
sure equal te2,5 times the design operating pressure for the pump inlet with no struct

.3, Pump discharge port

withstand a
ng pressure

withstand a
ural failure.

Unle

5s—the detail specification states a different value, the pump discharge port shg

1l statically

withstand a pressure equal to 2,5 times the design operating pressure for the pump discharge with no
structural failure.

7.3.4 Pressure impulse (fatigue)

The EMP shall withstand the fatigue effects of all cyclic pressures, including transients and externally
induced loads.

The detail specification shall state:

— the overall predicted duty cycle for the different parts of the EMP, throughout the lifetime of its
application;

— the scatter factor that is to be applied for analysis or fatigue (pressure impulse) testing; and
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— any externally induced loads (for example, structural or thermal).

In addition, when defining the duty cycle for the impulse testing, the following should be considered:

— the pressure variations due to the EMP pump pulsation levels; and

— the peak transient pressure generated by the EMP pump as it reacts to changes in flow demands.

7.3.5 Port strength

The structure of the ports and the relevant areas of the pump case shall be such that it withstands a

S on

torque 2’5 times the maximum fnrnlnn rncn]fing from affnr‘hing or rnmnving the unions and lin

installation

The detail s

No permans

8 Constr

8.1 Mate

8.1.1 Gen

All material

Materials aff

be of ae

or removing EMPs during maintenance operations.
becification shall state the maximum torque value.

nt distortions or alterations in the correct operation shall occur.

uction
rials

eral

d processes used in the manufacture of the EMPshall:

Fospace quality;

— be suitable for the purpose; and

comply

Materials tH

with the applicable official standards.

5 shall be compatible with the hydraulic fluid that is specified in the detail specificatiop.

at comply with the supplier's material specifications are acceptable provided that {

-

hese
se of

is

specifications are acceptable to the punchaser and include provisions for adequate testing. The u
the supplier(s specifications does not constitute a waiver of other applicable standards.

The use of |electrical wires insulated with PVC — polyvinyl chloride or polyamide material
absolutely pirohibited.

8.1.2 Mefals

8.1.2.1 Ge¢neral

All metals shall be compatible with any fluids with which it will he in contact; with the soervicd

and

storage temperatures, and functional requlrements to which the components w1ll be subjected. Those
metals not in direct contact with the hydraulic fluid shall have the appropriate corrosion-resistant
properties or they shall be suitably protected as specified in 8.2.

If the properties or operating safety of the pump are likely to be jeopardized by the use of the materials
and processes specified above, other materials and procedures may be used subject to the purchaser’s
approval. In this case, materials or processes shall be chosen to provide the maximum corrosion

resistance c
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ompatible with the operating requirements.
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8.1.2.2 Pumps for type I systems

Except for the internal surfaces in constant contact with the hydraulic fluid, ferrous alloys shall
have a chromium mass fraction of at least 12 % or shall be suitably protected against corrosion as
specified in 8.2.

Tin, cadmium and zinc platings shall not be used for internal parts or for internal surfaces in contact
with the hydraulic fluid or exposed to its vapors. The grooves for external O-rings seals shall not be
considered as internal surfaces in constant contact with hydraulic fluid.

Magnesium alloys shall not be used.

8.1.2

.3 Pumps for type Il and III systems and for commercial aircraft applications

Ferrgus alloys used shall be suitably protected against corrosion as specified in 8.2.

Tin,
fluid

admium and zinc platings shall not be used for internal parts that are in contact with t
or exposed to its vapor.

Magmnesium alloys shall not be used.

8.2

8.2.1

Meta
protq

Corrosion protection

General

Is that do not inherently possess sufficient corrgsion-resisting characteristics shall
ected, in accordance with the following subclduses, to resist corrosion that may

cond

— q

itions such as:
issimilar metal combinations;

oisture;

galt spray; and

— high temperature deterioration.

8.2.2

Ferr
bear

— ¢
— ¢

— ¢

Ferrous and copper-:alloys

us alloys requiring corrosion-preventive treatment and all copper alloys, except fo1
ng surfaces, shall receive surface plating selected from the following:

tlectrolytic'nickel plating;

lectrolytic silver plating;

he hydraulic

be suitably
result from

" parts with

plectrolytic tin plating, in accordance with ISO 2093; and

— electroless nickel plating.

Electrolytic tin shall not be used for internal parts or internal surfaces in contact with the hydraulic
fluid or exposed in its vapors, 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.

© ISO
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8.2.3 Aluminium alloys

Unless otherwise authorized, all aluminium alloys shall be anodized in accordance with ISO 8078 and
ISO 8079 except:

— in the absence of abrasive conditions, they may be coated with a chemical film in accordance with

ISO 808

1.

— aluminium alloys used as part of the motor rotor electrical circuits or the cages need notbe anodized.

Other exceptions shall be submitted to the purchaser for approval.

8.3 Casti]
Castings sh4
Defects not
machining |

inspection 3
satisfactoryj

9 Install

ngs

1l be clean, sound and free from cracks, blow holes, excessive porosity and othér defed

by peening, impregnation, welding or other methods acceptable to jthé purchaser
nd repair of castings shall be checked by quality control techniques and standards th4
to the purchaser.

ation requirements

9.1 Dimensions

Dimensions
installation

9.2 Mass

9.2.1 Gen
The dry maj
The supplie}

drawing and in the detail specification.

eral
s of the completely assembled EMP shall be stated on the supplier’s installation drawi

rand the purchaser shall.agree on the mass of fluid contained in the pump.

9.2.2 Cenftre of mass

The positio
installation

9.3 Mour

drawing.

iting

ts.

materially affecting the suitability of the castings may be repaired at the foundry or during

The
tare

pertinent to the installation of the EMP in the airéraft shall be specified on the supplier’s

h of the centréyof mass (or centre of gravity) shall be dimensioned on the supplier’s

The detail s

bécification shall state the means of mounting the EMP.

9.4 Orientation

The case drain port(s) of the EMP should be located at or near the top of the unit as it is installed in the
aircraft. The shaft seal drain port should be located at or near the base of the EMP as it is installed in

the aircraft.

The reorientation of the EMP due to aircraft attitude shall not affect EMP operation.

9.5 Hydraulic ports

The port configuration shall be in accordance with ISO 7320, unless otherwise specified in the detail
specification.
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9.6 Electrical connections
Refer to 6.9.5.

Means shall be provided to ensure that it is only possible to install the electrical connectors in the
correct orientation such that the right pins are connected to the right wires.

In addition, means shall be provided to prevent moisture ingress into the electrical connectors.

The wiring and associated connectors for control/fault detection and shut down, etc. shall be
independent of the wiring/connector that is used to power the electric motor.

10 Maintenance

10.1 Maintenance concept

The dletail specification shall state the specified maintenance concept, for example “On Conidition”.

10.2 Service life limitations and storage specifications
The dletail specification shall state the specifications and appropriate definitions and shall nclude:
a) flime between overhauls (if applicable);
b) gtorage life; and

c) gervice life limit.

11 Reliability

11.1 Equipment compliance

All of the reliability specifications shall be met throughout the service life of the equipment, assuming
that all approved maintenance-eycles have been carried out.

11.2 Requirements

The |detail specification shall state the specifications and the appropriate definitions, [which shall

inclTe:
a) efect rate;

b) failurerate;

c) safetv rate (if applicable): and
"4 S I T7

d) failure mode and effect analysis (FMEA).

12 Quality assurance provisions

12.1 Responsibility for inspection
Unless otherwise specified in the contract or order, the supplier:
— isresponsible for carrying out all the inspection operations specified in this document; and

— may use his own inspection and testing facilities or the services of any industrial laboratory
approved by the national authorities.
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The national authorities reserve the right to carry out any of the inspection operations specified in this
document where it is deemed necessary to ensure supplies and services that comply with stipulated
specifications.

12.2 Classification of tests

The following test program shall be performed for the purposes of checking whether the EMPs comply

with this do

a)

accepta

cument:

nce tests (see Clause 13); and

b) qualific
12.3 Test 1

12.3.1 Gen

The followi
stands that
between thd

12.3.2 Hyd

Inlet pressu
Case pressu
Discharge p

Inlet fluid t{

Flow:
The accurad

The test st
[SO 11218:1

The hydraulic fluid in thétest circuit shall be the same as that specified for the application (see 5.2.1

12.3.3 Eled

Itiom tests (See Clause 147:
tand requirements

eral

g tolerance limits are set for the required steady state operating conditions for thg
pre employed for the acceptance tests and the qualification tests, Unless otherwise ag
supplier and the purchaser:

raulic requirements

re: +2 % of rated inlet pressure, but not more'than +35 kPa; (+5 psi).

re: +2 % of rated case pressure, but ngt.more than #100 kPa; (15 psi).
Fessure: +2 % of rated discharge pressupe, but not more than 200 kPa; (30 psi)
mperature: -57 °C to +43 °C, within #3-°C;

+43 °C to +107 °C, within +6 °C.

within £2 % ofrated flow.

ands shall use sufficient filtration so as to maintain the cleanliness of the flu
D93, Class 5, or hettet, except for the qualification endurance testing (see 14.2.12).

Motor Curre

y of the instrumentationrshall be consistent with the measurement tolerances requireg.

test
reed

d to

Motor Line Voltage:

Motor Line Frequency:

trical requirements

nt: +0.5A.
+0,6 VAC RMS.
+1 Hz.

Digital Voltmeter: +0,03 % + 2 digits.
Bonding Test Meter: +2 % of reading + 5 digits.
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13 Acceptance tests

13.1 General

Each EMP submitted for delivery under a procurement contract shall be subjected to the examinations
and acceptance tests specified in this section. The acceptance or approval of material during
manufacture shall, in no case, be construed as a guarantee of the acceptance of the finished product.

Acceptance tests, for the purposes of this document, shall consist of:

a) visual examinations; and

b) test program to determine quality design and check whether the pumps gonform to the
erformance requirements of this document.

The flirst production EMP shall undergo a First Article Inspection (FAI) in the preséneée of thepurchaser’s
representatives. Any deviations recorded in the FAI shall be corrected, or agreed, prior to [the delivery
of the first pump.

13.2 Examination of the product

The |[EMP shall be examined to determine conformance with the applicable standapds and all
requjrements of this document and the detail specification, for; which there are no specific fests.

13.3 Test program

13.3{1 General
Filters shall be installed in all the lines to and frtom the pump, as applicable.

The supplier shall repeat the applicable\parts of the conformance test procedure if, at gny phase of
testipg, working parts require replacement. The break-in run portion may be omitted if the rotating
group assembly was not affected.

13.3|2 Electrical checks

13.3{2.1 Insulation resistance

Perform insulation/resistance tests between the electrical terminals and the EMP case fpr at least 1
min pach. All instlation resistances recorded shall be at least the value required in the grocurement
specification.

13.3{2.2; Dielectric strength

Perf iy diolactric tacte haturnan tha alactrical +avinale and +ha EMD ~acn hy mvrngrncc Ve]y raising

T O CTIC CE I T oTo ot Ty CO Tt CrC Tttt oS ot ot —Hivit  Caot— oy progTrcss

the voltage, at a uniform rate of between 200 V and 375 V per second, to the required test value and
maintaining the test voltage for at least 1 min. All leakage currents recorded shall be at least the value
required in the procurement specification.

13.3.2.3 Electrical bonding
Record the resistance between the nominal aircraft bonding location and discrete parts of the EMP

motor and pump housings. The resistances that are recorded shall not exceed the value required in the
procurement specification.

© IS0 2017 - All rights reserved 31


https://standardsiso.com/api/?name=b25746d2058a6fa08eee574c9c4881e3

ISO 18170

:2017(E)

13.3.3 Hydraulic checks

13.3.3.1 General leakage

No external

leakage shall be permitted other than at the shaft seal.

13.3.3.2 Shaft seal leakage

During acceptance and calibration tests, static leakage shall not exceed two drops per minute at rated
pressure conditions. Dynamic leakage shall not exceed four drops per minute during a 1 h period.

13.3.4 Bre

13.3.4.1 By

The break-il
supplier, bu
at maximun

13.3.4.2 By

The break-ij
supplier, bu

hKk-in run

eak-in run — Fixed frequency electric motor

1 run may be conducted at any desired operating conditions as deemed appropriate b
shall include at least 15 min of operation at rated speed and temperature while oper
i full-flow pressure.

eak-in run — Variable frequency electric motor

1 run may be conducted at any desired operating conditions'as deemed appropriate b
shall include at least 15 min of operation at rated speed‘and temperature while oper

at maximum full-flow pressure. If the EMP has a variable frequency motor, run the EMP operati

five frequen
frequency e

13.3.5 Pro

This test md

cies between the minimum and maximum values¢for 3 min at each frequency; for a
ectric motor, run the EMP at the nominal frequeéncy.

pf pressure test

y be conducted either statically or with the pump in operation. There shall be no evig

of permanent deformation following the test.

The test con

a)

pressur
specifid

b)

pressur
detail sj

During this
occur, it sha

13.3.6 Loa

\prises:

izing the discharge port Jat least 2 min to the proof pressure stated in the d
ation; and

izing the case drairCand inlet ports for at least 2 min to the proof pressures stated i
pecification with the outlet port at rated pressure.

test, the shaft seal leakage may exceed the requirements as stated in 5.2.5.3. If this
1 not beconsidered as a test failure.

d cycles

[y the

hting

[y the

ting
ng at
fixed

ence

etail

h the

does

13.3.6.1 General

The case drain flow shall be monitored. There shall be no evidence of malfunction.

13.3.6.2 Load cycles — Fixed frequency electric motor

A step-function load shall be imposed, causing the EMP to cycle from rated flow to no flow to rated flow
at 10 cycles/min for 5 min, with equal dwells at each load condition.

A step-function load shall be imposed, causing the pump to cycle from maximum delivery pressure at
no flow to maximum flow at the minimum practical system backpressure at 10 cycles/min for 1 min.
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There shall be no external leakage sufficient to form a drop, except that the shaft seal may leak at a rate
not to exceed 5 cm3/h. Case drain flow shall be monitored. There shall be no evidence of malfunction.

13.3.6.3 Load cycles — Variable frequency electric motor

Conduct the same test as specified in 13.3.6.2, but at three electrical frequencies, minimum, nominal
and maximum specified.

13.3.7 Tear-down inspection

74 C 1s a 4=
13-3 /.1 odlIlIPIIlg ICTYUITTIIITIILS

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

The teardown inspection shall be repeated whenever either of the following changes in 4 production
progfamme occurs:

— ¢ontinuity of manufacturing is interrupted — permissible periods ©f,production interifuption shall
Ibe designated in the detail specification; and

dlternative tooling and production facilities are chosen.

13.3}|7.2 Inspection procedure

After the break-in run and proof tests, dismantle anddnspect the EMP. If all parts are in acceptable
condjfition, re-assemble and run in the pump in accordance with 13.3.4.

If, at pny phase in the testing, working parts requife replacement, the entire conformance test procedure
shallbe repeated.

Whep the teardown inspection is no lenger required, the run-in in accordance with 13.3.4 may be
omitfed.

13.3{8 Run-in

The fun-in after teardown-inspection shall be performed for a period determined by the spipplier with
the discharge pressure yaried between maximum full-flow pressure and rated discharge gressure at a
frequency of 6 cycles/min.

13.3|9 Functional tests

Throughout—the functional tests, the hydraulic fluid used shall be that specified in the detail
specificatigh. Rated inlet pressure shall be maintained within the tolerance specified in this document.
The inlet temperature shall be at the rated condition.

The functional test shall comprise the following:
— running at rated speed and maximum full-flow pressure;

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

— running at rated speed and rated discharge pressure; except that at 10 min intervals the discharge
pressure shall be reduced to maximum full-flow pressure for 1 min.

The following shall be agreed between the supplier and the purchaser:

— the time spent at each of these conditions; and

© IS0 2017 - All rights reserved 33


https://standardsiso.com/api/?name=b25746d2058a6fa08eee574c9c4881e3

ISO 18170

:2017(E)

— the electrical supply characteristics.

13.3.10 Pressure control test

The rated discharge pressure shall remain within the limits specified in the detail specification, with no
indication of pressure control instability, as motor voltage and frequency are varied within the limits

specified in

the detail specification.

The hysteresis characteristics of the pressure control from zero to rated flow at rated speed shall not
exceed the value as specified in the detail specification.

The detail s

13.3.11 Ca

13.3.11.1

Once the ac(

a) rated di
b)

C) case prg
d) case drg
e)

f) electric
g) electric

The electric
unless othel

The electrid
a variable fi
the nominal
otherwise s

The electric
difference b
purchaser a

Determine t

L P 1 11 1 Lo &1 e 1o
PDCULITICAULIUIT S1IdIl UCTIIIT LIIT bybLClll CUIIUILIUILS.
ibration

General
eptance tests have been completed, measure and record the following parameters:

scharge pressure;

rated inllet pressure;

ssure of 140 kPa (20 psi) above inlet pressure, or as specified in the detail specificatia

iin port flow;

rated inllet temperature, or as specified in the detail spetification;

hl frequency; and
hl current and power.

hl voltage at the electric motor cenhéections shall comply with the limits specified in 1]
wise stated in the detail specification.

al frequency (minimum, meminal and maximum values) shall be used for calibratio|
equency supply. If the EMP supply is at a constant frequency, then conduct these te
frequency. The supply frequency shall comply with the limits specified in 12.3.3, u
Fated in the detailspecification.

al current shall be measured for the in-rush and the steady state conditions at 20 °C
etween the-highest and lowest phase current at each test point shall be agreed betwee
hd the supplier.

he power factor during the in-rush and the steady state conditions using a power anal

The delivery

mavimum full.flaows
TorsT o= Trovy

aofthe numn at tho ratod cneood ratod h]
O E—pehp—aetHeTace eetaree tHorttt

n;

=

3.3

)

n for
ts at
nless

Any
n the

/ser.

inlet

Tt o 5

pressure shall be measured and recorded.

The measured values for 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

13.3.11.2

Pump pressure settings

Regulate the pump inlet port pressure to the rated inlet pressure.

34

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=b25746d2058a6fa08eee574c9c4881e3

ISO 18170:2017(E)

13.3.11.3 Flow rate

Determine the values of the pump delivery flow rate, the input current (in-rush and steady state) and
the corresponding power factor with the electrical supply set to:

a) 90 %;
b) 100 %;
c) 110 % of rated voltage.

If the EMP supply is at a constant frequency, the test shall be conducted with the electrical frequency
set t¢ the nominal value specitied 1n the detail specification.

If thg EMP supply is at a variable frequency, the test shall be conducted with the electriical firequency set
to thp minimum, nominal and maximum values as specified in the detail specification

At each of these voltage and frequency settings, determine the pump outlet flow, the irflput current
(in-rfish and steady state) and the corresponding power factor with the pumpdelivery pregsure set to:

— 25 % of pump rated pressure;
— 50 % of pump rated pressure;
— 15 % of pump rated pressure; and

— 100 % of pump rated pressure.

13.3{12 Efficiency check

Fron the test data, check that the overall efficiency complies with those required ip the detail
specification.

13.3{13 Wear test

13.3|13.1 General

This| test shall be conducted to prevent shipment of a functionally acceptable buf materially
detefiorating pump (incipiént failure). The fluid from the EMP case drain and/or discharge|of the pump
shallfbe checked for conitamination as agreed to between the supplier and the purchaser.

13.3|13.2 Inliné particle counters

Inling particle/counters should be used to check for an incipient pump failure by dontinuously
monjtoring.-the particle sizes. The EMP shall be stopped and removed for a tear-down inspection if
ther¢ is"anoticeable increase in the number of particles in the case drain line after the break-in run has
beenlcompleted

13.3.13.3 Filter patch test

13.3.13.3.1 General

If inline particle counters are not available, then the use of filter patches to 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 specification, or may
possibly be established during the functional tests of the first 25 EMPs.

Unless otherwise specified in the detail specification, all the filters used during the test shall be able to
filter to a value less than or equal to 5 um absolute.
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13.3.13.3.2  Filter sampling method

Install filters in the outlet and case drain or cooling port lines of the test set-up. Check the fluid in the
filter bowls by the procedure specified in 13.3.13.3.3 and 13.3.13.3.4 for contamination accumulated
during the functional test performed in accordance with 13.3.9.

13.3.13.3.3  Patch preparation

Collect the fluid in 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, which will trap

contaminanft

membrane f

patch shall e coated with clear lacquer and permanently attached to the log sheet of the test:

All fluid soly
patch prepa

13.3.13.3.4

Each filter p
then in effed

If the contai
patch shall 4
to two addit
pump shoul

13.3.14 Ele

Measure thd
on the EMP
in the detail

13.3.15 Stg
The detail s

The packagi
occur durin
thin metal p

The packag
detail speci
relies on the

s 1n each filter bowl. The detail specification shall state the membrane material. Was
ree of fluid with the appropriate volume of fluid solvent. After drying, the resultant

rent shall be filtered through a 0,45 um pore size membrane prior to use in‘all’stages ¢
ration procedure.

Patch comparison

tand any discrepancy noted in the test log.

hination level exceeds that of the standard, the filter patch-test may be repeated. The s¢
how equal or less contaminants than the standard patch to be acceptable. If it does n¢
ional patch tests may be run to establish the trendy]f the patches remain unacceptabl
1 be disassembled to determine the source of theicontamination and corrective action t

ctro-conductive bonding

electrical resistance between any point on the mounting flange face and specified p
(for example, at the EMP pipe connéctions). It shall not be greater than the value speq
specification.

rage and packaging
becification shall statesthe procedures for preservation and packing,.

ng used for the shipment of the EMP shall consider the normal handling damage that
o transportatioh."Care shall be taken to avoid damage to connectors, electrical cong
arts, etc.

ng shall.be suitable for storage according to the shelf life requirements specified i
[ication, considering that adequate care shall be taken by the storage agency. If the
hydraulic fluid internal to the unit for corrosion protection, then the hydraulic plugs

the
filter

f the

atch specified in the acceptance test procedure shall be compated with the standard patch
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shall

form a leak
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14 Qualification tests

14.1 Purpose

Qualification tests, with the purpose of checking whether the EMP design is in conformity with the
requirements of this document, shall consist of the tests specified in 14.2.3.

36

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=b25746d2058a6fa08eee574c9c4881e3

14.2

ISO 18170:2017(E)

Qualification procedure

14.2.1 Qualification by analogy

All or some of the qualification tests may be waived if the following requirements are met:

a)

qualified by a controlling authority; and

b)

been qualified.

the EMP incorporates the same or similar working parts as another EMP that has already been

the operating conditions are not more restrictive than those for which the other EMP has already

A riiort, substantiated by drawings showing the similarity with the already qualified \E
subnpitted instead of carrying out the tests.

14.2

A rej
full 4
accoy
instr
be gi
fore

14.2

Qual
betw
repri

The qualification tests, to be carried out in the suggested order, are listed in Table 2.

2 EMP qualification test report

port of the tests carried out and the test results shall be compiled. This report shi
ssessment of the extent to which the EMPs tested comply with thé specifications an
int of the way in which the tests were carried out. The report shallalso include a descr
uments used, schematic diagrams and photographs, as appropriate. The complete test
ven in the report in table form. The hydraulic test systemsshall be described with al
hch test. Assembly drawings and installation drawings shallbe appended to the test r¢

3 Samples and program of qualification tests

fication tests shall be conducted on three sample EMPs (Specimens A, B and C), d
een the supplier and the purchaser. It is esseiitial that these qualification standard E
psentative of the EMPs to be manufactureds

Table 2 — List and sequence of qualification tests

MP, shall be

11l include a
d a detailed
iption of the
results shall
|l the details
port.

r as agreed
MPs be fully

Tests Specimen Correspgnding
A B C subclquse
Dim¢nsional check X X X 14.214
Expgnded envelope acceéptance X X X 14.205
Progdf pressure and load cycles X X X 14.26
Calihration X X X 14.27
Max]mum trahsient pressure X 14.2.8.3
Determination of response time X 14.2.8.4
Prespure pulsation X 14.2.8.5
Heat rejection X 14.2.9.2
Loss of cooling X 14.2.10
Electrical X 14.2.11
Endurance X 14.2.12
Air ingestion X 14.2.12.10
Thermal cycles X 14.2.12.11
Thermal shock X 14.2.12.12
Minimum inlet pressure X 14.2.13
a  Anadditional test specimen shall be used if a fire resistance test is required.
b The low temperature test can be conducted during the endurance tests.
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Table 2 (continued)

Tests Specimen Corresponding
A B C subclause
Dry run X X 14.2.14
Environmental a X 14.2.15
Extreme operating temperature b X 14.2.15.2
Vibration X 14.2.16.1
Fatigue (pressure impulse) X 14.2.16.2
Port strength X 42163
Proof pressyre at rated temperature X 14.2.16.4
Ultimate prgssure X 14.2.16\5
Explosion prjoof X 14217
Short circuit X 14.2.18
Drive couplihg shear X 14.2.19
Additional t¢sts As agreed between purchaser and supplier Detail specification
a  An additipnal test specimen shall be used if a fire resistance test is required.
b The low tpmperature test can be conducted during the endurance tests.
14.2.4 Dimensional check

Prior to the

Check the ¢
dimensions

14.2.5 Expanded envelope acceptance tests

The acceptapnce tests shall be repeated,but the pump shall be run with:

the fluid

flows fT]

No malfuncf

14.2.6 Pro

Carry out th

proof pressyretests, restore the pump delivery mechanism to its normal adjustment of configurat

ritical wear dimensions and record the-dimensions of each test sample EMP. Check {
again for comparison purposes once the'qualification tests have been completed.

| temperatures from minimum continuous to rated; and

start of the qualification test, conduct the full acceptance test of all test sample EMPs|
run-in specified in 13.3.8 may be carried out, if necessary, after the reset and before the test seq
is continued.

om zero to rated discharge.

ions shall bexecorded.

pf pressure and load cycle tests

e proof pressure test as outlined in 13.3.5 for acceptance tests. After the completion d

The
ence

hese

f the
ion.

Carry out the load cycle tests as outlined in 13.3.6, except that the tests shall be repeated 10 times.

14.2.7 Calib

ration

14.2.7.1 Pump inlet pressurized

Regulate the pressure at the EMP inlet port to the rated inlet pressure at full flow and rated speed

conditions.
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14.2.7.2 Pump flow rate and pressure values

This test should be conducted with the voltage set to the minimum, nominal and maximum values as
specified in the detail specification.

If the EMP electrical supply is a variable frequency type, the test shall be conducted with the electrical
frequency set to the minimum, nominal and maximum values as specified in the detail specification.

Determine the values of EMP pump flow rate at 5 %, 10 %, 25 %, 50 %, 75 %, and 100 % of rated pump
flow rate. At each of these flow rates, record the pressure at the pump outlet port and the electrical
supply characteristics, voltage, current, frequency.

Calcylate the overall efficiency.

Unleps otherwise specified in the detail specification, perform calibrations at the’inl¢t condition
specified in 5.2.3.2 and the flow measurements may be made in the line downstréeani of the load valve,
but shall be corrected for fluid compressibility.

14.2{8 Maximum pressure and response time tests

14.2{8.1 General

Presgure transducers and recording equipment shall be used to' provide a permanent r¢cord of the
dyngdmic pressure/time history of the pressure/time function of the EMP and its hydrpulic circuit
throyighout the transient and steady-state periods described'in the following two tests.

The pressure transducers and recording equipment shall be capable of meeting the repeated accuracy
requfrements as stated in 12.3 over a frequency range of 0 times to 5 times the EMP gump piston
fundpmental frequency. An essential consideration is that the dynamic calibration of the|pick-up and
recording equipment is valid for the dynamie-conditions. The pressure transducers shall be located
in the EMP 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.

Testg shall be conducted at thewrated conditions, unless otherwise noted below or in the detail
specification.

14.2{8.2 System impeddnce

14.2|8.2.1 General

The jmpedance iscalculated from the system configuration, the pump rated delivery and the fluid bulk
modtilus atrated temperature and rated discharge pressure.

14.2({8.2.2 System impedance for determination of response time

The system impedance of the test circuit when determining the EMP response shall meet the following
requirements:

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

— therate of EMP pump discharge pressure rise when the flow in the system is suddenly stopped shall
be 350 000 kPa/s (50 000 psi/s) minimum.

The EMP pump discharge pressure rise rate is defined as the average value of the slope of dP/dT during
the initial pressure transient increase, prior to the peak value (see Figure 3).
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14.2.8.2.3 System impedance for all other tests

The detail specification shall provide sufficient characteristics of the aircraft hydraulic system to enable
arepresentative test circuit to be achieved when determining maximum pressure, pressure pulsations,
stability and the remaining qualification tests. The system volume may be simulated using tubing of the
discharge line diameter, while being careful to avoid a line length whose natural frequency is resonant
with pulsation frequency.

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

The system impedance can get very small due to circuit isolation or degraded modes. If it is considered
to be approhrinfn’ the test circuit shall rﬂp]ir‘:\fn the different cycfnm imppﬂ:\nrﬂc tocheck for pnf: ntial

pump instal

14.2.8.3 M

The test cir
EMP inlet a
with a respg

Operate thg

ility.
aximum transient pressure test

uit specified in 14.2.8.2.3 shall be used. For this test, all gases shall be evacuated froy
nd discharge lines. Flow changes shall be initiated by means of a solenhoid-operated
nse time of 0,02 s or less, or a response time as specified in the detail $pecification.

test EMP between steady-state maximum full-flow pressure ‘and steady-state

n the
ralve

rated

discharge pfressure and make an oscillographic record of the pressure/time function through the

transient p¢g

riod. Run the test at 50 %, 60 %, 70 %, 80 %, 90 % and 100Y% of rated EMP flow. Kee

air entrainment in the hydraulic fluid to a minimum. The peak presstire transient as measured o

above recor

14.2.8.4 D¢

This test sh{

the test

load val

Use the solé|
conduct the

Carry out ry
the solenoid|
a record of
the solenoid

d shall not exceed the requirements of 5.2.10.5, at rated\fluid temperature.

btermination of response time

1l be conducted at the rated fluid temperature. The test set up shall be as follows:
circuit specified in 14.2.8.2.2; and

ves setat a flow condition equivalentté maximum full-flow pressure at each of the test sp

noid valve that changes the discharge line from fully open to fully closed, or vice ver
test.

Ins at 50 %, 75 % and. 100 % of rated flow, or as specified in the detail specification.

p the
h the

peds.

ba, to

With

valve open and the-test pump operating at steady-state maximum full-flow pressure, inake

the pressure/time.function through the transient period associated with the closi
valve and the establishing of steady-state rated discharge pressure. This record sh

similar to the typical vdriation shown in Figure 3, and the response time, t1, as indicated in Figy

shall not ex{
value specif]

Record the 1

eed 0,05-s,8t 100 % of rated flow. At 50 % and 75 % of rated speed, t1 shall not excee
jed in the'detail specification.

esponse time t, for the change from rated discharge pressure to minimal pressure af

hg of
111 be
re 3,
d the

d, as

indicated in

Ficure 4 tashallnot exceed 005 s a3t 10094 rated flow, At 50 04 and 75 04 af rated sne
E= LS. —meA Y 6 G 6 ot

pd, 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 4, t3 shall not exceed 1 s at 100 % rated speed.

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

0,02 s response time or a response time as specified in the detail specification;

pass 90

40

% of maximum full-flow for each of the three pump speed settings;

introduce a parallel flowpath which includes an orifice and a downstream solenoid valve with a

adjust this orifice to pass 5 % of maximum full-flow and adjust the main load throttling valve to
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— check the response time at each speed setting when the small flowpath solenoid is opened and
closed with the main flowpath solenoid valve both opened and closed. The response time at rated
speed should not exceed 0,05 s; and

— check the response time at rated speed, rated pressure, minimum inlet pressure and fluid
temperature as specified in the detail specification.

14.2.8.5 Pressure pulsation test

Equip the test circuit specified in 14.2.8.2.3 with a pressure transducer of zero volume and sensitive to
20 kHz to 100 kHz, installed in the pump delivery line.

Durinpg this test, the following conditions shall be maintained:
— the pump at rated discharge pressure;
— pump inlet pressure to be at the rated inlet pressure;

Iump case pressure to be at the nominal case pressure; and
— {flluid temperature to be 50 °C + 10 °C.

Run tthe EMP to deliver 25 % of rated flow. Make an oscillographic record of the pulsation pattern.
Repeat the test with the pump supplying 50 %, 75 % and 100{% of rated flow. The valueg of pressure
pulsgtions shall not exceed the limits specified in 5.2.2.3.

14.2|19 Heat rejection test

14.2(9.1 Principle

The principle of this test is to demonstrate the ability of the EMP to reject the heat that [t generates.
Wheh the pump is running at the rated fluid temperature, the fluid temperature in the EMP case drain
port$ should not exceed a specified maximum temperature.

14.2]9.2 Determination of heat'rejection

Run the EMP at zero pump discharge flow rate and with rated inlet temperature. Measure the pump
inletland pump case draifi temperatures when the temperatures have stabilized. Repeat the test with
the HMP running at ratédflow and at least two additional flow points between these valueg.

Check that the fluid temperatures in the EMP case drain port does not exceed the specifigd maximum
temperatures.

14.2}10Less of cooling

This[is-applicable to EMPs that use air as the cooling medium.

Run the EMP with the ambient air and hydraulic fluid at their maximum operating temperatures. With
the pump supplying fluid with a duty cycle that is application representative, block off the EMP cooling
air supply.

Continue to operate the EMP until the electric motor body temperature has stabilized. If the EMP has
not been fitted with any thermal cutout devices/measures, check that unit surface temperature does
not exceed 204 °C. If the EMP has been fitted with thermal cutout devices/measures, these should be
seen to take effect and shut down the EMP before the housing temperature exceeds 204 °C.
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14.2.11 Electrical tests

14.2.11.1 Magnetic effect

The EMP shall be subjected to an electromagnetic interference test in accordance with ISO 7137 or
equivalent, as applicable if the EMP includes components that could potentially have a magnetic
interference effect.

14.2.11.2 Power input tests

The EMP shall be subjected to the applicable AC electric power input tests in accordance with ISO 7137
or equivalent.

14.2.11.3 Voltage spike test

The EMP shall be subjected to the AC electric voltage spike test in accordance with 1SO 7137 or
equivalent.

14.2.11.4 Audio frequency conducted susceptibility - power inputs test

The EMP shall be subjected to the AC electrical audio frequency canducted susceptibility test in
accordance with ISO 7137 or equivalent.

14.2.11.5 Induced signal susceptibility

The EMP shiall be subjected to the AC electrical induced sighal susceptibility test in accordance|with
ISO 7137 or|equivalent.

14.2.11.6 Radio frequency susceptibility (radiated and conducted) test

The EMP shall be subjected to a radio frequency susceptibility (radiated and conducted) test in
accordance with ISO 7137 or equivalent.

14.2.11.7 Emission of radio freguency energy test

The EMP shall be subjected to a radio’frequency energy test in accordance with ISO 7137 or equivalent,
as applicablg, if: the EMP includes-components that have a radio frequency interference effect.

14.2.11.8 Lightning induced transient susceptibility

The EMP shall be subjected to the lightning induced transient susceptibility test in accordance|with
ISO 7137 orlequivalent.

14.2.11.9 Insulation resistance and high voltage

The EMP shall be subjected to the insulation resistance and high voltage test in accordance with
ISO 7137 or equivalent.

14.2.11.10  Lightning direct effects

If required by the purchaser, the EMP shall be subjected to the lightning direct effects test in accordance
with ISO 7137 or equivalent.
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14.2.12 Endurance test

14.2.12.1 General

The sample EMP shall undergo an accelerated endurance test, as outlined in Table 3.

The detail specification shall state any modification of any of the test conditions.
The EMP 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 14.2.8.2.3. Modification of any of the test

conditionsgiveninTable 3 or additional endurance testing inthe form of additionalcyclesin any of the

phasgs, may be required by specifying such modifications or additions in the detail specifidation.

14.2112.2 Hydraulic fluid

The test system shall be filled at the start of the endurance test, and no fluidcshall be addeld before the
endurance tests are completed, except in the following cases:

a) the amount of fluid unavoidably lost from the system when filters.are checked may be replaced;

b) 11:‘1 the event of damage to the test system away from the EMP,\Pesulting in loss or coptamination
f the fluid not related to the endurance qualities of the EMP. the system fluid may be¢ completely
feplaced; and

c) r order to maintain the fluid within the physical and’chemical property limits drawn up by the
urchaser.

A redord shall be made of when and how much fluidis added.
14.2|112.3 External leakage permissible during endurance testing

14.2{12.3.1 Case tightness

Therf shall be no external leakagé.throughout the endurance test (including the re-calibration time).

14.2{12.3.2 Shaft seal

The |leakage shall not €xXceed one drop every 4 min when the EMP is stopped. The leakdge shall not
exceed eight drops pef‘minute when the EMP is running.

14.2(12.4 Filtration for endurance tests

14.2{1241° General

1 1 pa | 1. £1 A | £ 1 pa | 1 1 | 1 1 £31 1 £ 3
Pass'the-hydrauticflutdusedfor-theendurance tests throughaSmrabsolute filter beforeentering the

test system.

Unless the detail specification states the filter capability, install 15 pm absolute filters on the fluid inlet,
outlet and drain lines during the endurance tests.

For the type IIl systems, the detail specification shall state the temperature that the filters shall be
adapted to.
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