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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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Introduction

It is noted that, while ISO standards refer to SI units, large segments of the aerospace industry refer
to other measurement systems as a matter of common working practice. All dimensions used in this
document are in SI units with the non-SI units given in addition for the convenience of those users more
familiar with these.

It is further noted that the standard ISO decimal symbol “” (comma) is not used as common working
practice for inch dimensions. A decimal point is used in the inch dimensions in this document as in
many other aerospace standards.

NOTH
of m¢

The use of non-SI units and the decimal point in this document does not constitute gener
asurement systems other than SI within International Standards.

hl acceptance
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Aerospace fluid systems and components — Variable
displacement hydraulic motors — General specifications

1 Scope

This document establishes the general requirements for variable displacement uni-directional and

bi-di
350

Thes|

— (dlesign requirements;

— 1

Prim
with

This
each

2 Normative references

The
cons
undg

ISO 3
ISO 4
ISO 2

ISO
desig

ISO 3

ISO |
desig

ectiomat ydrautic motors, suitabte for use i aircratt hydrautic Systens at pres

0 kPa (5 000 psi).

e requirements include:

est requirements.

ary and secondary function motors (see Clause 4) are covered inthis‘document; howev
internal rotation angle limits and low-speed motors are not covered.

document is intended to be used in conjunction with the'déetail specification that is j
application.

following documents are referred to in thestext in such a way that some or all of t
[itutes 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 qircraft equipment — Steady-state acceleration
671, Environmental tests-for aircraft equipment — Part 3.4 : Acoustic vibration

V685, Aircraft — Environmental test procedure for airborne equipment — Resistan
nated fire zones

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

B601-1, Fluid power systems — O-rings — Part 1: Inside diameters, cross-sections, to
nation codes

ISO 7}

ures up to

b1, actuators

articular to

heir content
applies. For
hts) applies.

re to fire in

is approved

erances and

137, Aircraft — Environmental conditions and test procedures for airborne equipment

ISO 7320, Aerospace — Couplings, threaded and sealed, for fluid systems — Dimensions

IS0 8078, Aerospace process — Anodic treatment of aluminium alloys — Sulfuric acid process, undyed coating

ISO 8079, Aerospace process — Anodic treatment of aluminium alloys — Sulfuric acid process, dyed coating

ISO 8399-1, Aerospace — Accessory drives and mounting flanges (Metric series) — Part 1: Design criteria

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

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

ISO 11218, Aerospace — Cleanliness classification for hydraulic fluids

3 Terms

For the purp

and definitions

oses of this document, the terms and definitions given in ISO 8625-1,ISO 8625-2,1S0 86

25-3,

and the folld
ISO and IEC
ISO Onl

IEC Eled

3.1
variable di
mechanical
(rotation) a

Note 1 to e

Note 2 to en
speed and rd
which is typi

Note 3 to ent
of this docun

3.1.1

uni-directi
variable disp
direction

3.1.2

]

flow demand.

wing apply.

maintain terminological databases for use in standardization at the following address

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

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

splacement hydraulic motor

actuator that converts hydraulic pressure and flow into’torque and angular velpcity

d whose speed is controlled by varying the displacement ¢fthe hydraulic motor

ry: The use of a variable displacement hydraulic motoripermits the optimization of hydj

Lry: The motor’s output torque, direction of rotation (if bi-directional) and associated opef
sultant flow consumption is controlled by a servo valve which varies the motor’s displacd
Cally operated in closed loop control.

I'y: The specifications, design, manufactureiand qualification of the servo valve is outside the
ent.

pnal hydraulic motor
lacement hydraulic motor((3:1) that generates output torque via the drive shaft in onl}

bi-directional hydraulic motor

variable disj
clockwise a

Note 1 to ent
achieved by 1

Note 2 to en

placement hydraulic motor (3.1) that generates output torque via the drive shaft to
d anti-clogkWise directions

I'y: Exceptfor bi-directional over-centre hydraulic motors (3.1.3), bi-directional operation is typ
eversing the differential pressure across the inlet/outlet ports, thus reversing the output torq

aulic

ating
ment

bcope

y one

both

ically
Le.

te is

controlled in

3.1.3

ry~Except for bi-directional over-centre hydraulic motors (31 3) the position of the swashpl
each direction by a dedicated controller.

bi-directional over-centre hydraulic motor
bi-directional hydraulic motor (3.1.2) whose direction of rotation of the output drive shaft is controlled

by the angle

of the motor swashplate which can go over centre

Note 1 to entry: This may be accomplished by controlling the position of the swashplate in each direction by a
single controller.

© ISO 2021 - All rights reserved
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3.2
purchaser
organization that has the engineering responsibility for the system that includes the motor

Note 1 to entry: Typically, the purchaser is a system supplier (3.4), an aircraft manufacturer or a contractor.

3.3
detail specification
document compiled by the purchaser (3.2) that specifies the following:

a) technical requirements;

b) acceptance and qualification test requirements;

c) reliability, testability and maintainability requirements;
d) quality requirements;

e) ackaging requirements;

f) other requirements

Note [l to entry: Technical requirements include performance requirementsand design requiremenis.

3.4
supplier
orgahization that provides the motor

Note [l to entry: Typically, the supplier is the manufacturér of the motor who will be responsible for the design,
prodiiction, and qualification of the motor.

3.5.1
motor inlet port
port that receives flow from the hydrauljcisystem to supply the motor

3.5.2
motor return port
portthat returns flow back to the System reservoir

3.5.3
motgr case drain port
portfthat drains interiial leakage flow to the system reservoir

Note|l to entry: Net-all motors have a case drain port; instead the case drain fluid is supplied [to the motor
outlef port.

3.5.
shaft séal leakage port
port
bottle, etc.

ink, ecology

3.6.1
rated temperature
maximum continuous temperature of the fluid to be supplied at the inlet port of the motor

3.6.2

normal operating temperature

temperature of the fluid to be supplied at the inlet port of the motor at which full performance of the
motor is required

© IS0 2021 - All rights reserved 3
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minimum continuous temperature
minimum temperature of the fluid at the supply port of the motor at which the motor is able to function

Note 1 to entry: This temperature is generally higher than the minimum survival temperature (3.6.5).

3.6.4

extreme operating temperature
temperature of the fluid to be supplied at the inlet port of the motor at which the motor runs with an

agreed degr
3.6.5

aded performance

survival te
ambient te
normal oper

3.71
design ope}
normal max

Note 1 to en
following:

pressure

reaction

demand

3.7.2

rated suppl
system rate
pressure (3.]

3.7.3
rated diffel
differential
torque (3.11

3.7.4
no-load brd
differential
port at the 1
(3.25.1)

Note 1 to ent

3.7.5.1

perature
perature at which the motor is not required to run, but runs without degradation 4
pting temperature (3.6.2)

rating pressure
imum steady pressure

ripple;
5 to system functioning;

b that may affect fatigue.

y pressure
d pressure, which is normally the hydxraulic power generation system design oper
.1)

ential pressure
pressure measured between-the motor inlet and outlet ports required to produce the
1)

ak-out pressure
pressure requireéd for starting the output shaft, without interruption, with the case
ated case drginvpressure (3.7.6.1) and the return port at the nominal motor return pre

Fy: This'corresponds to break-out torque (3.11.2).

t the

try: Excluded are reasonable tolerances, transient pressure effectscsuch as may arise from the

nting

rated

rain
ksure

nominal motor return pressure
pressure generated at the return port as the motor returns flow back to the system

3.7.5.2

rated motor return pressure
maximum pressure at the return port

Note 1 to entry: This is applicable to uni-directional motors only.

Note 2 to entry: This is a stressing term only as the nominal motor return pressure (3.7.5.1) is generally

considerably

3.7.6.1

less than the rated motor return pressure.

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

4
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3.7.6.2
maximum case pressure
maximum of either

— the maximum pressure peak that may be imposed by the hydraulic system on the motor case drain
port (3.5.3), or

— the pressure resulting from the internal bypassing of the rated flow towards the return and drain
ports in order to take into account the accidental transitory separation of the components

3.8
rate

d rnncnmpfinn

maxi

— 1

—

—

ated fluid temperature;

ated differential pressure (3.7.3);

ated speed (3.10);

— 1ising the hydraulic fluid specified in the detail specification (3.3)

39
max
theo

Note

Note
with

imum displacement
retical volume of fluid consumed by one revolution of théanotor drive shaft at full stro

1 to entry: It is expressed in cubic centimetres per revolution (cubic inches per revolution).

2 to entry: The maximum displacement is calculated from the geometrical configuration
ut allowing for the following effects:

— ermissible manufacturing tolerances;

—

— 1

Note

3.10
rate
maxi
and ¢

Note

listortions of the motor structure;

he compressibility of the hydraulicfluid;

— itlnternal leakage;
e

mperature.

B to entry: The maximum displacement is used to indicate the size of the motor rather than its
1l speed

mum speed at which the motor is required to operate continuously at rated temper
it rated-differential pressure (3.7.3)

mum flow rate measured at the motor inlet port (3.5.1) under the following conditiohs

Ke

bf the motor,

performance.

iture (3.6.1)

1to entry: The rated speed is expressed as the number of revolutions of the motor output shaf]t per minute.

3.111
rated torque
minimum torque value at rated operating conditions

3.11.2

brea

k-out torque

minimum torque against which the motor will start at operating conditions specified in the detail
specification (3.3)

Note

© ISO

1 to entry: This corresponds to no-load break-out pressure (3.7.4)
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stalling torque
minimum opposing torque which stops the rotation of the outlet shaft at the rated supply pressure (3.7.2)
and for the outlet port and case drain port pressures specified in the detail specification (3.3)

3.11.4

maximum stalling torque

stalling torq

ue (3.11.3) which can be generated at rated operating conditions

Note 1 to entry: This shall be specified to ensure that the motor’s torque capability in a stall (high efficiency)
condition does not overload the system'’s capability (e.g. the shafts and gears, as applicable).

3.12
motor over
e

value obtair

all efficiency

ed from the formula

e=(o/i)|x 100
where
o isthe output shaft power (3.12.1);

1 ist
Note 1 to ent

Note 2 to ent
and associatd

!

e input fluid power (3.12.2)
"y: e is expressed in per cent.

ry: Calculating hydraulic power and mechanical power can be problematic unless the correct
d equations are used:

— Metric upits (torque - Nm; flow - L/min)
— Imperia]units (torque - lb.in; flow - gpm)
3.12.1

output shaft power

0
value obtain

o=txs
where

t ist

S

3.12.2

ed from the formula

e shaftterque;

is the~shaft speed

units

input fluid power

1

value obtained from the formula

i=(p-r)xf

where

© ISO 2021 - All rights reserved
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p istheinlet pressure;

r  isthe return pressure;

fisthe rated flow

Note 1 to entry: This formula ignores compressibility effects. If this formula is to be used, the flow rate
measurement should be made on the compressed flow stream.

3.13
rated endurance

total
qual

3.14
first

FAI

proc

4

The hydraulic motors covered by this documeént are classified in two categories.

In ad

The

spec

5

hase of its

\

\

)\

power transfer units, constant speed drives, nosewheel steering.

nd cuclac of onaration +0 ha 1ncolidad
Hea—€Eyecre5—o+—o6peatoht—o—pe—herdaea

fication testing

article inspection

bss that conducts the following:
rerifies that the parts of a component comply with the drawings;
rerifies that the manufacturing processes have been compiled and are adhered to;

rerifies that the assembly processes have been compiled and’are adhered to;
he results of the test are in agreement with the test requirements

Classification

[ategory A: Primary function motors, for example, flight controls, slats, flaps, adjust

NOTE ISO 22089 providesithe variable displacement motor requirements for power trans
[ategory B: Secondary function motors, for example, hoists, guns, radars, doors.
dition, the motor ¢af be a uni-directional motor or a bi-directional motor.

motor category.,and type (uni-directional or bi-directional or bi-directional over-cen
fied in thedétail specification.

Feneral requirements

rerifies that the acceptance test of the component is in ascordance with the test procediire, and that

able planes,

er units.

tre) shall be

5.1 Order of precedence

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

5.2 Hydraulic system characteristics

The hydraulic motor shall be designed to be operated by the hydraulic system as defined in the detail
specification.

© IS0 2021 - All rights reserved
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The detail specification shall include the characteristics of the hydraulic system in which the motor
is to be used. This shall include the flow versus pressure curves for the supply, return, and case drain
lines for the following hydraulic fluid temperatures:

— normal operating temperature (e.g. +20 °C);
— rated temperature;

— minimum continuous temperature.

5.3 Airworthiness regulations

It is assumed that the hydraulic motor meets the applicable airworthiness requirements, which,shall be
detailed in the detail specification.

5.4 Qualification

Hydraulic mjotors furnished under this document shall be products that have passed the qualifichtion
tests that ane specified in the detail specification.

6 Functional requirements

6.1 Hydraulic fluid

The detail specification shall state the applicable hydraulic fluid(s).
6.2 Presgures

6.2.1 Rated supply pressure

The value of the rated supply pressure shall be'stated in the detail specification and shall be one af the
following values of rated supply pressures listed in Table 1 (derived from ISO 6771).

Table'l — Rated supply pressure

Pressure Metric system Imperial system
Class kPa basic psi basic
A 4000 600
B 10 500 1500
C 16 000 2500
D 21000 3000
E 28000 4000
] 35000 5000

6.2.2 Rated differential pressure

The rated differential pressure shall be specified in the detail specification.

6.2.3 No-load break-out pressure

The no-load break-out pressure shall be specified in the detail specification.

8 © IS0 2021 - All rights reserved
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6.2.4 Motor return port pressure

6.2.4.1 Nominal motor return pressure

The nominal motor return pressure shall be specified in the detail specification.

6.2.4.2 Rated motor return pressure

The rated motor return pressure (where applicable) shall also be specified in the detail specification.
Unless otherwise specified in the detail specification, the rated motor return pressure shall be
7 000 kPa (1 000 psi).

The fetail specification shall state the return pressure for those over-centre variable dIisplacement
motdrs that have:

— 4 dedicated high pressure port and a dedicated low pressure port which‘are not reyersed with
¢hanges in the direction of rotation.

— 3 dedicated case drain port with the case drain linked internally with the return port.

NOTH This is because a pressure of 7 000 kPa (1 000 psi) in the returp‘port will otherwise be gpplied to the
case {lrain cavity, which can be a significant envelope, weight and design driver.

6.2.3 Case drain pressure

6.2.53.1 Rated case drain pressure
The rated case drain pressure shall be specified inthe detail specification.

Cautjon should be taken defining the rated casédrain pressure. Too high a pressure may cause abnormal
shaft seal and shaft bearing loading, affecting'their operation and reducing the motor life.

6.2.3.2 Maximum case drain pressure

The maximum case drain pressure‘shall be specified in the detail specification.
6.3 | Flows

6.3.1 Rated consumption

The gletail specification shall state the value of the rated consumption, which shall be in 1/min (or gpm).

6.3.2 Case drain flow

The potor case flow rate [which shall be in 1I/min (or gpm)] shall be specified under tle following
conditions:

a) the motor turning at rated torque and speed;
b) the motor turning at zero torque;
c) the motor stalled, shaftlocked at any position.

The maximum case drain flow shall be stated at conditions specified in the detail specification.
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6.3.3 Shaft seal leakage

6.3.3.1 Dynamic seal leakage

The detail specification shall state the value of the maximum dynamic shaft seal leakage (which shall
be in drops per minute) measured at the shaft seal leakage port at the following conditions:

a)

New build:

— when subject to proof pressure at ambient temperature;

wh

p-the motorisoperatinuatrated consumplion fHow

b) Qualifig

— ove
att
wh
wh

The suppliel

6.3.3.2 St
The detail s
in drops pef
pressurized
a) Newbu
b) Qualifig

— ove

att

The suppliel

6.3.4 Extq
No leakage {

Dynamic an

ation testing:

I the expanded test envelope;

he completion of the endurance test;

b subject to proof pressure at rated temperature;

b subject to ultimate pressure at rated temperature.

" and the purchaser should agree on the in-service limit fordynamic shaft seal leakage

atic seal leakage

pecification shall state the value of the maximum-static shaft seal leakage (which shg
minute) measured at the shaft seal leakage port when the motor filled with fluid, bu
at the following conditions:

1d.

ation testing:

I the expanded test envelope;

he completion of the endutrance test.

rand the purchaser should agree on the in-service limit for static shaft seal leakage.

ernal leakage
ufficient toferm a drop from all of the static seals or from the motor case shall be perm

d static.shaft seal leakage shall not be considered as external leakage.

111 be
t un-

tted.

1l and direction of rotation

6.4 Spee

6.4.1 Speed

6.4.1.1 Rated speed

The rated speed of the motor shall be specified in the detail specification.

6.4.1.2 Overspeed

Unless otherwise specified in the detail specification, the motor shall be capable of operating without

any failures

10

at 125 % of rated motor speed for 30 min.
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6.4.1.3 Direction of rotation

Unless otherwise specified in the detail specification, the hydraulic motor shall operate satisfactorily in
either direction of rotation.

NOTE1 For single direction of rotation applications, an improvement of weight and efficiency is obtained by
optimizing the timing design parameters for the intended direction of rotation.

NOTE 2 A change from the resistive (motor) to the aiding (pump) modes can result in a change in flow
direction, without a change in the direction of rotation.

For uni-directional rotation applications, the direction of rotation shall be clearly marked on the
motdr case.

6.5 | Torque

6.5.1 Rated torque

The rated torque shall be specified in the detail specification.

6.5.1 Break-out torque

The break-out torque shall be specified in the detail specification. For bi-directional motofs, this shall
be ineach direction.

6.5.3 Stalling torque

The stalling torque shall be specified in the detail.specification. For bi-directional motors, this shall be
in each direction.

6.5.4 Maximum stalling torque

The maximum stalling torque shall beyspecified in the detail specification. For bi-directignal motors,
this shall be in each direction.

6.5. Torque pulsations

The |motor shall be designed to deliver continuous torque without excessive amplijtude ripple
(congidered as being over +10 % of the rated torque) when the motor is operated within the|rated speed
rangg at any of the‘conditions specified in Clause 15.

6.6 | Variable output load control

6.6.1 ~General

The motor shall incorporate means to control the flow consumption to ensure that the motor is able to
run at the required constant speed over the range of loads that is specified for its operation.

For bi-directional motors, there shall be two means, one per motor direction of rotation.

The motor shall incorporate means to measure the motor speed to provide a feedback signal to the
motor control system. The accuracy of the speed measuring means shall be provided in the detail
specification.

NOTE 1 The speed feedback can also be external to the motor, measuring shaft speed elsewhere within
the system.
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NOTE 2  Variable displacement motors often incorporate a measurement device to provide feedback of
the motor’s yoke (swash) angle. This feedback can be a useful addition to enhance control, particularly for bi-
directional (over centre) motors. This feedback can also be used to assess (and limit) flow consumption to avoid
saturation and can also be used to confirm correct control loop function in advance of brake release.

6.6.2 Response time

The real-time plot of motor speed against time shall be used as the criterion of movement of the motor
control mechanism. All motors shall have a minimum and a maximum response time in accordance
with the detail specification when the load demand is changed, when:

a) operatipgatratedirlettemperatare;
b) from zefo to rated output torque;

c) when changing the direction of rotation

6.6.3 Stability
The oscillographic trace of motor speed against time shall be used as the critefiomn of stability.

The motor shall recover its steady-state operation within not more than,0,5)s after the initial resgonse
to a change |n the change of load demand, under the following conditionst

a) under apy operating condition within the limits stated in the detail specification;
b) atany outputload greater than 50 % of the rated motor output load;
c) after a dhange in the motor rotation.

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

NOTE1  Tlhe stability of the closed loop control meéchanism is vitally important to the longevity of the hydraulic
motor. The stability of the motor at system level is influenced by a large number of factors, possibly not(all of
which are within the motor supplier’s scope of responsibility.

The factors that need to be considered are:

— Motor (fotating group, yoke {(swash’ control mechanism)

— Servovdlve (pressure gdim, flow gain, frequency response, hydro-mechanical stability, etc.)

— Controller (feedbagk<signal conditioning, control architecture, gains, iteration rates, etc.)

NOTE 2 It|is possible“that the supplier of the motor is responsible for the entire system, thus the supplier
would typica{)ly expect the system integrator to manage and specify interface requirements and any assodiated

interactions between individual components within the combined system.

6.7 Motor overall efficiency
The following efficiency values shall be stated in the detail specification:
— the overall efficiency of the motor when new;

— the overall efficiency of the motor after the endurance test, this value being considered as an
objective.

For bi-directional motors, the efficiency shall be determined with the motor running in both clockwise
and anti-clockwise rotations.

When determining output power by calculation from flow rate and pressure change, only the net
pressure difference between inlet and outlet ports of the motor shall be used. The flow rate may be as
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measured in the low pressure side of the discharge line, provided that adequate compensation is made
for compressibility when calculating efficiency.

6.8

Dynamic characteristics

6.8.1 General

If requested by the purchaser, the motor polar moment of inertia and motor impedance shall be supplied
to assist in developing system dynamic performance.

6.8.2

The 1§
with

The

revej
flow

6.8.3

For 1
spec

6.9

Pass
the d

6.10

6.10

6.10

The ¢letail specification,shall state the rated temperature.

ISO §
motq

6.10

—Dymammic braking

motor shall be designed to withstand, at rated conditions, a braking torque which'stoq
no operating damage and with no reduction in performance.

detail specification shall identify any circumstances where the pressures-in the m
'sed due to an overrunning load. The motor shall be designed to accommoédate the pr
5 that are generated in this mode.

Rapid reversals

bi-directional motors, if required by the application, th€ motor shall withstand, a

Passive operation

ve operation of the motor (e.g. in redundant:systems), without fluid supply, shall be
etail specification.

Fluid and ambient temperature
1 Fluid temperature
1.1 Rated temperature
625-3 provides.the requirements for temperature classification (type I, type II, or ty|
r is to be used.in a military aircraft or helicopter.

1.2 Minimum continuous temperature

The <Iletail specification shall state the minimum continuous temperature.

fied in the detail specification, rapid reversals of direction of rotation without damagg.

sitin 0,02 s

otor can be
essures and

t conditions

specified in

pe III) if the

6.10.1.3 Extreme operating temperature

The detail specification shall state the minimum and maximum extreme operating temperatures.

6.10.2 Ambient temperature

6.10.2.1 General

Refer to 6.13.

6.10.2.2 Survival temperature

The detail specification shall state the minimum and maximum survival temperatures.
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6.11 Acoustic noise level

If required, the motor shall have a maximum acoustic noise level at rated operating conditions. The
detail specification shall state its value together with the measuring procedure, when applicable.

The detailed specification should clearly define the pass/fail criteria in the form of sound power level or

sound press

ure level.

When conducting the acoustic noise test, the hydraulic test rig shall have the circuit impedance
as specified in 15.3.5.2. To the extent possible, acoustic noise contributions from other hydraulic or
structural members attached to or in the vicinity of the motor shall be accounted for separately.

6.12 Rate(h endurance

The detail s
if they are n
Table 2 and

pecification should specify the duration and the conditions of the endurance test How
ot specified in the detail specification, then the endurance test shall be in dé¢eordance
15.3.6.

The endura
efficiency tg

6.13 Envir

If not other
conditions t

a) tempery

nce test shall be conducted with filter elements that have a similar micron rating
that of the actual hydraulic application.

Table 2 — Duration and conditions of the endurance test

Category of Contintuous Operation with
Hydraulic . alternating
motor operation
system load
(see Clause 4) h
cycles
Commercial applications 1500 4 x 106
A ’ijpes [ and II military applica- 750 2 x 106
tions
Type Il military applications 250 1x 106
Commercial applications 500 2 x 106
B T_ypes [ and I military applica- 250 1x 106
tions
Type Hl\military applications 125 0,5 x 100
NOTE Type I, Il and 11l are according to ISO 8625-3 temperature classification.

onmental requlirements

wise specifjed in the detail specification, it shall state the environmental and oper
b which.the motor is exposed, as follows:

hture and altitude, in accordance with ISO 7137,

ever,
with

and

ating

b) humidity, Tmaccordamce with 1SO-713%

c) fluids susceptibility, in accordance with ISO 7137;

d) vibrations, in accordance with ISO 7137;

e) acoustic vibrations, in accordance with ISO 2671;

f) steady-state acceleration, in accordance with ISO 2669;

g) resistance to fungus and mould, in accordance with ISO 7137;

h) saltspray, in accordance with ISO 7137;

i) water resistance, in accordance with ISO 7137;

14
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sand and dust, in accordance with ISO 7137;
shock, in accordance with ISO 7137;
ice formation, in accordance with ISO 7137;

fire resistance, in accordance with ISO 2685 - motors in fire zones only.

Detail design requirements

Dimeansionallv critical combonants
S HAEeRSIO 4 -t a0 ponents

Parts$ shall include mechanical means to prevent them from being installed incorrectly-if:

7.2

they are likely to cause incorrect operation,
they can cause damage if the installation direction is reversed, and

they can be incorrectly located on assembly.

Maintainability features

In addition to the requirements of 7.1, components that are mptfunctionally interchangea
be physically interchangeable.

All wear surfaces shall be replaceable or repairable.

Conrnlections, mounting, and wiring provisions (for.the servovalve, speed sensor, etc.) shall
to prievent incorrect coupling.

The dlesign shall permit the line replacement of the unit or a module of the unit using standaf

The

lesign shall be such that special orwhique equipment is kept to a strict minimum for

overhaul, and maintenance checks.

7.3

Stati

Seals

necepsary to demonstrate compliance with the requirements of this document, may be usg
the approval of the putchaser.

For rhotors usedsin commercial aircraft and military type Il systems, any back-up rings u
subject to thelapproval of the purchaser.

7.4

Lubrication

ble shall not

be designed

d tools only.

shop repair,

c and dynamic seals shall be in accordance with ISO 3601-1, series A. Non-stapdard seals,

d subject to

sed shall be

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

7.5 Balance

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

© IS0 2021 - All rights reserved
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7.6 Self-contained failure

The motor shall be designed to completely contain all internal parts in the event of a failure due to an
overspeed condition. The maximum overspeed conditions shall be specified in the detail specification.

No loss of fluid from the motor shall occur as a result of the failure, other than the external and shaft
seal leakages specified in the detail specification.

7.7 Safety wire sealing

A manufacturer’s non-metallic seal of guarantee may be used to indicate if the motor has been tampered
with interndlly:

Lead-type spfety wire sealing shall not be used.

7.8 Electro-conductive bonding

The motor ghall have a facility to enable it to be effectively bonded to the equipment or the strugture
that it is installed on. The detail specification shall state the bonding requirements.

7.9 Marking

7.9.1 Nameplate

A nameplateg shall be securely attached to the motor. The nameplate shall be positioned in a way sq that
it is readable in the motor's installed position.

The informdtion marked in the spaces provided should be-as listed in Figure 1.

Variable - displacemént hydraulic motor
Name of manufacturer:

Mantifacturer's CAGE code:
Manufacturer's part number:

Seridl number:
Fluid:
Rating:
Dfsplacement
Differential pressure:
Speed:

Tprque:

Figure 1 — Format for nameplate

A NATO StockNumber-(NSN}formilitary parts{forequivatent} shattbeadded-if required-by thedetail
specification.

7.9.2 Modification standard

Information on the modification status shall either be provided on the nameplate or on a separate plate.

7.9.3 Fluid identification

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

7.9.4 Ports

When possible, motor ports shall be identified on each motor by clear and permanent markings.
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8 Strength requirements

8.1

General

The strength requirements shall be maintained over the entire ambient and fluid temperature range.

8.2

Proof pressure

8.2.1 Motor case

Unle
pres
1,5t
done

8.2.2
Unle

a pre
dam

8.2.3

Unle
pres
of th

8.3

8.3.1

Unle
pres
with

8.3.2

Unle
pres

8.3.3
Unle

ES the detall specilication states a dilferent value, the motor case shall statically

sure of at least equal to or greater than 5 000 kPa (750 psi), the maximum case

mes the rated pressure for the case (whichever is the greater) without permanent d3
or performance of the motor being impaired.

Motor inlet port

5s the detail specification states a different value, the motor inlet-pert shall staticall
ssure equal to 1,5 times the rated supply pressure for the motoi”inlet without any
hge being done or performance of the motor being impaired.

Motor return port

6s the detail specification states a different value, the‘tmotor return port shall statically
sure equal to 1,5 times the rated pressure withoutgermanent damage being done or f
e motor being impaired.

Ultimate pressure

Motor case

5s the detail specification states a different value, the motor case shall be designed to
bure of full system pressureser 2,5 times the rated pressure for the case (whichever is
no structural failure.

Motor inlet port

5s the detail specification states a different value, the motor inlet port shall statically
bure equal t02;5 times the rated supply pressure for the motor inlet with no structura

Motor return port

5s“the detail specification states a different value, the motor return port shall staticall

withstand a
pressure or
image being

y withstand
permanent

withstand a
erformance

withstand a
the greater)

withstand a
| failure.

y withstand

a pressure equal to 4£,5 times rated pressure 1or the motor return with no structural Tallure.

8.4

Pressure impulse (fatigue)

The motor shall withstand the fatigue effects of all cyclic pressures, including transients and
external loads.

The detail specification shall state the following:

a)

application;

the overall predicted duty cycle for the different parts of the motor throughout the lifetime of its

b) the scatter factor that is to be applied for analysis or fatigue (pressure impulse) testing;
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the external loads.

8.5 Port strength

The structure of the ports and the relevant areas of the motor case shall be such that it withstands
a torque 2,5 times the maximum torque that is specified for attaching or removing the unions and
lines on installation or removing motors during maintenance operations. No permanent distortion or
alteration in the correct operation shall occur.

9 Construction requirements

9.1 Mate

9.1.1 Gen
All material
Materials aff

be of ae

— be suitable for the purpose, and

comply

Materials tH
specificatio}
the supplier

9.1.2 Mef

All metals {
storage tem
metals not

properties @

If the propel
and process|
approval. Iy
resistance c

Magnesium

9.2 Corrg

rials

eral

d processes used in the manufacture of the motor shall:

Fospace quality,

with the applicable official standards.

at comply with the supplier’s material specificdations are acceptable provided that {
1s are acceptable to the purchaser and includé provisions for adequate testing. The u
s specifications does not constitute a waivet’of other applicable standards.

als

hall be compatible with any fluids'with which it will be in contact, with the servicg
peratures, and functional requirements to which the components will be subjected. |
n direct contact with the shydraulic fluid shall have the appropriate corrosion-resi
r they shall be suitably protected as specified in 9.2.

‘ties or operating safety of the motor are likely to be jeopardized by the use of the matg
es specified aboye, other materials and procedures may be used subject to the purchg

this case, matéerials or processes shall be chosen to provide the maximum corr
pmpatible with'the operating requirements.

alloys shiall not be used.

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

-

hese
se of

and
hose
stant

rials
ser’s
bsion

)sion protection

9.2.1 General

Metals that do not inherently possess sufficient corrosion-resisting characteristics shall be suitably
protected, in accordance with the following sub-clauses, to resist corrosion that may result from

conditions s

18

uch as the following:

dissimilar metal combinations;
moisture;
salt spray;

high temperature deterioration.
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Tin, cadmium, and zinc plating shall not be used for internal parts that are in contact with the hydraulic

fluid or exposed to its vapour.

9.2.2 Ferrous and copper alloys

Ferrous alloys requiring corrosion-preventive treatment and all copper alloys, except for parts with

bearing surfaces, shall receive surface plating selected from the following:
— electrolytic nickel plating;

— electrolytic silver plating;

— ¢lectrolytic tin plating, in accordance with ISO 2093;

— ¢lectrodeless nickel plating.

Elecrolytic tin shall not be used for internal parts or internal surfaces in contact with the hydraulic
fluid|or exposed in its vapours, or on surfaces subjected to abrasion. Where sot.indicated, the class and

type|lof plating are at the supplier's discretion.

Other metal plating, the use of which has been proved to be satisfactory-to the purchaser, quch as 85 %
electirolytic tin plating, shall be protected by anodizing. However, intthe absence of abrasive conditions,

theymay be coated with a chemical film.

Exceptions shall be submitted to the purchaser for approval.

9.2.3 Aluminium alloys

Unless otherwise authorized, all aluminium alloysishall be anodised in accordance with 1$0 8078 and
ISO 079 (except that in the absence of abrasive conditions they may coated with chemical film in

accordance with ISO 8081).

Exceptions shall be submitted to the purchaser for approval.

9.3 | Castings

Castings shall be clean, sound,‘and free from cracks, blow holes, excessive porosity, and other defects.

Defefts not materially affecting the suitability of the castings may be repaired at the found

Iry or during

machining by peening; impregnation, welding, or other methods acceptable to the puichaser. The
inspection and repaix of castings shall be checked by quality control techniques and standdrds that are

satisfactory to the’purchaser.

10 Installation requirements

10.1 Dilucuaiuua

Dimensions pertinent to the installation of the motor in the aircraft shall be specified on the supplier's

installation drawing and in the detail specification.

10.2 Mass

The dry mass of the completely assembled motor shall be stated on the supplier's installation drawing.

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

The centre of gravity shall also be provided on the supplier's installation drawing.

© IS0 2021 - All rights reserved
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10.3 Mounting

Unless otherwise specified in the detail specification, all motors shall incorporate a standard mounting
flange, which shall be in accordance with ISO 8399-1 and ISO 8399-2.

When the mounting flange is in conformity with ISO 8399-1 and ISO 8399-2, the relation between
the maximum displacement of the motor and the type of mounting flange shall be in accordance with
Table 3.

Table 3 — Relation between displacement and flange type

Maxjmumnr displacenremnt Maximmunr displacenrent Flangetype—
cm3/r in3/r Spigot reference
2,5 0,15 150
5 0,31 200
10 0,61 300
15 0,92
20 1,22
30 1,83 350
40 2,44
50 3,05

10.4 Orientation

The mounting conditions of the motor shall be defined hy~agreement between the supplier angl the
purchaser.

10.5 Drivd shaft

Unless othefwise specified in the detail specification, an easily removable shaft shall be fitted 4t the
interface befween the motor rotating group ‘and actuation means that it is driving (e.g. a gearbox).

The drive shaft shall be held in place by\means of a positive locking system.
If required by the detail specification, the drive shaft shall include a shear section.

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

The following shall be specified in the detail specification:

— shear tqrque;

— the loadsf‘ether than those self-induced by the motor torque;

— the coupling lubrication mode.

10.6 Ports

Unless otherwise specified in the detail specification, the port configuration shall be in accordance
with ISO 7320.

All of the ports and associated tube unions shall be of different diameters to prevent any cross-
connections occurring.
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11 Maintenance requirements

11.1 Maintenance concept

The detail specification shall state the specified maintenance concept, for example, “On Condition”.

11.2 Service life limitations and storage specifications

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

a) the time between overhauls (if applicable);
b) the storage life;

c) the service life limit in operating hours (OH) and/or flight hours (FH).

12 Reliability requirements

12.1] Equipment compliance

All of the reliability specifications shall be met throughout the sérvice life of the equipment, assuming
that all approved maintenance cycles have been carried out,

12.2 Requirements

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

a) the defectrate;

b) the mean time between failure (MTBF) rate;
c) the safety rate (if applicable);

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

13 Quality assurance provisions

13.1 Responsibility for inspection

Unless otherwise specified in the contract or order, the supplier

— is'responsible for carrying out all the inspection operations specified in this documentf and

— may use his own inspection and testing facilities or the services of any industrial laboratory
approved by the national authorities.

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.

13.2 Classification of tests

The following test program shall be performed for the purposes of checking whether the motor complies
with this document and the detail specification:

a) acceptance tests (see Clause 14);
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b) qualification tests (see Clause 15).

13.3 Test stand requirements

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

a) motor supply pressure: +2 % of rated supply pressure, but not more than +350 kPa (£50 psi);

b) motor return pressure: 2 % of rated supply pressure, but not more than +70 kPa (10 psi);

c) motor cpse pressure: *2 % of rated case pressure, but not more than +70 kPa (x10 psi);

d) differen
(30 ps

e) inlet/temperature:

— =57
—  +43
f) flow:w

g) shaftsp

h) torque: 2% of maximum motor input torque.
The accurady of the instrumentation shall be consistent with the measurement tolerances requiref.

The test stahds shall use sufficient filtration so as to.maintain the cleanliness of the fluid to ISO 1
Class 5, or better, except for the qualification endurance testing (see 15.3.6.6).

The hydraulic fluid in the test circuit shall be-the same as that specified for the application (see 6.1

14 Accep!

14.1 Gene

Each motor
and accepta
shall, in no (

Acceptance

d);

°C to +43 °C, within *3 °C;
°C to +107 °C, within %6 °C.
thin 2 % of rated flow;

eed: 100 r/m;

fance tests

ral

submitted for delivery under a procurement contract shall be subjected to the examina
hce tests speCifiéd in this clause. The acceptance or approval of material during manufa
ase, be construed as a guarantee of the acceptance of the finished product.

tests;for the purposes of this document, shall consist of the following:

a) visual examinations;

tial pressure: #2 % of maximum differential pressure, but not more than‘*200 kPad

1218

kions

rture

b) a test program to determine quality design and check whether the motors conform to the
performance requirements of this document.

The first production motor shall undergo a first article inspection (FAI) in the presence of the
purchaser’s representatives. Any deviations recorded in the FAI shall be corrected, or agreed on, prior
to the delivery of the first motor.

14.2 Examination of the product

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

22
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14.3 Test programme

14.3.1 General
Filters shall be installed in all the lines to and from the motor, as applicable.

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

Throughout the test programme, the hydraulic fluid used shall be that as specified in the detail
specjffcatiom.

14.3{2 External leakage requirements

14.3{2.1 General leakage

Othefr than at the shaft seal, no external leakage of sufficient magnitude”to form a dfop shall be
pernjitted.

14.3}2.2 Shaft seal leakage

Durihg acceptance and calibration tests, the dynamic and static’shaft seal leakage shall not exceed the
valugs specified for new build conditions (refer to 6.3.3.1 ajiand 6.3.3.2 a)).

NOTH When the acceptance test is used for in-service uitits after repair or overhaul, the limits for in-service
units|are applicable.

14.3|3 Break-in run

The preak-in run shall be made with any.nominated pressure in the inlet and return linges and shall
cons|st of at least 30 min at 30 % to 75.% of rated speed and at least 30 min at 80 % to 10D % of rated
speefl with a differential pressure of 80 % to 100 % of the rated differential pressure.

NOTE 1 If the motor is operated*at speeds outside of the normal system requirements, it |s sometimes
necegsary to tailor the run-in speeds to avoid system resonance and associated component damage

NOTH 2  Alternative operating conditions can be used to optimize the run-in process and to ayoid damage,
subjelct to agreement between the supplier and the purchaser.

14.3{4 Proof pressure and overspeed tests

14.3}4.1 QOperational test at overpressure

Operfaterthe hydraulic motor for 1 min at its rated speed with an inlet pressure equal to 125 % of the
rated pressure and, unless otherwise speciiied 1n the detail speciiication, with a pressure of 3 500 kPa
(500 psi) at the outlet and case drain ports.

For bi-directional motors, this shall be conducted for both directions of rotation.

The motor shall withstand the test without any alteration to its correct operation and there shall be no
external leakage apart from that from the shaft which shall not exceed the limit specified in the detail
specification.

14.3.4.2 Inlet port proof pressure test

With the motor shaft locked and the case drain port unplugged, pressurize the motor for 5 min to
1,5 times the rated supply pressure.
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In the case of a bi-directional motor, both inlet/return ports shall be subjected to an independent proof
pressure test.

14.3.4.3 Case port proof pressure test

Pressurize the motor at the pressure determined from 8.2.1 for at least 2 min.

14.3.4.4 Overspeed test

Operate the hydraulic motor for 2 min at a speed equal to 125 % of the rated speed with a differential

pressure as

For bi-direc

The motors

specified in the detail specification.

Fional motors, this shall be conducted for both directions of rotation.

hall withstand the test without any alteration to its correct operation, and there 'shall |

pe no

external lealkage apart from that from the shaft which shall not exceed the limit specifiéd in the detail

specificatiof.

14.3.5 Opdrational tests at rated conditions

Unless othefrwise specified in the detail specification, the operational tests' in rated conditions |shall

include the following:

a) operate|for 30 min at the rated speed (for bi-directional motots, 15 min in each direction)} and
rated differential pressure with no opposing torque applied¢toythe output shaft; and;

b) operate| for 60 min (for bi-directional motors, 30 minin each direction) with the rated sypply
pressure while the opposing torque on the output shaft is varied between 50 % of the rated yalue
and the|rated value at a frequency of 6 cycles per minute.

There shall pe no external leakage sufficient to fortha drop. Case drain flow shall be monitored. There

shall be no ¢vidence of malfunction.

14.3.6 Brepk-out torque test

Operate the|motor smoothly at a speed of 0,5 r/min to 3 r/min. Adjust the inlet and return pressures

to establish|the pressure differential’defined in the detail specification. Make a continuous recojrd of

the motor ofitput torque of the motor over at least 2 min. The break-out torque is defined as the lqwest
value of thevariation in torque that is measured during this test.

For bi-direcfional motors;this test shall be conducted in both directions of rotation.

NOTE 1 Tﬁe very loW'speed (approximately 3 r/min) is achieved with a suitable ‘low speed’ load mechajpism,

not through fydraulic-er speed control of the unit under test.

NOTE 2  It|can,sometimes be necessary to verify breakout capability with an alternative method (e.g. using a

locked shaft)-eaveid-thesituation-where-the retating group's-design{notablythe loadingand pressure-velocity

factors) are artificially compromised or biased by the need to complete the ‘unrepresentative’ 3 r/min test.

14.3.7 Teardown inspection examination

14.3.7.1 Sampling requirements

A teardown inspection shall be conducted on a minimum of 10 motors of a given model of an initial

production
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The teardown inspection shall be repeated whenever either of the following changes in a production

prog
a)

ramme OoCcurs:

be designated in the detail specification;

b) alternative tooling and production facilities are chosen.

14.3

.7.2 Inspection procedure

continuity of manufacturing is interrupted — permissible periods of production interruption shall

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

cond

If, at
shall

Whe
delet

14.3

The
of 15
100

14.3
The

torqiie is varied from 50 % to 100 % of rated load’or to the load specified in the detail spec

Ther]
ther

For 1
the d
deta

The 1

The hysteresis charaeteristics of the motor speed control over the operating load range sha

the v

14.3

Once

ftiom re=assembleamdrumrimrtire motorimaccordance with 38—
hny phase in the testing, working parts require replacement, the entire conformanceite

be repeated.

ed.

8 Run-in

‘un-in after teardown inspection shall be performed at 50 %,t0"100 % of rated speed
min (for bi-directional motors, 10 min in each direction)(with a differential pressur
o of the rated differential pressure.

9 Speed control test

motor speed shall remain within the limits specified in the detail specification as nj

e shall be no indication of motor speed‘control instability as motor operating load is

i-directional motors, the test shall be conducted with both directions of rotation. If
etail specification, the speed. control shall be checked with changes of direction of
| specification providing the-rate of the rotation change.

ystem conditions for-this test shall be defined in the detail specification.
alue as specified in the detail specification.

10Perfarmance data

theracceptance tests have been completed, measure and record the following parame

cond|itions:

h the teardown inspection is no longer required, the run-in in accordahce with 14{

$tprocedure

.3.8 may be

for a period
e of 80 % to

otor output
fication.

varied over

hnge specified in the detail specification (which would normally include aiding and opposing load).

required by
otation; the

I not exceed

ters at rated

a)
b)
‘)
d)

i
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supply pressure;

nlet port flow;

case drain port flow;

rated torque.
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14.3.11Fluid contamination test

14.3.11.1

General

This test shall be conducted to prevent shipment of a functionally acceptable but materially deteriorating
motor (incipient failure). The fluid from the motor case drain and/or discharge of the motor shall be

checked for

14.3.11.2

Inline parti

contamination as agreed between the supplier and the purchaser.

Inline particle counters

cle counters should be used to check for an incipient motor failure by continu

usly

monitoring
there is a nd
been complg

14.3.11.3

14.3.11.3.1

If inline paj
motor failuj
established
possibly be

Unless othel

the particle sizes. The motor shall be stopped and removed for a tear down inspeet
ticeable increase in the number of particles in the case drain line after the break:inru
ted.

Filter patch test

General

ticle counters are not available, then the use of filter patches to check for an inci
e is an acceptable alternative means. The definition of a pdtch standard is either ini
by the manufacturer and, in that case, shall be specified-in the detail specification, o1
pstablished during the functional tests of the first 25 motors.

filter to a vallue less than or equal to 5 um absolute.

14.3.11.3.2

Install filter
the filter bg
functional t

14.3.11.3.3

Collect the fi
appropriate
fluid shall b
will trap co
Wash the mg
filter patch §

All fluid soly

Filter sampling method

s in the outlet and case drain or copling port lines of the test setup. Check the flu
wls by the procedure specified in d4.3.11.3.3 for contamination accumulated durin
st performed in accordance with 14.3.5.

Patch preparation

luid in each filter bowd in'clean containers. Rinse both the filter bowl and element wit
volume of a suitablefluid solvent and add to the applicable container. The total resy
e passed through.a’membrane having a diameter of approximately 47 mm (1,85 in),
htaminant in_€ach filter bowl. The detail specification shall state the membrane mat
embrane freeOf fluid with the appropriate volume of fluid solvent. After drying, the resy
hall be coated with clear lacquer and permanently attached to the log sheet of the test

rent shrall be filtered through a 0,45 um pore size membrane prior to use in all stages

on if
h has

pient
tially
may

'wise specified in the detail specification, all the filters used during the test shall be alle to

id in
b the

h the
Iting
rhich
erial.
Itant

f the

patch prepa

ration procedure.

14.3.11.3.4

Patch comparison

Each filter patch specified in the acceptance test procedure shall be compared with the standard patch
then in effect and any discrepancy noted in the test log.

If the contamination level exceeds that of the standard, the filter patch test may be repeated. The second
patch shall show equal or less contaminant than the standard patch to be acceptable. If it does not, up to
2 additional patch tests may be run to establish the trend. If the patches remain unacceptable, the motor
should be disassembled to determine the source of the contamination and corrective action taken.
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14.3.11.4 Electro-conductive bonding

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

14.4 Storage and packaging
The detail specification shall state the procedures for preservation and packing.

The packaging used for the shipment of the motor shall consider the normal handling damage that may
occuf during transportation. Care shall be taken to avoid damage to any electrical confjectors, thin
metdl parts, etc.

The packaging shall be suitable for storage according to the shelf life requirements spegified in the
detall specification, considering that adequate care shall be taken by the storage agency. [f the motor
relies on the hydraulic fluid internal to the unit for corrosion protection, themthe hydraulif plugs shall
form|a leak-free seal.

15 Qualification procedures

15.1 General

Qualjfication tests, with the purpose of checking whether the motor design is in conformjity with the
requjrements of this document and the detail specification, shall comprise the tests specifigd in 15.2.3.

15.2 Qualification procedure

15.2{1 Qualification by analogy
All of some of the qualification tests may-be waived if the following requirements are met:

a) the motor incorporates the same or similar working parts as another motor that has glready been
qualified by a controlling authority;

b) the operating conditipns;are not more restrictive than those for which the other motor| has already
bheen qualified.

tor, shall be

include a full

s e c e and a detailed
account of the way in Wthh the tests were carrled out The report shall also 1nclude a descrlptlon of the
instruments used, schematic diagrams, and photographs, as appropriate. The complete test results shall
be given in the report in table form. The hydraulic test systems shall be described with all the details for
each test. The assembly drawings and installation drawings shall be appended to the test report.

15.2.3 Samples and program of qualification tests

The qualification tests shall be conducted on two sample motors (A and B). It is essential that these
sample motors are representative of the motors to be manufactured.

The qualification tests, together with the suggested order that they are conducted, are given in Table 4.
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15.3 Qualification testing

15.3.1 Dimensional check

Prior to the start of the qualification test, conduct the full acceptance test of both test sample motors.
The run-in specified in 14.3.8 may be carried out, if necessary, after reset and before the test sequence
is continued.

Check the critical wear dimensions and record the dimensions of each test sample motor. Check these
dimensions again for comparison purposes once the qualification tests have been completed.

15.3.2 Exp|anded envelope acceptance tests

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

b) pressures from the minimum to run the motor at its rated speed to rated differential pressurg;
c) loads frpm zero to rated torque.

No malfunctions shall be recorded.

15.3.3 Overspeed test

The performance of the hydraulic motor shall show no evidence of deterioration after it has [been
subjected td the test in 14.3.4.4, but running for 30 min instead-of 2 min.
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Table 4 — List and sequence of qualification tests

Tests Sample Clause, subclause, etc. to be
A B referred to

Acceptance X X 14
Dimensional check X 15.3.1
Expanded envelope acceptance X X 15.3.2
Overspeed X X 15.3.3
Operation at overpressure X 15.34
Calihratiom 1535
— [lorque and flow rate X X 15.3.5.3
— Drgzzrg)rzlrelzit;irzg of motor speed control X X 15.3.5.4
— Dynamic braking X X 15.3.5.5
— Rapid reversals X X 15.3.5l6
— [Passive operation X X 153/5.7
— Stalling torque and internal leakage X X 15.3.5
Endyrance? X 15.3.6
Envifonmental 15.37
— [General X or X 15.3.71
— |Low temperature X 15.3.7.2
— [Thermal shock X 15.3.7.3
— [Fire ResistanceP 15.3.7.4
Stru¢tural tests 15.3.8
— |Vibration X 15.3.8.1
— [Fatigue (pressure impulse) X 15.3.8.2
— [Portstrength X 15.3.8.3
— F;Z(r););eral‘z;isesure at rated \ fluid X 15.3.8.4
— [Ultimate pressure X 15.3.8.5
— Drive coupling shear; X or X 15.3.8.6
Combpination X or X 15.39
Supplementary tests X or X 15.3.10
a  The shaft seal\leakage is permitted to degrade to the limit specified in the detail specification (refer to 6J3.3).
b Anadditionhal test specimen shall be used if a fire resistance test is required.
15.3{4-0Operational test at overpressure

The performance of the hydraulic motor shall show no evidence of deterioration after it has been
running for 1 min at its rated speed with an inlet pressure equal to 125 % of the rated pressure and
with a pressure of 3 500 kPa (500 psi) at the outlet and case drain ports, unless otherwise specified
in the detail specification. In the case of a bi-directional motor and is not an over-centre type, the test
shall be repeated on the second inlet port.

15.3.5 Calibration

15.3.5.1 General

The calibration test is carried out before and after the endurance test, and comprises the tests described
in 15.3.5.3 t0 15.3.6.8.
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15.3.5.2 Dynamic characteristics

The hydraulic system impedance, the inertia and the stiffness of the opposing load applied to the motor

shaft shall b

e the same as those of the operating conditions specified in the detail specification.

15.3.5.3 Torque and flow rate

Measure the torque produced by the motor and the inlet and case drain flow rates, at a fluid inlet
temperature as specified in the detail specification, after operating for at least 5 min at motor output
loads of 25 %, 50 %, 75 %, and 100 % of rated load in the following conditions:

motor o

rated m|

The output
torque. The

The motor ¢

For bi-direc

15.3.5.4 Dgq

This test sh
change the
specificatio}

With the md
motor speeq
value specif]

Repeat the
speed instal

Repeat thes
specified in

Carry out ry
or as specif
over the ran
specified in

Check the r¢
evidence of

otor differential pressure.

torque at any of the test loads at the above conditions shall not be greatersthan the
case drain flow rate shall be less than the values specified in the detail spéeification.

fficiency shall be calculated from the results obtained from this test.

Fional motors, conduct the test in both directions.

rtermination of motor speed control response time

hll be conducted at the rated fluid temperature. The test set up shall incorporate mea
motor output load over the opposing and aiding load\¥ange at rates specified in the d
L.

tor operating against zero load, apply 25 % of'the rated opposing load. Make a record
I /time function as the load is applied. The nidtor speed response time shall not excee
jed in the detail specification. Check forany evidence of motor speed instability.

est reducing the load back to zero and-check the motor speed/time function and evider
pility.

e tests for 50 %, 75 % and.100 % of the rated load (opposing and then aiding loads)
the detail specification.

ns with 25 %, 50 %, (75 % and 100 % of the rated load (opposing and aiding (as applicz
ed in the detail specification. Make a record of the motor speed/time function as the
ge of opposing.dnd aiding loads. The motor speed response time shall not exceed the
the detail specification. Check for any evidence of motor speed instability.

bsponse time for small incremental changes of the output load (e.g. 5 %), and check fo
motor Speed instability

For bi-direc

Fional motors, this test shall be conducted with both directions of rotation.

rated

ns to
etail

fthe
d the

ce of

or as

ble))
load
ralue

[ any

If required by the detail specification, repeat these tests with different fluid temperatures.

15.3.5.5 Dynamic braking

Install a relief valve set at 125 % of the rated pressure, adapted to the test conditions, in the supply line.

With the motor at rated supply pressure and load conditions, apply a braking torque to the shaft in

order to dec

elerate continuously from the rated speed to zero within 0,02 s.

The motor shall not be damaged in any way which would jeopardize its subsequent operation.
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