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Foreword

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

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

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

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

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

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

This second |edition cancels and replaces the first edition (ISO 9206:1990) and ISO 12333:200(. The
entire docunpent has been rewritten and it incorporates requirements from 1SO 12333:2000.
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RNATIONAL STANDARD
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Aerospace series — Constant displacement hydraulic
motors — General specifications

1 S

cope

This International Standard establishes the general requirements for constant displacement hydraulic

moto

Prim3
howe

This |
to ead

2 N
The f

indispensable for its application. For dated references, only/the edition cited applies.

refere
SO 2
SO 2
ISO 2

ISO 2
desigr

[SO 3

ISO 3
desigr

[SO7
ISO7

ISO 8078, Aeraspace process — Anodic treatment of aluminium alloys — Sulfuric acid process, u

ISO 8

LS, suitable for use in aircraft hydran]ir‘ cycfnmc at pressures up 035 000 kPa (':.' Q0

iry and secondary function motors (see Clause 4) are covered in this Internation
ver, actuators with internal rotation angle limits and low-speed motors are ngticover

nternational Standard is to be used in conjunction with the detail specification that
h application.

ormative references

bllowing documents, in whole or in part, are normatively veferenced in this docuq

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

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

h71, Environmental tests for aircraft equipment — Part 3.4 : Acoustic vibration

685, Aircraft — Environmental testprocedure for airborne equipment — Resistar]
hated fire zones

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

h01-1:2012, Fluid powerSystems — O-rings — Part 1: Inside diameters, cross-sections, t
pation codes

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

B20, Aerospace—— Couplings, threaded and sealed, for fluid systems — Dimensions

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

psi).

al Standard;
ed.

is particular

hent and are
For undated
ies.

ce to fire in

L is approved

blerances and

ndyed coating
dyed coating

[SO 8

Uol, Aerospace process — Chemical conversion coating for aluminium alloys — General

purpose

[SO 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

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

flow

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

1), Aerospace — Cleanliness classification for hydraulic fluids

3 Terms and definitions

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

31

fixed displacement hydraulic motor
mechanical actuator that converts hydraulic pressure and flow into torque and angular displacement

(rotation)

3.2
purchaser
organization|

Note 1 to entj
actuation syst

Note 2 to entr]

3.3
detail speci

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

y: Typically, the purchaser is an aircraft manufacturer, an equipment manufacturer that h
em responsibility or a modification centre.

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

fication

document c
a)
b)
A
d)
e)
f)

34
supplier
organization

technic
acceptar
reliabilit]

quality 1

otherre

Note 1 to entn

production, aihd qualificatioh of the motor

3.5
ports of the

I

packaging requirements;

piled by the purchaser (3.2) that specifies the following:
equirements;

ce and qualification test requirements;

y requirements;

equirements;

Juirements

that provides theunotor

y: Typically, thessupplier is the manufacturer of the motor who will be responsible for the d

hydraulic motor

tor

as the

esign,

3.5.1

motor inlet port
port that receives flow from the hydraulic system to supply the motor

3.5.2

motor return port
port that returns flow back to the system

3.5.3

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

1) To be pub

2

lished. (Revision of ISO 11218:1993)
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3.5.4
shaft seal port
port that routes any shaft seal leakage from the motor to an overboard drain, collector tank, etc.

3.6
temperature terms

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

Note 1 to entry: It is expressed in degrees centigrade.

3.6.2
minilnum continuous temperature
minirhum temperature of the fluid to be continuously supplied at the supply pert'of the mgtor

Note 1 to entry: It is expressed in degrees centigrade.
Note 4 to entry: This temperature is generally higher than the survival temperature.

3.7
presgure terms

3.71
design operating pressure
normpl maximum steady pressure

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

— pressure ripple;
— r¢actions to system functioning;
— dpmands that may affect fatigue.

3.7.2
rated supply pressure
systemn rated pressure) which is normally the hydraulic power generation system design operating
presstre (3.7.1)

3.7.3
rated differential pressure
differential{pressure measured between the motor inlet and outlet ports required to pyroduce rated
torque (3111.1)

3.74

no-load break-out pressure

differential pressure required for starting the output shaft, without interruption, with the case drain
port at the rated return pressure

3.7.5
motor return pressure

3.7.51
nominal motor return pressure
pressure generated at the return port as the motor returns flow back to the system

© IS0 2016 - All rights reserved 3
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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 pressure is generally considerably less than
the rated motor return pressure.

3.7.6

case drain pressure

3.7.6.1
rated case d
nominal pres

3.7.6.2
maximum c
maximum off

the max
port (3.9

the pres
in order

3.8
rated consu
flow rate me

rated dif]
rated spd

using th
39

mption

rated flulid temperature;

rain pressure
sure at which the motor case is required to operate continuously in the system

Ase pressure
either

mum pressure peak that may be imposed by the hydraulic system on the motor case
.3), or

sure resulting from integral bypassing of the rated flow.towards the outlet and drain
to take into account the accidental transitory separation of the components

hsured at the motor inlet port (3.5.1) under.donditions of the following:

ferential pressure (3.7.3);
ed (3.10.1);

e hydraulic fluid specified\in the detail specification (3.3)

rated displ

maximum thieoretical volume-of fluid generated by one revolution of its output shaft
Note 1 to entrjy: It shall béexpressed in cubic centimetres per revolution (cubic inches per revolution).

Note 2 to entfy: The'rated displacement shall be calculated from the geometrical configuration of the

without allo

cement

ingfor(the effects of the following:

drain

ports

motor,

. P R r . 1
permlSSluu: Rrafttactt peey=e toter arrccs,

distortions of the motor structure;
the compressibility of the hydraulic fluid;
internal leakage;

temperature.

Note 3 to entry: The rated displacement is used to indicate the size of the motor rather than its performance.
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3.10
speed terms

3.10.1
rated speed
maximum speed at which the motor is required to operate continuously at rated temperature (3.6.1)

and aprated differential pressure (3.7.3)

Note 1 to entry: The rated speed shall be expressed as the number of revolutions of themotor output shaft
per mfnute.

3.10.2
maximum no-load speed
speed reached at rated conditions with no opposing torque

3.11
torqye terms

3.11.1
rated torque
minirhum torque value at rated operating conditions

3.11.2

-out torque
um torque against which the motor, will start at operating conditions specified |in the detail

ing torque
minithum opposing torque which stops the rotation of the outlet shaft at the rated supply pressure (3.7.2)
and f¢r the outlet port and\case drain port pressures specified in the detail specification (3|3)

3.12
motop overall efficiency
obtaiped from the-formula:

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

wherg

output shaft power= shaft torque x RPM;
input fluid power= (inlet pressure - return pressure) x 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 number of hours and cycles of operation to be included in the endurance phase of its
qualification testing

© IS0 2016 - All rights reserved 5
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3.14

first article inspection

process that

conducts the following:

verifies that the parts of a component comply with the drawings;
verifies that the manufacturing processes have been compiled and are adhered to;

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

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

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

4 C(Classif

cation

The hydraulic motors covered by this International Standard are classified in two categefies.

Category
transfer

Category

The motor c{

5 Generd

5.1 Ordern

The detail sp
Internationa

5.2 Hydra
The hydrauli

specification].

7 A: Primary function motors, for example, flight controls, slats, flaps;“adjustable p
units, constant speed drives, etc.

r B: Secondary function motors, for example, hoists, guns, radags,doors, etc.

tegory shall be specified in the detail specification.

I requirements

of precedence

ecification shall take precedence in the case of a conflict between the requirements
Standard and the detail specification.

ulic system characteristics

c motor shall be designed.to-be operated by the hydraulic system as defined in the

The detail specification shall include the characteristics of the hydraulic system in which the

is to be used
lines for the

normal ¢

This shall include the flow versus pressure curves for the supply, return, and case
following hydraulic fluid temperatures:

perating témperature (for example, +20 °C);

rated te

minimu

11

perafure;

continuous temperature.

lanes,

f this

detail

motor
drain

5.3 Airworthiness regulations

The hydrauli

¢ motor shall comply with the applicable airworthiness regulations.

5.4 Qualification

Hydraulic motors furnished under this International Standard shall be products that have passed the

qualification

tests that are specified in the detail specification.
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6 Functional requirements

6.1

Hydraulic fluid

The detail specification shall state the applicable hydraulic fluid.

be one of the

pecification.

re shall be

6.2 Pressures
6.2.1 Rated supply pressure
The vplue-ef-therated-supplypressure-shal-be-stated-inthe-detail-speeificationand-shalt
following values of rated supply pressures listed in Table 1 (derived from ISO 6771).
Table 1 — Rated supply pressure
Pressure Metric system Imperial system
Class kPa basic psi basic

A 4000 600

B 10 500 1500

C 16 000 24500

D 21000 3000

E 28 000 4000

] 35000 5000
6.2.2| Rated differential pressure
The rpted differential pressure shall be specified in the detail specification.
6.2.3| No-load break-out pressure
The njo-load break-out pressure shall be specified in the detail specification.
6.2.4| Motor return port pressure
6.2.4]1 Nominal return pressure
The nominal returiiptressure shall be specified in the detail specification.
6.2.4)2 Rated motor return pressure
The rpted\motor return pressure (where applicable) shall also be specified in the detail s
Unless—gtherwise cnnrlﬁnd in_the detail cpnrlﬁrahnn the rated motor return press
7 000 kPa (1 000 p51)
6.2.5 Case port pressure
6.2.5.1 Rated case port pressure

The rated case port pressure shall be specified in the detail specification.

Caution should be taken defining the rated case pressure. Too high a pressure may cause abnormal

shaft

seal and shaft bearing loading, affecting their operation and reducing the motor life.

© ISO 2016 - All rights reserved
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6.2.5.2 Maximum case port pressure

The maximum case drain port pressure shall be specified in the detail specification.

6.3 Flows

6.3.1 Rated consumption

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

6.3.2 Cas

drain flow

The detail sp
drain flow.

The motor ¢
conditions:

1) the motq
2) the motd
3) the motd

The minimu

specification].

6.3.3 Shaf|

The detail sy

ecification shall state that the motor shall be capable of producing at least a minimun

ase flow rate [which shall be in 1/min (or gpm)] shall be specified undep the foll

r turning at rated torque and speed;
r turning at zero torque;
r stalled, shaft locked at any position.

m and maximum case drain flow shall be statedcat conditions specified in the

[ seal leakage flow

ecification shall state the value of the maximum dynamic shaft seal leakage (whicH

be in drops/in) at the following conditions:

a) New bui

d:

— the motor filled with fluid, but unspressurized;

— whe
— whe
b) Qualifics
— ovel|
— atth

— whe

h subject to proof pressiirg-at ambient temperature;
h the motor is operating at rated consumption flow.
tion testing:

the expanded test envelope;

e completion of the endurance test;

1 case

wing

detail

shall

h'subject to proof pressure at rated temperature;

— when subject to ultimate pressure at rated temperature.

6.3.4 External leakage

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

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

1 Rated speed

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

NOTE

As an indication, the maximum recommended values are given in the Nomograph in Figures 1 and
2. If speeds are kept well below those indicated by the curves, the operating life may be improved. However,
several system factors such as fluid, temperature, duty cycle, contamination, expected life, etc. will also

influe

6.4.1
Unles

any f:
and/a

6.4.1

TT te values:.

2 Overspeed

s otherwise specified in the detail specification, the motor shall be capable of operg

r Table 7 for 30 minutes.

3 Maximum no-load speed

The miaximum no-load speed shall be specified in the detail spetification.

6.4.1

Unles
either
of rot|

NOTE
by opt

6.5

6.5.1
Ther

6.5.2

4 Direction of rotation

s otherwise specified in the detail specificationthe hydraulic motor shall operate sat
direction of rotation. It shall not be necessary:to alter the motor to effect a change in
ption; it should only be necessary to reverse'the direction of flow.

For single direction of rotation applications, an improvement of weight and efficiency m
imizing the timing design parameters for-the intended direction of rotation.

Torque

Rated torque

hted torque shall beespecified in the detail specification.

Break-outtferque

The break-outtorque shall be specified in the detail specification.

6.5.3

Stalling torque

ting without

ilures at 125 % of rated motor discharge flow for the durations and abthe conditions of Table 6

isfactorily in
the direction

hy be obtained

The stalling torque shall be specified in the detail specification.

At low speeds (500 to 800 rpm), the mechanical efficiency of hydraulic motors can be up to 99 %.
This high efficiency should be considered when stressing the mechanisms that are powered by the
hydraulic motor.

6.5.4

Torque pulsations

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

© ISO 2016 - All rights reserved
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1 10 X
Key
Y rated mofor displagenient in millilitres per revolution
X motor sp¢ed inrpnrx 1 000
a  Recommgndéd maximum rated speeds.

Figure 1 — Nomograph of maximum recommended values for rated speeds against motor
displacement (Metric units)
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Y 100 120
10 60708090 |1\‘:0|130
50 NN
40 N
20 \&\
N
GPM
130—
120
10 110
100
90
80
70
! A\ 60
5 50—
i\ 40
\ 30
2
20
5000 psia—
4 000 psia 10
3000 psia &
0,1 |
1 10
X
Key
Y rated motor displacement in cubic inches per revolution
X  njotor Speed in rpm x 1 000
a  Recommended maximum rated speeds.

Figure 2 — Nomograph of maximum recommended values for rated speeds against motor
displacement (American units)

6.6 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.

© IS0 2016 - All rights reserved 11
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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
measured in the low pressure side of the discharge line, provided that adequate compensation is made

for compressibility when calculating efficiency.

6.7 Dynamic characteristics

6.7.1 General

If requested by the purchaser, the motor polar moment of inertia and motor impedance shall be supplied

to assistind

eveloping system dynamic performance.

6.7.2 Dynamic braking

The motor s}
with no oper

The detail s
reversed (py
the pressure

lall be designed to withstand, at rated conditions, a braking torque whichstops it in
ating damage and with no reduction in performance.

becification shall identify any circumstances where the pressures.in the motor ¢
mping mode) due to an overrunning load. The motor shall be designed to accomm
5 and flows that are generated in this mode.

6.7.3 Rapid reversals

If required
specification

6.8 Passiy

Passive oper

by the application, the motor shall withstand, at conditions specified in the
rapid reversals of direction of rotation without damage.

‘e operation

ation of the motor (for example in redundant systems), without fluid supply, sh

specified in fhe detail specification.

6.9 Rated|temperature

IS0 8625-3 p
motoristob

rovides the requirementsfor temperature classification (Type I, Type I, or Type III)
e used in a military aircraft or helicopter.

If the applicdtion is for a commeércial aircraft, the detail specification shall state the rated temper

6.10 Acoustic noise level

0,02 s

an be
odate

detail

qll be

if the

hture.

If required, the motdr_shall have a maximum acoustic noise level at rated operating condition§. The
detail specification shall state its value together with the measuring procedure, when applicable.
When condycting the acoustic noise test, the hydraulic test rig shall have the circuit impefance

as specified
structural m

6.11 Rated

in 15.3.5.2. To the extent possible, acoustic noise contributions from other hydraulic or

embers attached to or in the vicinity of the motor shall be accounted for separately.

endurance

The detail specification should specify the duration and the conditions of the endurance test. However,
if they are not specified in the detail specification, then the endurance test shall be in accordance with
Table 2 and 15.3.6.

The endurance test shall be conducted with the fluid cleanliness of the hydraulic fluid at the maximum
class specified for the application.
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Table 2 — Duration and conditions of the endurance test

Category of H . Continuous Operation with
ydraulic . .
motor svstem operation alternating load
(see Clause 4) y h cycles
Commercial applications 1500 4 %x 106
A Types I and Il military applications 750 2 x 106
Type Il military applications 250 1 x 106
Commercial applications 500 2 x 106
B Types I and Il military applications 250 1x 106
I'ype IlI military applications 125 0,5 x 106

6.12 [Environmental requirements

The detail specification shall state the environmental and operating conditions-to which|the motor is
expoded, based on the following criteria:

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

b) h[‘midity (in accordance with ISO 7137);
c f
d)

ids susceptibility (in accordance with ISO 7137);

<

jbrations (in accordance with ISO 7137);

e) afoustic vibrations (in accordance with ISO 26713;

f) steady-state acceleration (in accordance withidSO 2669);

g) resistance to fungus and mould (in accordance with ISO 7137);
h) salt spray (in accordance with 1SO_7137);

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

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

k) shock (in accordance with ISO 7137);
1) ige formation (in.accordance with ISO 7137);

m) fire resistancel(in accordance with ISO 2685) - motors in fire zones only.

7 Detaibdesign requirements

7.1 Dimensionally critical components

Parts shall include mechanical means to prevent them from being installed incorrectly if
a) they are likely to cause incorrect operation,

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

c) they can be incorrectly located on assembly.

7.2 Maintainability features

In addition to the requirements of 7.1, components that are not functionally interchangeable shall not
be physically interchangeable.
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All wear surfaces shall be replaceable or repairable.

Connections,

mounting, and wiring provisions shall be designed to prevent incorrect coupling.

The design shall permit the line replacement of the unit or a module of the unit using standard tools only.

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

7.3 Seals

Static and dynamic seals shall be in accordance with ISO 3601-1:2012 series A. Non-standard seals,

necessary to

used subject

For motors
subject to th

7.4 Lubri

The motor
hydraulic flu

7.5 Balan

The individy
operating ax
any part of i
maximum sp

7.6 Self-c

to the approval of the purchaser.

ised in commercial aircraft and military type III systems, back-up ringsrused sh
e approval of the purchaser.

cation

bhall be self-lubricated with no provision for lubrication apart from the circu
id.

ce

al rotating parts of the motor shall be inherently balanced about their own pr
is. The motor shall not vibrate due to self-geheérated accelerations in such a wayj
L yields or is otherwise structurally compromised throughout the speed range up

ecified overspeed condition.

pntained failure

The motor shall be designed to completely contain all internal parts in the event of a failure due

overspeed cd

No loss of fly
seal leakages

7.7 Safety

A manufactuy|
with interna

ndition. The maximum overspeed conditions shall be specified in the detail specifica

id from the motor shall occur as a result of the failure, other than the external and
specified in the detaihspecification.

wire sealing

frer’s non-metallic seal of guarantee may be used to indicate if the motor has been tam
ly.

demonstrate compliance with the requirements of this International Standard,m

ay be

all be

ating

mary
7 that
o the

to an
tion.

shaft

pered

Lead-type salfety wire sealing shall not be used.

7.8 Electro-conductive bonding

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

7.9 Marking

7.9.1 Nameplate

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

14
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Table 3 — Format for nameplate

Constant - displacement hydraulic motor

Fluid:..
Rating:

D] 0] EoTe1=) 0 1<) o LY

Differential pressure: .....

7.9.2
The f

7.9.3

Whern
shaft

Fluid identification

uid for which the motor is approved to use shall be identified imaccordance with ISO

Ports

possible, the inlet port corresponding to each direétion of rotation, the case drain
seal port shall be identified on each motor by clearand permanent markings.

8 Strength requirements

8.1

The s

8.2

8.2.1

Unles
press
1,5 ti
done

8.2.2

General

frength requirements shall be maintained over the entire ambient and fluid tempera
Proof pressure

Motor case

s the detail specification states a different value, the motor case shall statically
ure of at ledstequal 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 d
br perforimance being impaired.

Motor inlet port

3323.

port, and the

fure range.

withstand a
pressure or
amage being

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

dama

8.2.3

ge being done or performance being impaired.

Motor return port

Unless the detail specification states a different value, the motor return port shall statically withstand a
pressure equal to 1,5 times the rated pressure without permanent damage being done or performance

being

impaired.

© ISO 2016 - All rights reserved
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8.3 Ultimate pressure

8.3.1 Motor case

Unless the detail specification states a different value, the motor case shall be designed to withstand a
pressure of full system pressure or 2,5 times the rated pressure for the case (whichever is the greater)
with no structural failure.

8.3.2 Motor inlet port

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

pressure eqy

al to 2,5 times the rated supply pressure for the motor inlet with no structural failuy

8.3.3 Motor return port

Unless the d¢

tail specification states a different value, the motor return port shall statieally with|

a pressure equal to 2,5 times rated pressure for the motor return with no structuralfailure.

8.4 Press

The motor
external loa

ire impulse (fatigue)

thall withstand the fatigue effects of all cyclic pressut€s, including transient
Is.

The detail specification shall state the following:

a) the overpll predicted duty cycle for the different parts of the motor throughout the lifetime
application;

b) the scat]er factor that is to be applied for analysis er'fatigue (pressure impulse) testing;

c) the external loads.

8.5 Portskrength

The structur
a torque 2,5
lines on inst
alteration in

9 Constr

e of the ports and the reléyant areas of the motor case shall be such that it withs
times the maximum torque that is specified for attaching or removing the union
hllation or removing(motors during maintenance operations. No permanent distort
the correct operation shall occur.

iction reguiirements

9.1 Mate

ials

e.

stand

and

of its

tands
s and
on or

9.1.1 Generat

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

Materials and processes used in the manufacture of the motor shall

— be of aerospace quality,

— Dbe suitable for the purpose, and

comply with the applicable official standards.

Materials that comply with the supplier’s material specifications are acceptable provided that these
specifications are acceptable to the purchaser and include provisions for adequate testing. The use of
the supplier’s specifications does not constitute a waiver of other applicable standards.

16
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9.1.2 Metals

9.1.2.1 General

All metals shall be compatible with any fluids with which it will be in contact, with the service and
storage temperatures, and functional requirements to which the components will 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 9.2.

If the properties or operating safety of the motor 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

apprqg var—trthis case, nrater tats—or ProcessTes strattbe—chosen—to 1928 ovide—thenraxim
resistance compatible with the operating requirements.

9.1.22 Motors for type I systems

Except for the internal surfaces in constant contact with the hydraulic €liid, ferrous
have p chromium mass fraction of at least 12 % or shall be suitably protected against
specified in 9.2.

Tin,

cadmium, and zinc platings shall not be used for internal parpts‘or for internal surfad

with the hydraulic fluid or exposed to its vapours. The groovesfor external O-rings seals
consiflered as internal surfaces in constant contact with hydraulic fluid.

Magnsium alloys shall not be used.

9.1.2]3 Motors for type II and III systems and for commercial aircraft applications

Ferrops alloys used shall be suitably protected against corrosion as specified in 9.2.

Tin,

chdmium, and zinc platings shall not be used for internal parts that are in contact with

fluid ¢r exposed to its vapour.

Magngsium alloys shall not be used.

9.2

Corrosion protection

9.2.1| General

Metal

protefted, in accerdance with the following subclauses, to resist corrosion that may
condifions such as the following:

dissitnilar metal combinations;

m corrosion

alloys shall
corrosion as

es in contact
shall not be

the hydraulic

s that do notyinherently possess sufficient corrosion-resisting characteristics shall be suitably

result from

nroisture;
salt spray;

high temperature deterioration.

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;

© ISO 2016 - All rights reserved
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— electrolytic tin plating, in accordance with ISO 2093;
— electrodeless nickel plating.

Electrolytic 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 not indicated, the class and
type of plating are at the supplier’s discretion.

Other metal plating, the use of which has been proved to be satisfactory to the purchaser, such as 85 %
electrolytic tin plating, shall be protected by anodizing. However, in the absence of abrasive conditions,
they may be coated with a chemical film.

Exceptions sfall be submitted to the purchaser for approval.

9.2.3 Aluminium alloys

All aluminium alloys shall be anodised in accordance with ISO 8078 and ISO 8079 (except that |n the
absence of aljrasive conditions they may coated with chemical film in accordance with)ISO 8081), ynless
otherwise aythorised.

Exceptions shall be submitted to the purchaser for approval.

9.3 Castings

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

Defects not rhaterially affecting the suitability of the castings'may be repaired at the foundry or during
machining by peening, impregnation, welding, or other,methods acceptable to the purchaser. The
inspection and repair of castings shall be checked by quality control techniques and standards that are
satisfactory to the purchaser.

10 Installation requirements

10.1 Dimensions

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

10.2 Mass
The dry masf of the.cormpletely assembled motor shall be stated on the supplier’s installation drayving.

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

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 4.
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Table 4 — Relation between displacement and flange type

Maximum displacement Maximum displacement Flange type —
cm3/r in3/r Spigot reference
2,5 0,15 150
5 0,31 200
10 0,61 300
15 0,92
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 by agreement between the manu
the plirchaser.

10.5

Unless otherwise specified in the detail specification, an easily removable shaft shall be
interflace between the motor between the motor rotating group and actuation means tha

(fore

The dirive shaft shall be held in place by means of a positive locking system.

If req

The end of the drive shaft shall comply with"1SO 8399-1 and ISO 8399-2 unless otherwis¢
the d¢tail specification.

The fpllowing shall be specified in the detail specification:

%)

(=

(=

10.6

Unles

with

Ie loads other than those self-induced by the motor torque;

Drive shaft

kample, a gearbox).

lired by the Procurement Specification, the'drive shaft shall include a shear section.

hear torque;

e coupling lubrieation mode.

Ports

SO7320.

facturer and

fitted at the
[ it is driving

b specified in

s otherwise specified in the detail specification, the port configuration shall be in accordance

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);

© ISO
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b) the storage life;

c)

the service life limit.

12 Reliability requirements

12.1 Equipment compliance

All of the reliability specifications shall be met throughout the service 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

include the fi
a) the defe
b) the failu
<)
d) the failu

the safet

13 Quality

13.1 Respa

Unless other

is resp
Standa

may use
approve

The national
Internationa
stipulated sp

13.2 Classi

The followin

r(]?, and

fication of tests

llowing:

't rate;

Fe rate;

y rate (if applicable);

Fe mode and effect analysis (FMEA).

f assurance provisions

nsibility for inspection
Wwise specified in the contract or order,the supplier

sible for carrying out all the-\inspection operations specified in this Interna

his own inspection and-testing facilities or the services of any industrial labor
l by the national authorities.

Standard wherg€itis deemed necessary to ensure supplies and services that comply
ecifications.

b teSt program shall be performed for the purposes of checking whether the motors c

shall

tional

atory

authorities reservethe right to carry out any of the inspection operations specified in this

r with

bmply

with this Int

briational Standard:

a)

acceptance tests (see Clause 14);

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) inlet pressure: 2 % of rated inlet pressure, but not more than +35 kPa; (5 psi);
b) case pressure: 2 % of rated case pressure, but not more than £100 kPa; (15 psi);
20 © IS0 2016 - All rights reserved
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c) discharge pressure: 2 % of rated discharge pressure, but not more than * 200 kPa; (+

d) differential pressure: +2 % of maximum differential pressure, but not more than
(=30 psid);

e) inlet/temperature:
— -57 to + 43 °C, within +3 °C;
— +43to + 107 °C, within %6 °C.

f) flow: within +2 % of rated flow;

g) shaft speed: £100 r/m;
h) t[rque: *2 % of maximum motor input torque.
The afcuracy of the instrumentation shall be consistent with the measurement tolerances

The test stands shall use sufficient filtration so as to maintain the cleanliness of

ISO 11218:—2) Class 5, or better, except for the qualification endurance testing (see 15.3.6).

The hlydraulic fluid in the test circuit shall be the same as that specified for the application

14 Acceptance tests

14..1 |General

Each notor submitted for delivery under a procurement contract shall be subjected to the ¢
and gcceptance tests specified in this subclatise. The acceptance or approval of maf
manuffacture shall, in no case, be construed a§’a guarantee of the acceptance of the finishe

Accefjtance tests, for the purposes of this\International Standard, shall consist of the folloy
a) vjsual examinations;

b) a|test program to determine quality design and check whether the motors con
performance requirements of this International Standard.

The flirst production muotor shall undergo a First Article Inspection (FAI) in the pre
purcHaser’s representatives. Any deviations recorded in the FAI shall be corrected, or ag1
the d¢livery of thefirst motor.

14.2 |Examination of the product

30 psi);
+200 kPad;

required.

the fluid to

(see 6.1).

Xaminations
erial during
d product.

ving:

form to the

sence of the
eed, prior to

hrds and all

The metor shall be examined to determine conformance with the applicable stand
requikess o Tt g . fieia
specific tests.

14.3 Test programme

14.3.1 General

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

here are no

The supplier shall repeat the applicable parts of the conformance test procedure if, at any phase of
testing, working parts require replacement. The break-in run portion may be omitted if the rotating

group assembly was not affected.

2) To be published. (Revision of ISO 11218:1993)
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Throughout the test programme, the hydraulic fluid used shall be that specified in the detail
specification.

14.3.2 Exte

rnal leakage requirements

14.3.2.1 General leakage

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

permitted.

14.3.2.2 Sh;

During acceg
new build co

14.3.3 Bred

The break-in
consist of at
speed with a

14.3.4 Prod

14.3.4.1 Oy

Operate the
pressure as §

The motor sH
external leak

aft seal leakage
L=4

tance and calibration tests, the shaft seal leakage shall not exceed the values specifi
hditions (refer to 6.3.3 a).

Kk-in run

run shall be made with any nominated pressure in the inlet and return lines and
east 30 min at 30 % to 75 % of rated speed and at least 30 min.at.80 % to 100 % of
differential pressure of 80 % to 100 % of the rated differential(pressure.

f pressure and overspeed tests

erspeed test

hydraulic motor for 2 min at a speed equal to 125 % of the rated speed with a differ
pecified in the detail specification.

all withstand the test without any alteration to its correct operation, and there shall
age apart from that from the shaft which shall not exceed 5 cm3/h.

14.3.4.2 Operational test at overpressure

Operate the
rated pressu
(500 psi) at

The motor sH
external leak

hydraulic motor for 1 mid at its rated speed with an inlet pressure equal to 125 %

he outlet and case drain ports.

all withstand tHetest without any alteration to its correct operation and there shall
age apart from.that from the shaft which shall not exceed 5 cm3/h.

14.3.4.3 Inlet portproof pressure test

With the mo

or-Shaft locked, pressurize the motor for 5 min to 1,5 times the rated supply pressur

ed for

shall
rated

ential

be no

pf the

re and, unless otherwise specified in the detail specification, with a pressure of 3 500 kPa

be no

e.

In the case o

a bi-directional motor, both inlet/return ports shall be subjected to an independent

pressure test.

14.3.4.4 Case port proof pressure test

proof

With the motor shaft locked, pressurize the motor for 5 min to 1,5 times the pressure determined

from 8.2.1.

14.3.5 Operational tests at rated conditions

Unless otherwise specified in the detail specification, the operational tests in rated conditions shall
include the following:

a)

operatio

22

n for 30 min at the rated speed, rated differential pressure, and rated torque;
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b) operation for 60 min at the rated inlet pressure while the opposing torque on the output shaft is
varied between 50 % of the rated value and the rated value at a frequency of 6 cycles/min.

There shall be no external leakage sufficient to form a drop. Case drain flow shall be monitored. There
shall be no evidence of malfunction.

14.3.6 Break-out torque test

Operate the motor smoothly at a speed of 0,5 rpm to 3 rpm. Adjust the inlet and return pressures to
establish the pressure differential defined in the detail specification. Make a continuous record of the
motor output torque of the motor over at least 2 minutes. The break-out torque is defined as the lowest

1 ot P 'S ot s Jd_d 3 lic A
Va uerortne-vartatotir ot Liuc LIIdtl 1o IIICdsur Tt uul llls CIIIS LU OL.

The t¢st shall be conducted in both directions of rotation.

14.3.Y Teardown inspection examination

14.3.7.1 Sampling requirements

A teardown inspection shall be conducted on a minimum of ten moters of a given mode
prodyction run or as specified in the detail specification.

The teardown inspection shall be redone whenever either of’the following changes in
programme occur:

a)

b)

bntinuity of manufacturing is interrupted — permissible periods of production inter
e designated in the detail specification;

o O

aJternative tooling and production facilities:afe chosen.

14.3.7.2 Inspection procedure

After|the break-in run and proof tests,)/dismantle and inspect the motor. If all parts are
condikion, re-assemble and run in the-motor in accordance with 14.3.8.

If, at qny phase in the testing, working parts require replacement, the entire conformance t¢
shall pe repeated.

Wher] the teardown jnspection is no longer required, the run-in in accordance with 14
deletg¢d.

14.3.8 Run-in

The rjin-in‘after teardown inspection shall be performed at 50 % to 100 % of rated speed fi
15 miIn with a differential pressure of 80 % to 100 % of the rated differential pressure.

of an initial

h production

ruption shall

n acceptable

st procedure

t.3.8 may be

br a period of

14.3.9 Performance data

Once the acceptance tests have been completed, measure and record the following parameters at rated

conditions:

a) supply pressure;

b) inlet port flow;

c) casedrain port flow;
d) rated torque.

© ISO 2016 - All rights reserved
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14.3.10Fluid contamination test

14.3.10.1

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 contamination as agreed to between the supplier and the purchaser.

14.3.10.2

Inline particle counters

Inline particle counters should be used to check for an incipient motor failure by continuously

monitoring {
there is a not
been comple

14.3.10.3

14.3.10.3.1

If inline par
motor failur
established
possibly be

he particle sizes. The motor shall be stopped and removed for a tear down 1nspgc
iceable increase in the number of particles in the case drain line after the break-in ry
fed.

Filter patch test

General

ticle counters are not available, then the use of filter patches check for an inc

e is an acceptable alternative means. The definition of a patc¢h standard is either in
y the manufacturer and, in that case, shall be specifieddn'the detail specification, o
tablished during the functional tests of the first 25 mgtors.

ion if
n has

ipient
itially

I may

Unless otherise specified in the detail specification, all the filters used during the test shall be gble to

filter to a val

14.3.10.3.2

Install filter
the filter boy
functional te]

14.3.10.3.3

Collect the fl
appropriate

fluid shall be
will trap con
Wash the me
filter patch s

All fluid soly|
patch prepar

14.3.10.3.4

e less than or equal to 5 um absolute.

Filter sampling method

b in the outlet and case drain or ceglinig port lines of the test setup. Check the fl
vls by the procedure specified in+14.3.10.3.3 for contamination accumulated duriy
st performed in accordance with 14.3.5.

Patch preparation

pid in each filter bowlin clean containers. Rinse both the filter bowl and element wi
volume of a suitablefluid solvent and add to the applicable container. The total res
passed through-a membrane having a diameter of approximately 47 mm (1,85 in),
taminant in each filter bowl. The detail specification shall state the membrane ma
mbrane free,of fluid with the appropriate volume of fluid solvent. After drying, the res

bntshall be filtered through a 0,45 pm pore size membrane prior to use in all stages

hall be céated with clear lacquer and permanently attached to the log sheet of the test.

1id in
1g the

th the
ulting
Wwhich
terial.
1ltant

of the

ation procedure.

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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14.3.11Electro-conductive bonding

If required, measure the electrical resistance between any point on the mounting flange face and
specified points on the motor (for example, 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

oCCUr during traoncnartation Corn chall ha +alean 0 avuaid dasoagn +0 a0y alacteical con ectors thin
R tFa R SpeFatei—eae-—Star e —+take i—+toavota—eaanage—toahy—erecericar—E€6h )

metal parts, etc.

The packaging shall be suitable for storage according to the shelf life requirements’ spgcified in the
detail specification, considering that adequate care shall be taken by the storagé agency/ If the motor
relies|on the hydraulic fluid internal to the unit for corrosion protection, then the hydrauljc plugs shall
form p leak-free seal.

15 Qualification procedures

15.1|General

Qualification tests, with the purpose of checking whethérthe motor design is in conformity with the
requifements of this International Standard, shall comprise the tests specified in 15.2.3.

15.2|Qualification procedure

15.2.1 Qualification by analogy

All or|some of the qualification tests maybe waived if the following requirements are met

a) the motor incorporates the same or similar working parts as another motor that has plready been
gualified by a controlling atithority;

b) the operating conditiofis are not more restrictive than those for which the other motof has already
been qualified.

A repprt, substantiated by drawings showing the similarity with the already qualified mptor, shall be
submijtted instead©f carrying out the tests.

15.2.2 Moetor qualification test report

A reppttof the tests carried out and the test results shall be compiled. This report shall jnclude a full
assessment of the extent to which the motors tested comply with the detail specification and a detailed
account of the way in which the tests were carried out. The report shall also include a description of the
instruments used, schematic diagrams, and photographs, as appropriate. The complete test results shall
be given in the report in table form. 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 5.
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Table 5 — List and sequence of qualification tests

Tests Sample Clause, subclause, etc.
A B to be 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 X 15.3.4
Calibration 15.3.5

— Torque ahd flow rate X X 15.3.5.3

— Dynamicbraking X X 15.3.5.4

— Rapid reyersals X X 15.3.565

— Passive dperation X X 15.3.5.6

— Stalling torque and internal leakage X X 15.3.5.7
Endurance2 X 15.3.6
Environmentfl X or X 15.3.71
Low temperature X 15.3.7.2
Thermal shogk X 15.3.7.3
Fire Resistanfeb 15.3.7.4
Vibration X 15.3.8.1
Fatigue (pressure impulse) X 15.3.8.2
Port strength X 15.3.8.3
Proof pressuye at rated fluid temperature X 15.3.8.4
Ultimate pregsure X 15.3.8.5
Drive coupling shear X or X 15.3.8.6
Supplementaty tests X or X 15.39
a  The shaft §eal leakage is permitted to degrade to the limit specified in the detail specification (refer to 6.3.3).
b Anadditiopnal test specimen shall be used;if a fire resistance test is required.
15.3 Qualification testing
15.3.1 Dimgnsional check
Prior to the $tart of the qualification test, conduct the full acceptance test of both test sample mptors.
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 Expanded envelope acceptance tests

The acceptance 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 zero to rated differential pressure;

c) loads from zero to rated torque.

No malfunctions shall be recorded.

26 © IS0 2016 - All rights reserved


https://standardsiso.com/api/?name=58a5343cfc4bc06b34cd999d6b101f30

IS0 9206:2016(E)

15.3.3 Overspeed test

The performance of the hydraulic motor shall show no evidence of deterioration after it has been
running for 2 min at a speed of up to 125 % of the rated speed with a differential pressure as specified
in the detail specification.

15.3.4 Operational 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 dj
inlet

15.3.

15.3.

The c
in 15.

hort.
b Calibration

b.1 General

hlibration testis carried out before and after the endurance test, and-Comprises the te
3.5.3t015.3.5.7.

15.3.

The hlydraulic system impedance, the inertia and the stiffness of the opposing load applied

shaft

15.3.

Meas
temp
speed

— npotor outlet and case drain pressures of 200 kPa to 1 400 kPa (30 psi to 200 psi, relat|

— T

The o
rated
efficig

15.3.

Insta

5.2 Dynamic characteristics

shall be the same as those of the operating conditions specified in the detail specificg

6.3 Torque and flow rate

ire the torque produced by the motorcand the case inlet and drain flow rates, at]
erature as specified in the detail specification, after operating for at least 5 min at m
s of 25 %, 50 %, 75 %, and 100 %-oefrated speed in the following conditions:

hited motor differential pressure.

utput torque at any df the motor rotation speeds at the above conditions shall not be
torque. The drain.flow rate shall be less than the values specified in the detail spec
bncy shall be calctlated from the results obtained.

5.4 Dynamic braking

1 a relief valve set at 125 % of the rated pressure, adapted to the test conditions, in th

With

etattspeciftcatiomrtrthecaseof abi=directiomal-motorthe teststatt-berepeated-on the second

bts described

to the motor
tion.

a fluid inlet
ptor rotation

ive);

less than the
fication. The

e supply line.

the’motor at rated supply and speed conditions, apply a braking torque to the sha

't in order to

decelerate 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.

15.3.5.5 Rapid reversals

This test shall be specified in the detail specification.

15.3.5.6 Passive operation

This test shall be specified in the detail specification.

© ISO 2016 - All rights reserved

27


https://standardsiso.com/api/?name=58a5343cfc4bc06b34cd999d6b101f30

	Foreword
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Classification
	5 General requirements
	5.1 Order of precedence
	5.2 Hydraulic system characteristics
	5.3 Airworthiness regulations
	5.4 Qualification
	6 Functional requirements
	6.1 Hydraulic fluid
	6.2 Pressures
	6.2.1 Rated supply pressure
	6.2.2 Rated differential pressure
	6.2.3 No-load break-out pressure
	6.2.4 Motor return port pressure
	6.2.5 Case port pressure
	6.3 Flows
	6.3.1 Rated consumption
	6.3.2 Case drain flow
	6.3.3 Shaft seal leakage flow
	6.3.4 External leakage
	6.4 Speed and direction of rotation
	6.4.1 Speed
	6.5 Torque
	6.5.1 Rated torque
	6.5.2 Break-out torque
	6.5.3 Stalling torque
	6.5.4 Torque pulsations
	6.6 Motor overall efficiency
	6.7 Dynamic characteristics
	6.7.1 General
	6.7.2 Dynamic braking
	6.7.3 Rapid reversals
	6.8 Passive operation
	6.9 Rated temperature
	6.10 Acoustic noise level
	6.11 Rated endurance
	6.12 Environmental requirements
	7 Detail design requirements
	7.1 Dimensionally critical components
	7.2 Maintainability features
	7.3 Seals
	7.4 Lubrication
	7.5 Balance
	7.6 Self-contained failure
	7.7 Safety wire sealing
	7.8 Electro-conductive bonding
	7.9 Marking
	7.9.1 Nameplate
	7.9.2 Fluid identification
	7.9.3 Ports
	8 Strength requirements
	8.1 General
	8.2 Proof pressure
	8.2.1 Motor case
	8.2.2 Motor inlet port
	8.2.3 Motor return port
	8.3 Ultimate pressure
	8.3.1 Motor case
	8.3.2 Motor inlet port
	8.3.3 Motor return port
	8.4 Pressure impulse (fatigue)
	8.5 Port strength
	9 Construction requirements
	9.1 Materials
	9.1.1 General
	9.1.2 Metals
	9.2 Corrosion protection
	9.2.1 General
	9.2.2 Ferrous and copper alloys
	9.2.3 Aluminium alloys
	9.3 Castings
	10 Installation requirements
	10.1 Dimensions
	10.2 Mass
	10.3 Mounting
	10.4 Orientation
	10.5 Drive shaft
	10.6 Ports
	11 Maintenance requirements
	11.1 Maintenance concept
	11.2 Service life limitations and storage specifications
	12 Reliability requirements
	12.1 Equipment compliance
	12.2 Requirements
	13 Quality assurance provisions
	13.1 Responsibility for inspection
	13.2 Classification of tests
	13.3 Test stand requirements
	14 Acceptance tests
	14.1 General
	14.2 Examination of the product
	14.3 Test programme
	14.3.1 General
	14.3.2 External leakage requirements
	14.3.3 Break-in run
	14.3.4 Proof pressure and overspeed tests
	14.3.5 Operational tests at rated conditions
	14.3.6 Break-out torque test
	14.3.7 Teardown inspection examination
	14.3.8 Run-in
	14.3.9 Performance data
	14.3.10 Fluid contamination test
	14.3.11 Electro-conductive bonding
	14.4 Storage and packaging
	15 Qualification procedures
	15.1 General
	15.2 Qualification procedure
	15.2.1 Qualification by analogy
	15.2.2 Motor qualification test report
	15.2.3 Samples and program of qualification tests
	15.3 Qualification testing
	15.3.1 Dimensional check
	15.3.2 Expanded envelope acceptance tests
	15.3.3 Overspeed test
	15.3.4 Operational test at overpressure
	15.3.5 Calibration
	15.3.6 Endurance testing
	15.3.7 Environmental tests
	15.3.8 Structural tests
	15.3.9 Supplementary tests
	Bibliography

