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Introduction
This draft standard is based on national and international discussions. Your comments on this draft are invited and will assist in
the preparation of the consequent standard.

For international standards, comments will be reviewed by the relevant UK national committee before sending the consensus
UK vote and comments to the international committee, which will then decide appropriate action. If the international standard is
approved, it is usual for the text to be published as a British Standard.

For national standards, comments will be reviewed by the relevant UK national committee and the resulting standards published
as a British Standard.

UK Vote
Please indicate whether you consider the UK should submit a negative (with supporting technical reasons) or positive vote on
this draft. Please indicate if you are aware of any reason why this draft standard should not be published as a British Standard.

Submission of Comments
- Annotated drafts are not acceptable and will be rejected.

- All comments should be submitted online at https://standardsdevelopment.bsigroup.com/. You will need to register in
order to comment.

Template for comments and secretariat observations Date: xx/xx/20xx Document: ISO/DIS xxxx

1 2 (3) 4 5 (6) 7

MB Clause No./ Subclause
No./Annex (e.g. 3.1)

Paragraph/
Figure/Table/Note

Type of
comment

Commend (justification
for change) by the MB

Proposed change by the MB Secretariat observations on
each comment submitted

3.1 Definition 1 ed Definition is ambiguous and needs
clarifying.

Amend to read '...so that the mains
connector to which no connection...'

6.4 Paragraph 2 te The use of the UV photometer as
an alternative cannot be supported
as serious problems have been
encountered in its use in the UK.

Delete reference to UV photometer.
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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 procedures used to develop this document and those intended for its further maintenance are described 
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types 
of ISO documents should be noted. This document was drafted in accordance with the editorial rules of the 
ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ISO draws attention to the possibility that the implementation of this document may involve the use of (a) 
patent(s). ISO takes no position concerning the evidence, validity or applicability of any claimed patent 
rights in respect thereof. As of the date of publication of this document, ISO had not received notice of (a) 
patent(s) which may be required to implement this document. However, implementers are cautioned that 
this may not represent the latest information, which may be obtained from the patent database available at 
www.iso.org/patents. ISO shall not be held responsible for identifying any or all such patent rights.

Any trade name used in this document is information given for the convenience of users and does not 
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and expressions 
related to conformity assessment, as well as information about ISO's adherence to the World Trade 
Organization (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 131, Fluid power systems, Subcommittee SC 
8, Product testing.

This second edition cancels and replaces the first edition (ISO 10767-3:2000), which has been technically 
revised.

The main changes are as follows:

—	 The upper limit of 400 Hz on motoring frequency has been removed.

—	 Spacing between pressure transducers has been increased for method 2.

—	 A detailed procedure is given for frequency analysis.

—	 Modelling of source impedance has been replaced with linear interpolation of source reflection coefficient.

—	 Additional rating quantities are included: anechoic flow ripple and anechoic power, to replace anechoic 
pressure ripple.

—	 Extensive editorial changes have been made, to aid clarity and avoid ambiguity.

A list of all parts in the ISO 10767 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A 
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

In hydraulic fluid power systems, power is transmitted and controlled through a liquid under pressure 
within an enclosed circuit. Positive displacement motors are components that convert hydraulic fluid power 
into rotary mechanical power. During the process of converting hydraulic power into rotary power, flow and 
pressure ripple and structure-borne vibrations are generated.

The pressure ripple and the structure-borne vibrations, which are generated by the unsteady flow drawn in 
by the motor are transmitted through the system at levels depending upon the characteristics of the motor 
and the circuit. Thus, the determination of the pressure ripple generated by a motor is complicated by the 
interaction between the motor and the circuit. The method adopted to measure the pressure ripple levels of 
a motor should, therefore, be such as to eliminate this interaction.

The measurement technique described in this document isolates the motor flow and/or pressure ripple 
from the effects of such circuit interactions, by mathematical processing of pressure ripple measurements 
(see references [1] to[8] in the Bibliography). A figure of merit is obtained which allows motors of different 
types and manufacturer to be compared as pressure ripple generators. This enables the motor designer to 
evaluate the effect of design modifications on the pressure ripple levels produced by the motor in service. It 
also enables the hydraulic system designer to avoid selecting motors having high pressure ripple levels.

Results are produced from this Standard in different forms, including amplitude and phase spectra and 
single figures of merit, as the following:

a)	 the source flow ripple amplitude, in m3/s, and phase, in degrees, up to the tenth harmonic of motoring 
frequency or 3,5 kHz, whichever is the lower;

b)	 the source impedance amplitude, in (Pa⋅s)/m3, and phase, in degrees, up to the tenth harmonic of 
motoring frequency or 3,5 kHz, whichever is the lower;

c)	 anechoic flow ripple amplitude, in m3/s, and phase, in degrees, up to the tenth harmonic of motoring 
frequency or 3,5 kHz, whichever is the lower;

d)	 the time history wave form of the anechoic flow ripple, in m3/s;

e)	 the anechoic power, in watts, up to the tenth harmonic of motoring frequency or 3,5 kHz, whichever is 
the lower;

f)	 the overall anechoic power, in watts;

g)	 the blocked acoustic pressure ripple amplitude, in pascals, up to the tenth harmonic of motoring 
frequency or 3,5 kHz, whichever is the lower;

h)	 the overall root mean square (RMS) blocked acoustic pressure ripple, in Pa.

A description of the different forms of rating and their purpose is given in Annex D.

The method is based upon the application of plane wave transmission line theory to the analysis of pressure 
ripple in hydraulic systems.[9] By evaluating the impedance characteristics of the circuit into which the 
motor is installed and the impedance of the motor itself, it is possible to isolate the source flow ripple and/or 
pressure ripple of the motor from the interactions of the circuit. The impedance characteristics of the circuit 
can be evaluated by analysis of pressure ripple measurements at two or more positions along a pipe, where 
the pipe is connected to the inlet port of the motor. However, to characterize the impedance of the system 
completely, it is not sufficient to measure the pressure ripple generated by the motor alone, as insufficient 
information is available for the impedance of the motor to be evaluated. The secondary-source method uses 
another source of pressure ripple at the opposite end of the supply line. The measurement of this pressure 
ripple enables the motor source impedance to be evaluated. Sufficient information is then available to 
evaluate the source flow ripple and pressure ripple of the motor.

vi
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DRAFT International Standard ISO/DIS 10767-3:2024(en)

Hydraulic fluid power — Determination of pressure ripple 
levels generated in systems and components —

Part 3: 
Method for motors

1	 Scope

This document specifies a procedure for the determination of a rating of the source flow ripple, source 
impedance and pressure ripple levels generated by positive-displacement hydraulic motors, including bi-
directional motors.

This document is applicable to all types of positive-displacement motor operating under steady-state 
conditions, irrespective of size, for frequencies from 50 Hz to 3 500 Hz. It is applicable for the inlet port of 
positive-displacement motors.

2	 Normative references

The following documents are referred to in the text in such a way that some or all of their content constitutes 
requirements of this document. For dated references, only the edition cited applies. For undated references, 
the latest edition of the referenced document (including any amendments) applies.

ISO 1219-1, Fluid power systems and components — Graphical symbols and circuit diagrams — Part 1: Graphical 
symbols for conventional use and data-processing applications

ISO 5598, Fluid power systems and components — Vocabulary

ISO 80000-1, Quantities and units — Part 1: General

3	 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 5598 and the following apply.

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

—	 ISO Online browsing platform: available at https://​www​.iso​.org/​obp

—	 IEC Electropedia: available at https://​www​.electropedia​.org/​

3.1
flow ripple
fluctuating component of flowrate in the hydraulic fluid

3.2
pressure ripple
fluctuating component of pressure in the hydraulic fluid

3.3
impedance
complex ratio of the pressure ripple to the flow ripple occurring at a given point in a hydraulic system and at 
a given frequency

1
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3.4
“Norton” model
representation of a source consisting of a flow ripple in parallel with an impedance

3.5
source flow ripple
flow ripple produced by the motor which is independent of the characteristics of the connected circuit in the 
standard “Norton” model

Note 1 to entry: The source flow ripple is implicitly assumed to be generated at the motor inlet, see Figure 1 a).

3.6
internal flow ripple
flow ripple (modified model)
flow ripple produced by the motor represented internally at or close to the point of generation

Note 1 to entry: see Figure 1 b).

3.7
anechoic flow ripple
flow ripple that would be generated at the motor inlet port when supplied by an infinitely long rigid pipe of 
the same internal diameter as the motor inlet port

3.8
anechoic pressure ripple
pressure ripple that would be generated at the motor inlet port when supplied by an infinitely long rigid pipe 
of the same internal diameter as the motor inlet port

3.9
anechoic power
fluid-borne acoustic power that would be generated at the motor inlet port when supplied by an infinitely 
long rigid pipe of the same internal diameter as the motor inlet port, equal to the absolute value of half of the 
product of anechoic flow ripple and anechoic pressure ripple

3.10
blocked acoustic pressure ripple
pressure ripple that would be generated at the motor inlet port when supplied via a circuit of infinite 
impedance

3.11
source impedance
impedance of a motor at the inlet port in the standard “Norton” model

3.12
harmonic
sinusoidal component of the pressure ripple or flow ripple occurring at an integer multiple of the motoring 
frequency

Note 1 to entry: A harmonic can be represented by its amplitude and phase, or alternatively by its real and imaginary 
components.

3.13
number of motoring elements
number of active displacement devices

Note 1 to entry: active displacement devices can be cylinders for a piston motor, vanes for a vane motor, gear teeth on 
the output shaft of a gear motor.

Note 2 to entry: This represents the number of times the output flow cycle repeats itself per revolution of the motor 
output shaft.

2
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3.14
shaft rotational frequency
frequency, expressed in hertz, given by the motor output shaft rotational speed, expressed in revolutions 
per minute, divided by 60

3.15
motoring frequency
frequency, expressed in hertz, given by the product of shaft rotational frequency and the number of motoring 
elements on that shaft

3.16
secondary source
a device that generates pressure ripple in the system independently of the test motor

a) Standard “Norton” model

b) Modified model
Key
1 internal inlet passageway
2 supply line
3 motor inlet port

Figure 1 — Modelling of motor pulsation source

3
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4	 Symbols

Table 1 — Symbols and descriptions

Symbol Description Unit
S Sa f− Complex coefficients -

A B, Terms of admittance matrix m3/(Pa·s)
Bfluid Isentropic tangent bulk modulus of fluid Pa

Beff Effective bulk modulus in pipeline Pa
c Speed of sound m/s

C Dk k, Terms of transmission matrix -

d Internal diameter of measurement pipe m
dp Diameter of motor inlet port m

E Young’s modulus of pipeline Pa
f Frequency Hz

fB Frequency band Hz

fmax Maximum harmonic frequency Hz

fmotoring Motoring frequency Hz

fmotoring min, Minimum motoring frequency Hz

fsample Sample frequency Hz

f2S Secondary source frequency Hz

h Thickness of reference pipe wall m
l Length of reference pipe m

nelements Number of motoring elements -
N Number of samples -

Nmotor Motor shaft rotational speed r/min

n2S elements_ Number of secondary source elements -
p Mean pressure Pa

p p p1 2 3, , Measured pressure ripples at pressure transducers 1, 2 and 3 Pa

Pa Anechoic pressure ripple harmonic (complex number) Pa

Pb Blocked acoustic pressure ripple harmonic (complex number) Pa

Pb RMS, Blocked acoustic pressure ripple overall RMS value Pa

Pk Pressure ripple harmonic (complex number) Pa

P0 Pressure ripple harmonic at motor inlet port (complex number) Pa
q Mean flowrate m3/s
Qa Anechoic flow ripple harmonic (complex number) m3/s

Qa RMS, Anechoic flow ripple overall RMS value m3/s

Qs Source flow ripple harmonic (complex number) m3/s

Qs
* Internal (modified) flow ripple harmonic (complex number) m3/s

Q0 flow ripple harmonic at motor inlet port (complex number) m3/s
R Source reflection coefficient -
S Sum of squares error Pa2

t Time s

4

﻿
© ISO 2024 – All rights reserved

Full document details: 24/30466269 DC

http://www.avadocuments.com/doc/24-30466269-dc
http://www.avadocuments.com/doc/24-30466269-dc


ISO/DIS 10767-3:2024(en)

Symbol Description Unit
T Duration of measurement s
wn Windowing function weighting at nth sample point -

W ia , Anechoic power harmonic amplitude W

Wao Overall anechoic power summed over harmonics W

x1 , x2 , x3 Distances of pressure transducers from motor inlet port m

Z ic , Characteristic impedance of reference pipe Pa·s/m3

Zcp Characteristic impedance of pipe of same internal diameter as motor inlet port Pa·s/m3

Ze Entry impedance Pa·s/m3

Zs Source impedance Pa·s/m3

β Wave propagation coefficient (complex number) m-1

ε Error Pa
θ Temperature °C
ν Kinematic viscosity m2/s
ξ Frequency-dependent friction coefficient (complex number) -
ρ Fluid density kg/m3

ω Angular frequency rad/s
Subscript H Value at higher frequency for interpolation  
Subscript i Harmonic index  
Subscript I Imaginary part  
Subscript k Pressure transducer index  
Subscript L Value at lower frequency for interpolation  
Subscript n Sample index  
Subscript R Real part  

5	 Test rig

5.1	 General

An example of a hydraulic test circuit is shown in Figure 2 (graphic symbols in accordance with ISO 1219-1). 
The test rig shall include all fluid filters, fluid coolers, reservoirs, loading system and any ancillary pumps 
required to meet the motor operating conditions. Specific features are described in Clauses 5.2 to 5.10.

For bidirectional motors there can be some asymmetry in the behaviour according to the direction of 
rotation. Accordingly tests shall be performed in both directions of rotation.

Table 1 (continued)Table 1 (continued)

5
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Key
1 electric motor 7 point “A”
2 supply pump 8 reference pipe (see Figure 3)
3 pressure gauge 9 secondary source
4 ball valve 10 loading system
5 pressure relief valve 11 motor under test
6 temperature indicator 12 flowmeter

Figure 2 — Circuit diagram for secondary-source test rig

5.2	 Test fluid

The type of test hydraulic fluid and the quality of filtration shall be in accordance with the motor 
manufacturer’s recommendations.

5.3	 Hydraulic motor installation

5.3.1	 General

The motor shall be installed in the attitude recommended by the manufacturer and mounted in such a 
manner that the response of the mounting to motor vibration is minimized.

5.3.2	 Drive vibration

If necessary, the motor and the loading system shall be decoupled to minimize vibration generated by the load.

5.3.3	 Reference signal

A means of producing a reference signal relative to the motor shaft rotation shall be included. The signal 
shall be an electrical pulse occurring once per revolution, with sharply defined rising and falling edges. 
This signal is used as a measure of the shaft rotational speed and to provide a trigger signal and/or phase 
reference for the pressure ripple analysis instrument.

5.4	 Supply pump

The motor shall be supplied from a positive displacement pump.
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