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ISO (the International Organization for Standardization) is
federation of national standards bodies (ISO member bodig
of preparing International Standards is normallyAcarried out
technical committees. Each member body ifiterested in
which a technical committee has been established has th
represented on that committee. International”organizations,
and non-governmental, in liaison with |§O, also take part in {
collaborates closely with the International Electrotechnical
(IEC) on all matters of electrotechnical standardization.

Draft International Standards~adopted by the technical cof
circulated to the member hodies for voting. Publication as an
Standard requires approval Dy at least 75 % of the member b
a vote.

International Standard’ISO 10767-1 was prepared by Technic
ISO/TC 131, Fluid power systems, Subcommittee SC 8, Pr
and contamination control.

ISO 10767 consists of the following parts, under the general
fluid power — Determination of pressure ripple levels geng
tems_and components:

— Part 1: Precision method for pumps
— Part 2. Simplified method for pumps

— Part 3: Method for motors

Annexes A and B form an integral part of this part of ISO 107
C and D are for information only.
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Introductjon
In hydraulic fluid power systems, power is transmitted and controlled

through a liq
displacement
power into hyf
anical power
structure-born

These fluid-bg
marily by the
through the {
pump and the
erated by a py
the circuit. TH
a pump shoul

uid under pressure within an enclosed circuit. Positive-
pumps are components that convert rotary mechanical
draulic fluid power. During the process of converting mech-
into hydraulic power, flow and pressure fluctuations and
e vibrations are generated.

rne and structure-borne vibrations, which are generated pri-

unsteady flow produced by the pump, are transmitted
ystem at levels depending upon the characteristics of the
circuit. Thus, the determination of the pressure ripple gen-
mp is complicated by the interaction between the pump and
e method adopted to measure the pressure ripple levelsiaf
1, therefore, be such as to eliminate this interaction.

The measureent technique described in this part of ISO 10767 isolates

the pump flo
interactions, b
(see refs. [1]
lows pumps
pressure rippl
the effect of
by the pump
to avoid seled

The method i
theory to the
evaluating thd
pump dischar
isolate the so
interactions o
be evaluated

positions alon
of the pump.
completely, it
by the pump

W and/or pressure ripple from the effects of such circuit
y mathematical processing of pressure ripple.ngeasurements
to [8]). A figure of merit for the pump is obtained which al-
of different types and manufacture to(be compared as
b generators. This will enable the pumpldesigner to evaluate
Hesign modifications on the pressureirpple levels produced
in service. It will also enable the hydraulic system designer
ting pumps having high pressure ripple levels.

based upon the application 6f plane wave transmission line
analysis of pressure fluctudtions in hydraulic systems[9]. By
b impedance charactéristics of the circuit into which the
ges and the impedance of the pump itself, it is possible to
irce flow ripple,andjor pressure ripple of the pump from the
the circuit. Theumpedance characteristics of the circuit can
Dy analysis efpressure ripple measurements at two or more
g a pipe,{where the pipe is connected to the discharge port
However, to characterize the impedance of the system
is mot sufficient to measure the pressure ripple generated
dlene, as insufficient information is available for the im-

pedance of th

4 o Il toal Tl ol 4l ol
O MUTTIY U VT UVATUdITU.  TTTC OTULUTTUATY "o UUTLL TTTULTTUW UO T O

another source of pressure ripple at the opposite end of the discharge line.
The measurement of this pressure ripple enables the pump source im-
pedance to be evaluated. Sufficient information is then available to evalu-
ate the source flow ripple and pressure ripple of the pump.

Because of the complexity of the analysis, data processing is preferably

carried out us

ing a digital computer. Suitable software packages are avail-

able from two sources (see annex C).
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Hydraulic fluid power — Determination of pressure

rnpsLIeJﬂLels_gﬁnm:aied_in_syslems_and—
components —

Part 1:
Prec¢ision method for pumps

1 Sqope

This pgrt of ISO 10767 specifies a procedure for the
deternrination of a rating of the source flow ripple,
source| impedance and pressure ripple levels gener-

ated py positive-displacement hydraulic pumps(
Rating$ are obtained as the following:
a) thg source flow ripple amplitude, in Jittes per

se¢ond, over ten individual harmonics-of*pumping
freguency;

b) thg source impedance amplitldg, in newton sec-
ongls per metre to the power of five [(N-s)/msj,
and phase, in degrees, over ten individual har-
mdnics of pumping fregdency;

c) thd anechoic pré€ssure ripple amplitude, in bars",
over ten harmaehics of pumping frequency;

d) thd overallr.m.s. anechoic pressure ripple, in bars;

e) thd blecked acoustic pressure ripple amplitude, in

2 Definitions

For-the purposes of this part of ISO 1
lewing definitions apply.

2.1 source flow ripple: Fluctuating g
flowrate generated within the pump,
pendent of the characteristics of the d
cuit.

2.2 flow ripple: Fluctuating compone
in the hydraulic fluid, caused by inter]
source flow ripple with the system.

2.3 pressure ripple: Fluctuating c
pressure in the hydraulic fluid, caused
of the source flow ripple with the syste

2.4 anechoic pressure ripple: Pressu
would be generated at the pump discha
discharging into an infinitely long rigid

D767, the fol-

omponent of
vhich is inde-
onnected cir-

nt of flowrate
action of the

mponent of
by interaction
M.

re ripple that
ge port when
pipe of the

bars, over ten harmonics of pumping frequency;

f) the overall r.m.s. blocked acoustic pressure ripple,
in bars.

This part of ISO 10767 is applicable to all types of
positive-displacement pump operating under steady-
state conditions, irrespective of size, provided that the
pumping frequency is in the range from 50 Hz to
400 Hz.

1) 1 bar = 10° Pa = 10° N/m?

Ny ol + Hlo L.
SalticirciTiar uialtic il do T PJutitiy Ulo

harge port.

2.5 blocked acoustic pressure ripple: Pressure
ripple that would be generated at the pump discharge
port when discharging into a circuit of infinite im-

pedance.

2.6 impedance: Complex ratio of the pressure ripple

to the flow ripple occurring at a given point in a hy-
draulic system and at a given frequency.
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2.7 source impedance: Impedance of a pump at
the discharge port.

2.8 harmonic: Sinusoidal component of the press-
ure ripple or flow ripple occurring at an integral mul-
tiple of the pumping frequency.

NOTE 1 A harmonic may be represented by its amplitude
and phase, or alternatively by its real and imaginary compo-
nents.

© SO

3.3 Frequency analysis of pressure ripple

A suitable instrument shall be used to measure the
amplitude and phase of the pressure ripple, for at
least ten harmonics of the pumping frequency.

The instrument shall be capable of measuring the
pressure ripple from two or three pressure trans-
ducers (6.7) such that, for a particular harmonic, the
measurements from each transducer are synchro-
nized in time with respect to each other. This may be

29 pumpinJ) frequency: Frequency given by the
product of shaft rotational frequency and the number
of pumping elements on that shaft. It is expressed in
hertz.

2.10 shaft rotational frequency: Frequency (in
hertz) given Ry the shaft rotational speed (in r/min)
divided by 60.

3 Instrumentation

3.1 Static measurements

The instruments used to measure

a) mean fluid flow,

b) mean fluiq pressure,

¢) shaft rotational speed, and

d) fluid temperature

shall meet th¢ temperature for_<{industrial class” ac-

curacy of mnjeasurement, jeZ)class C given in
annex A.

3.2 Dynamjic measurements

achieved by sampling the pressure ripple fronp each
pressure transducer simultaneously, or by<sampling
each pressure transducer separately but with respect
to a trigger signal obtained from a fixed reference on
the pump shaft or secondary soufce drive, as |appro-
priate.

The instruments shall havg-an accuracy and resplution
for harmonic measurenients as follows, over the fre-
quency range from 50 Hz to 4 000 Hz:

a) amplitude within + 1 %;
b) phase Within + 1°;

c) frefuency within + 0,5 %.
Cempliance with the above tolerances will refsult in

an uncertainty in the overall r.m.s. pressure| ripple
rating of within + 10 %.

4 Pump installation

4.1 General

The pump shall be installed in the attitude fecom-
mended by the manufacturer and mounted in puch a
manner that the response of the mounting-tg-pump
vibration is minimized.

4.2 Drive vibration

The prime mover and associated drive couplings shall
not generate torsional vibration in the pump shaft. If

The instruments USed 10 measure pressure ripple
shall have the following characteristics:

a) resonant frequency > 30 kHz;
b) linearity < + 1 %.

The instruments need not respond to steady-state
pressure, and it may be advantageous to filter out any
steady-state signal component using a high-pass filter.
This filter shall not introduce an additional amplitude
or phase error exceeding 1 % or 2°, respectively, at
the pumping frequency.

necessary, the pump and the driving unit shall be
isolated from each other to eliminate vibration gener-
ated by the prime mover.

4.3 Reference signal

A means of producing a reference signal relative to
the pump shaft rotation shall be included. The signal
shall be an electrical pulse occurring once per revol-
ution, with sharply defined rising and falling edges.
This signal is used as a measure of the shaft rotational
speed and may be used, if necessary, to provide a
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trigger signal andjor phase reference for the pressure
ripple analysis instrument.

5 Test conditions

5.1 General

The required operating conditions shall be maintained

throughout each test within the limits specified
in table 1.

ISO 10767-1:1996(E)

6 Testrig

6.1 General

The test rig shall be installed generally as shown in
figure 1. The test rig shall include all fluid filters, fluid
coolers, reservoirs, loading valves and any ancillary
pumps required to meet the pump hydraulic operating
conditions. Specific features are described in 6.2 to
6.13.

5.2 F|Iuid temperature

The tepnperature of the fluid shall be that measured

Al SR

at the pump inlet.
5.3 Hluid density and viscosity

The depsity and viscosity of the fluid shall be known
to an afpcuracy within the limits specified in table 2.

5.4 Hluid bulk modulus

The isgntropic tangent bulk modulus of the fluid shall
be knofvn to an accuracy within the limits specified in
table 2| As this is not always feasible, B.4.2 details a
method by which the bulk modulus may be evaluated
with a pufficiently high accuracy.

Tgble 1 — Permissible variations in test

6.2 Test fluid

The type of test hydrauiic fiuiad“and the| quality of fii-
tration shall be in accordapce with the|pump manu-
facturer's recommendations.

conditions
Test parameter Permissible
variation
Mean flow +2%
Mean pressure +2%
Shaft fotational frequency +1%
Tempagrature +2°C

Tabl¢ 2 — Required accuracy of fluid property

6.3 Pump

The pump shall be installed in the ‘|as-delivered”
conditiopr

64 Inlet line

The internal diameter of the inlet line |to the pump

shall be in accordance with the pump n
recommendations. To prevent air leakin
cuit, care shall be exercised when asse
let lines. The supply pressure shall be |
with the pump manufacturer's recommg
if necessary, a boost pump shall be use

6.5 Inlet pressure gauge
The inlet pressure gauge shall be mog

same height as the inlet fitting or shall
for any height difference therefrom.

6.6 Pump discharge port connect

The adaptor connecting the pump disc

anufacturer's
§ into the cir-
mbling the in-
n accordance
ndations and,
ol

unted at the
be calibrated

ion

harge port to

the discharge pipe shall have an inte

rnal diameter

data
Property Required accuracy
Density1) +2%
Viscosity? +5%
Isentropic tangent bulk + 5%

modulus?2)

1) See reference [10].

2) See reference [11].

which does not differ from the discharge pipe diam-
eter by more than 10 % at any point. Any such vari-
ations in internal diameter shall occur over a length
not exceeding twice the internal diameter of the pipe.
The adaptor shall be arranged in order to prevent the
formation of air pockets in it. The discharge pipe shall
be mounted in line with the pump discharge port
without any changes in direction.
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Torsional vibration
— isolation coupling
(if required)
Electric
Pressure gauge motor Pressure gauge
Point “A” Secondary
N \
Test pump o
| Pressure-relief
l Load valve /}( F—— yalve
[ Temperature /O\
indicator
Straight rigid Flowmefeq ©—
pipe (see figure 2) R
Figure 1 — Circuit diagram for secondary-source test\rig
6.7 Pump discharge line the pumping frequency. When the series of tepts in-

The discharge
metal pipe. P
along its lengt
ameter of th
120 % of the
The pipe shal
pipe vibration

pipe shall be a uniform, rigid, straight
essure transducers shall be mounted
n, as shown in figure 2. The internal di-
e pipe shall be between 80 % and
diameter of the pump discharge port.
be supported in such a manner that
S minimized.

The pressure fransducers shall be mounted such that

their diaphragn
pipe to within
or flexible hos
discharge port

Two alternativ
line are given,
tangent bulk n
limits specifig
henceforth kn
Method 1 is a
ever, if the isg

ns are flush with the inner wall’ of the
H+ 0,5 mm. No valves, pressdre gauges
ps shall be installed betweer/the pump
and point “A" as showan.on figure 1.

b specifications for the pump discharge
depending on¢whether the isentropic
odulus of thé/ftuid is known within the
d in table2.” These alternatives are
bwn as—rethod 1" and “method 2”.
ceptabtle for use in all situations. How-
nttepic tangent bulk modulus is known

cludes a range“of pump speeds, the dimensionf shall
be selectedrin relation to the minimum pumping fre-
quency iy min. IN that series. The overall length pf the
discharge pipe, I, and the distance of the prgssure
trafisducers from the pump, x;, x, and xs, are spgcified
in“table 3.

Table 3 — Pipe length and transducer positions:

Method 1
Pipe length and Minimum pumping frequency, Hz

transducer

positions 50< fomin< 100 | 100 < f s f< 400
X 015m+1% 001Tm+1%
X 0,85m+1% 043 m £l %
X3 1.85m+1% 09M+1%
/ atleast 2 m at least 1| m

6.7.2 Method 2

Two pressure transducers are required fof this

within the lim

" o . P Do .
LS SPCUITITU T tallc £, TUUNUTTIICS Lall

be made by using method 2.

If method 1 is
as specified in

used, set up the pump discharge line
6.7.1. If method 2 is used, set it up as

specified in 6.7.2.

6.7.1 Method 1

Three pressure transducers are required for this
method, set up as shown in figure 2. The dimensions
of the discharge pipe shall be selected according to

method, set up as shown in figure 2. The length of the
discharge pipe and the positions of the pressure
transducers shall be selected according to the pump-
ing frequency. When the series of tests includes a
range of pumping frequencies, the dimensions shall
be selected in relation to the maximum pumping fre-
guency in that series. The ratio of maximum to mini-
mum speed for a selected transducer spacing shall
not exceed 4:1. If the speed range of a test series
exceeds this limit, different transducer spacings will
be required.
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Mounting block

Pump

The distance between the pressure transducers shall
be as given by the following equation, to within 1 %:

(Best x 10°0)
(67 x fO, max)

Xz"x-l:

where

fofnax 18 the maximum pumping. frequency, in
hertz;

B is the effective bulk(modulus, in bars (see
B.3);

0 is the density; in kilograms per cubic
metre.

The firgt pressureytransducer shall be located as close
as pogsible to=the pump flange and no more than
(x, —x) m_‘away. The length ! shall be at least
(x, + 10dym, where d is the internal diameter of the

Rigid straight
pipe (method 1 only)

Pressure transducers

Figure 2 — Arrangement of discharge pipe

PressuUre transducer

Mounting btock-for Loading valve, relief
valve, pressdre gauge and secondary so

Use’the secondary source (6.11) to gen
rfipple. Measure the amplitude and phas
between the pressure transducers for §
guencies spanning the complete rang
(7.3.2) with one transducer used as a

piezo-resistive transducers, the referen
can be calibrated statically using, fo
dead-weight testing machine. If piezod
ducers and charge amplifiers are emj
brated piezo-resistive transducer may
reference for dynamic calibration purpd
plitude and phase differences at each f
be known to an accuracy of within 3
method 1, or 3 % and 0,5° for method
ferences shall be corrected in thg
clause 7).

6.8 Load valve

yrce

brate pressure
e relationship
range of fre-
e of interest
eference. For
ce transducer
I example, a
electric trans-
loyed, a cali-
be used as a
ses. The am-
equency shall
% and 2° for
2. These dif-
b tests  (see

pipe.

6.7.3 Calibration of pressure transducers

Calibration of the pressure transducers and signal
conditioning is necessary. Relative calibration shall be
performed by mounting the pressure transducers in
a common block such that they measure the same
pressure ripple. This common block shall be such that
the pressure transducers are at the same axial pos-
ition and not more than 20 mm apart.

Loading of the pump shall be effected using a needle
valve or equivalent. A valve with freely moving parts,
such as a pressure-relief valve, shall not be used for
loading purposes.

6.9 Relief valve

A relief valve may be fitted for safety purposes. The
valve shall be set to relieve at a pressure at least
20 % greater than the mean test pressure.
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6.10 Pressure gauge

A pressure gauge shall be fitted as shown in figure 1,
together with a throttling valve to reduce gauge os-
cillation. Alternatively, a pressure transducer may be

used.

6.11 Secon

6.11.1

dary source

A device capable of generating pressure

© SO

restriction to flow when open, in order to prevent ex-
cessive attenuation of the pressure ripple from the
secondary source.

6.13 Mounting

The discharge pipe, valves and secondary source shall
be mounted such as to prevent excessive vibration,
and shall be adequately supported.

ripple shall be

6.11.2 The
source shall
pumping frequ
times the pum

6.11.3 The

source shall hg
source may pf
ripple wavefor
may be swep
the range spe
measurable at
range. The ha
source shall 1
stable running

6.11.4
components g
ary source be
in order that

ference.

6.11.5 Devic
source include

fitted as shown In figure 1.

pressure ripple from the secondary
span the frequency range from the
ency of the test pump to at least ten
ping frequency.

bressure ripple from the secondary
ve a periodic waveform. The secondary
oduce either a multi-harmonic pressure
M or a pressure ripple waveform which
t in discrete frequency steps to cover
Cified in 6.11.2. Pressure ripple shall be
a minimum of ten frequencies over this
monic frequencies from the secondary
ot vary by more than 0,5 % once a
condition has been achieved.

It is mecessary that the frequencies of the

f the pressure ripple from the secong
different from those of the test pump,
they may be measured without ‘inter-

ps which are suitable for the secondary
the following.

a) Positive-displacement pump: a piston pump is

likely to i
over a brog
a gear puf
able.

rovide strong—harmonic components
der frequentcy range than, for example,
np, and-is“thus likely to be more suit-

b) Intermitte

1

tating spool allowing flow to pass to the return

line over p

c) Electromechanical

art of its rotation.

vibrator and piston ar-

rangement.

6.12 Ball valve

A ball valve shall be used to isolate the secondary
source from the high-pressure part of the circuit. This
valve shall be sufficiently large to present negligible

7 Test procedure

7.1 General

The test procedure involves Awe separate |parts:
evaluation of the source impedance and of the $ource
flow ripple. The source flow ripple cannot be |evalu-
ated without first evaluating the source impedance.
Data acquisition and @ata reduction are normally per-
formed separately:

Prior to the commencement of a series of tests, op-
erate the pump for a sufficient period of time to|purge
air from e system and to stabilize all variables, in-
cluding4he condition of the fluid, to within the| limits
givensn table 1.

7.2 Test series

For each test, repeat the procedure described|in 7.3
to 7.5.

The test is invalid if the peak-to-peak value pf the
pressure ripple at any one pressure transduger is
greater than 50 % of the value of the mean prejssure.
[If necessary, it may be possible to avoid this con-
dition by altering the pipe length [ (6.7).]

7.3 Evaluation of source impedance

In this part of the test the pressure ripple from the
secondary source is considered. It is essentigl that
' in i i ripple
produced by the test pump. This may be achieved by
satisfying each of the following criteria.

a) The pressure ripple shall be measured only at
harmonic frequencies of the secondary source. If
a trigger signal is required by the instrument, this
is also taken from the secondary source.

b) The pressure ripple analysis instrument shall
sample the pressure ripple signals over a suf-
ficiently long period of time to provide the re-
quired frequency resolution.
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¢) The harmonic frequencies of the secondary
source shall not coincide with those of the pump
(6.11).

7.3.1 Open the ball valve (6.12). Operate the sec-
ondary source for a sufficient period of time for it to
reach a stable condition before taking any measure-
ment.

7.3.2 Measure at least ten frequency components

from tmmm%m@m@@e_wole

frequency range from the pumping frequency of the
test plimp to beyond ten times that pumping fre-
guency.

7.3.3 [If method 1 is used (6.7.1), analyse the press-
ure ripple using the procedure described in B.4.

7.3.4 [If method 2 is used (6.7.2), analyse the press-
ure ripple using the procedure described in B.5.

7.3.5 |Select whether a distributed-parameter or
lumped-parameter mathematical model is to be used,
as desfribed in B.6. Apply a mathematical model to
the solirce impedance using the procedure described
in B.6.] for a distributed-parameter model, or B.6.2 for
a lumped-parameter model.

7.3.6 |In certain circumstances it may be possibile to
obtain [good correlation between the experithentally
measufed source impedance and the mathematical
model| Should this be the case, the‘\eurve-fitting
technique is inappropriate. It is th&n necessary to
evaluate the source impedance at\the harmonic fre-
quencips of the pump by linear(interpolation. In order
to perform this, the sourcé impedance at a pump
harmonic frequency shalhbe evaluated by interpolat-
ing between the measured source impedance at the
nearest frequency ghove and below the pump har-
monic | frequency, Uproviding that these frequencies

ISO 10767-1:1996(E)

i is the nearest harmonic frequency from
the secondary source above the ith har-
monic frequency from the test pump.

It should be noted that a variable-spe
source will normally be necessary to co
above requirements.

7.4 Evaluation of source flow rip

ed secondary
mply with the

ple,

anechoic pressure ripple and blocked acoustic

Stop the secondary source and close)th
a trigger signal is required by"the p
analysis instrument, this shall be from th
test pump (4.3).

At each pressure transducer, measure {
of the pressure rippte from the test pun

7.4.1 Method 1

If method)™ is used (6.7.1), evaluate
sound\lsing the procedure described ir
atethe harmonic amplitudes of the sou
using the procedure described in B.7.1.

7.4.2 Method 2

If method 2 is used (6.7.2), evaluate
amplitudes of the source flow ripple U
cedure described in B.7.2.

NOTE 2 A close approximation to the w
source flow ripple can be obtained by sumn
ual sinusoidal components taking their relat
account. It is sometimes desirable to be ablg
the waveform of the source flow ripple in th
to do this, the values of the phase of the so
are required in addition to the amplitude.
parameter source impedance model was us|
sis, more representative results will be obtai
the measured source flow ripple from the g
port to a point within the pump. A procedurd
this is described in reference [2]. This is n
comply with this part of ISO 10767.

e ball valve. If
essure ripple
e shaft of the

en harmonics
hp.

the speed of
B.4.2. Evalu-
ce flow ripple

the harmonic
sing the pro-

aveform of the
ing the individ-
ve phases into
b to reconstruct
s way. In order
Lirce flow ripple
f a distributed-
ed in the analy-
hed by referring
ump discharge
for performing
bt necessary to

comply with thexfollowing:
(|- fel10) < fL <;
fi SH=<tf+15t6)
where
f is the frequency of the ith harmonic from
the test pump;
i is the fundamental frequency of the test
pump;
i is the nearest harmonic frequency from

the secondary source above the ith har-
monic frequency from the test pump;

7.5 Calculation of anechoic pressure ripple

rating

Evaluate the harmonic amplitudes of the anechoic
pressure ripple using the procedure described in B.8.

Use the harmonic components of the anechoic
pressure ripple to provide the overall anechoic press-
ure ripple rating for the pump. Determine the overall
anechoic pressure ripple rating, in bars, from the ex-
pression
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2 2 2 2
\/(Pa,1 + P+ Pogt .+ Pa,10>/2

where P,,, P,, P,3 etc. are the amplitudes of the

anechoic press

ure ripple, in bars, at the corresponding

harmonic number.

7.6 Calculation of blocked acoustic pressure

ripple rating

© 1SO

8.2 Test data

a)

Description of pump:

1) type of pump (e.g. external gear, axial piston)
including any ancillary equipment;

2) type of displacement (e.g. fixed or variable);

Evaluate the
acoustic presg
scribed in B.9.

Use the harmd
tic pressure 1
acoustic press
mine the ove
rating, in bars,

TaTTOTTIC —amptudes—of—the—btocked
ure ripple using the procedure de-

nic components of the blocked acous-
pple to provide the overall blocked
Lire ripple rating for the pump. Deter-
rall blocked acoustic pressure ripple
from the expression

\/(Pé1 +

where P4, P,
blocked acous
responding har

2 2 2
P2+ Poat o+ Poyo) 2

b, Py 3 etc. are the amplitudes of the
ic pressure ripple, in bars, at the cor-
monic number.

7.7 Use of hew or rebuilt pump

Repeat the ini
at the end of a

The whole tes

jial pump measurement of the series
test series or after 1 h of testing.

series shall be deemed to be ifvalid

if the overall apechoic pressure ripple rating does not

duplicate that g

8 Testrep

The following
corded in a tes

f the first test within + 10,%:

DIt

nformation shall’be compiled and re-
t report.

8.1 General

a) Name and
applicable,

b) Reference
pump.

c) Name and

information

3) pump maximum displacement;
4) type of displacement controller and sett|ng;
5) number of pumping elements;
6) diameter of dischargerport, in millimetrels.
Mounting and installation conditions of pump:

1) descriptionr of-pump mounting condition

U7

2) naturef@and characteristics of the hydraulic cir-
cuitband details of any vibration isdlation
treatment;

3)™ type and power of pump drive.

Instrumentation:

1) class of measurement;

2) details of equipment used to monitor pump
operating conditions including type, [serial

number and manufacturer;

3) details of equipment used for pressure [ripple
measurements including type, serial nymber
and manufacturer,

4) bandwidth of frequency analyser;

5) overall frequency response of instrumenftation
system and date and method of calibration;

address of pump manufacturer and, if
the user.

number(s) for identification of the

address of persons or organization re-

sponsible for tests on the pump.

d) Date and p

e) Conforman

lace of tests.

ce statement (see clause 9).

e)

f)

©) method of calibration of pressure transducers
and date and place of calibration.

Test method adopted (method 1 or method 2).

Description of secondary source: type of unit (e.g.
axial piston pump, electromechanical vibrator).

Pump operating conditions; include the following
details for each test conducted:

1) type of fluid;
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kinematic viscosity, in centistokes (cSt)?;
fluid density, in kilograms per cubic metre;

effective isentropic tangent bulk modulus, in
bars;

shaft rotational speed, in revolutions per min-
ute;

mean inlet pressure, in bars;

ISO 10767-1:1996(E)

d) Overall blocked acoustic pressure ripple rating, in

bars.

e) Amplitude of the source flow rippl

e components

(in litres per second) for ten harmonics of pump-

ing frequency.

f)  Amplitude [in (N-s)/ms] and phas
of the source impedance compo
harmonics of pumping frequency.

e (in degrees)
nents for ten

mean outlet pressure, in bars;
mean pump delivery flow, in litres per minute;

temperature of fluid at pump inlet, in degrees
Celsius.

8.3 Test results

a) Anpplitude of the anechoic pressure ripple com-
pohents, in bars, for ten harmonics of pumping
frequency.

b) Owerall anechoic pressure ripple rating, in bars.

c) Amplitude of the blocked acoustic pressure ripple

Cco

mponents, in bars, for ten harmonics of pump-

d frequency.

g Type of Source impedance mode!
or distributed-parameter model;yo
olation.

used (lumped-
| linear interp-

9 Identification statement (Reference to

this part of 1ISO 10/767)

Use the following ‘statement in test

reports, cata-

logues and sales”Jiterature when electing to comply

with this partief 1SO 10767:

“Pressureand flow ripple levels in ac
ISO 10767-1:1996, Hydraulic fluid pow

tordance with
br — Determi-

nation of pressure ripple levels generated in systems

and” components Part 1: Prec

for pumps.”

sion method

2) 1cSt=1mm?s.
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Annex A

(normative)

Errors and classes of measurement

A.1 Classes of measurement

© SO

rate apparatus and methods, which increase the cost

Depending on
tests to one 0
or C. Although
measurementg
when there is
precisely defin
the parties cof
that class A an

of such tests.

the accuracy required, carry out the
f three classes of measurement, A, B
the procedures described assume that
are made to class C, in special cases
need to have the performance more
ed, use class A or B by agreement with
cerned. Attention is drawn to the fact
d B measurements require more accu-

A.2 Errors

Use any device or method that by-calibration o
parison with International Standards has been
onstrated to be capable of méasuring with syste
errors not exceeding the liMmits given in table A.].

com-
dem-
matic

Table A.1 — Permissible systematic errors of measuring instruments as determined during calibration
Class o Shaft rotational Mean flow Mean pressure Temperature
measurement frequency
% % % °C

A + 0,5 +05 +0,5

B + 15 + 15 + 1

Cc +25 + 25 + 2
NOTE — The gercentage limits given are of-the value of the quantity being measured and not of the maximum test values
or the maximum reading of the instrument.

10
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Annex B
(normative)

Data reduction algorithms

d in order to
ssing is pref-

the complex
are real num-

sure that the

ple measure-
values, mul-

id, within the

B.1 General
The experimentally measured harmonic pressure ripple data need to be mathematically proc€ssé
evaluate the source flow ripple of the pump. Because of the complexity of the analysis, data procs
erably ¢arried out using a digital computer.
This annex describes the mathematical techniques involved in processing the data.
B.2 Explanation of notation
Extens|ve use of complex numbers is made in this analysis. The followingunotation applies, in whicH
numbef x is represented by its real and imaginary components (a + jb), Where j = \/—1 and a and b
bers.
a) x denotes the complex conjugate of x, i.e. X = (a — jb)
b) |x| denotes the amplitude of x, i.e. |x| = (a2 + bz)
c) Lx|denotes the phase of x (in degrees), i.e. Lx =(a80/n) x tan™ ' (b/a). Care should be taken to e
phdse of x lies in the correct quadrant.
d) Re(x) denotes the real part of x, i.e. Re(¥)=a
e) Im{x) denotes the imaginary part of x;i.e. Im(x) = b
P, is & complex value representing*the ith harmonic of pressure ripple at location m. Pressure rig
ments pre assumed to be peak(values as opposed to r.m.s. values. To convert rm.s. values to peal
tiply thg amplitude of pressufe)ripple harmonics by /2.
B.3 DPata relatedto’'pump test
The following data\a@re required regarding the pump, the pump operating conditions and the test flJ
limits gpecifiedere or in table 1 or 2.
a) Pu1np:
1) diameter of the pump discharge port, 4, in millimetres;
2) number of pumping elements, r.

b) Pump operating conditions:

1)
2)

3)

mean test pressure, p, in bars;
mean flowrate, ¢, in litres per second,;

temperature of test fluid, 0, in degrees Celsius;

11
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4) shaft rotational speed, N, in revolutions per minute.
¢) Test fluid and discharge pipe:
1) estimated isentropic tangent bulk modulus, B, in bars, of test fluid at pressure p and temperature 6 (see
6.7),
2) mass density, p, in kilograms per cubic metre, of test fluid at pressure p and temperature 6,
3) kinematic viscosity, v, in centistokes, of test fluid at pressure p and temperature 6,
4) interndl diameter of discharge pipe, 4, in milmetres £ U, T miny,
5) thickngss of pipe wall, 7, in millimetres + 0,1 mm;
6) Youngl|s modulus of pipe wall, E, in newtons per square metre + 10 %;
7) distange x;, in metres + 1 mm, of pressure transducer m from pump discharge portfor m =1 to 3.

Calculate the ¢

bffective bulk modulus, taking the stiffness of the pipe wall into account,_using the equation

B

Beff =

1T+

B.4 Evaluation of source impedance using method 1

B.4.1 Theo

Under the opsg
can be descrif
values of the |

P=Fe ™

Q

= (Fe™’

where

Fand G ar

y is the complex wave prépadation coefficient, in reciprocal metres, given by

y = j21

Z, is the c(

Zy=4

[(d+ 1B x 10°)/(eE)

retical pressure ripple and flow ripple behaviour in a rigid pipe
rating conditions generally encountered in hydfaulic systems, the pressure and flow ripple in

ed using a one-dimensional formulation of the wave equations [6l. At a frequency f Hz, the har
bressure ripple and the flow ripple at a poipt x (in metres) along the pipe are given by:

+ Ge™*

- Ge™) |z,

b dependent upon therboundary conditions;

/o

mplex-Characteristic impedance of the pipe [in (N-s)/m5], given by

ANCRD

a pipe
monic

| (B.2)

.(B.3)

. (B.4)

&2 (rd® x 107°)

(B.5)

¢y is the speed of sound given by

o=

(Botr x 10°)Jo

£ is a complex number representing viscous effects in the pipe and is defined by

&=\ Ki + (8K IN?)

12
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K, and K, are functions of Ny, the wave shear number, which is given by

N, = 0,5d/ 2nflv

For N,> 8, the values of K, and K, are approximated to

K]
K,
For N
K;

=1+ (V2IN,)
— 0,425 + 0,175N,

< 8, the following approximations are used:

— 1333 466x%10" 3)\/32 + 273 10" 4]\[?

K;

B.4.2

The adg|

= 1,0 + 0,0203N? — 7,81 x 10 *N?

Evaluation of speed of sound in the fluid

curacy of the results obtained using the secondary-source method is dependent on the accu

the spged of sound, ¢, is known. The speed of sound is a function of the effective isentropic tangent

of the

Metho
bulk m

An iter
on an

CO,
[teratio
Co,

where|

&

&

where

fluid, B, which may be difficult to predict accurately and may be affected by the entrained 4

odulus may be inferred.

htive method is employed for the calculation of ¢; and Bo. . This method requires a starting valy
pstimate of the effective bulk modulus B’y This is obtained from the equation

DLD = (B'eff X 1OS)/Q

n proceeds by calculating a correction to ¢, [:€
ew = Co,0Lp + BAG

for n harmonics

i Re(ed;)

i=1

b= "

ic,f,«

i=1

F P sin[k(g5)] + Py sinfk(x — )] + Py sin[k(x, — x;)]

= ko oLofPyi (5 — ) COS[k(xg — x)] + Py (xy — x3) COS[k(xy — x3)] + Py, — x7) cos[k(x, — xy)

P As\the ith harmonic of the pressure ripple measured at the mth transducer position, and

md

.. (B.8)

.. (B.9)
.(B.10)

...(Ba1)

.. .(B12)

racy to which
bulk modulus
ir in the fluid.

d 1 incorporates a technique for the experimental evaluation of the speed of sound, from which the effective

e for ¢, based

...(B.13)

.(B.14)

(B.15)

.(B.16)

| ...(B.17)

k_

3 71\'_,1“'. v/f(“/r-V

.(B.18)

TOTD

K, is defined by equations (B.8), (B.9) and (B.11).

B is a relaxation factor and provides some control over the speed and stability of the iteration without affecting the
converged solution. Normally 0 < 8 < 1. A small value of 8 may aid convergence, but can slow down the iteration
process. Typically 8 =0,7.

Continue iteration using equations (B.14) to (B.18) until the magnitude of Ac; is less than ¢; g p x 1074

13
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This iteration process has the effect of minimizing the “sum of squared errors” (see reference [9]):

n
sum of squared errors = Z [¢;]

i=1

2

Upon completion of the iteration, calculate the effective bulk modulus (in bars), using the equation

Bt = QCéZ x107°

B.4.3 Evaluation of source impedance

© 1SO

(B.19)

. (B.20)

For each meagured secondary-source harmonic i, evaluate the source impedance Zg; by solution of the eguptions

Z =27 51,1 — 1Sp0 + 11820 — DSy 2
g Il 1 — 1Sy — 4Sp0 + 1Sy 2

M

where, for thrge pressure transducers:

3

Sk = Z I:Fk(xm) fl(xm)]

m=1

3
b= > (R il |

m=1

and

The values of § and Z, at each harmonic are evaluated wSing equations (B.4) to (B.12).

B.5 Evaluation of source impedance uising method 2

(B.21)

(B.22)

(B.23)

[B.24)

.[B.2b5)

For each harmpnic i of the pressure ripple from the secondary source, calculate the spatial average pressure|ripple
Py, (in bars) and average flow ripple Qa ;. (in)litres per second) at the mean position between the two transducers

according to the equations

Ppi= (Pi|+ Ppy) 12 .[B.26)
8

Oni = jzfﬁg i (;ZPj"l; 1 |8.27)
where

/i is the“harmonic frequency, in hertz;

A is the pipe internal cross-sectional area, in square metres, given by

A=nd* x 10" °/4 ... (B.28)

P, is the ith harmonic of the pressure ripple measured at the mth transducer position.
Calculate the source impedance [in (N-s)/m5] using the equation

-2, Py ; 008 (kxp) + jZoQp; x 107 ® sin (k) . (829)

ZgOn; x 107 % cos(kx) + jPa; Sin(kxa)

14
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k= 2nfA[ of (Beyt x 10°)

%

XA

\/ 0Bgg

A

= (x +x)/2

B.6 Modelling of source impedance

... (B.30)

... (B.31)

... (B.32)

For ea

The va
the fre
freque

The so

represgnting a simplification of the physical characteristics of the discharge passageway [101.

A math
the exf
This m

a) au

b) as

The se
is emp
degree

The fo
hibits 3
changs
remain
points

NOTE 3
from pd

If the
used, 3

h harmonic i, evaluate the amplitude |Zg;| and phase LZg; of the source impedance.

ues of source impedance evaluated using the above methods are at frequencies which’are
uencies of the harmonics of the test pump. In order to evaluate the source impedance at
cies of the test pump, a curve-fitting technique is applied to the experimental data’

Lirce impedance of positive-displacement pumps can generally be approximated\by a mathems

ematical function, based upon the known characteristics of the pump-discharge passagewayl
erimentally evaluated source impedance in order to minimize the sum of squares error betw
hthematical function is a representation of either

niform, closed-ended length of pipe (distributed parameter),<or

mple volume of compressible fluid (lumped parameter).

ection of the model used depends upon the range of frequencies of interest. In order to select
loyed, it is necessary to plot graphs of the amplitude [in (N-s)/m5 on a logarithmic scale]
s on a linear scale) of the source impedanceagainst frequency (on a logarithmic scale).

m of the source impedance should resemble either figure B.1 or B.2. If the source impedan
n anti-resonance, as is shown in_figute B.1, at which the amplitude reaches a minimum a
s from negative to positive, then model 1 shall be used. If no such anti-resonance is apparent
5 negative, as shown in figure B.2; then model 2 shall be used. Note that any isolated spurious|
should be ignored in the above inspection.

In addition to an antisresonance, a resonance at which the amplitude reaches a maximum and the
sitive to negative may_be apparent at a higher frequency than the anti-resonance. Model 1 is appropriaf

Mmeasured sourte)impedance does not resemble figure B.1 or B.2, then an interpolation me
s described.in 7.3.6.

Hifferent from
the harmonic

tical equation

L is applied to
een the two.

which model
bnd phase (in

ce clearly ex-
nd the phase
ind the phase
experimental

phase changes
e for this case.

thod shall be

15


https://standardsiso.com/api/?name=6690aa8ae55464bceac8af5b17e77391

1ISO 10767-1:1996(E)

o
o
ﬁ rl
o
S
N
1 1
fa 107
Frequency tk0d scale)
a) Log modulus versus Log frequency
o
]
&
[N
mn
(%]
S 90°
E I
N |
|
|
|
O" I 1
fol 10f
: Frequency (Log scale)
|
|
_90° ]

Figure B.1 — General form of source impedance for distributed-parameter model
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b) Phase versus Log frequency
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b) Phase versus Log frequency

Figure B.2 — General form of source impedance for lumped-parameter model
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B.6.1 Model 1: Distributed-parameter model

An iterative method is used to apply the model to the experimental results. The modelled source impedance
Zs\,; s described by the equation

¢

... (B.33)

The optimum values of the coefficients ¢; and ¢, are evaluated in order to minimize the “sum of squared errors”
between the model and experimental results, for n harmonics.

T+ H £ al " ol | 4 toxt Lo ik 1 ool . + L It o
Initial estimates—of T7 ana T areregutret M oraerto—Staft e Hefato—SHtaore—eStMateS—Car—oe—o0taime from

inspection of the experimental source impedance plots, as follows.

Estimate the [frequency f, (in hertz) of the anti-resonance, at which the amplitude .is @ minimum and the| phase
changes from| negative to positive. The starting value of ¢, is then given by:

¢y =1/(21}) .. {(B.34)

Estimate the yalue of the source impedance amplitude [in (N-s)/m5] at the frequency~f,/2. Set the starting value
of ¢; equal to|this.

.

Corrections afe then applied to these coefficients as follows, for k=1 to 2:

cNEw = Golp T BAG .. ](B.35)
where B is a felaxation factor (see B.4.2).

The values of|the corrections Ac; and Ac, are obtained by solutiom6f the equations

18150 — 145
Acy = —f 222 |(B.36)

S1452,2 — 852,151,2

Hsy 1 — LS
Acy = —F21 01 . {®37)

S1152,2 — 52,1512

For n harmoni|cs

4= > Re(aay) .. 1(®.38)
i=1
Ski = ZRe(mal,i) .. ](B.39)
=1
where
o = jZs; $inlfic o) — ¢1.0to €08 (ficz o) .. |(B.40)
041, = — COSVi¢Z 0D/ . (B4
09, = JZs,; f; c0S(fico00) +fier,0p SIN(fic2.000) ... (B.42)

If the following condition is not satisfied for k=1 or 2

lAc| < cop x 107° ... (B.43)

then set ¢, o p equal to ¢, ey for k=1 or 2. Repeat the iteration using equations (B.35) to (B.42) until equation
(B.43) is satisfied.
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