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0 ISO ISO 107674:1996(E) 

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. Esch member body interested in a subject ior 
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. 

Draft International Standards adopted by the technical committees at-e 
circulated to the member bodies for voting. Publication as an International 
Standard requires approval by at least 75 % of the member bodies casting 
a vote. 

International Standard ISO 10767-1 was prepared by Technical Committee 
ISOnC 131, Fluid power Systems, Subcommittee SC 8, Product testing 
and contamination control. 

ISO 10767 consists of the following Parts, under the general title Hydraulic 
fluid power - Determination of pressure ripple levels genera ted in s ys- 
tems and components: 

- Part 7: Precision method for Pumps 

- Part 2: Simplified method for Pumps 

- Part 3: Me thod for motors 

Annexes A and B form an integral part of this part of ISO 10767. Annexes 
C and D are for information only. 

Ill 
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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 Pumps are components that convert rotary mechanical 
power into hydraulic fluid power. During the process of converting mech- 
anical power into hydraulic power, flow and pressure fluctuations and 
structure-borne vibrations are generated. 

These fluid-borne and structure-borne vibrations, which are generated pri- 
marily by the unsteady flow produced by the pump, are transmitted 
through the System at levels depending upon the characteristics of the 
pump and the circuit. Thus, the determination of the pressure ripple gen- 
erated by a pump is complicated by the interaction between the pump and 
the circuit. The method adopted to measure the pressure ripple levels of 
a pump should, therefore, be such as to eliminate this interaction. 

The measurement technique described in this part of ISO 10767 isolates 
the pump flow and/or pressure ripple from the effects of such circuit 
interactions, by mathematical processing of pressure ripple measurements 
(see refs. [1] to [8]). A figure of merit for the pump is obtained which al- 
lows Pumps of different types and manufacture to be compared as 
pressure ripple generators. This will enable the pump designer to evaluate 
the effect of design modifications on the pressure ripple levels produced 
by the pump in Service. lt will also enable the hydraulic System designer 
to avoid selecting Pumps having high pressure ripple levels. 

The method is based upon the application of plane wave transmission line 
theory to the analysis of pressure fluctuations in hydraulic systems[g]. By 
evaluating the impedance characteristics of the circuit into which the 
pump discharges and the impedance of the pump itself, it is possible to 
isolate the Source flow ripple and/or pressure ripple of the pump from the 
interactions of the circuit. The impedance characteristics of the circuit tan 
be evaluated by analysis of pressure ripple measurements at two or more 
positions along a Pipe, where the pipe is connected to the discharge port 
of the pump. However, to characterize the impedance of the System 
completely, it is not sufficient to measure the pressure ripple generated 
by the pump alone, as insufficient information is available for the im- 
pedance of the pump to be evaluated. The secondary-Source method uses 
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 using a digital Computer. Suitable Software packages are avail- 
able from two sources (see annex C). 

iv 
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INTERNATIONAL STANDARD 0 ISO ISO 10767=1:1996(E) 

Hydraulic fluid power - Determination of pressure 
ripple levels generated in Systems and 
components - 

Part 1: 
Precision method for Pumps 

1 Scope 

This part of ISO 10767 specifies a procedure for the 
determination of a rating of the Source flow ripple, 
Source impedance and pressure ripple levels gener- 
ated by positive-displacement hydraulic Pumps. 
Ratings are obtained as the following: 

a) the Source flow ripple amplitude, in litres per 
second, over ten individual harmonics of pumping 
frequency; 

b) the Source impedance amplitude, in newton 
onds per metre to the power of five [(Ws) 
and Phase, in degrees, over ten individual 
monics of pumping frequency; 

I 
sec- 
m51, 
har- 

c) the anechoic pressure ripple amplitude, in barsl), 
over ten harmonics of pumping frequency; 

d) the Overall r.m.s. anechoic pressure ripple, in bars; 

e) the blocked acoustic pressure ripple amplitude, in 
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. 

2 Definitions 

For the purposes of this part of ISO 10767, the fol- 
lowing definitions apply. 

2.1 Source flow ripple: Fluctuating component of 
flowrate generated within the pump, which is inde- 
pendent of the characteristics of the connected cir- 
cuit. 

2.2 flow ripple: Fluctuating component of flowrate 
in the hydraulic fluid, caused by interaction of the 
Source flow ripple with the System. 

2.3 pressure ripple: Fluctuating component of 
pressure in the hydraulic fluid, caused by interaction 
of the Source flow ripple with the System. 

2.4 anechoic pressure ripple: Pressure ripple that 
would be generated at the pump discharge port when 
discbarging into an infinitely long rigid pipe of the 
Same internal diameter as the pump discharge Port. 

2.5 blocked acoustic pressure ripple: Pressure 
ripple that would be generated at the pump discharge 
port when discbarging 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. 

1) 1 bar=105 Pa =105 N/m* 
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ISO 10767=1:1996(E) 0 ISO 

2.7 sou 
the disch 

rce impeda nee: Impedance of a pump at 3.3 Frequency analysis sf pressure ripple 
arge Port. 

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 
achieved by sampling the pressure ripple from 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 secondaty Source drive, as appro- 
priate. 

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. 

2.9 pumping frequency: Frequency given by the 
product of shaft rotational frequency and the number 
of pumping elements on that shaft. lt is expressed in 
hertz. 

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

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

a) amplitude within + 1 %; - 
3 Instrumentation 

b) Phase within + 1”; - 

c) frequency within + 0,5 %. - 3.1 Static measurements 
Compliance with the above tolerantes will result in 
an uncertainty in the Overall r.m.s. pressure ripple 
rating of within + 10 %. - 

The instruments used to measure 

a) mean fluid flow, 

4 Pump installation b) mean fluid pressure, 

c) shaft rotational Speed, and 4.1 General 

d) fluid temperature The pump shall be installed in the attitude recom- 
mended by the manufacturer and mounted in such a 
manner that the response of the mounting-to-pump 
Vibration is minimized. 

shall meet the temperature for “industrial class” ac- 
curacy of measurement, i.e. class C given in 
annex A. 

4.2 Drive Vibration 

3.2 Dynamit measurements The Prime mover and associated drive couplings shall 
not generate torsional Vibration in the pump shaft. If 
necessary, the pump and the driving unit shall be 
isolated from each other to eliminate Vibration gener- 
ated by the Prime mover. 

The instruments used to measure pressure ripple 
shall have the following characteristics: 

a) resonant frequency > 30 kHz; 

4.3 Reference Signal b) Iinearity < + 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 Z”, respectively, at 
the pumping frequency. 

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 revoi- 
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 

2 
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0 ISO ISO 107674:1996(E) 

trigger Signal and/or 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. 

5.2 Fluid temperature 

The temperature of the fluid shall be that measured 
at the pump inlet. 

5.3 Fluid density and viscosity 

The density and viscosity of the fluid shall be known 
to an accuracy within the limits specified in table2. 

5.4 Fluid bulk modulus 

The isentropic tangent bulk modulus of the fluid shall 
be known to an accuracy within the Iimits specified in 
table2. As this is not always feasible, B.4.2 details a 
method by which the bulk modulus may be evaluated 
with a sufficiently high accuracy. 

Table 1 - Permissible variations in test 
conditions 

Test Parameter 

Mean flow & 2 % 

Mean pressure + 2 % 

Shaft rotational frequency + 1 % 

Temperature & 2 “C 

Permissible 
Variation 

Table 2 - Required accuracy of fluid property 
data 

Property 

Densityl) 

Viscosityl) 

Isentropic tangent bulk 
modulus*) 

Required accuracy 

+ 2 % 

& 5 % 

& 5 % 

1) See reference [IO]. 

2) See reference [Ill. 

6 Test rig 

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. 

6.2 Test fluid 

The type of test hydraulic fluid and the quality of fil- 
tration shall be in accordance with the pump manu- 
facturer’s recommendations. 

6.3 Pump 

The pump shall be installed in the “as-delivered” 
condition. 

6.4 Inlet line 

The internal diameter of the inlet line to the pump 
shall be in accordance with the pump manufacturer’s 
recommendations. To prevent air leaking into the cir- 
cuit, care shall be exercised when assembling the in- 
let lines. The supply pressure shall be in accordance 
with the pump manufacturer’s recommendations and, 
if necessary, a boost pump shall be used. 

6.5 Inlet pressure gauge 

The inlet pressure gauge shall be mounted 
same height as the inlet fitting or shall be ca 
for any height differente therefrom. 

at the 
Iibrated 

6.6 Pump discharge port connection 

The adaptor connecting the pump discharge port to 
the discharge pipe shall have an internal diameter 
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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ISO 10767=1:1996(E) 

Pressuregauge 

T 

Temperature 
indicator 

Elec tric / 
motor 

o-- 
est pump 

Torsional Vibration 
isolation coupling 
(if required) 

Poin 

Load valve 

Straight rigid 
pipe (sec figure 2) 

Pressuregauge 

Secondary 
Source 

0---- / / I 
1 Pressure-relief 

!- 
-- -l valve 

Figure 1 - Circuit diagram for secondary-Source test rig 

6.7 Pump discharge line 

The discharge pipe shall be a uniform, rigid, straight 
metal Pipe. Pressure transducers shall be mounted 
along its length, as shown in figure2. The internal di- 
ameter of the pipe shall be between 80 % and 
120 % of the diameter of the pump discharge Port. 
The pipe shall be supported in such a manner that 
pipe Vibration is minimized. 

The pressure transducers shall be mounted such that 
their diaphragms are flush with the inner wall of the 
pipe to within + 0,5 mm. No valves, pressure gauges 
or flexible hoses shall be installed between the pump 
discharge port and Point “A” as shown on figure 1. 

Two alternative specifications for the pump discharge 
line are given, depending on whether the isentropic 
tangent bulk modulus of the fluid is known within the 
Iimits specified in table2. These alternatives are 
henceforth known as “method 1” and “method 2”. 
Method 1 is acceptable for use in all situations. How- 
ever, if the isentropic tangent bulk modulus is known 
within the limits specified in table 2, economies tan 
be made by using method 2. 

If method 1 is used, set up the pump discharge line 
as specified in 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 figure2. The dimensions 
of the discharge pipe shall be selected according to 

the pumping frequency. When the series of tests in- 
cludes a range of pump Speeds, the dimensions shall 
be selected in relation to the minimum pumping fre- 
wenw f0,minr in that series. The Overall length of the 
discharge Pipe, Z, and the distance of the pressure 
transducers from the pump, xl, + and x3, are specified 
in table 3. 

Table 3 - Pipe length and transducer positions: 
Method 1 

Pipe length and 
transducer 

Minimum pumping frequency, Hz 

positions 5OG tkm,& 100 100 * < 400 I <f&rn . I 

Xl 0,15 m + 1 % 
0,85 m i 

0,l m + 1 % 
X2 1 % 0,43 ml 1 % 
X3 1,85 m T - 1 % 0,9 m -Fl - % 
1 at least 2 m at least 1 m 

6.7.2 Method 2 

Two pressure transducers are required for this 
method, set up as shown in figure2. 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- 
quency in that series. The ratio of maximum to mini- 
mum Speed for a selected transducer spacing shall 
not exceed 4:l. If the Speed range of a test series 
exceeds this limit, different transducer spacings will 
be required. 
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1 - 

Mounting block 

Pump 

L Rigid straight L Pressuretransducer 

Pipe (method 1 only) 

Pressuretransducers 
Mounting block for loading valve, relief 
valve,pressuregaugeandsecondarysource 

Figure 2 - Arrangement of discharge pipe 

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

JC Beff x 1 0510) 
X2 - + = (67 x hl, rm> 

where 

f, o MEIX is the maximum pumping frequency, in 
hertz; 

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

e is the density, in kilograms per cubic 
metre. 

The first pressure transducer shall be located as close 
as possible to the pump flange and no more than 
( x2 - x,) m away. The length Z shall be at least 
(x2 + Iod) m, where d is the internal diameter of the 
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. 

Use the secondary Source (6.11) to generate pressure 
ripple. Measure the amplitude and Phase relationship 
between the pressure transducers for a range of fre- 
quencies spanning the complete range of interest 
(7.3.2) with one transducer used as a reference. For 
piezo-resistive transducers, the reference transducer 
tan be calibrated statically using, for example, a 
dead-weight testing machine. If piezo-electric trans- 
ducers and Charge amplifiers are employed, a cali- 
brated piezo-resistive transducer may be used as a 
reference for dynamic calibration purposes. The am- 
plitude and Phase differentes at each frequency shall 
be known to an accuracy of within 3 % and 2” for 
method 1, or 3 % and 0,5” for method 2. These dif- 
ferences shall be corrected in the tests (see 
clause 7). 

6.8 Load valve 

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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ISO 10767~1:1996(E) 0 ISO 

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 Secondary Source 

6.11.1 A 
ripple shall 

device capable of generating 
be fitted as shown in figure 1. 

pressure 

6.11.2 The pressure ripple from the secondary 
Source shall span the frequency range from the 
pumping frequency of the test pump to at least ten 
times the pumping frequency. 

6.11.3 The pressure ripple from the secondary 
Source shall have a periodic waveform. The secondary 
Source may produce either a multi-harmonic pressure 
ripple waveform or a pressure ripple waveform which 
may be swept in discrete frequency Steps to cover 
the range specified in 6.1 1.2. Pressure ripple shall be 
measurable at a minimum of ten frequencies over this 
range. The harmonic frequencies from the secondary 
Source shall not vary by more than 0,5 % once a 
stable running condition has been achieved. 

6.11.4 lt is necessary that the frequencies of the 
components of the pressure ripple from the second- 
ary Source be different from those of the test pump, 
in Order that they may be measured without inter- 
ference. 

6.11.5 Devices which are suitable for the secondary 
Source include the following. 

Positive-displacement pump: a Piston pump is 
likely to provide strong harmonic components 
over a broader frequency range than, for example, 
a gear pump, and is thus likely to be more suit- 
able. 

Intermittent bleed-off, such as valve with a ro- 
tating spool allowing flow to pass to the return 
line over part of its rotation. 

Electromechanical Vibrator and Piston ar- 
rangement. 

6.12 Ball valve 

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

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. 

7 Test procedure 

7.1 General 

The test procedure involves two separate Parts: 
evaluation of the Source impedance and of the Source 
flow ripple. The Source flow ripple cannot be evalu- 
ated without first evaluating the Source impedance. 
Data acquisition and data 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 the System and to stabilize all variables, in- 
cluding the condition of the fluid, to within the Iimits 
given in 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 of the 
pressure ripple at any one pressure transducer is 
greater than 50 % of the value of the mean pressure. 
[lf necessary, it may be possible to avoid this con- 
dition by altering the pipe length I (6.7).] 

73 . Evaluation of Source impedance 

In this part of the test the pressure ripple from the 
secondary Source is considered. lt is essential that 
this be measured in isolation from the pressure 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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0 ISO ISO 10767~1:1996(E) 

c) The harmonic frequencies of the secondary is the nearest harmonic frequency from 
Source shall not coincide with those of the pump the secondary Source above the ith har- 
(6.1 1). monic frequency from the test pump. 

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

lt should be noted that a Variable-Speed secondary 
Source will normally be necessary to comply with the 
above requirements. 

ment. 

7.3.2 Measure at least ten frequency components 
from the pressure transducers, sufficient to span the 
frequency range from the pumping frequency of the 
test pump to beyond ten times that pumping fre- 
auencv. 

7.4 Evaluation of Source flow ripple, 
anechoic pressure ripple and blocked acoustic 
pressure ripple 

Stop the secondary Source and close the ball valve. If 
a trigger Signal is required by the pressure ripple 
analysis instrument, this shall be from the shaft of the 

7.3.3 If method 1 is used (6.7.1) analyse the press- 
test pump (4.3). 

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. 

At each pressure transducer, measure ten harmonics 
of the pressure ripple from the test pump. 

7.4.1 Method 1 

7.3.5 Select whether a distributed-Parameter or 
Iumped-Parameter mathematical model is to be used, 
as described in B.6. Apply a mathematical model to 
the Source impedance using the procedure described 
in B.6.1 for a distributed-Parameter model, or 8.6.2 for 
a Iumped-Parameter model. 

If method 1 is used (6.7.1) evaluate the Speed of 
Sound using the procedure described in B.4.2. Evalu- 
ate the harmonic amplitudes of the Source flow ripple 
using the procedure described in B.7.1. 

7.4.2 Method 2 

7.3.6 In certain circumstances it may be possible to 
obtain good correlation between the experimentally 
measured Source impedance and the mathematical 
model. Should this be the case, the curve-fitting 
technique is inappropriate. lt is then necessary to 
evaluate the Source impedance at the harmonic fre- 
quencies of the pump by linear interpolation. In Order 
to perform this, the Source impedance at a pump 
harmonic frequency shall be evaluated by interpolat- 
ing between the measured Source impedance at the 
nearest frequency above and below the pump har- 
monic frequency, providing that these frequencies 
comply with the following: 

If method 2 is used (6.7.2) evaluate the harmonic 
amplitudes of the Source flow ripple using the pro- 
cedure described in 8.7.2. 

NOTE 2 A close approximation to the waveform of the 
Source flow ripple tan be obtained by summing the individ- 
ual sinusoidal components taking their relative phases into 
account. lt is sometimes desirable to be able to reconstruct 
the waveform of the Source flow ripple in this way. In Order 
to do this, the values of the Phase of the Source flow ripple 
are required in addition to the amplitude. If a distributed- 
Parameter Source impedance model was used in the analy- 
sis, more representative results will be obtained by referring 
the measured Source flow ripple from the pump discharge 
port to a Point within the pump. A procedure for performing 

(fi: -fo/lO) <fL c.6 

6 <fH < (h +f,ilO) 

this is described in reference [2]. This is not necessary to 
comply with this part of ISO 10767. 

where 
75 . Calculation of anechoic pressure ripple 
rating 

f i 

f 0 

fi 

is the frequency of the ith harmonic from 
the test pump; 

is the fundamental frequency of the test 
oumD: 

is the nearest harmonic frequency fror-n 
the secondary Source above the ith har- 
monic frequency from the test pump; 

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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Jc ’ P,2, +PZ, +P,23 + . . +P,21())/2 I 
8.2 Test data 

whef-e Pa II p, 2l p, 3l etc. are the amplitudes of the 
anechoic pressure ripple, in bars, at the corresponding 
harmonic number. 

7.6 Calculation of blocked acoustic pressure 
ripple rating 

Evaluate the harmonic amplitudes of the blocked 
acoustic pressure ripple using the procedure de- 
scribed in B.9. 

Use the harmonic components of the blocked acous- 
tic pressure ripple to provide the Overall blocked 
acoustic pressure ripple rating for the pump. Deter- 
mine the Overall blocked acoustic pressure ripple 
rating, in bars, from the expression 

I 
2 

Pb,l 
2 2 2 

+ Pb,2 + pb,3 + --- + Pb,l 0 

where Pb 11 Pb 2I Pb 3I etc. are the amplitudes of the 
blocked acoustic pressure ripple, in bars, at the cor- 
responding harmonic number. 

a) Description of pump: 

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

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

pump maximum displacement; 

4) type of displacement controller and setting; 

5) number of pumping elements; 

6) diameter of discharge Port, in millimetres. 

b) Mounting and installation conditions of pump: 

1) description of pump mounting conditions; 

2) nature and characteristics of the hydraulic cir- 
cuit and details of any Vibration isolation 
treatment; 

3) type and power of pump drive. 
7.7 Use of new or rebuilt pump 

c) Instrumentation: 
Repeat the initial pump measurement of the series 
at the end of a test series or after 1 h of testing. 

The whole test series shall be deemed to be invalid 
if the Overall anechoic pressure ripple rating does not 
duplicate that of the first test within + 10 %. 

8 Test report 

The following information shall be compiled and re- 
corded in a test report. 

8.1 General information 

a) Name and address of pump manufacturer and, if 
applicable, the User. 

b) Reference number(s) for identification of the 
pump. 

d Name and ad dress of per sons or organization re- 
sponsible for tests on the Pum Pa 

d) Date and place of tests. 

e) Conformance Statement (see clause 9). 

1) 

2) 

class of measurement; 

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 number 
and manufacturer; 

4) 

5) 

bandwidth of frequency analyser; 

Overall frequency response of instrumentation 
System and date and method of calibration; 

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

-t- Rest 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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2) 

3) 

4) 

5) 

6) 

7) 

8) 

9) 

k inematic v iscos ity, in centistokes (cSt)2); 

fluid density, in k ilograms per cubic metre; 

effective isentropic tangent bulk modulus, in 
bars; 

shaft rotational Speed, in revolutions per min- 
ute; 

mean inlet pressure, in bars; 

mean outlet pressure, in bars; 

mean pump delivery flow, in Iitres per minute; 

temperature of fluid at pump inlet, in degrees 
Celsius. 

8.3 Test results  

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

b Overall anechoic pressure ripple rating, in bars. 

Amplitude of the blocked acoustic pressure ripple 

d) Overall blocked acoustic pressure ripple rating, in 
bars. 

e) Amplitude of the Source flow ripple components 
(in litres per second) for ten harmonics of pump- 
ing frequency. 

f) Amplitude [in (N=s)/m5] and Phase (in degrees) 
of the s  ource impe 
ha rmonic s  of pu mpin 

dance 
Cl fw 

compo 
uency. 

nents for ten 

g) Type of Source impedance model used (lumped- 
or distributed-Parameter model), or linear interp- 
olation. 

9 Identification Statement (Reference to 
this part of ISO  10767) 

Use the following Statement in test reports, cata- 
logues and sales literature when electing to comply 
with this part of ISO  10767: 

“Pressure and flow ripple levels in accordance with 
ISO  10767-1 :1996, Hydraulic fluid power -  Determi- 
nation of pressure ripple levels genera ted in Systems 
and components 
for Pumps. ” 

Part 7: Precision me thod 

components, in bars, for ten harmonics of pump- 
ing frequency. 

2) 1 cSt =  1 mm2/s. 
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Annex A 
(normative) 

Errors and classes of measurement 

A.l Classes of measurement rate apparatus and methods, which increase the tost 
of such tests. 

Depending on the accuracy required, carry out the 
tests to one of three classes of measurement, A, B 
or C. Although the procedures described assume that 
measurements are made to class C, in special cases 
when there is need to have the per-formante more 
precisely defined, use class A or B by agreement with 
the Parties concerned. Attention is drawn to the fact 
that class A and B measurements require more accu- 

A.2 Errors 

Use any device or method that by calibration or com- 
parison with International Standards has been dem- 
onstrated to be capable of measuring with systematic 
errors not exceeding the Iimits given in tableA.l. 

Table A.1 - Permissible systematic errors of measuring instruments as determined during calibration 

Class of Shaft rotational 
measurement frequency Mean flow Mean pressure Temperature 

% % % “C 

A + 02 z!I 0,5 * 0,5 ’ + 85 
B + 0,5 2 L5 

I 

+ L5 kl 
C kl + 2,5 + 2,5 +2 I 

NOTE - The percentage Iimits given are of the value of the quantity being measured and not of the maximum test values 
or the maximum reading of the instrument. 

IO 
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ISO 10767=1:1996(E) 

Data reduction algorithms 

B. 1 General 

The experimentally measured harmonic pressure ripple data need to be mathematically processed in orrder to 
evaluate the Source flow ripple of the pump. Because of the complexity of the analysis, data processing is pref- 
erably carried out using a digital Computer. 

This annex describes the mathematical techniques involved in processing the data. 

B.2 Explanation of notation 

Extensive use of complex numbers is made in this analysis. The following notation applies, in which the complex 
number x is represented by its real and imaginary components (a +jh), where j = J-l and a and h are re$aI num- 
bers. 

a) 2 denotes the complex conjugate of X, i.e. X = (a - jh) 

b) 1x1 denotes the amplitude of X, i.e. IX 1 = 

c) LX denotes the Phase of x (in degrees), i.e. LX = (180/~) x tan- ’ (b/a). Care should be taken to ensure that the 
Phase of x lies in the correct quadrant. 

d 

d 

Re(x-) denotes the real part of X, i.e. Re(x) = a 

Im@) denotes the imaginary part of X, i.e. Im@) = b 

Pnli is a complex value representing the ith harmonic of pressure ripple at location m. Pressure ripple measure- 
ments are assumed to be peak values as opposed to r.m.s. values. To convert r.m.s. values to peak values, mul- 
tiply the amplitude of pressure ripple harmonics by J2. 

B.3 Data related to pump test 

The following data are required regarding the pump, the pump operating conditions and the test fluid, within the 
Iimits specified here or in table 1 or 2. 

d Pump: 

1) diameter of the pump discharge port, $ in millimetres; 

2) number of pumping elements, r. 

b) 1 Pump operating conditions: 

1) mean test pressure, p, in bars; 

2) mean flowrate, 4, in litres per second; 

3) temperature of test fluid, 0, in degrees Celsius; 

11 
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4) shaft rotational Speed, N, in revolutions per minute. 

d Test fluid and discharge Pipe: 

1) estimated isentropic tangent bulk modulus, B, in bars, of test fluid at pressure p and temperature 8 (see 
6 7) . . I 

2) mass density, e, in kilograms per cubic metre, of test fluid at pressure p and temperature 0; 

3) kinematic viscosity, V, in centistokes, of test fluid at pressure p and temperature 8; 

4) internal diameter of discharge Pipe, d, in millimetres + 0,l mm; - 

5) thickness of pipe Wall, t, in millimetres + 0,l mm; - 

6) Young’s modulus of pipe Wall, E, in newtons per Square metre + 10 %; - 

7) distance Xi, in metres + 1 mm, of pressure transducer m from pump discharge port for m = 1 to 3. - 

Calculate the effective bulk modulus, taking the stiffness of the pipe wall into account, using the equation 

B B 
eff = . . . 

1 + (d+ t)B x lO’]/(tE) [ 
(B-1) 

.4 Evaluation of Source impedance using method 1 

.4.1 Theoretical pressure ripple and flow ripple behaviour in a rigid pipe 

Under the operating conditions generally encountered in hydraulic Systems, the pressure and flow ripple in a pipe 
tan be described using a one-dimensional formulation of the wave equations [6]. At a frequencyf Hz, the harmonic 
values of the pressure ripple and the flow ripple at a Point x (in metres) along the pipe are given by: 

p = FedY” + G$” . . . (Ba 

Q = (Fe-‘-” - GeY”)/Zo . . . (B-3) 

where 

F and G are dependent upon the boundary conditions; 

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

y = j2Qt/c~ 

z0 is the complex characteristic impedance of the pipe [in (Ns)/m5], given by 

Z. = 4eco(/ (nd* x 1 O- “) 

cg is the Speed of Sound given by 

Co= J105)ji> 

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

t=JK,+o 

. . . (B-4) 

. . . (B-5) 

. . . (B-6) 

. . . (B-7) 

12 
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K, and K2 are functions of Ns, the wave shear number, which is  given by 

Ns  = 0,5d,/G  -  . . (B-8) 

For Ns> 8, the values of K, and K2 are approximated to 

Kl = 1 + (JW,)  . . . 
(B-9) 

K2 = 0,425 + O ,175N, . m  . (B.10) 

For Ns  < 8, the following approximations are used: 

K, = 1,333-4,66 x  10-3N,2+ 2,73 x  10-4N; . . . (B.11) 

K2 = 1,0 + 0,0203N; -  7,81 x  10-4N,3 . . . (B.12) 

B.4.2 Evaluation sf Speed of Sound in the fluid 

The accuracy of the results obtained using the secondary-Source method is  dependent on the accuracy to which 
the Speed of Sound, co, is  known. The Speed of Sound is  a function of the effective isentropic tangent bulk modulus 
of the fluid, Beff, which may be difficult to predict accurately and may be affected by the entrained air in the fluid. 

Method 1 incorporates a technique for the experimental evaluation of the Speed of Sound, from which the effective 
bulk modulus may be inferred. 

An iterative method is  employed for the calculation of c. and Beff. This method requires a starting value for c. based 
on an estimate of the effective 

I- 
bulk modulus B’eff. This is  obtained from the equation 

J< 5 
CO,OLD = B’eff ’ 1 o /e 

Iteration proceeds by calculating a correction to co, i.e. 

‘O,NEW = %,OLD + ßAcO 

where, for y2 harmonics 

Aco= l=‘rl 

c  
-  

U l i i 
i=l 

Ei = P, i s in [k(x3 - x2)] + P,,i s in [k(x, -  xJ]  + P3,i s in [k(x2 - XI)] I 

where Pnl i I is  the ith harmonic of the pressure ripple measured at the mth transducer Position, and 

k  = 2?fidK,/c0,0LD 

.  .  I  l(B.13) 

. . . (B.14) 

. . . (B.15) 

. . . (B.16) 

. . . (B.17) 

. . . .(B.l8) 

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

fl is  a relaxation factor and provides some control over the Speed and stability of the iteration without affecting the 
converged Solution. Normally 0 < /? < 1. A small value of /I may aid convergence, but tan s low down the iteration 
process. Typically  a = 0,7. 

Continue iteration using equations (B.14) to (B.18) until the magnitude of AC, is  less than c. OLD x  1 Om4. I 
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This iteration process has the effect of minimizing the “sum of squared errors” (see reference [SI): 

n 
sum of squared errors = c Ir I 

2 
i . . . (B.19) 

i=l 

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

B eff = &lc; x Io- 5 . . . (B.20) 

.4.3 Evaluation of Source impedance 

For each measured secondary-Source harmonic i, evaluate the Source impedance zs.i by Solution of the equations 

G,; =zo y;,; - tlS2J T :‘:+;; ; N',2 

, - V2,l 2 1,2 

where, for three pressure transducers: 

3 

$1 = x Ifk(s,,)lx4] 
m=l 

tk = t [‘m,j fm] 

I?l = 1 

and 

f0 1 x = e-Y-Y 

f0 
2 x =eymx 

The values of 7 and Z0 at each harmonic are eval 

B.5 Evaluation of Source impedance 

For each harmonic i of the pressure ripple from tl 

. . . (B.21) 

. . . (B.22) 

. . . (B.23) 

. . . (B.24) 

. . . (B.25) 

uated using equations (B.4) to (B.12). 

using method 2 

Te secondary Source, calculate the spatial average pressure ripple 
PA.j (in bars) and average flow ripple Q*,j (in litres per second) at the mean Position between the two transducers 
according to the equations 

pA,j = (pJ,j + p2,j)12 . . . (B.26) 

8 

QA,i 
A 

=- 
x (‘I,i - ‘2,i) ’ ’ O 

. . . 
JMe bz - 4 

where 

f i is the harmonic frequency, in hertz; 

A is the pipe internal Cross-sectional area, in Square metres, given by 

A = nd2 x 1 O- 74 

P m,i is the ith harmonic of the pressure ripple measured at the mth transducer Position. 

Calculate the Source impedance [in (Ns)/m5] using the equation 

zs .= #l - 20 
i 

PA,j cos(kxA) + j.&QA,j x 1 o- 8 sin (kxA) 

ZQ, 0 AjX 10w8 COS (kXA) -i- jPA,j Sh (kXA) 
1 

(B.27) 

. . . (B.28j 

. . . (B.29) 
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where 

x/j = (XI + 42 

. . a  (B.30) 

. . . (B.31) 

. . ._ (B.32) 

B.6 Modelling of Source impedance 

For each harmonic i, evaluate the amplitude IZs,j 1 and Phase LZs,j of the Source impedance. 

The values of Source impedance evaluated using the above methods are at frequencies which are different from 
the frequencies of the harmonics of the test pump. In Order to evaluate the Source impedance at the harmonic 
frequencies of the test pump, a curve-fitting technique is applied to the experimental data. 

The Source impe 
representing a si 

dance of 
mplificati 

positive -displacement Pumps tan generally be approximated by a mat 
on of th e physical cha racteristics of the dis Charge passageway [IO]. 

hema tical equation 

A mathematical function, based upon the known characteristics of the pump discharge passageway, is applied to 
the experimentally evaluated Source impedance in Order to minimize the sum of squares error between the two. 
This mathematical function is a representation of either 

d 

b) 

a uniform, closed-ended length of pipe (distributed Parameter), or 

a simple volume of compressible fluid (lumped parameter-). 

The selection of the model used depends upon the range of frequencies of interest. In Order to select which model 
is employed, it is necessary to plot graphs of the amplitude [in (N=s)/m’ on a logarithmic scale] and Phase (in 
degrees on a linear scale) of the Source impedance against frequency (on a logarithmic scale). 

The form of the Source impedance should resemble either figure B.l or B.2. If the Source impedance 
hibits an anti-resonance, as is shown in figure B.1, at which the amplitude reaches a minimum and 

clearly ex- 
the Phase 

NOTE 3 In addition to an anti-r ‘esonance, a resonance at whic h the amplitude reaches a maxi mum and the Phase changes 
from positive to negat .ive may be apparent a t a higher frequency than the anti-resonance. Model 1 isa PPro priate for this case. 

If the measured Source impedance does not resemble figure B.l or B.2, then an interpolation method shall be 
used, as described in 7.3.6. 
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a) Logmodulus versus log frequency 

-TG d 
Kl 
U  
v) 

m  

c  

2 90” 

ru” 
J 

0” 

- 90” 

f/J IOf 
I Frequency (log scale) 
I 
1 
I 

b) Phaseversuslogfrequency 

Figure B.1 - General form of source impedance for distributed-Parameter model 
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-5 2 fu 
bi 
m 
t .- 

1 90" 

ru" 
-A 

0" 

I 

f 
Frequency (log scale) 

a) Log modulus versus log frequency 

f 10f 
Frequency (log scale) 

b) Phase versus log frequency 

Figure B.2 - General form of Source impedance for lumped-Parameter model 
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9.6.1 MIodell 1: Distributed-Parameter modell 

An iterative method is used to apply the model to the experimental results. The modelled Source impedance 
ZsM,j is described by the equation 

%M,i = 
Cl 

j Wc2.h) 
. . . (B.33) 

The Optimum values of the coefficients C, and c2 are evaluated in Order to minimize the “sum of squared errors” 
between the model and experimental results, for y2 harmonics. 

Initial estimates of C, and c2 are required in Order 
inspection of the experimental Source impedance 

to Start the iteration. Suitable estimates tan be obtained from 
Plots, as follows. 

Estimate the frequency f, (in hertz) of the anti-resonance, at which the amplitude is a minimum and the Phase 
changes from negative to positive. The starting value of c2 is then given by: 

c2 = N(2f,) . . . (B.34) 

Estimate the value of the Source impedance amplitude [in (N=s)/mS] at the frequency f,/2. Set the starting value 
of c., equal to this. 

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

%,NEW = %,OLD + ßAc, 

where ß is a relaxation factor (see B.4.2). 

The values of the corrections AC, and Ac2 are obtained by Solution of the equations 

Ac, = 

Ac, = 

tzs1,2 - v2,2 

. . . (B.35) 

sl,ls2,2 - s2,1sl,2 
. . . 

V2,l - tzsl,l 

sl,ls2,2 - s2,1sl,2 

(B.36) 

(B.37) 

For ~2 harmonics 

tk  = ~Re(CXj~) 

i=l 

.  .  .  (B.38) 

sk,l = T Re ((rk.iOl,i) . . . 
i=l 

(B.39) 

ai = j%,i sin b2,OLD) - Cl,OLD cos(hc2,0L,) . . . (B.40) 

0 1,i = - cos bZ,OLD> . . . (8.41) 

O2,i =j%,i.h coS~C2,0LD) +.&l,OLD Sin(f,c2,0LD) . . . (B.42) 

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

1 Ac, 1 < ck OLD x 1 o- 3 . . . (8.43) 

then set CkoLD equal to CkNEw I 
’ 

for k = 1 or 2. Repeat the iteration using equations (B.35) to (B.42) until equation 
(B.43) is satisfied. 

18 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 10

76
7-1

:19
96

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

