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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 1SO
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-governm nnfnl' inliaison with IQ(\’ also take pnrf inthe work 1SQO collaborates r\ln:nl\/ with the International

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International|Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main tagk of technical committees is to prepare International Standards. Draft International Stanflards
adopted by the technical committees are circulated to the member bodies for voting. \Publication g4s an
International|Standard requires approval by at least 75 % of the member bodies casting-a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of gatent
rights. 1ISO shall not be held responsible for identifying any or all such patent rights.

ISO 17559 was prepared by Technical Committee ISO/TC 131, Fluid power systems, Subcommittee 5C 8,
Product testing.
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Introduction

This International Standard is intended to unify testing methods of positive-displacement electrically and
electronically controlled hydraulic pumps so as to allow comparison of the performance of different components.

Requirements for test installations, procedures and expression of results are described.

© 1SO 2003 - All rights reserved
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INTERNATIONAL STANDARD

ISO 17559:2003(E)

Hydraulic fluid power — Electrically controlled hydraulic
pumps — Test methods to determine performance
characteristics
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nternational Standard specifies methods for determining the steady-state performange’chara
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-control type, or electrical variable displacement mechanism typée, which control output flo
ure by feedback using electrical signals.
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3 Terms and definitions

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

3.1
elect

rically controlled hydraulic pump

variable displacement pump which is capable of controlling the pressure or flow rate, or the pressure and flow
rate corresponding to an input signal

3.2

minimum flow command
minimum input flow command signal needed to maintain the maximum working pressure

© IS0
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3.3

minimum controllable pressure
minimum output pressure when the absolute value of the input pressure command signal is zero and the input
flow command signal is maximum (see 7.2.4)

3.4
dead zone

range wherein the output pressure or output flow being controlled by the input signal does not vary when the
absolute value of the input signal increases from zero or decreases to zero

3.5

load volum
gross volum
loading valve

3.6

pressure co
condition in v
output press

3.7
deadhead p
output press

4 Symbo

4.1 The ph
are fully expl

Units are giv

4.2 Graphi
ISO 1219-2.

of working fluid in the main pipelines from the outlet of the pump to be tested to the inlet

mpensation
Vhich the output flow starts to decrease by the variable displacement control mechanism whe
re approaches a set pressure

essure
re without flow

S

ysical quantity letter symbols and their suffixes used in this International Standard (see Tak
hined in 1ISO 4391.

bn in Table 1 and Annex A.

al symbols used in Figures 1 and-2,~showing test circuit diagrams, conform to ISO 1219-1

Table 1 — Symbols and units

bf the

n the

le 1),

and

Quantity, Symbol Dimension? Sl unit
Power P ML2T3 w
Pressure, differential pressure p, Ap MLLT2 MPa
Flow rate q L37-1 dm®/min
Rotational'épeed n 71 min~t
a8 M=mass, L = length, T = time.
5 Test instatation—=Generatreguirements

5.1 General

5.1.1 Unless otherwise specified, install the pump with the output shaft horizontal and the drain port facing
upwards.

5.1.2 Use a hydraulic test circuit conforming to Figure 1 for test pumps having a pressure control valve to
control the pressure in the pressure-compensation state and a flow control valve to control the output flow.

5.1.3 Use a hydraulic test circuit conforming to Figure 2 for test pumps that utilize electrical input signals to

control the pressure in the pressure-compensation state and either the position or angle of the mechanism to
vary the displacement of the pump.

2 © 1SO 2003 — All rights reserved
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5.1.4 For applications where the pump will be part of a closed-loop control system it may be necessary to
perform a frequency response test. Subclause 8.5 describes a pump test method. The need for the test should
be agreed between the customer and manufacturer.

Key
1 pump under
test
2 loading valve
3 directional 1
control valve —
4 variable r
restrictor i
5 torque meter |
6 torque |
indicator !
7 speed meter |
8 electrical i 7
pressure |
transducer ; €
9 pressure |

-y

gauge
10 | electrical flow |
transducer |

11 | thermometer :
12 | control device L
13 | signal source

14 | control device

15 | signal source

16 | recorder

17 | electrie'motor

18 manual relief |
valve

NOTE Details of the pump control valves are for illustration only.

Figure 1 — Pump with pressure-compensation control valve and flow control valve
to control output flow

© 1SO 2003 — All rights reserved 3
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10 . 16

Key _|
1 pump dinder test !
2 loading valve |
3 directignal control I

value |
4 variablg restrictor | | 6
5 torque [meter !
6 torque [indicator | |
7 speed meter | i 15 7
8 electridal pressure T H——H 4

transdyicer | O ’(\ 5
9 electriqal flow |

L

transddicer

10 pressufe gauge ]

11 thermdmeter
10 &

12 control{device
13 signal $ource 11 ®_"
14 record¢r

15  electrig motor |
16 manug] relief valve

NOTE Details of the pump controhvalves are for illustration only.

Figure 2 — Pump with electrical input signals to control pressure-compensation and either the posjtion
or angle of the mechanism to vary displacement

5.2 Generplest apparatus

5.2.1 Set up a test rig conforming to 5.1.1 to 5.1.3 and Figures 1 and 2 as applicable.

5.2.2 Maintain the loading valve and variable restrictor in the test circuit at no loading and no restriction except
for the conditions specified in the test procedure. If the loading valve is operated, open the variable restrictor
completely and adjust the directional control valve so that the P port is closed. If the variable restrictor is
operated, adjust the directional control valve so that the P port opens to the A port.

5.2.3 Set the manual relief valve integrated with the pump for safety purposes to limit the maximum steady-
state pressure to no less than 125 % of the maximum working pressure setting.

4 © 1SO 2003 — All rights reserved
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6 General test conditions

6.1

Test fluid

6.1.1 The hydraulic fluid type and viscosity shall conform to ISO VG 32 or ISO VG 46 according to ISO 3448.

6.1.2

6.1.3

Maintain the fluid temperature at the pump inlet in the range of 45 °C to 55 °C.

Maintain the fluid contamination class within 19/16 or less according to 1SO 4406.

Cond

6.2

The §

6.3

Take
Table

7.1

7.1.1

NOTE

itions other than those indicated in this subclause should be agreed between the supplieran

Ambient conditions

imbient temperature and any variation from still air conditions shall be recorded.

Steady-state conditions

d purchaser.

each set of measurements only when the values of the controlled parameters are within the limits given in
2.
Table 2 — Limits of permissible variation in¢the values of controlled parameters
Limits of permissible variation in the values of controlled paramjeters
Controlled parameter for'class of measurement accuracy?
A B Cc

Temperature, °C + 0,5 +1 +2

Rotational speed, % *0,5 +1 +2

Input signal, % +0,5 +1,5 +25

2 See Annex A.

ests of steady-state performance characteristics

General

The test circuit and measuring circuit shall conform to Figures 1 or 2 as applicable.

In, addition to the internal control pressure supply as shown in Figure 2, it is possible to use an e

kternal control

press

7.1.2

7.1.3

waocrinnlg
breSHpphy-
Adjust the electric motor to the specified rotational speed.

The steady-state performance shall be determined in accordance with 1ISO 4409.

7.1.4 For pumps in accordance with Figure 2, the swivel angle or stroke in percent of the maximum value may
be used as an alternative to the output flow.

7.2

7.21

© IS0

Flow/pressure characteristics

Use the pump having pressure control and flow control functions.
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7.2.2 Determine the minimum flow command by the following procedure:
— set the loading valve to shut-off so that there is no output flow;
— slowly decrease the input flow command signal until the deadhead pressure can no longer be maintained;

— record the value of the input flow command signal as the minimum flow set point.

7.2.3 Tests should be performed at 100 %, 75 % and 50 % of the maximum working pressure. Tests should
also be performed at 90 %, 75 %, 50 % and 25 % of the maximum output flow, and minimum flow command.

7.2.4 Gradyaty—eha 5 Hre—bYy 7 —ey 5 the
maximum wdrking pressure, through 75 % and 50 % of the maximum working pressure, to the highest.minjmum
controllable gressure and output pressure when the variable restrictor is opened completely, and back-agdin.

7.2.5 Plot algraph of output flow against output pressure (see Figure 3).

A'De,2e Ape,1d
a
£
£ \
= 90 % . N
: N ) g
: | g
2
5 15 % RS
g T g
O
50 %
A )
25 %
) )
c/" g
/ N NS
/ 50 % 5 % 100 %

Output pressure, MPa

a8 Maximum flow commana
Minimum flow commanrd.

Minimum dontrellable pressure.

Pressure range from starting pressure-compensation state to deadhead pressure

Hysteresis at pressure-compensation.
Maximum width of the change of the output flow.

9 Maximum working pressure.

Figure 3 — Output flow versus pressure

7.2.6 Calculate and record the rate of change of adjustable flow rate dq against output pressure using the
following formula:

_ Age
qo

8¢ X 100

6 © 1SO 2003 — All rights reserved
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dq is the rate of change in adjustable flow rate, expressed as a percentage;

Age1 is the maximum width of the change of output flow (see Figure 3);

explained below.

is the output flow at the minimum controllable pressure for each input flow command signal as

Calculate the values at 75 % and 50 % of the maximum output flow and minimum flow command settings,

respgctively (these values are the rate of change ot adjustable flow rate 0g against output pressure

with

immagdiately before the pump shifts into pressure-compensation mode.

7.2.7| For a pump with pressure-compensation function, calculate and record the, {ollowing
valugs for each flow rate setting:

7.3
pro

7.3.

7.3.
cycl
doe

7.3.

7.3.

wher

7.3.

7.3.

bressure-compensation function, Age; shall be considered the maximum range of flow

=0

ysteresis Ape , of the pressure when controlled by the pressure compensator;

pfessure range Ape; from commencement of pressure compensation to deadhead condition

Characteristic test on output pressure against input.pressure command signa
cedure and presentation of test results

2| Completely close the loading valve. Inctease and decrease input pressure command s
e} from the minimum controllable pressure of the pump to the maximum working pressure,
s|not subject the pump or measuring.egquipment to any significant dynamic influence.

3| Plot a graph of output pressure against input pressure command signal (see Figure 4).

4] Obtain and record the.following characteristic value from the recorded data:

_ DPmax
pmax

Oy %100

1%

. For a pump
rate change

Characteristic

I: test

1| If the pump has pressure control and flow controlunctions, select input pressure command signal and
input|flow command signal, and adjust them to their maximum values.

gnal for one
at a rate that

69hy is the hysteresis of the output pressure, expressed as a percentage;

Apmax is the maximum difference in pressure at the same input signal;
Pmax IS the maximum working pressure.
5 Obtain the adjustable range of output pressure from the recorded data.

6 Obtain the input signal value at the maximum working pressure from the recorded data.

7.3.7 Determine the dead zone by recording the change in input pressure command signal that causes the
dead head output pressure to rise by 10 % above the minimum controllable pressure (see Figure 4). Record the
dead zone from the recorded data.

©Is
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o
=
2 c
21 7
o
Qo <o E
5 £
g Q
S <
O
f
l—¢
/a Input signal, mA or V
8 Dead zondg.
b Maximum ifference in pressure.

Adjustable

Maximum

10 % of theg

7.4 Charagteristic test of output flow against input flow signal — Test procedure and
expression of test results
7.4.1 |If the pump has pressure control and flow control functions, select the input pressure command

and input flo
signal to 75 9

loading valvd.

7.4.2 Increg
maximum ou
equipment tg

7.4.3 Plota

Minimum ¢

2003(E)

range of pressure.
ivorking pressure.
ontrollable pressure.

minimum controllable pressure.

Figure 4 — Output pfessure versus input signal

v command signal and-adjust them to their maximum values. Adjust the input pressure com
6 of the maximum-working pressure and the input flow command signal to the maximum, usin

tput fleawnand back to zero output flow, at a rate that does not subject the pump or meag
significant dynamic influence.

ignal
mand
g the

se and thenl decrease the flow control input signal for one cycle, from zero output flow to the

uring

© 1SO 2003 - All rights reserved
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Output[flow, dm3/min
Aqmaxa

3 Input signal, mA or V

Dead zone.
b Maximum difference in output flow.
Adjustable range of output flow.

d Mpximum output flow.

Figure 5 — Output flow versus input signal at 75 % of maximum working pressufe
7.4.4] Obtain and record the following charagteristic values from the recorded data:

AQmax

Qm ax

on

X 100

hy =

wher

1%

Oy is the hysteresis of the output flow, expressed as a percentage;

>

\Jmax IS the.maximum difference in output flow at the same input signal;

Qhax ~iSithe maximum output flow.

7.4.5| ‘Obtain the adjustable range of the output flow from the recorded data.

7.4.6 Obtain the input signal value at the maximum output flow from the recorded data.

7.4.7 Record the dead zone from the recorded data (see Figure 5).

7.5 Repeatability test

7.5.1 Repeatability of output pressure — Test procedure and presentation of test results

7.5.1.1 If the pump has pressure control and flow control functions, select the input pressure command signal
and input flow command signal, and adjust them to their maximum values.

© 1SO 2003 — All rights reserved 9
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7.5.1.2 Vary the input pressure command signal in accordance with 7.3.2, stepwise for 20 cycles, to attain the
maximum working pressure and 50 % of the maximum working pressure.

7.5.1.3 Vary the input pressure command signal in accordance with 7.3.2, stepwise for 20 cycles, to attain
50 % of the maximum working pressure and the minimum controllable pressure.

7.5.1.4 Record graphically the results of the tests in 7.5.1.2 and 7.5.1.3, plotting output pressure against time
(see Figure 6).

™
T
o =)
o
=
o 3
? o
[}
3 Q
a <
5
=2
a 50 %

A'De,4
Ape,G

Time, s

=]

a Signal 10q %.

b Signal 0 %4 minimum adjustable pressure.

Figure 6= Repeatability of output pressure

7.5.1.5 Obtain and record the ratio of dispersion relative to each pressure setting (see Figure 6), using the
following formula:

A
Spre = T2 » 100
pmax
where
OPre is the repeatability of the output pressure, expressed as a percentage;

APemax  is the maximum value (Ape 3 t0 Apeg);

Prmax is the maximum working pressure (see Figure 6).

7.5.2 Repeatability of output flow — Test procedure and presentation of test results

7.5.2.1 If the pump has pressure control and flow control functions, select the input pressure command signal
and input flow command signal and adjust them to their maximum values. Adjust the input pressure command
signal to 75 % of the maximum working pressure and the input flow command signal to the maximum, using the
loading valve.

10 © 1SO 2003 — All rights reserved
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7.5.2.2 With the pump output flow at 90 % of the maximum, adjust the loading valve so that the pressure
becomes 75 % of the maximum working pressure. Vary the flow control input signal stepwise for 20 cycles to
attain 90 % and 50 % of the maximum output flow at a rate that does not subject the pump or measuring
equipment to any dynamic influence.

7.5.2.3 With the pump output flow at 50 % of the maximum, adjust the loading valve so that the pressure
becomes 75 % of the maximum working pressure. Vary the input signal in accordance with 7.5.2.2, stepwise for
20 cycles, to attain 50 % of the maximum output flow and the minimum flow command at a rate that does not
subject the pump or measuring equipment to any dynamic influence.

7.5.2.4 Record graphically the results of tests in 7.5.2.2 and 7.5.2.3, plotting output flow against time (see

Figure—A-
N
)
£ )
g <
£
© 2
2 A
2 &
5 <
=
>
o A
50 %
w0
)
e} o
& <
o
< b
0 .
Time, s
a Signal 90 %.
b s gnal 0 % minimum flow command.

Figure 7 — Repeatability of output flow

7.5.2|5 Obtain andrecord the ratio of dispersion relative to each flow rate setting (Figure 7), using
formdla:
A
I LT
qmax
where
0qre is the repeatability of the output flow, expressed as a percentage;

Agemax is the maximum value (Age > to Ages);

Qm ax

is the maximum output flow (see Figure 5).

© 1SO 2003 - All rights reserved
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7.6 Test for change in characteristics against oil temperature

7.6.1 Change in characteristics with respect to pressure — Test procedure and presentation of test
results

7.6.1.1 If the pump has a pressure control function, completely close the loading valve and maintain the input
pressure command signal to attain the maximum working pressure.

7.6.1.2 Raise the oil temperature from 30 °C to 70 °C at a rate that ensures stable temperatures of the test
equipment.

If this range Is considered to be too small to have any influence on the control, a temperature range othet than
that indicated above should be agreed between the parties concerned.

7.6.1.3 Recprd the results graphically by plotting output pressure against oil temperature (See Figufe 8).
Record the dpen-air temperature. If the temperature cannot be recorded continuously, plot at'least five points
over the rande in 10 °C increments within the specified temperature range.

Output pressure, MPa

30 70
Oil temperature, °C

a Change infoutput pressufe:

Figure 8 — Output pressure versus oil temperature

7.6.2 Changeé“in characteristics with respect to flow rate — Test procedure and expression of resnplts

7.6.2.1 If the pump has pressure control and flow control functions, adjust the input flow command signal to
75 % of the maximum, and adjust the loading valve to a pressure of 5 MPa.

7.6.2.2 Raise the oil temperature from 30 °C to 70 °C at a rate that ensures stable temperatures of the test
equipment.

If this range is considered to be too small to have any influence on the control, a temperature range other than
that indicated above should be agreed between the parties concerned.

12 © 1SO 2003 — All rights reserved
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7.6.2.3 Record the results graphically by plotting output flow against oil temperature (see Figure 9). Record the
open-air temperature. If the temperature cannot be recorded continuously, plot at least five points over the
range in 10 °C increments within the specified temperature range.

NOTE Pressure ripple measurement should be carried out in accordance with ISO 10767-1 and ISO 10767-2.

Output flow}, dm3/min

30 10
Oil temperature, °C

a Change in output flow.

Figure 9 — Output flow versus oil temperature

8 Tests of dynamic performance characteristics

8.1 |General

8.1.1| The test circuit and-measuring circuit shall conform to Figures 1 or 2 as applicable.

NOTH In addition tosthe internal control pressure supply as shown in Figure 2, it is possible to use an external control
pressfire supply.

8.1.2| Adjustthe electric motor to the specified rotational speed.

8.1.3| "For pumps in accordance with Figure 2, the swivel angle or stroke in percent of the maximym value may
be used as an alternative to the output flow.

8.2 Pressure compensator response and recovery

8.2.1 If the pump has pressure and flow rate control functions, select the input pressure command signal and
input flow command signal, and adjust them to their maximum values.

8.2.2 Use a directional control valve for rapid shut-off and a pressure transducer in the pump outlet line so that
the instantaneous pressure can be recorded against time on an oscilloscope (or oscillograph).

8.2.3 Condition the circuit such that the rate of pressure rise is between 680 MPa/s and 920 MPa/s when the
directional control valve is closed. Use 800 MPal/s as the target pressure rise rate 51,
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8.2.4 Open the directional control valve, and adjust the variable restrictor valve to maintain 75 % of the
maximum working pressure.

8.2.5 Close the directional control valve while recording the instantaneous pressure against time. From this
recording, determine the rate of pressure rise in megapascals per second, and the pressure compensator
response and settling times in milliseconds, and the overshoot when output pressure approaches each set
pressure (see Figure 10). Pressure is considered stabilized when the amplitude of fluctuation falls within the
normal band of pressure ripple.

o e
= /
o T
—
>
7 : /\V
a
5 f f
= /
>
@] h
/

Time, s

Rate of pressure rise.
Rate of pressure drop.

¢ Deadhead|pressure.
Overshoot|(rise).

Settling tinpe (descent).
75 % deadhead pressure.
9 Responseftime.

Settling tinpe (rise).

Figure 10 — Pressure compensator response and recovery

8.2.6 Open the directional control valve while recording the instantaneous pressure against time. From this
recording, determine the rate of pressure drop in megapascals per second and the pressure compensator
response and settling times in milliseconds, and the overshoot when output pressure approaches each set
pressure (see Figure 10). Pressure is considered stabilized when the amplitude of fluctuation falls within the
normal band of pressure ripple.

8.2.7 Repeat 8.2.4 t0 8.2.6 at 50 % and 25 % of the rated flow rate.
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8.3 Test of step response versus output pressure — Test procedure and presentation of test

resu

8.3.1
input

Its

If the pump has pressure and flow rate control functions, select the input pressure command signal and

flow command signal, and adjust them to their maximum values.

8.3.2 Completely close the loading valve, and operate the pump at the minimum controllable pressure.

8.3.3 Using a function generator, provide stepped input signals for pressure control to obtain 100 %, 75 % and

50 %

8.3.4
charg
wave,

NOTH
frequg

8.3.5
presy
millis|

8.3.6

a g
b o

of the maximum working pressure.

cteristics of the pump, simultaneously record the input signal and the output pressure dyna
forms, and graphically present the input signal and output pressure as a function of timie\(se¢

The amplitude ratio of the recorder should be —3 dB at a frequency which is 10 times the m
EnCy.

Pressure is considered stabilized when the amplitude of fluctuation falls within the no
bconds, and the overshoot when output pressure approaches each set'pressure.

Record the load volume, piping length, inside diameter and pipg.type.

Output pressure, MPa

Time, s

bttling time (rise).

ershoot (rise).

ic response
ic response
Figure 11).

hximum - signal

mal band of

ure ripple. From the recorded data, read the pressure compensataf-response and setfling times in

¢ Response time (rise).

Settling time (descent).

€ Response time (descent).

Input signal (mA or V).

9 Overshoot (descent).

© IS0

Figure 11 — Step response of output pressure
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8.4 Test of step response versus output flow — Test procedure and presentation of test

results

8.4.1 If the pump has pressure and flow rate control functions, select the input pressure command signal and
adjust it to the maximum working pressure.

8.4.2 Using a function generator, provide stepped input signals for output flow to the pump and vary the output
flow from 10 % to 90 %, 75 %, 50 % and 25 % of the maximum output flow.

8.4.3 Set the variable restrictor to obtain 50 % of the maximum working pressure for the respective upper flow

rate limits.

NOTE A Ioachng valve may be used instead of the variable restrictor if the dynamic response performance of thelgading

valve is sufficig¢ntly high compared with the dynamic response characteristics of the pump.

8.4.4 Using

graphically pfesent the input signal and output flow as a function of time (see Figure 12).

a suitable recorder of sufficiently high response performance compared with“the dynamic
response characteristics of the pump, simultaneously record the output flow dynamic response waveformg, and

NOTE The amplitude ratio of the recorder should be —3 dB at a frequency which is 10-times the maximum [ignal

frequency.

8.4.5 Flow fate is considered stabilized when fluctuations fall within the 5% band of the object flow] rate.
From the recprded data, read the response and settling times in millisecends and overshoot when outpuf flow

approaches ¢ach set flow rate.

8.4.6 Record the load volume, piping length, inside diameter, and pipe type.

Output flow, dm3*/min

a8 Settling time (rise).

Overshoot (rise).

Response time (rise).

Settling time (descent).

€ Response time (descent).

Input signal (mA or V).

9 Overshoot (descent).
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Figure 12 — Step response of output flow
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