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Foreword

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

In hydraulic fluid power systems, power is transmitted and controlled through a liquid under pressure
within an enclosed circuit. Pumps are components that convert rotary mechanical power into hydraulic
fluid power. Motors are components that convert hydraulic fluid power into rotary mechanical power.
Integral transmissions (hydraulic drive units) are a combination of one or more hydraulic pumps and
motors and appropriate controls forming a component.

With very few exceptions, all hydraulic fluid power pumps and motors are of the positive-displacement
type, i.e. they have internal sealing means that make them capable of maintaining a relatively constant

ratio

between rotational speed and fluid flow over wide pressure ranges. Theyv genera

y use gears,

vanes
seldo

Pumgp
units

throufgh the component per revolution of the component's shaft. Variable-displacement

have
comp,

This
hydrg
comp

or pistons. Non-positive displacement components, such as centrifugal or turbiy
m associated with hydraulic fluid power systems.

s and motors are available either as “fixed-” or “variable-displacement” typés; Fixed-
have pre-selected internal geometries that maintain a relatively constantwelume of 1

means for changing the internal geometries so that the volume, of liquid passing
pnent per revolution of the component's shaft can be changed.

Hocument is intended to unify testing methods for hydraulic fluid power positive
ulic pumps, motors and integral transmissions to endble’ the performance of
pnents to be compared.
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kions and the presentation of test results.

Hocument specifies methods for determining the performance and efficiency of hy
I positive displacement pumps, motors and integral transmissions. It applies\to

Hocument specifies the requirements for test installations, test procedures under

ormative references

bllowing documents are referred to in the text in such a~way that some or all of
tutes requirements of this document. For dated references, only the edition cited
ed references, the latest edition of the referenced document (including any amendmg

219-1, Fluid power systems and components — Graphic symbols and circuit diagran
ic symbols for conventional use and data-processing applications

891, Hydraulic fluid power — Pumps, motors:aid integral transmissions — Parameter d
symbols

h98, Fluid power systems and components — Vocabulary

110-2, Hydraulic fluid power,<— Measurement techniques — Part 2: Measurement of av
bressure in a closed conduit

| 631, Measurementoffluid flow — Methods of specifying flowmeter performance
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e purposes of this document, the terms and definitions given in ISO 4391 and ISO 55

1d IEC' maintain terminological databases for use in standardization at the following
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their content
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ents) applies.

hs — Part 1:
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1 10-1, Hydraulic fluid power — Medsurement techniques — Part 1: General measurement principles

erage steady-

b8 apply.

addresses:

[

C Electropedia: available at http://www.electropedia.org/

ISO Online browsing platform: available at http://www.iso.or

4 Symbols and units

The symbols and subscripts listed in Table 1 are as specified in ISO 4391. Units as shown in Table 1 are

in acc

ordance with ISO 80000-1 and ISO 80000-4.

The letters and figures shall all be used as subscripts to the symbols listed in Table 1 are as specified
in ISO 4391. The graphical symbols used in Figures 1, 2, 3 and 4 shall be used in accordance with
ISO 1219-1.
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Table 1 — Symbols and units

Description Symbol Unit
Volume flow rate qy m3 sl
Derived capacity /4 m3 r1
Rotational frequency n sl
Torque T N-m
Pressure p Pa2
Power P w
Mass density o) kgm-3
Isothermal bulk modulus secant K Pa?
Kirfematic viscosity v m?2 s-1b
Terpperature 0 K
Volume coefficient of thermal expansion a Kk
Overall efficiency ¢ N; —
Volumetric efficiency Ne —
Rofational frequency ratio Z —
a [1Pa=1N/m?2.
b 11¢St=1mm2s1.
¢ | Efficiency may also be stated as a percentage.

NOTE When there is no risk of ambiguity (i.e. when a test has(bé€en carried out on a pump or a motdr), the
superscripts ‘[P,” “M” and “T” specifying that the quantity concerns; respectively, a pump, a motor or an integral
transmission,|can be omitted.

5 Tests

5.1 Requirements

5.1.1 General

Installations| shall be designed-to-prevent air entrainment during operation and measures shpll be
taken to remjove all free air fromrthe system before testing.

The unit under test shall-be installed and operated in the test circuit in accordance with the
manufacturdr's instructions; see also Annex B.

The ambient|temperature of the test area shall be recorded.

A filter shal| be installed in the test circuit to provide the fluid-cleanliness level specified Qy the
manufacturer of the unit under test. The position, number and specific description of each filter used in
the test circuit shall be recorded.

Where pressure measurements are made within the piping, the requirements of 1ISO 9110-1 and
[SO 9110-2 shall be met.

Where flow measurements are made, the requirements of ISO 11631 shall be met.

Where temperature measurements are made within the piping, the temperature tapping point shall be
positioned between two and four times the internal diameter of the piping from the pressure-tapping
point furthest away from the component.

Figures 1, 2, 3 and 4 illustrate basic circuits that do not incorporate all the safety devices necessary to
protect against damage in the event of any component fracture or fragmentation. It is important that

2 © IS0 2019 - All rights reserved
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those responsible for carrying out the test give due consideration to safeguarding both personnel and
equipment.

NOTE A “run in” procedure before testing can have a positive effect on the test results.

5.1.2 Installation of the unit under test

The unit to be tested in the circuit shall be in accordance with the applicable Figure 1, 2, 3 or 4.

5.1.3 Test fluids

The properties—e ta ptrmp-and-motor-performance—Any-fhuideanbe used for the
test, if agreed between the parties concerned, but its characteristics shall be clearly defined, according

to thg properties listed in Table 2. In order to compare two components, the same fluid sh3ll be used.

Table 2 — Test fluid specification

Property Standard Recommended
Viscopity grade [SO 3448 [SO VG 32 | ISP VG 46
Fluid|classification ISO 6743-4 HM
Fluidspecification ISO 11158 (Table 3,1SO 11158)
Additional constraints
Depsity, g/cc ISO 3675 860 to 880
Viqcosity index ISO 2909 95 to 115
Viqcosity modification N/A The use of additional viscosity modifierslis prohibited.
Friction modification N/A The use of additional friction modifiers i} prohibited.

5.1.4| Temperatures

5.1.4]1 Controlled temperature

Testsshall be carried outat a stated'test fluid temperature. The test-fluid temperature shalljpe measured
at the inlet port of the unit upder'test and be within the range recommended by the manuffacturer. It is
recommmended that measurements are made at two temperature levels, 50 °C and 80 °C.

The test fluid temperature shall be maintained within the limits stated in Table 3.

Table 3 — Indicated test fluid temperature tolerance

Measurement accuracy class (see Annex A) A B
Temperature tolerance (°C) +1,0 | £2,0 | #4,0

5.1.4.2 Other temperatures

The fluid temperature may be measured at the following locations:
a) atthe outlet port of the unit under test;

b) atthe flow measurement point in the test circuit;

c) inthe drainage fluid line (if applicable).

For an integral transmission, it might not be possible to measure all the temperatures required.
Temperatures not recorded shall be noted in the test report.

© IS0 2019 - All rights reserved 3
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5.1.5 Casing pressure

If the fluid pressure within the casing of the component under test can affect its performance, the fluid-
pressure value in the case shall be maintained and shall be recorded.

5.1.6 Steady-state conditions

Each set of readings taken for a controlled value of a selected parameter shall be recorded only where
the indicated value of the controlled parameter is within the limits shown in Table 4. If multiple readings
of a variable are recorded the mean values shall be documented while the controlled parameter is
within the operating limits. The maximum suggested time period to acquire each reading is 10 s at a

minimum dataacquisitionrrateof +666Hz—Suchreadingsshoutd-inchude—zerodisptacenmentand idle

operating copditions.

Test parameters are considered stabilized when they are within Table 4 limits.

Tablel4 — Permissible variation of mean indicated values of controlled parameters

Parameter Permissible variation for classes of measurément accuracy?
(see Annex A)
A B C
Rotatignal frequency, % +0,5 10 +2,0
Torque, % +0,5 *+1,0 +2,0
Volume flow rate, % +0,5 +1,5 +2,5
Bressure, Pa +1 x 103 +3 x 103 +5x 103
(pel< 2 x 105 Pa)P
Pressure, % +0,5 +1,5 +2,5
(pd= 2 x 105 Pa)

a  The permifsible variations listed in this table concerndeviation of the indicated instrument reading and do not r¢fer to
limits of error pf the instrument reading; see Annex A\ These variations are used as an indicator of steady state and afe also
used where graphical results are presented for a parameter of fixed value. The actual indicated value should be used|in any
subsequent calculation of power, efficiency or pewer losses.

b 1Pa=1NJm?2.

5.1.7 Pur:]p inlet pressure
i

The pump inflet line shouldnot exceed 25 000 Pa (0,25 bar or 3,6 psi). Unless otherwise required, the
pump inlet gressure atlie inlet fitting shall be maintained within 3 386 Pa (0,034 bar or 0,49 psi) of
atmospheric|pressure at pump maximum displacement and rated speed. This can be controlled by
reservoir flujd leveland/or reservoir pressure. The inlet pressure will be permitted to rise as vafiable
pump displagement is reduced. A shutoff valve may be installed at least 20 internal diameters upstream
from the pumpn the inlet line.

5.2 Pump tests
5.2.1 Test circuits

5.2.1.1 Open-circuit tests

A test circuit configured in accordance with and containing at least the components shown in Figure 1
shall be used. Where a pressurized inlet condition is required, a suitable means shall be provided to
maintain the inlet pressure within the specified limits (see 5.2.2). If an alternative position for the
flow sensor is used, use pressure p and temperature 8 measured at point 1 to calculate using the
corresponding formula and symbols listed in ISO 4391:1983, Reference 10.18. Flow, pressure and
temperature measured in drainage are not used in the formula.

4 © IS0 2019 - All rights reserved
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Key

Qo

ternative position

o

Fiver

3]

b1 pipe lengths see 5.1.1.

Figure 1 — Test circuit for pump unit (open circuit)

5.2.12 Closed-circuit tests

A test circuit configured in accordance with and containing at least the components showpn in Figure 2
shall pe used. In this circuit, the boost pump provides a flow slightly in excess of the total ¢ircuit losses.
A grefater flow may be provided for cooling purposes. If an alternative position for the flow sensor
is usdd, use pressurep and temperature 8 measured at point 1 to calculate using the cqrresponding

formyla in ISO 439471983, Ref.10.18. Flow, pressure and temperature measured in draipage are not
used |n the formuila:
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Figure 2 — Test circuit for pumjprunit (closed circuit)

pressure

test, maintain the inlet pressure constant (see Table 4) at a stated value withi
range of inlet pressures specified by the manufacturer. If required, carry out the tg
t pressures.

measurements

urements of

n the
sts at

a) input torjque;

b) outlet flgw rate;

c) drainagg flow rate (where applicable);
d) fluid temperature.

Test at a constant rotational frequency (see Table 4) and at a number of outlet pressures so as to give a
representative indication of the pump performance over the full range of outlet pressures.

Repeat measurements 5.2.3 a) to d) at other rotational frequencies to give a representative indication
of the pump performance over the full range of rotational frequencies.

5.2.4 Variable capacity

If the pump is of the variable capacity type, carry out complete tests at its maximum capacity setting and
any other settings as required (e.g. 75 %, 50 % and 25 % of the maximum capacity setting). For variable
displacement units, this test requires monitoring and recording the position of the displacement
actuator to ensure it does not change during testing. If a swash plate type unit is used, the swivel angle

6
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shall be recorded by use of the position measurement from the displacement actuator. The swivel angle
may be recorded instead of the position measurement from the displacement actuator.

Each of these settings shall give the required percentage of the flow rate at the minimum outlet pressure

at the

5.2.5

minimum rotational frequency specified for the test.

Reverse flow

If the direction of flow through the pump can be reversed (e.g. by means of a capacity control), carry

out te

sts in both directions of flow.

5.2.6

If the
separ

5.2.7
If the
insep
treatg

NOTE

Any e

5.2.8
If the

but the boost pump supplies only a secondayy flow to the hydraulic circuit of the ma

the r
pract
shall

5.3

5.3.1

A test
shall

The f
for in
temp

Non-mmtegral boost pumps

pump under test is associated with a separate boost pump and the power inputs'¢an
ately, the pumps shall be tested and the results presented independently.

Full-flow, integral boost pump

boost pump is integral with the pump under test, which results in the power
hrable, and the boost pump contributes to the full flow of the main pump, the two pu
d as one integral unit and the results presented accordinglyx

The inlet pressure being measured is boost pump inlet ptéssure.

xcess flow from an external boost pump shall be measured and recorded.

Secondary-flow, integral boost pump

boost pump is integral with the main pump; which results in the power inputs being

bmainder is by-passed or used forsan auxiliary service (e.g. cooling circulation),
cable, in order to evaluate the boost' pump volumetric efficiency, the flows from the
be measured and recorded.

Motor tests

Test circuit

circuit configured in accordance with and containing at least the components show
be used.

ow rate.shiould be measured with the standard position of the flow sensor indicate
et flawcat high pressure. If an alternative position for the flow sensor is used, use pi

be measured

inputs being
mps shall be

inseparable,
n pump and
then, where
boost pump

n in Figure 3

d in Figure 3
essure p and
mbols listed

in ISC

bratre 6 measured at point 1 to calculate using the corresponding formula and sy

ressure and

temperature in drainage line are used to calculate flow in drainage line using the expression found in
the same formula.
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engths see 5.1.1.

Figure 3 — Test circuit for motor-unit

et pressure

ressure from the motor shall be controlled\(é.g. using a pressure control valve) so
et pressure is maintained throughout the test, within the limits given in Table 4.

pressure shall meet the requirements of the envisaged motor application an
r's recommendations.

measurements
ts shall be taken of
vV rate;
flow rate (where applicable);
Drque;

temperature.

aannaneuzrangn of fhn et S d b o il A F At i e g

that a

d the

T t th,- £51 vraotatinnal £ n
eS Over CTUIrroctacroriaTr It \4\.1\.{\,!!\4)’ lulls\, Ul L1IIU TTIULUT dIlITu dl a 1ITUuIniucI v uiricroiIIc llllJuL Hl A2

so as to give a representative indication of the motor performance over the full range of input pressures.

5.3.4 Variable capacity

sures

If the motor is of the variable-capacity type, carry out complete tests at its minimum and maximum
capacity settings and such other settings, as required (e.g. 75 %, 50 % and 25 % of the maximum

capacity sett

ing).

Obtain the percentage capacity by setting the adjustment to give the required proportional rotational
frequency for the same inlet flow rate with zero output torque. The flow rate shall be chosen so that at
minimum capacity the motor runs at its maximum rotational frequency.

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=2c774e4e4791b8bfb3873dd2d37d76a6

ISO 4409:2019(E)

5.3.5 Reverse rotation

For motors that are required to operate in both directions of rotation, carry out tests in both directions.
5.4 Integral transmission tests

5.4.1 Test circuit

A test circuit configured in accordance with and containing at least the components shown in Figure 4
shall be used.

Key
ldad
ritegraltransmission case

—

dfiver

Figure 4 — Integral transmission test circuit

5.4.2 Test measurements

The following test measurements shall be made with the integral transmission running at its maximum
flow rate capacity for a specified input rotational frequency:

a) input torque;
b) output torque;

c) outputrotational frequency;

© IS0 2019 - All rights reserved 9
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d) testfluid pressure;

e)

test fluid temperature, where appropriate.

Test over a power range as recommended by the manufacturer for a specified input rotational frequency.

Repeat the measurements given in 5.4.2 a) to e) for several different input rotational frequencies within
the limits specified in Table 4.

If the pump unit is of the variable-capacity type, repeat the measurements given in 5.4.2 a) to e) at flow
rates equal to 75 %, 50 % and 25 % of the pump maximum flow rate capacity, with the motor set at its
maximum flow rate capacity.

The pump fl(l)w—rate capacity shall be determined as the ratio of the output shaft frequency at're

pump flow-r
load applied

If the motor
the motor se

5.4.3 Boos

If boost pum
input shaft, t
test results.

hte capacity to the output shaft frequency at maximum pump flow rate capacity, w
to the output shaft and with the motor set at its maximum flow rate capacity,

unit is of the variable-capacity type, repeat the measurements given in 54.2 a) to €]
[ at its minimum flow rate capacity.

t pumps

ps or other auxiliaries are integral with the transmission~pump and driven by the
he pumps shall be treated as one integral unit and this infermation shall be recorded

If boost pu
from the tr

5.4.4 Reve

If the output
directions.

6 Expres

6.1 Gener

All test meaq
agency and g

6.2 Pump

gfsmission performance and this information shallbe recorded in the test results.

s or other auxiliaries are driven separately, theifZpower requirements shall be exa

rse rotation

shaft is required to operate in both directions of rotation, tests shall be performed iy

sion of results

al

urements and the)calculation results derived from them shall be tabulated by the t
resented graphically.

tests

6.2.1 Pun1ps tested at one constant, rotational frequency

Huced
th no

with

same
in the

luded

1 both

bsting

For a pump tested at one constant rotational frequency, graphs shall be plotted of the effective outlet

pressure (p,

o) versus

a) volumetric efficiency,

b) overalle

c)
d) effective

In addition, t

10

fficiency,

effective outlet flow rate, and

inlet mechanical power.

he parameters in Table 5 shall be recorded:
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Table 5 — Parameters for pump testing at one constant, rotational frequency

Parameter Result Units
Test fluid used —
Temperature of the test fluid at the pump inlet K
Ambient temperature K
Kinematic viscosity of the test fluid used at test temperature m?2 s-1
Density of the test fluid kg m3
Effective pump inlet pressure Pa
Percentage of pump full capacity at which the test was conducted %
Rotatfional frequency of the pump at which the test was conducted s1

An expmple of graphs for pump performance against effective outlet pressure is given in Figure C.1.

6.2.2| Pumps tested at several different, constant rotational frequencies

For a pump tested at a number of constant rotational frequencies, the results for each different effective
outlet pressure value, p, ., used in the test shall be presented as desgribed in 6.2.1 or graphs shall be

plotted of the rotational frequency, n, versus
a) vplumetric efficiency;

b) operall efficiency;

c) effective outlet flow rate; and

d) effective inlet mechanical power.

In addlition, the parameters in Table 6 shall be vecorded:

Talple 6 — Parameters for pump testing at several different, constant rotational frequencies

Parameter Result Units
Test fluid used —
Temperature of the test fluidat'the pump inlet K
Ambipnt temperature K
Kinerhatic viscosity of the test fluid used at test temperature m?2s-1
Density of the testfluid kg m3
Effective pumprinlet pressure Pa
Percentage of. pump full capacity at which the test was conducted %
Effective’pump outlet pressure Pa

An example of graphs for pump performance against rotational frequency is given in Figure C.2.

6.3 Motor tests

For motors, graphs shall be plotted of the rotational frequency, n, versus the following for each different

effective inlet pressure value, p; ., used in the test:
a) volumetric efficiency;

b) overall efficiency;

c) effective inlet flow rate;

d) outputtorque.

© IS0 2019 - All rights reserved
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In addition, the parameters in Table 7 shall be recorded:

Table 7 — Parameters for motor testing

Parameter Result Units
Test fluid used
Temperature of the test fluid at the motor inlet K
Ambient temperature K
Kinematic viscosity of the test fluid used at test temperature m?s-1
Density of test fluid kg m—3
Percentage of motor full capacity at which the test was conducted %
Motor effectiye outlet pressure Pa

An example ¢f graphs for motor performance against rotational frequency is given in Eigure C.3.

6.4 Integ:l:ll transmission tests

For testing

integral transmission, the transmission shall be tested at oné:.constant input rotafional

frequency (cpnstant input power) and a graph shall be plotted of the overall efficiency, n,, versiis the

output rotatjonal frequency, n,.

The test shall be repeated for three different effective outlet powers,P; .. A graph shall be plotted
rotational fr¢quency ratio, Z, versus the effective pump outlet préssure, p,.

In addition, the parameters in Table 8 shall be recorded:

of the

Table 8 —+ Parameters for testing an integral transmission at one constant input rotational

frequency (constantifiput power) testing

Parameter Result Units
Test fluid useld
Temperature|of the test fluid at the pump inlet K
Ambient temperature K
Kinematic vidcosity of the test fluid msed at test temperature m?2 s-1
Density of teqt fluid kg m3
Input rotational frequency st
Effective outlet power w
Percentage of pump full ¢apacity at which the test was conducted %
Percentage of motaxfull capacity at which the test was conducted %

An example [ofZgraphs for integral transmission performance against output rotational freque

Cy is

given in Figure C.4.

7 Identification statement

It is strongly recommended to manufacturers who have chosen to conform to this document that the
following statement be used in test reports, catalogues and sales literature:

“Basic steady state performance data is determined and presented in accordance with ISO 4409,
Hydraulic fluid power — Positive-displacement pumps, motors and integral transmissions — Methods of

testing and presenting basic steady state performance.”

12
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Annex A
(normative)

A1l

ISO 4409:2019(E)

Errors and classes of measurement accuracy

Classes of measurement accuracy

Depellding on the accuracy required, the test shall be carried out in accordance with
s of measurement accuracy, A, B or C, as agreed between the parties concerned,

classeé

NOTE
defindg

d.

Classes A and B are intended for special cases when it is necessary to have thelperform

one of three

hnce precisely

Attenfion is drawn to the fact that classes A and B require the use of.thore accurate apparatus and

meth

A.2

Any device or method used shall, by calibration or comparison with International Standar
n to be capable of measuring the given values with-Systematic errors not exceedi

prove
given

bds, which increases the test cost.

Errors

s, have been
hg the limits

A3

in Table A.1.
Table A.1 — Measuring instrument permissible systematic calibration errg¢rs
Measuring instrument parameter Permissible systematic error
for classes of measurement accuracy

A B C
Rotational frequency (%) +0,5 +1,0 +2,
Torque (%) +0,5 +1,0 +2,
Volume flow rate (%) +0,5 +1,0 +2,
Pressure MPa (bary-gauge where 0,001 (x0,01) | 0,003 (x0,03) | £0,005 (%0,05)
p<0,15(1,5)
Pressure MPa (bar) gauge where +0,05 (x0,5) +0,15 (¢1,5) +0,25 (#2,5)
p=0,15 (15)
Temperature (K) +0,5 +1,0 +2,
Mechianical power (%) — — +4,
NOTE 1 The percentage limits apply to the value of the measured quantity and not to the maximym test
value or the maximum reading or the istrument.
NOTE 2 The mean indicated value of an instrument reading can differ from the true mean absolute value
of the quantity being measured because of inherent and constructional limitations of the instrument and
because of the limitations of its calibrations; this source of uncertainty is called “systematic error”.

Combination of errors

© IS0 2019 - All rights reserved
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When calculations of power or efficiency are made, the combination of errors involved in the calculation
may be determined by the root mean square method including all measured and used in calculation
parameters.

2 2 2 2
pxampLe e [9av | (op) [on) (9T
N¢ qy p n T

The systematic errors used above, dqy, dp, dn, and 9T, are the systematic instrument errors and not

the maximum values given in Table A.1. For a more precise summation of errors, refer to [1].
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Annex B
(informative)

Pre-test checklist

The following constitutes a checklist to aid in the selection of appropriate items upon which agreement
is recommended between the parties concerned prior to beginning testing (it is not always necessary
or degiTabte to agree upor atl these [tems)T

a) anufacturer’s name;

b) anufacturer’s identification (type No., serial No.);
) anufacturer’s component description;

d) direction of shaft(s) rotation;

e) testcircuit;

f) r]anufacturer's installation requirements;
fil

g) filtration equipment used;

h) ppsition of pressure-tapping points;
i) uke of pipe losses in calculation;

j)  pre-test condition;

k) test fluid (name and description);

1)  Kkinematic viscosity of the test,fluid at the test temperature;

g
o

ensity of the test fluid at-the test temperature;

n) idothermal secant bulk modulus of the test fluid;
o) tést-fluid volume eoefficient of thermal expansion;
p) tést-fluid temperature;

q) njaximum.permissible casing pressure;

r) pump~inlet pressure;

s) rotational frequencies used during testing;

t) test-pressure values;

u) percentage capacities for variable displacement;
v) reverse-flow requirements;

w) boost-pump information;

x) motor-outlet pressure;

y) reverse-rotation requirements;

z) expression of results;

© IS0 2019 - All rights reserved 15
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aa) measurement accuracy class.
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Annex C
(informative)

Suggested formatting for reporting test data

Table C.1 — Suggested chart for presentation of pump or motor performance data

Machine Operating
Displacement Pressures
[Units] [Units]
Pressure 1 Pressure 2 | Pressure 3 | Pressure 4 | Pressure 5 | l”{e‘shre 6 | Pressure 7
Operdting Flow
Ratgs [Units]
Shaft Torque Shaft Torque Shaft Torque |Shaft Torque |Shaft Tor@ " shaft Torque ||Shaft Torque
[Units] [Units] [Units] [Units] [Units, [Units] [Units]
Floyv Rate 1
Shaft Speed Shaft Speed Shaft Speed Shaft Speed Sh;;gt})eed Shaft Speed Shaft Speed
[Units] [Units] [Units] [Units] ) [l@ | [Units] [Units]
Shaft Torque Shaft Torque Shaft Torque |Shaft Torqu Q:Shaft Torque |Shaft Torque ||Shaft Torque
[Units] [Units] [Units] [Units] b [Units] [Units] [Units]
Floyv Rate 2
Shaft Speed Shaft Speed Shaft Speed Shaft Spee Shaft Speed Shaft Speed Shaft Speed
[Units] [Units] [Units] [U“G'E\?D [Units] [Units] [Units]
Shaft Torque Shaft Torque Shaft Torque |S t\Torque Shaft Torque |Shaft Torque |[|Shaft Torque
[Units] [Units] [Units] Q nits] [Units] [Units] [Units]
Floyv Rate 3 I
Shaft Speed Shaft Speed Shaft Spee@ Shaft Speed Shaft Speed Shaft Speed Shaft Speed
[Units] [Units] [Units]\Q) [Units] [Units] [Units] [Units]
Shaft Torque Shaft Torque Sha ’Iﬁr‘que Shaft Torque |[Shaft Torque |Shaft Torque |[|Shaft Torque
[Units] [Units] [ | [Units] [Units] [Units] [Units]
Floy Rate 4 A
Shaft Speed Shaft Speed | C\khaft Speed Shaft Speed Shaft Speed Shaft Speed Shaft Speed
[Units] [Units] ~ \ )[Units] [Units] [Units] [Units] [Units]
Shaft Torque Shaft TorquéJ Shaft Torque |Shaft Torque |Shaft Torque [Shaft Torque |[|Shaft Torque
[Units] [Units] C [Units] [Units] [Units] [Units] [Units]
Floyv Rate 5
Shaft Speed Sh eed Shaft Speed Shaft Speed Shaft Speed Shaft Speed Shaft Speed
[Units] (Ur) | [Units] [Units] [Units] [Units] [Units]
Shaft Torque C,S’hvaft Torque Shaft Torque |Shaft Torque |Shaft Torque [Shaft Torque |[|Shaft Torque
[Units] % [Units] [Units] [Units] [Units] [Units] [Units]
Floyv Rate 6
Shaft Sp Shaft Speed Shaft Speed Shaft Speed Shaft Speed Shaft Speed Shaft Speed
[Units_) [Units] [Units] [Units] [Units] [Units] [Units]
S o;que Shaft Torque Shaft Torque |Shaft Torque |Shaft Torque |[Shaft Torque [|ShaftTorque
4 its] [Units] [Units] [Units] [Units] [Units] [Units]
Floy Rate 7«
V aft Speed Shaft Speed Shaft Speed Shaft Speed Shaft Speed Shaft Speed Shaft Speed
v [Units] [Units] [Units] [Units] [Units] [Units] [Units]
%\ ‘ Shaft Torque Shaft Torque Shaft Torque |Shaft Torque |Shaft Torque [Shaft Torque |[|Shaft Torque
[Ilnif<] [IInitQ] [Hnif<] [IInifc] [llnifc] [I]nit<] [Units]
Flow Rate 8
Shaft Speed Shaft Speed Shaft Speed Shaft Speed Shaft Speed Shaft Speed Shaft Speed
[Units] [Units] [Units] [Units] [Units] [Units] [Units]

The test data may be presented in numerical form using a chart similar to the example presented in
Table C.1. In this chart the machine volumetric displacement (or percent of full displacement for variable
displacement units) is recoded at the top left corner. The test pressures are recorded in the first row
of the chart. The test flow rate is recorded in the first column to the left of the chart. The measured
values of the shaft torque and shaft speed are recorded in each cell corresponding to a respective test
pressure and test flow rate.
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o 4

a) Effective outlet pressure (p, ) versus volumetric efficiency

o 4

b) Effective outlet pressure (p, ) versus overall efficiency
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Y A
>
c) Effective outlet pressure (p, ) versus effective flow rate
Y 4
>
d) Effective outlet pressure (p, ) versus effective inlet mechanical power
Key
X  effectivé outlet pressure, p,
aJ VOIUIIICUTC CIICIETICY, ’IV’ D) OVETdITETIICICIICY, ’It’ CJ electve outet iow r4die qu , U EHECLvVE T let mechanlcal
,€

power, Py

Figure C.1 — Graphs of pump performance against effective outlet pressure
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a) Rotational frequency n versus volumetric efficiency
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b) Rotational frequency n versus overall efficiency
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YA
p 2,e,x
pzle,y pZ,e,W
p 2,ez
>
X
c¢) Rotational frequency n versus effective outlet flow rate
Y 4
p 2,6z
p 2,ey
p 2,e,x
/ V
X
d) Rotational frequency n versus inlet mechanical power
Key

X  rotational frequency, n

a) volumetric efficiency, n; b) overall efficiency, n; c) effective outlet flow rate q,,; d) effective inlet mechanical

power, Py

Figure C.2 — Graphs of pump performance against rotational frequency
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