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Foreword

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

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Electrically propelled road vehicles — Test specification
for electric propulsion components —

Part 2:
Performance testing of the motor system

Thi
eled

Thd
con
und

ISO
— |

For

ISO

For

5

Scope

5 document specifies the performance tests for the motor system designed as’a voltd
tric propulsion system for electrically propelled road vehicles.

Normative references

following documents are referred to in the text in such a wdy that some or all of th
Stitutes requirements of this document. For dated referenees;“only the edition cited 4
ated references, the latest edition of the referenced documént (including any amendmen

21782-1, Electrically propelled road vehicles — Test specification for electric propulsion ¢
art 1: General test conditions and definitions

Terms and definitions

the purposes of this document, the terms and definitions given in ISO 21782-1 apply.

and IEC maintain terminological databases for use in standardization at the following ad

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: availabteyat http://www.electropedia.org/

Abbreviated terms

the purposes 6f this document, the abbreviated terms given in ISO 21782-1 apply.

Tests

5.1

Measurement of total loss and total efficiency

ige class B

Pir content
pplies. For
[s) applies.

omponents

dresses:

5.1.

1 General

Under the conditions of the paired inverter and motor combination, this test measures total loss and
total efficiency between the input power of the inverter and the output power of the motor in order to
ensure that the performance of the motor system is as designed.

5.1.

2 Testdiagram

The test diagram is shown in Figure 1.
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DUT
test moftor

test inverter

DC power supply
load
torque/speed detector
spectrym analyser/power meter
torque {speed meter

inverter input current (in A)
inverter input voltage (in V)
motor orque (in Nm)

motor gpeed (in min1)

v w|

5.1.3 Test conditions

The test conditions are shown in Table 1.

igure 1 — Diagram for total loss and total efficiency test of the motor system

Thble 1 — Conditions for total loss and total efficiency test of the motor system

Test conditions

Value

Remark

DC input vdltage

Rated voltage as defined in ISO 21782-1:2019, 3.22.

For the DC input voltage tolgr-
ance, see ISO 21782-1:2019,F.3.

capability

Ambient conditions Room temperature (RT) and humidity as defined in
[SO 21782-1:2019, 5.4.
Coolant temperature Maximum temperature for unlimited operating — In case of liquid cooling

— Ethylene glycol and pro-
pylene glycol as examples of
coolant

— If technically feasible, the
tests shall be performed at
coolant temperature of 65 °C.
Otherwise the deviation shall
be documented in the test
report.

Coolant flow rate

Minimum flow rate for unlimited operating capability

In case of liquid cooling

Cooling air flow rate

Minimum flow rate for unlimited operating capability

In case of air cooling

© ISO 2019 - All rights reserved
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Table 1 (continued)
Test conditions Value Remark
Operating point Test points as defined in ISO 21782-1:2019, Figure 1
lla"‘ lla’"' "bll' "plll tO ’lp10" (Optional llell’ "e)", llf", "pl’ll
tO "plolll)
Operating time — The operating points "a", "a™", "p;", "p3", "ps", "p;", |For regenerative operating
"Pg", "P19" 25, 10 s (optional 30 s, 60 5) points, the same operating

— The operating point "b": 1 800 s time applies as for ¢

ing motoring operating points.

orrespond-

—theoperating points~p3 ' p7 ' pg s P - T 800 OT
maximum allowable time for temperature protection

Me

hsuring time Average of the last one second

5.1

If t4
co0
65

test

Und
med
last

Thd

whyd

5.2

4 Test procedure

chnically feasible the cooling flow path should be connected between-itiverter and mo
ant should flow from inverter to motor and the tests shall be performed at coolant tem
C. Otherwise the cooling configuration and/or temperature deviation shall be docume
report.

er specified operating points, the input power and the outpiit torque and speed of mot
isured. Inverter input power, motor output torque and speed shall be recorded. Each avd
one second of the records shall be used.
total loss and total efficiency shall be calculated by,using Formulae (1) and (2):
Psl = Pii _Pmo

P
Ny =—2x100

ii

Pre

P, is the total loss of the'motor system (in W);
P;; is the inverterinput power (in W);
P, is the motoyoutput power (in W);

n is thetotal efficiency of the motor system (in %).

Temperature rise test

or and the
berature of
hted in the

or shall be
rage of the

)

(2)

5.2.

1 General

Under the conditions of the paired inverter and motor combination, this test investigates the
temperature rise characteristics of each part of the motor system within the specified range in order to
ensure that the performance of the motor system is as designed.

5.2.
The

2 Testdiagram

test diagram is shown in Figure 2.
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DUT
test mojtor

test inverter

DC power supply
load

thermojmeter
torque{speed meter

O 0 N O U1 H W N

measutjement point of
10 motor orque (in Nm)

torque/speed detector

temperature (in °C)

11 motor gpeed (in min-1)

5.2.3 Test conditions

The test conditions are s

hown in Table 2.

Figure 2 — Diagram for temperature rise test of the motor system

Table 2 — Cenditions for temperature rise test of the motor system

Test conditions

Value

Remark

DC input vdltage

Rated voltage as defined in ISO 21782-1:2019, 3.22.

For the DC input voltage
tolerance, see ISO 21782-
1:2019, 5.3.

Ambient conditions

RT and humidity as defined in ISO 21782-1:2019, 5.4.

LV 3

Coolant terkperatre

£ £ £, L o £3
VraATIror cormptratar CToT arrrectoperatng

capability

L £1: | 1
T CasCoT I uTaCOOTIIT

— Ethylene glycol and pro-
pylene glycol as examples of
coolant

— If technically feasible, the
tests shall be performed at
coolant temperature of 65 °C.
Otherwise the deviation
shall be documented in the
test report.

Coolant flow rate

Minimum flow rate for unlimited operating capability

In case of liquid cooling

Cooling air flow rate

Minimum flow rate for unlimited operating capability

In case of air cooling

© ISO 2019 - All rights reserved
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Table 2 (continued)

Test conditions Value Remark
Operating point Test points as defined in ISO 21782-1:2019, Figure 1  |Can be set after consultation
o oy with the customer.
—"a""b
Operating time —The operating point "a": 2's, 10 s (optional 30's, 60 s)

—The operating point "b": 1 800 s

Measuring time Average of the last one second

5.2J/4 Test procedure

If technically feasible the cooling flow path should be connected between invertersand

Coo

of 65 °C. Otherwise the cooling configuration and/or temperature deviation shall’bé'docume

test

The

megsurement points shall be recorded. At each operating point, after\the specified time

tem

Thd

megsurement points in the coil and other measurement point$.can be added by the agreeme

the

The

Add

5.3

5.3

Und
cha
per

5.3
Thd

ant should flow from inverter to motor and the tests shall be performed at a egolant t¢

report.
test motor system shall be operated at specified operating points, and the tempera

perature shall be recorded.

temperature of coil of test motor shall be measured at thie points assumed as the h

supplier and customer.

electrode part of power semiconductor or specified point of the cooling compone
connected to these parts;

inlet and outlet of coolant.

itional measurement points can he @dded by the agreement between the supplier and cu
Torque characteristic test

1 General

er the conditions.'gf the paired inverter and motor combination, this test measures
Facteristics spetified in the specifications of the motor system in order to ensun
formance of the.motor system is as designed.

2 Testdiagram

teStdiagram is shown in Figure 3.

temperature of test inverter shall be measured at the measurement points shown below:

motor, the
mperature
nted in the

fure at the
basses, the

ghest. The
ht between

hts closely

stomer.

the torque
e that the
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Key

DUT
test mojtor

test inverter

DC power supply
load

O 0 N O U1 H W N -

torque{speed meter

torque/speed detector

motor forque (in Nm)
motor gpeed (in min-1)

Figure 3 — Diagram for torque characteristic test of the motor system

5.3.3 Test conditions

The test conditions are shown in Table 3.

Table 3 — Conditions'for torque characteristic test of the motor system

Test copditions

Value

Remark

DC input vdltage

Rated voltage as defined in ISO 21782-1:2019, 3.22.

For the DC input voltage
tolerance, see ISO 21782-
1:2019, 5.3.

Ambient conditions

RT and humidity as defined in ISO 21782-1:2019, 5.4.

Coolant terpperature

Maximum temperature for unlimited operating capa-
bility

— In case of liquid cooling

— Ethylene glycol and pra

pylene glycol as examples bf

coolant

— If technically feasible, the
tests shall be performed at
coolant temperature of 65 °C.
Otherwise the deviation
shall be documented in the
test report.

Coolant flow rate

Minimum flow rate for unlimited operating capability

In case of liquid cooling

Cooling air flow rate

Minimum flow rate for unlimited operating capability

In case of air cooling

Operating point

Test points as defined in ISO 21782-1:2019, Figure 1

n_onwou_onon ll’ udnl

a","a" "c
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Table 3 (continued)

Test conditions Value Remark
Operating time The operating points "a", "a’", "c", "d’": 2's,10 s
(optional 30 s, 60 s)
Measuring time Average of the last one second
5.3.4 Test procedure

The test motor system shall be operated at specified operating points and the values of motor torque

an

5.4

5.4

Und
oft

5.4
The

Motor speed sirattbeTecorded:
Torque ripple test

1 General

er the conditions of the paired inverter and motor combination, this testyneasures the to
e motor system in order to ensure that the performance of the motgrsystem is as desig

2 Testdiagram

test diagram is shown in Figure 4.

Key

DUT

test motor

test invefter

DC power supply
lpad

Fque ripple
hed.

O 0 N O U1 A W N -

5.4.

TOTqUe/Speed detector
torque/speed meter
motor torque (in Nm)
motor speed (in min-1)

Figure 4 — Diagram for torque ripple test of the motor system

3 Test conditions

The test conditions are shown in Table 4.
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Table 4 — Conditions for torque ripple test of the motor system

Test conditions Value Remark
DC input voltage Rated voltage as defined in ISO 21782-1:2019, 3.22. For the DC input voltage
tolerance, see ISO 21782-
1:2019, 5.3.
Ambient conditions RT and humidity as defined in ISO 21782-1:2019, 5.4.
Coolant temperature Maximum temperature for unlimited operating — In case of liquid cooling
capability

— Ethylene glycol and pro-
pylene glycol as examples
of coolant

— If technically feagsible,
the tests shall be performled
at coolant temperature off
65 °C. Otherwise the devip-
tion shall’be-documented|in
the testreport.

Coolant flov rate Minimum flow rate for unlimited operating capability |In dase of liquid cooling

Cooling Airflow rate Minimum flow rate for unlimited operating capability ,|M-ease of air cooling

Operating point Test points as defined in ISO 21782-1:2019, Figure 1 If the speed of d' is not tedh-
nically feasible, the speed|

—d shall be decided by the supp-
plier and customer consider-
ing frequency bandwidth|of
torque/speed meter.

Operating fime The operating point "d’": 2's, 10 s (optienal 30 s, 60 s)
Measuring ftime Average of the last one second

5.4.4 Tept procedure
The test mptor shall be operated under specified operating points, and the value output waveform ffom
torque meter shall be recorded. The torque'ripple shall be the peak to peak value.
6 Testfeports

Each test shall be reported with-a test report, containing sufficient information on test conditions pnd
results. Examples for a test@eports on conditions and results are is given in Annex A.

8 © IS0 2019 - All rights reserved
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Annex A
(informative)

Test reports

A.1 Totalloss and total efficiencv ofthe motor svustem
. 1+60t341+10 otdr-eHtiiadencey-oithe-mMoeters

ssana-t ¥ ystenm
N
Table A.1 — Total loss and total efficiency of the motor systent(]/Q
1. jommon conditions a NV
Items Value /\Q)VRemark
Ambient temperature (in °C) q"\ :
Ambient humidity (in %) O "
Cooling type Liquid/Air/Others Q\;O
Coolant temperature (in °C) , O\
Coolant flow rate (in 1/min) AOX
2. Results and individual conditions \\Y N
Items 5\0\ "Value Remark
Operating points a a X -\Qo p1 P> P3 P4
Operating time (in s) Q\'
Current (in A) ’\\Q)‘
Input Voltage Target «O B
(inV) Measured ,,\jr\
Power (in kW) (‘}\
4
Torque Targe“ “.
Output |(in Nm) MFQ}Ped
Speed g)v
(in min'&o arget
Operating points~* Ps | Ps | P; | Ps | Po | Pio
Operating Qigiexin s)
‘@rrent (inA)
Inpu% Voltage Target
ﬁ&?‘ (in V) Measured
Power (in kW)
Torque Target
Output |(in Nm) Measured
Speed
Target
(in min1)

© IS0 2019 - All rights reserved 9
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A.2 Temperature rise test of the motor system

Table A.2 — Temperature rise test of the motor system

1. Common conditions

Items

Value

Remark

DC input voltage (in V)

Ambient temperature (in °C)

Ambient humidity (in %)

Cooling type

Liquid/Air/Other

Coolaht temperature (in °C)

Coolaft flow rate (in1/min)

2. Results

hnd individual conditions

Items

Value

Operdting points

Operdting time (in s)

Torqye Target

(in Nip) Measured

Speed Target

(in min1) Measured

Point 1

Point 2

Tempprature Point 3

(in°C Point 4

'0/7/

Point 5

A.3 Torque characteristic te

.

O

s@( the motor system

Table A.3 ﬁ@que characteristic test of the motor system

1. Common conditions

2

Itemo‘o

Value

Remark

DC input voltage Q‘,&jv

Ambignt temp@‘lre (in°C)

Ambignt l@‘ity (in %)

Coolilpg:);})é

Liquid/Air/Other

=
Coolanttemperature (in °CJ

Coolant flow rate (in 1/min)

2. Results and individual conditions

Items

Value

Remark

Operating points

Operating time (in s)

Torque
(in Nm)

Target

Measured

Speed

(in min1)

Target

Measured

10
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