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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 proced e ) d e are
described in the ISO/IEC Dlrectlves Part 1. In partlcular the dlfferent approval crlterla needed fpr the
different types of ISO documents should be noted. This document was drafted in accordanee with the

4. ISO shall not be held responsible for identifying any or all such patentirights. Details of
ights identified during the development of the document will be in the Introduction and/or
on the ISO ligt of patent declarations received (see www.iso.org/patents).

Any trade ngdme used in this document is information given for the convéniénce of users and do¢s not
constitute ar} endorsement.

For an explanation on the meaning of ISO specific terms and-expressions related to conformity
assessment, fis well as information about ISO’s adherence to the WO principles in the Technical Bafriers
to Trade (TBJI') see the following URL: Foreword - Supplementary information

The committlee responsible for this document is ISO/TC 22;Road vehicles, Subcommittee SC 3, Ele¢trical
and electronig equipment.

This third edition cancels and replaces the second edition (ISO 8856:1995), which has been techrfically
revised. It al$o incorporates the Amendment 1S0.8856:1995/Amd1:1997.
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INTERNATIONAL STANDARD ISO 8856:2014(E)

Road vehicles — Electrical performance of starter motors
— Test methods and general requirements

1 Scope

This International Standard lays down test methods and general requirements for the determination of
the electrical characteristics of DC starter motorsintended to startinternal combustione gines of road

vehicles.

2 Terms and definitions

For the purposes of this document, the following terms and definitions apply:

2.1
lock forque
torqug of starter motor at the pinion with the armature shaft lockéd (ho rotation)

Note 1 to entry: It is expressed in Nm.

2.2
nominal power

Pnom
powef declared by the starter motor manufacturer ¢orresponding to the maximum power joutput at the
referg¢nce temperature when determined in accordance with this International Standard

Note 1 to entry: It is expressed in W.

2.3
powedr output
P
powef derived from measurements of torque and rotational frequency of the motor pinion| shaft

Note 1 to entry: It is expressed/in W.

24
power supply
battel'y or battety-simulation device which delivers a voltage/current characteristic as d¢fined in this
InterpationakStandard

2.5
referphcCe temperature
temperature at which the performance curves and nominal power shall be reported

Note 1 to entry: Reference temperature is expressed in °C.
Note 2 to entry: It is equal to 20 °C.

2.6

total resistance of starter motor

Rs

resistance value of the terminal voltage, see Figure 2, divided by the starter motor current (steady state
current of solenoid included)

Note 1 to entry: It is expressed in ().

© ISO 2014 - All rights reserved 1
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2.7
total resistance of power supply at starter motor terminals

RpL
sum of power supply and external line resistance

Note 1 to entry: It is expressed in ().

3 Test conditions

3.1 Temperature

3.1.1 Testmethod A — Continuous mode method
Ensure that all parts of the starter motor are at the same, registered temperature.

To avoid temperature corrections, the starter motor can be preconditioned at (20 +2)2C.

3.1.2 Testmethod B — Discrete point method
Ensure that all parts of the starter motor are at the same, registered temperature.

To avoid temperature corrections, the starter motor can be preconditioned at (20 * 2) °C.

3.1.3 Testmethod C — Continuous mode method at cold cranking temperature

The starter thotor shall be preconditioned at a specified colderanking temperature as agreed befween
starter motoyr manufacturer and engine manufacturer (eg:-25 °C £ 2 °C).

3.2 Measyrement accuracy

The overall ¢apability of the test equipment-shall enable the parameters to be measured with|n the
accuracy shgwn in Table 1. This requirement'shall be respected through the whole test procedurg. The
target accurdcy should be used for new test equipment.

Table 1 — Measurement accuracy

Parameter Accuracy Target accuracy
Current +1% +0,5%
Voltage 1% 0,5 %
Rotatighalfrequency 2% +1%
Torgue 2% +1%
Temperature 2K 2K

3.3 Voltage/current characteristic of starter motor power supply

The voltage/current characteristic of starter motor power supply is a sloping straight line (see Figure 1).
The line is defined at 20 °C either by two pairs of values [(Uy, I1) and (U3, I2)], or by one pair of values (U,
I) and the internal resistance of the starter motor power supply.

The voltage values (U1 and U3) shall be measured at the starter motor terminals.

The voltage/current characteristic shall be selected from Table 2 without exceeding the values stated by
the starter motor manufacturer.

If required, other voltage/current characteristics can be used as agreed between the starter motor
manufacturer and the vehicle manufacturer.

2 © ISO 2014 - All rights reserved
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For new starter motors, it is necessary(to perform a run-in procedure in order to eng

perfo
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Other
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Figure 1 — Voltage/current characteristic of starter motor power supply

Preparation of test samples

Fmance. One example for such a tun-in procedure is described below.
er motor should be run-in with 40 cycles as follows:

s running at a torque equal to 25 % of the lock torque value;

3 s rest.

1g is permitted during this preparation. The lock torque shall be measured using ar
I supply (seeTable 2).

prepagation test conditions can be used if equivalent or better effect on stabilizati
rmaneeis confirmed.

ure a stable

appropriate

on of starter

4 Testbenches

4.1

General

There are two types of test bench which can be used.

On either type, torque shall be measured either directly as the reaction torque of the starter motor, or
at the drive gear shaft.

© IS0 2014 - All rights reserved
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4.2 Type 1 test bench

The test bench in Figure 2 allows performance measurements to be taken by engaging the pinion with
a drive gear, either the ring gear assembly or suitable alternative. The backlash between the pinion and
the drive gear teeth shall be in accordance with the starter motor manufacturer’s recommendations.

~
[0
<

starter mptor

brake/variable load
solenoid
starter mptor terminals

starter mptor power supply

~N

torque measurement
rotational frequency measutemient

O© 0 O Ul b W N =

drive gear

Figure 2 — Type 1 test bench

4.3 Type 2 test bench

The test bench in Figure 3 permits direct measurement of the starter motor at the pinion or armature
shaft. The starter motor shall be coupled to the test device coaxially through a suitable coupling. The
drive end shield of a nose-type starter motor can be replaced by a special bearing bracket to permit

coupling to the starter motor shaft.

© ISO 2014 - All rights reserved
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Figure 3= Type 2 test bench
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Table 2 — Voltage/current characteristic of starter motor supply for starter motor testing

Voltage/current characteristic
Voltage/current Nominal at20°C Suggested nominal power of
characteristic voltage U I U I R starter motor
number \% 1 1 2 2 BL kw
Vv A \% A m{)
1 400 15 Prom 1,7
2 600 10 1<Phom<2,5
3 800 7,5 1,5 < Phom < 3,4
4 1006 & 3-5—<Prom<—4-2
12 12 0 6
5 1200 5 2,5<Phom <5
6 1500 4 3 < Phom £6,3
7 2000 3 3,8 < Pyony < 8,4
8 3000 2 Prom > 5
9 600 20 Phom <5
10 800 15 3 <Phom £6,7
11 1000 12 4<Phom <84
12 1200 10 5<P <10
24 24 0 12 =

13 1500 8 6 <Phom<12,6
14 1700 7,06 7,5 < Phom < 14,3
15 2000 6 8,3 < Phom £ 16,8
16 2 400 5 Pnom > 10

5 Test method

5.1 Genernal

Test method|A or B shall be used. Methed C can also be used in addition, if required.

Ifitis importpnt to know the startermotor performance at a temperature of -25 °C, this can be meagured
according to[5.2.3 or it can be-calculated by using the values measured in accordance with 5.2.1 o 5.2.2
and the calcylation methodsdescribed in Clause 6.

If required, temperatures-different from -25 °C can be considered as agreed between the starter motor
manufacturgr and the.engine manufacturer.

5.2 Test p|rocedure

5.2.1 Method A — Continuous mode method

Energize the starter motor and allow it to reach the starting rotational frequency for the test, e.g. near to
the no load rotational frequency. Using the brake or variable load, decrease the rotational frequency at
a constant rate while torque, current, voltage, and rotational frequency are automatically recorded. The
test is finished when a minimum armature speed is reached. This speed is defined by the starter motor
manufacturer to avoid damage to the starter motor.

The total test time shall be <10 s.

© ISO 2014 - All rights reserved
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Method B — Discrete point method

Run the starter motor at discrete torque load, rotational frequency, or current points and record the
torque, current, voltage, and rotational frequency at each of these discrete points. The number of points

will b

e determined by the purpose of the test.

The time for each discrete point measurement shall be <3 s.

After each measurement point, cool all parts of the starter motor to the test temperature (see 3.1.1).

5.2.3

Method C — Continuous mode method at cold cranking temperature

Preca
be co

The t

ndition the starter motor at cold cranking temperature and test it according to 5.2.1,
mpleted within 3 min of the starter motor being removed from the preconditioning e

btal test time shall be <10 s.

6 Measurement correction

6.1

The 1
influg

The
electy

6.2

6.2.1

Torqu

General

heasured values of torque and rotational frequency shall be corrected taking intg
nce of the test bench, inertia, and temperature.

alculations described below are applicable to both permanent magnet starter
ically excited starter motors.

Correction of torque

General

e is measured either directly as‘the reaction torque of the starter motor, or at the dri

If torque is measured directly, th&eorrections given in 6.2.3 and 6.2.4 apply. If torque is me

['he test shall
nvironment.

account the

motors and

e gear shaft.

hsured at the

drivelgear shaft, the corrections-given in 6.2.2 to 6.2.4 apply.
6.2.2| Correction of torque with train efficiency
This i only requiredfortestbench type 1 and iftorque is measured at the drive gear shaft. The correction
shall pe made using Formula (1):
z
M, = Mpx—1 1)
Zz Xng

where

M is the torque corrected with the gear train efficiency, in Nm;

My, is the measured torque, in Nm;

z1 is the number of teeth on the starter motor pinion;

zp is the number of teeth on the test bench ring-gear;

Ng isthe gear train (pinion to drive gear) efficiency.
© ISO 2014 - All rights reserved 7
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6.2.3 Correction of torque with inertia

For test procedures A and C the following correction to account for armature deceleration shall be used:
An
M2:Mm—27r><Ex(]br+]a) (2)

where
M is the torque corrected for inertia, in Nm;

M, is the measured torque, in Nm (if 6.2.2 applied, My, = My);

An is th difference in pinion rotational frequency between two consecutive measurement’ppints,
in Hg;

At is the time difference between two measurement points, in s;
Jor is the moment of inertia of the measuring device, related to the pinion, inkg - m?2;

Ja is the moment of inertia of armature and other rotating parts, related teo the pinion, in kg|- m2.

6.2.4 Corrgction of torque with temperature

In the case ¢f permanent magnet starter motors the magnetic flux changes with temperaturg. The
torque correrted as in 6.2.1 or 6.2.2 shall be further corrected\in accordance with one of the follpwing
formulae.

For test method B:

My =M, K[1+Bx(T,~Ty)] (3)

For test methods A and C:

My =M, K[1+Bx(T,~T;)] (4)
where
M3 s the torque coérrected with temperature, in Nm;

M1, My are as defined in Formulae (1) and (2), in Nm;

T1 s the'initial measurement temperature, in °C;
T2 s the target temperature, in°C;
B is the magnetic induction coefficient of the permanent magnetic field, in °C-1.

The value of f may vary between -2 x 10-3 °C-1 and -2,3 x 10-3 °C-1 depending on the material of the
permanent magnets. In the case of electrically excited starter motors, § = 0. The § coefficient has to be
constant in the temperature range between T1 and T to apply Formulae (3) and (4).
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