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

1 Sco

pe

This International Standard lays down test methods
and gendral requirements for the determination of the

electrical
tended t
vehicles.

2 Def

For the
following

2.1 nor
starter 1
maximun
of 20 °C
Internatig

characteristics of d.c. starter motors in-
b start internal combustion engines of road

nitions

purposes of this International Standard, the
definitions apply.

hinal power, P, .. Power declared by the
notor manufacturer corresponding\*to the
h power output at the reference-temperature
when determined in accordahce with this
nal Standard.

2.2 power output, P: ~Power derived from

measure

ments of torque and-rotational frequency of

the start¢r motor pinionshaft.

2.3 power supply:(Battery or simulator which de-

livers av
Internatidg

bltage/eurrént characteristic as defined in this
nal«Standard.

3.1.1 Test method A

Ensure that all parts-of the starter n
temperature of ¢(28°+ 5) °C, or to a
temperature, caorection, the starter
preconditionéd at (20 + 2) °C.

The titme" for each discrete point me
be 3's!

3.1.2 Test method B

Ensure that all parts of the starter n
temperature of (23 + 5) °C, or to a
temperature correction, the starter
preconditioned at (20 + 2) °C.

The total test time shall be 10 s.

3.1.3 Test method C

The starter motor shall be precondit
perature of (— 20 + 2) °C. If required

hotor are at the
boid a need for
motor may be

asurement shall

hotor are at the
oid a need for
motor may be

oned at a tem-
other tempera-

tures may be used as agreed betwegn starter motor
24 intmmmwﬁ—mﬁmw Iturer.

the term

inal voltage divided by the starter motor cur-

rent (steady state solenoid current included) with the

armature

shaft locked (no rotation).

3 Test conditions

3.1 Temperature and time

Tests shall be carried out at an ambient temperature

of (23 +

5) °C unless otherwise specified.

The total test time shall be 10 s.

3.2 Measurement accuracy

The overall capability of the test equipment shall en-
able the parameters to be measured within the accu-
racy shown in table1. This requirement shall be

respected throughout the test proced

ure.
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Table 1 — Measurement accuracy
Parameter A°°:,"3°V
%
Current +1
Voltage + 1
Rotational frequency +2
Torque + 2

3.3 Voltage/current characteristic of starter

Us A
U
at +20 °C

at -20°C

© ISO

motor power

The voltage/curr
is a straight line
is determined &
pairs of values
(U, I'y)], or by
internal resistan

The voltage/cur

supply

ent characteristic of the power supply

pointing downwards (see figure 1). It
t +20°C or — 20 °C either by two
[(U,, 1) and (U, I,) or (U4, 1) and
one pair of values [(U,1)] and the

Ce of the starter motor power supply.

Fent characteristic shall be selected

from table 2 without exceeding the values stated by

the starter mot
charge capabilit
manufacturer an

The voltage/cur
may also be sel
(see table A.1).

If required, othg
be used as agrsg
facturer and the

The voltage vall
terminals.

3.4 Preparat
In order to en
starter motor to
follows:

a) 15 s running

br manufacturer, and the battery dis-

as agreed between the starter motor
d the vehicle manufacturer.

ent characteristic for a starter motor
bcted in relation to the nominal power

r voltage/current characteristics may
ed between the starter motor manus
engine manufacturer.

es shall be taken at the starter' motor

on of test samples

sure unifornd .functioning, the new
be tested.shall be preconditioned as

at’astorque equal to 25 % of the lock

I I /

Figure 1 — Voltage/current characteristic of

starter motor power supply

4 Testbenches
The-following two types of test bench may §

NOTE 1  Geared and non-geared test benches
different apparent power and this should be t
consideration, particularly when testing small pow
motors.

4.1 Type 1 test bench

The test bench in figure 2 (type 1) allows perf
measurements to be taken by engaging th
with a ring-gear. The backlash between the p
the ring-gear teeth shall be in accordance
starter motor manufacturer's recommendatig

4.2 Type 2 test bench

e used.

produce
aken into
er starter

ormance
€ pinion
nion and
with the
ns.

The test bench in figure3 (type 2) permi

s direct

torque value,

b) 60 s rest;

c) 15 s running
torque value

at a torque equal to 25 % of the lock

starter motor measurement at the armature s
starter motor shall be coupled to the tes

haft. The
t device

coaxially through a suitable coupling. The drive end

bracket of outboard bearing starter motors

may be

replaced by a special bearing bracket to permit coup-

ling to the starter motor shaft.
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Table 2 — Voltage/current characteristic of starter motor power supply for starter motor testing

Nominal Voltage/current characteristic at Voltage/current characteristic at
Voltage/current o:mna +20°C -20°C
haracteristic No voltage ’ ’

c * U1 ]1 U2 12 U 1 11 Uz 1 2

\ \Y, A Y A \Y A \Y A
1 400 220
2 600 360
3 800 480
4 1006 700

12 12 0 6 11,5 0 6
5 1200 840
6 1 500 1 050
7 2 000 1 400
8 3 000 2 100
9 600 330
10 800 440
11 1 000 550
12 1200 720

24 24 0 12 23 0 12
13 1-500 900
14 1700 1020
15 2 000 1400
16 2 400 1 680

¢
Starter motor Solenoid
(D~
Brake
7 \' Starter
— — Starter motor terminals (- Mofor powgr
/ supply
_ 'y :— _ O -

I(Alternative)

LIIERERI AR ERREIi

Torque measurement

Rotational frequency
measurement

Figure 2 — Type 1 test bench
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Coupling Starter motor
Brake
7 Solenoid
/

© 1SO

Starter

MOToT POWET

supply

Starter mofor terminals

/* |(Alternative)

Torque measurement

Rotational frequency
measurement

5 Test methods

Test method A pr B shall be used and if required by
the user, also method C.

5.1 General

The test reference temperature is + 20 °C.

Figure 3 — Type 2 test bench

If it is importan
ance at a tempe
ured according
values measure

to know the starter (motor perform-
rature of — 20 °C,«tHis can be meas-
to 5.2.3 or caletlated by using the
d in accordarice’/with 5.2.1 or 5.2.2

and the calculatijon methods>described in clause 6.

If required, temperatures different from — 20 °C may
be considered ds agreed between the starter motor
manufacturer and the vehicle manufacturer.

Bracket with bearing (it required)

5.2.2\ Method B — Continuous mode method

Operate the starter motor in a continuous mode, in-
crease the torque load (until the starter motpor stalls,
if required) while torque, current, voltage and rota-
tional frequency are automatically recorded.

5.2.3 Method C — Continuous mode method at
-20°C

Take the starter motor from the cooling dejice and
test it according to 5.2.2. The test shall be cqmpleted
within 3 min after the starter motor has been re-
moved from the cooling device.

6 Measurement correction

5.2 Test procedures

5.2.1 Method A — Discrete point method

Run the starter motor at various discrete torque loads
and record the torque, current, voltage and rotational
frequency at each of these discrete points. Record
enough points to develop curves (see figure 4).

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

The measured values of torque and rotational fre-
guency shall be corrected taking into account the in-
fluence of test bench, inertia and temperature.

The calculations described below are applicable for
permanent field starter motors and series wound field
starter motors.

Starter motors with compound wound field are not
considered because these types of starter motors are
not as often used as the types above and the calcu-
lation is much more difficult. However, the values of
torque and rotational frequency of these starter
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motors shall also be corrected for the change in re-
sistance of the shunt winding with temperature.

6.1 Correction of torque

Torque measurement is recorded as either a frame
reaction or as taken at the torque loading point. In the
second case the corrections given in 6.1.1 to 6.1.3

apply.

ISO 8856:1995(E)

is the moment of inertia of armature and
other revolving parts expressed in kilogram
square metres. For starter motors with
built-in reduction gear, the moment of in-
ertia of the armature shall be referred to
the pinion shaft.

6.1.3 Correction of torque with temperature

In the case of permanent magnet field starter motors
the magnetic flux changes with the temperature. The

6.1.1 Cd
efficiency

This is on

the type
using the

mes

Z

2

6.1.2 Cq

Use the 1
decelerat

rrection of torque with ring-gear

ly required for measured values taken with
test bench. The correction shall be made
following formula:

7
_Mmesxzz—n (1)

is the torque corrected with ring-gear ef-
ficiency;

is the torque measured;

is the number of teeth on the starter motor
pinion;

is the number of teeth on the ring-g€ar of
the test bench;

is the ring gear efficiency.

rrection of torque with.inertia

ollowing correction for torque for armature
on:

_ T=X(An
Mmes - x (Jbr + Ja) s (2)

30/x At

Torque corrected as in ©.1.1 or ©.1.2 phall be further
corrected in accordance with the folloe\ving formula:

M =M[1 - B(t; — 1,)] ... (3)
or

My = My[1 — B(t,(=)tp)] )
where

M; _<s)the torque corrected with temperature;

M;and M, are as defined in equatfons (1) and (2);

h

is the initial temperaturg¢, in degrees
Celsius;
is the final temperaturg, in degrees
Celsius;

is the magnetic induction cgefficient of the
permanent magnet field. The value of g
may vary between —2 x 1072 °C™" and
~2,3x1072°C™". In the cgse of a wound
field starter motor g = 0.

6.2 Correction of rotational frequency with

temperature

The rotational frequency, n, is given b

the formula:

n=k%~ ... (5)

is the torque corrected with inertia;
is the torque measured;

is the rotational frequency difference be-
tween two braking points expressed in
revolutions per minute (r/min);

is the time difference between two brak-
ing points expressed in seconds;

is the moment of inertia of the measuring
device expressed in kilogram square
metres;

wadbar
\AZR\VIA V]

E

0]

is a constant depending on the starter
motor size;

is the back-electromotive force, in volts:

is the magnetic flux available in the starter
motor field, in webers.

The rotational frequency change is generally calcu-
lated by comparing the back-electromotive forces us-
ing the equation:

E=U-RI ... (6)
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where
E is the back-electromotive force, in volts;
U is the applied voltage, in volts;
R is the internal resistance of the starter
motor, in ohms;
I is the starter motor current, in amperes.

For a temperature change from ¢ to #, the starter

motor internal r
by the formula:

R2=[1+a

where

sistance changes from R, to R, given

© |SO

where
M is the torgue, in newton metres;
n is the rotational frequency in minutes to

the power minus one.

7.2 Graphic presentation of starter motor
characteristic curves

t,—1,)] x R, (D

1, and 1, arg expressed in degrees Celsius;

o is the temperature coefficient of the re-

sista

nce at temperature ¢, for the starter

mot¢r winding material. The value for o for
copger (100 %) as in the International

Anngaled Copper

Standard (IACS), is

3,93|x 1072 °C™" at 20 °C. For starter mo-
tors constructed  with composite
copger/aluminium windings, it will be

necgssary to calculate the value of a.

In the case of

a permanent magnetic field starter

motor, the magnetic flux changes with the tempera-

ture.

The rotational f

fequency change from n; to n, is cal-

culated using tHe formula

= — Xt
" Ey =Bt —1)

1 X 1y ... (8)

where E; and E}, are calculated using formula (6), and
t,, t, and B are gs specified in®G:1.3.

7 Presentation of results

7.1 Power o

utput calculation

Performarce charactersticsshat-bepresemed in ac-
cordance with figure4. When neceSsary, the
measured parameters shall be correctéd)to the refer-
ence temperature of + 20 °C (seesclause 6) and the
test bench employed shall be spécified.

If a calculated value of « is~used, the valug shall be
recorded.

If so required, the staftter motor performancg may be
reproduced as a-srotational frequency/torqué¢ charac-
teristic.

If the test“is’made at or related mathematigally to a
low temperature, this shall be noted in the tgst report
and no-correction to + 20 °C is required.

7.3 Change of rotational frequency
characteristic

To change the rotational frequency charactetfistic of a
performance curve as in figure4, the following data
shall be taken at suitable steps of current:

a) starter motor rotational frequency, #;
b) terminal voltage, U,
c) starter motor resistance, R.

The rotational frequency is calculated using|equation
(8) at each selected value of current and thiis a new

Starter motor power output P, in kilowatts, may be
determined by the following formula:

p— Mxn

9549,3

(9)

ot | £ la Y e W
fotatonar—rreguency—cnaracterstc—curve—1S estab-

lished.

For changes in applied voltage, the value U in the
equation (6) is affected, and the rotational frequency
calculated using equation (8). The power output
characteristic is calculated as in 7.1.
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Presentation of results

Figure 4
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