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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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Pa
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Road vehicles — Environmental conditions and testing for
electrical and electronic equipment —

Part 2:
Electrical loads
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4.1

Scope

L of ISO 16750 describes the potential environmental stresses and specifiesitests and re
mmended for the specific mounting location on/in the road vehicle.

his part of ISO 16750. Electrical loads are independent from the mounting location, but cz
he electrical resistance in the vehicle wiring harness and connection system.

Normative references

following referenced documents are indispensable*for the application of this document
rences, only the edition cited applies. For undated’references, the latest edition of the
Lment (including any amendments) applies.

8820 (all parts), Road vehicles — Fuse-links

16750-1, Road vehicles — Environmental'conditions and testing for electrical and electronic eg
t 1: General

16750-4, Road vehicles — Environmental conditions and testing for electrical and
f[pment — Part 4: Climatic loads

Terms and definitions

the purposes of this document, the terms and definitions given in ISO 16750-1 apply.

Test and requirements

General

uirements

5 part of ISO 16750 applies to electric and electronic systems/components for road VeIicles. This

5 part of ISO 16750 describes the electrical loads. Electromagnetic compatibility (EMC) is ot covered

nvary due

. For dated
referenced

uipment —

electronic

If not otherwise specified, the following tolerances shall apply:

frequency and time: +5 %;
voltages: +0,2'V;

resistance: +10 %;

All voltage curves are shown without load.

If not otherwise specified, measure all voltages at the relevant terminals of the device under test (DUT).

© IS0 2012 - All rights reserved
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4.2 Direct current supply voltage

4.2.1 Purpose

The purpose of this test is to verify equipment functionality at minimum and maximum supply voltage.

4.2.2 Test method

Set the supply voltage as specified in Table 1 or Table 2 to all relevant inputs of the DUT. Operating
modes are specified in [SO 16750-1.

The voltag
in ISO 1671

4.2.3 Re

All DUT functions shall remdin class A as defined in ISO 16750-1 when tested in the supply volt
n in Table 1 or Table 2, respectively.

ranges giv{
4.3 Ovel

43.1 Sys

s listed in Table 1 or Table 2 are relevant within the operating temperature range as spéci
0-4, without time limits.

Table 1 — Supply voltage for system devices with 12 V nominal voltage

Code Minimum supp‘l/y voltage, Usyin | Maximum supp\l/y voltage Usmax
A 6 16
B 8 16
C 9 16
D 10,5 16

Table 2 — Supply voltage for system devices with 24 V nominal voltage

voltage

tems\with 12 V nominal voltage

Minimum supply voltage, Usyin [\Maximum supply voltage, Usmyax
Code Vv v
E 10 32
F 16 32
G 22 32
H 18 32
Juirements

fied

age

4.3.1.1

4.3.1.1.1

est at a temperature of T35 — 20 °C

Purpose

This test simulates the condition where the generator regulator fails, so that the output voltage of the
generator rises above normal values.

4.3.1.1.2 Test method

Heat the DUT in a hot air oven to a temperature thatis 20 °C below the maximum operating temperature,
Tmax- Apply a voltage of 18 V for 60 min to all relevant inputs of the DUT.

© ISO 2012 - All rights reserved
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1.1.3 Requirement

The functional status for the DUT shall be minimum class C as defined in ISO 16750-1. Functional status
shall be class A where more stringent requirements are necessary.

4.3.

4.3.

1.2 Testatroom temperature

1.2.1 Purpose

This test simulates a jump start.

4.3

Ensg
rele

4.3

The
clas

4.3

4.3

Thi
gen

4.3
Hea

1.2.2 Test method

ure that the DUT has stabilized at room temperature. Apply a voltage of 24 V £for/(60 4
vant inputs of the DUT.

1.2.3 Requirement

functional status shall be minimum class D as defined in ISO 16750-1. Functional stat
s B where more stringent requirements are necessary.

2 Systems with 24 V nominal voltage

2.1 Purpose

5 test simulates the condition where the generatorregulator fails, so that the output vo
erator rises above normal values.

2.2 Test at a temperature of Tp,x — 20 °C

tthe DUT in a hot air oven to a tempetature thatis 20 °C below the maximum operating te

Tmak- Apply a voltage of 36 V for 60 min'to all relevant inputs of the DUT.

4.3

Thd
clas

4.4

4.4
Thi

2.3 Requirement

functional status shall'be minimum class C as defined in ISO 16750-1. Functional stat
s A where more stringent requirements are necessary.

Superimposed alternating voltage

1 Purpose

5 teSt simulates a residual alternating current on the direct current supply.

6) s to all

us shall be

tage of the

mperature,

us shall be

4.4.

2 Test method

Connect the DUT as shown in Figure 1. Apply the following test simultaneously to all applicable inputs
(connections) of the DUT; the severity level (1, 2, 3 or 4) shall be chosen in accordance with the application:

maximum supply voltage, Usmax (see Figure 2):

— 16 V for systems with nominal voltage, Uy, of 12'V;
— 32V for systems with nominal voltage, Uy, of 24 V;
a.c. voltage (sinusoidal):

— severity 1: peak to peak voltage, Upp, of 1V, for Uy =12 Vand Uy = 24 V;

© IS0 2012 - All rights reserved
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Key

Ul s W N =

— severity 2: peak to peak voltage, Upp, of 4 V, for Uy =12 Vand Uy = 24 V;

— severity 3: peak to peak voltage, Upp, of 10 V, for Uy = 24 V only;

— severity 4: peak to peak voltage, Upp, of 2V, for Uy = 12 V only;

internal resistance of the power supply: 50 m{ to 100 mQ;

freque

ncy range (see Figure 3): 50 Hz to 25 kHz;

type of frequency sweep (see Figure 3): triangular, logarithmic;

sweep

numbdr of sweeps: 5 (continuously).

duration (see Figure 3): 120 s;

4
1 2 3
5
sweep generator
power $upply unit capable of being modulated
DUT
positivg
ground|or return
Figure 1 — Test set-up to superimpose a.c. voltage on component power supply lines
© ISO 2012 - All rights reserved
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RTANARATITNYvAWA
S

—
L
~—
L—
UPP

Key
t time
U test voltage

Upp peak to peak voltage
Usmhx maximum supply voltage

Figure 2 — Test voltage with superimposed sinusoidal a.c. voltage

fA

25000

gn
[« =]

Key
t time, in seconds
f  frequency, logarithmic scale, in hertz

1 onecycle

Figure 3 — Frequency sweep

© IS0 2012 - All rights reserved 5


https://standardsiso.com/api/?name=ef5d514573304cbe12afd81da2852e0a

ISO 16750-2:2012(E)

4.4.3 Requirement

The functional status shall be class A as defined in ISO 16750-1.

4.5 Slow decrease and increase of supply voltage

4.5.1 Purpose

This test si

mulates a gradual discharge and recharge of the battery.

4.5.2 Tes
Apply the f

Decrease t
Usmin, app]

4.5.3 Re

The functi
4.2.3. Outs
class C may

4.6 Disc

4.6.1 Mo

t method
pllowing test simultaneously to all applicable inputs (connections) of the DUT.

he supply voltage from the minimum supply voltage, Uspmin, to 0 V, then increase.itfrom 0
ying a change rate of (0,5 * 0,1) V/min linear, or in equal steps of not more than 25 mV.

Juirement

bnal status inside the supply voltage range (see Table 1 or Table*2) shall be as specifie
de that range, it shall be minimum class D as defined in ISO 16750-1. The functional staty
F be specified where more stringent requirements are necessary.

ontinuities in supply voltage

mentary drop in supply voltage

4.6.1.1

l]:lnrpose
This test simulates the effect when a conventionalMuse element melts in another circuit.

4.6.1.2 1T

Apply the t

V to

1 in
s of

UT.

est method
est pulse (see Figures 4 and'5) simultaneously to all relevant inputs (connections) of the [
The rise time and fall time shall benet' more than 10 ms.
Uud
USmin
|
0 10 t
10,1

Key
t
U

Usmin

time, in seconds
test voltage, in volts

minimum supply voltage

Figure 4 — Short voltage drop for systems with 12 V nominal voltage
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USmin

Key]

Usm

4.6
The

4.6

4.6
Thi

equipment with reset function, e.g. eqiiipment containing microcontroller(s).

4.6

Apq
behl

Dea
volf]
dec
low

10,1

time, in seconds
test voltage, in volts

n minimum supply voltage

Figure 5 — Short voltage drop for systems with 24 V nominal voltage

1.3 Requirement

functional status shallbe minimum class Bas defined iftiSO 16750-1. Resetis permitted upon
2 Reset behaviour at voltage drop

2.1 Purpose

5 test verifies the reset behaviour of'the DUT at different voltage drops. This test is af

2.2 Test

ly the test pulse simultaneously in Figure 6 to all relevant inputs (connections) and chec
aviour of the DUT.

rease the-veltage to 0,9Usmin. Continue with steps of 5 % of Usmin, as shown in Figure
er valuerhas reached 0 V. Then raise the voltage to Uspin again.

pgreement.

plicable to

k the reset

rease the supply-voltage by 5 % from the minimum supply voltage, Usmin, to 0,95Usnij. Hold this
age for 5 s. Raisé the voltage to Usmin. Hold Uspip for atleast 10 s and perform a functional test. Then

b, until the

©IS
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U i

100
90
80
70

USmin

6(
5(
4(
3(
2(
10

Key

t time, in seconds

U testlvoltage measured as a percentage of Usmin

Usmin minimum supply voltage

4.6.2.3 l1e
The functi

nal status shall be minimumclass C as defined in ISO 16750-1.
4.6.3 Stdrting profile

4.6.3.1 Purpose

This test verifies the behaviour of a DUT during and after cranking.

4.6.3.2 Test method

quirement

Figure 6 — Supply voltage-profile for the reset test

Apply the dtarting profile 10 times, as specified in Figure 7 and Table 3 or Table 4, 51multaneously to all

nnnnn

aftha DIIT Abeool of1 o0 9D b

1 3Ee [ 43 tiazaoan Saetin o la d
relevant ln JMLJ \bUllll\/\,\,lUllJJ VUILIIU DU T, 71T UTCANUILI 1T OoOltU s oLt ilvveuLiIriicv owal Lllls \,)’ CICO 10 l \,L,Ullllll\,ll e .

One or more profiles as described in Tables 3 and 4 shall be chosen in accordance with the application.

© ISO 2012 - All rights reserved
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i
Key
t time
U test voltage
tr falling slope
tr rising slope
te, tf, tg duration parameters (in accordance with Table 3;and Table 4)
Us supply voltage for generator not in operation (see ISO 16750-1)
Us supply voltage
Use supply voltage at tg
a |f=2Hz.

Figure 7 — Starting profile

© IS0 2012 - All rights reserved
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Table 3 — Starting profile values for systems with 12 V nominal voltage (Uy)

Level
Parameter
I II III IV
Voltage | _ Use 8 (-0,2) 4,5 (-0,2) 3(-0,2) 6 (-0,2)
v Us 9,5 (-0,2) 6,5 (-0,2) 5(-0,2) 6,5 (-0,2)
tr 5(0,5) 5(0,5) 5(0,5) 5(0,5)
te 15 (£1,5) 15 (¢ 1,5) 15 (¢ 1,5) 15 (¢ 1,5)
D“‘::;ion to 50 (+ 5) 50 (+ 5) 50 (+ 5) 50 (+ 5)
tg 1000 (+ 100) 10 000 (+ 1 000) 1000 (+ 100) 10 000 ( 1004
tr 40 (* 4) 100 (* 10) 100 (* 10) 100(+'10)
Aa Ba Ba Aa
Minimum(functional Ab Bb cb Bb
stqtus Be Cc Cc Cc
Bd cd cd cd
a2 Usmin=p V; Usmax = 16 V (see Table 1, Code A).
b Usmin =B V; Usmax = 16 V (see Table 1, Code B).
¢ Usmin=9 V; Usmax = 16 V (see Table 1, Code C).
d  Usmin = [10,5V; Usmax = 16 V (see Table 1, Code D).
Table 4 — Values for systems with 24:-V-nominal voltage (Un)
Pqrameter Level
I II 111
Voltage Uss 10 (-0,2) 8 (-0,2) 6 (-0,2)
v Us 20 (-0,2) 15 (-0,2) 10 (-0,2)
tr 10 (+ 1) 10 (= 1) 10 (= 1)
te 500 5) 50 (+5) 50 (+5)
Puratio t7 50 (£ 5) 50 (+ 5) 50 (+ 5)
tg 1000 (+ 100) 10 000 (+ 1 000) 1000 ( 100)
tr 40 (+ 4) 100 (= 10) 40 (= 10)
Aa Ba Ba
Ab Bb Cb
Minimum functionalstatus Be ce cc
Bd cd cd

4.6.3.3 Requirement

Functions of the DUT that are relevant to vehicle operation during cranking shall be class A; all other

functions of the DUT shall be in accordance with Table 3 or Table 4.

4.6.4 Load dump

4.6.4.1 Purpose

This test is a simulation of load dump transient occurring in the event of a discharged battery being
disconnected while the alternator is generating charging current with other loads remaining on the

alternator circuit at this moment.

10

© ISO 2012 - All rights reserved
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4.6.4.2 Test method

4.6.4.2.1 General

The test pulse generator shall be capable of producing the load dump test pulse according to 4.6.4.2.2
and 4.6.4.2.3. A verification procedure for the generator performance and tolerances is given in Annex A.

4.6.4.2.2 Test A - without centralized load dump suppression

The pulse shape and parameters for an alternator without centralized load dump suppression are given
in Fgure 8amd-Tabte 5—Forthetest vottage, U5 see 150167561

Ui ty

tr

Ug f———— F—
0,9(Us-Uy) + Uy

0,1(US'UA)+UA ————— —— - — — = ———
Uy p—b @ = I

0 >
t
Key
t time
U test voltage
tq duration of pulse
tr rising slope

Up supply voltage for gen€rator in operation (see ISO 16750-1)
Us supply voltage

Figure 8 — Test without centralized load dump suppression

Table 5 — Pulse for test A in systems with 12 V and 24 V nominal voltage

) -~ Type of system Minimunj test
) Un=12V Uy=24V requirements
Usa (V) 79 < Us < 101 151 < Us < 202
Ria (1) 0,5<Ri<4 1<R;{<8
10 pulses at
tq (ms) 40 <tg3<400 100 < tg <350 1 min intervals
t; (ms) 102 102

a  Ifnototherwise agreed, use the upper voltage level with the upper value for internal resistance or use the lower voltage
level with the lower value for internal resistance.

NOTE The internal resistance, Rj, of the load dump test pulse generator can be obtained as follows:

© IS0 2012 - All rights reserved
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R - 10XU o X Nt
" 0,8X1 0412000 min "

1

where
Unom is the specified voltage of the alternator;
Irated  is the specified current at an alternator speed of 6 000 min-1, as given in ISO 8854;

Nact  is the actual alternator speed, in reciprocal minutes.

4.6.4.2.3 |Test B - with centralized load dump suppression

The pulse $hape and parameters for an alternator with centralized load dump suppression are given in
Figure 9 and Table 6. For the test voltage, Uy, see ISO 16750-1.

U ty

Us
0,9(Us-Up) + Uy

0,1(Us- Up) + Uy '\

Uhpb—m@M——————————"—= -
0 =
t
Key
t time
i test|voltage
tq durption of pulse
tr rising slope
Ua supply voltage fof geherator in operation (see ISO 16750-1)

Us supply voltage
Us* supply voltage with load dump suppression

Figure Y — Test with centralized load dump suppression

12 © IS0 2012 - All rights reserved
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Table 6 — Pulse for test B in systems with 12 V and 24 V nominal voltage

Type of system Minimum test
Parameter .
Un=12V Un=24V requirements
Usa (V) 79 <Us <101 151 < Us < 202
As specified by customer
*
Us* (V) 35 (typical value 58)
R () 0,5<Ri<4 1<R<8 5 pulses at
1 min intervals
tq (ms) 40<tg<400 100 < tg <350
T3 (ms) 109 102
a  |Ifnot otherwise agreed, use the upper voltage level with the upper value for internal resistanceor' use the lpwer voltage
level with the lower value for internal resistance.

4.6/4.3 Requirement

Thq functional status shall be minimum class C as defined in ISO 16750-}:
4.7| Reversed voltage

4.7]1 Purpose

Thip test checks the ability of a DUT to withstand against'the connection of a reversed batterjy in case of
using an auxiliary starting device.

Thif test is not applicable to:
— |generators, and

— |terminals with clamping diodes without external reverse polarity protection device.
4.7)2 Test method

4.712.1 General

Connect and fuse the DUT as in the real vehicle, but without generator and battery. Choose th¢ applicable
voltfages from the fellowing cases and apply them simultaneously to all relevant power terminals with
reversed polarity

4.7{2.2 Casel

Ifthe DUT is used in a vehicle in which the alternator circuitis not fused and the rectifier dioded withstand
a raversed vnH—a(rn for 60 S for cvcfnmc with 12 V. nominal vn]fnnn with reversed nn]arﬂ'v 2 pply a test

voltage of 4 V 51multaneously to all relevant inputs (terminals) of the DUT for a duratlon of (60 +6)s.

This test is not applicable for systems with 24 V nominal voltage.

4.7.2.3 Case?2

In all other cases, apply the test voltage, Ua (see ISO 16750-1 and Table 7), with reversed polarity
simultaneously to all relevant inputs (terminals) of the DUT for a duration of (60 * 6) s.

© IS0 2012 - All rights reserved 13
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Table 7 — Test voltage

Nominal voltage, Uy Test voltage, Uy
\% \%
12 14
24 28

4.7.3 Requirement

After repla

cing all blown fuse-links, the functional status shall be class A as defined in ISO 16750-1.

4.8 Ground reference and supply offset

4.8.1 Pu

'pose

This test shall be agreed between customer and supplier.

This test sg
instance, a

4.8.2 Tes

Allinputs ¢
configurat

The groun
ground/su

For all DU']
a) Apply

b) Subjec
c) Perfor
d) Repeaf

Repeat the

4.8.3 Re

With regar

rves to verify reliable operation of a component if two or more power supply paths exist.

t method

nd outputs shall be connected to representative loads.er networks to simulate the in-vel
on. Apply Up to the DUT and confirm normal operation.

d/supply offset test applies to ground/supply:dintes. The offset shall be applied to €
pply line and between each ground/supply line\separately in sequence.

s, the offset voltage shall be (1,0 £ 0,1) V.
/s to the DUT.
L ground/supply line to the offset voltage relative to the DUT ground/supply line.
M a functional test under thisicondition.
step c) for each next ground/supply line combination.

test with reverseoffset voltage.

juirement

d to theunctional performance status class A for all functional groups, there shall bg

malfunctidgn or lateh up of the DUT.

Srcuit tocikc

4.9 Ope

T CITCUIT CC IS

4.9.1 Single line interruption

4.9.1.1 Purpose

This test si

NOTE

14

mulates an open contact condition.

This is not a test for connectors.

For

component may have a power ground and a signal ground that are outputs on different circgits.

icle

ach

no

© ISO 2012 - All rights reserved
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4.9.1.2 Test method

Connect and operate the DUT as intended. Open one circuit of the DUT/system interface, then restore
the connection. Observe the device behaviour during and after the interruption.

Repeat for each circuit of the DUT/system interface.
— Interruption time: (10 = 1) s.

— Open circuit resistance: 2 10 MQ.

4.9]T.3 Requirement

Thq functional status shall be minimum class C as defined in ISO 16750-1.
4.92 Multiple line interruption

4.912.1 Purpose

The purpose of this test to ensure functional status as defined in the specification of the DU[l when the
DUT is subjected to a rapid multiple line interruption.

NOTE This is not a test for connectors.

4.9)2.2 Test method

Dis¢onnect the DUT, then restore the connection. Qbserve the device behaviour during and after the
intgrruption.

— |Interruption time: (10 = 1) s.
— |Open circuit resistance: 2 10 MQ.

For|multi-connector devices, each pessible connection shall be tested.

4.9]2.3 Requirement

Thq functional status shall be minimum class C as defined in ISO 16750-1.
4.10 Short circuitprotection

4.10.1 Purpose

Thdse testssimulate short circuits to the inputs and outputs of a device.

4.10.2/Signal circuits

4.10.2.1 Test method

Connect all relevant inputs and outputs of the DUT in sequence for duration of 60 s +10 % to Usmax
(see Table 1 and 2) and to ground. All other inputs and outputs remain open or as agreed upon.

Perform this test with:
— connected supply voltage and ground terminals:

— outputs active,

© IS0 2012 - All rights reserved 15
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— outputs inactive;
— disconnected supply voltage terminals.

All unused inputs remain open unless otherwise agreed between customer and supplier.

4.10.2.2 Requirement

The functional status shall be minimum class C as defined in ISO 16750-1.

4.10.3 Load circuits

4.10.3.1 st method

Connect the DUT to the power supply. The load circuits shall be in operation. For test duration,
specificatipns of the appropriate part of ISO 8820 (operating time rating) shall be used, conside
the upper [tolerance plus 10 %. If protection other than fuses is used (e.g. electronic protecti
the test dyiration shall be agreed between manufacturer and user. This test iS\applicable only
systems/components with load circuits.

4.10.3.2 Requirements

All electropically protected outputs shall withstand the currents-as’/ensured by the correspong
protectionfand shall return to normal operation upon removal of the short circuit current (the functi
status shall be minimum class C as defined in ISO 16750-1.

All conventional fuse protected outputs shall withstand the currents as ensured by the correspong
protection|and shall return to normal operation upon\replacement of the conventional fuse
functional gtatus shall be minimum class D as defined.jtv ISO 16750-1.

All unprotg¢cted outputs may be damaged by thestest current (the functional status shall be class
defined in|ISO 16750-1 provided that the materials in the DUT are compliant with the flammab
requirements of UL94-VO0 [7].

4.11 Withstand voltage

4.11.1 Pufpose

This test ensures the dielectric withstand voltage capability of circuits with galvanic isolation. This
is required only for systefus/components which contain inductive elements (e.g. relays, motors, coils
are connedted to circuit§ with inductive load.

The delibefate overvoltage between the galvanically isolated current carrying parts of the DUT ¢
have a negatiye\éffect on insulation performance caused by the electrical field. This test stresses
insulation pystem and checks the ability of the dielectric material to withstand a higher voltage cay
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4.11.2 Test method

Perform a damp heat cyclic test in accordance with ISO 16750-4.

The system/components shall remain at room temperature for 0,5 h after the damp heat cyclic test.

Apply a sinusoidal test voltage of 500 V rms (50 Hz to 60 Hz) to devices in systems with 12 V and 24 V

nominal voltage for a duration of 60 s, as follows, between:
— terminals with galvanic isolation;

— terminals and housing with electrically conductive surface with galvanic isolation;
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