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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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procedures used to develop this document and those intended for its further maint
cribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteriamee
brent types of ISO document should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

draws attention to the possibility that the implementation of this document may invo
ent rights in respect thereof. As of the date of publication of this document, ISO had n
Fioned that this may not represent the latest information, which n1ay be obtained from

hbase available at www.iso.org/patents. ISO shall not be held reésponsible for identifyin
N patent rights.

Stitute an endorsement.

an explanation of the voluntary nature of standards, the meaning of ISO specific
ressions related to conformity assessmentslas well as information about ISO's ad
World Trade Organization (WTO) pringiples in the Technical Barriers to Trade
w.iso.org/iso/foreword.html.
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trical and electronic componentsand general system aspects.

5 fifth edition cancels and replaces the fourth edition (ISO 16750-2:2012), which has been
sed.

main changes are asfeollows:

introduction of useof operating mode for the electrical tests;
introductiofi/ef’ concept with redundant supplies for relevant test cases;
more detailed specification of direct current supply voltage test;

more'detailed specification of jump start test (overvoltage test at RT);

h) patent(s). ISO takes no position concerning the evidence, validity or,dpplicability of a

trade name used in this document is information given for the convenience of users ar

enance are

ded for the
e with the

ve the use
Iny claimed
bt received

ce of (a) patent(s) which may be required to implement this document. However, implenenters are

the patent
b any or all

d does not

terms and
herence to
[TBT), see

5 document was prepared by Technig¢al Committee ISO/TC 22, Road vehicles, Subcommifttee SC 32,

technically

Introduction of transient overvoltage test;

complete update of superimposed alternating voltage test (e.g. updated test method, ex

frequency range to 200 kHz, etc.);

more detailed specification of slow decrease and increase of supply voltage test;
introduction of micro interruption in supply voltage test;

more detailed specification of reset behaviour at voltage drop test;

explanation of severity levels in starting profile test;

more detailed specification of reversed voltage test;
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— more detailed specification of ground reference and supply offset test;

— single line interruption test divided in two test cases; static interruption (single interruption event)
and dynamic interruption (multiple interruption events, i.e. bursts);

— short circuit protection test changed to short circuit/overload protection test. more detailed
specification on test cases. Introduction of test case overloading of load circuits;

— more detailed description of origin of load dump pulse in Annex B;

— various editorial updates and clarifications.

Alist of all[parts in the ISO 16750 series can be found on the ISO website.

Any feedbdck or questions on this document should be directed to the user’s national standards’body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Road vehicles — Environmental conditions and testing for
electrical and electronic equipment —

Part 2:
Electrical loads

1

Thi
des

Scope

5 document applies to electric and electronic systems/components for road vehicles. Thig
Cribes the potential environmental stresses and specifies tests and requitements for {

moyinting location on/in the road vehicle.

Thi
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ISO

ISO
equ
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equ

5 document describes electrical loads.

5 document is not intended to apply to environmental requirements or testing for sy
ponents of motorcycles and mopeds. Electromagnetic compatibility (EMC) is not cove
Lment.

trical loads are independent from the mounting lecation, but can vary due to the
edance (including both the resistance and the inductance) in the vehicle wiring h{
hection system.

fems and their components released for produttion, or systems and their components alr
elopment prior to the publication date of this‘”document, can be exempted from fulfilling
his edition compared to the previous one:

Normative references

following documents are «eferred to in the text in such a way that some or all of th
Stitutes requirements of (this document. For dated references, only the edition cited 3
ated references, the latest edition of the referenced document (including any amendmen

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

16750-1, Read’ vehicles — Environmental conditions and testing for electrical and
fpment — Ral't 1: General

16750=4:2023, Road vehicles — Environmental conditions and testing for electrical and
fpment — Part 4: Climatic loads

document
he specific

stems and

red by this

electrical
irness and

bady under
he changes

Pir content
pplies. For
[s) applies.

electronic

| electronic

3

For

Terms and definitions

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

ISO and [EC maintain terminology databases for use in standardization at the following addresses:

©IS

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

[EC Electropedia: available at https://www.electropedia.org/
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4 Test and requirements

4.1 General

If not otherwise specified, the following tolerances shall apply:

freque

voltages:

currents:

ncy and time: +5 %;
+0,2V;
+2 %;

induct

resistg

All voltage
If not othej

For device
DUT), sped
considerat
that apply

NOTE B
together wi

A minimui]
customer 3
validation)

For redund

4.2 Dir€ct current (DC) supply voltage

4.2.1 Purpose

The purpo

422 Te

Set the sup
Use the teq

hnce: +10 %;
nce: +10 %.
curves are shown without load.

wise specified, measure all voltages at the relevant terminals of the DUT:

ial considerations shall apply to voltage supply range, and specific tests shall be adjusted v
on to the actual vehicle installation. Which tests that are applicable and what considerat
thall be agreed between the customer and the supplier.

or a device or unit working on secondary feed, the electrical testing is sometimes carried
th the 12/24 V supplied DUT providing the secondary feed:

h of two DUTs shall be used for validation. If judged necessary by agreement between
nd the supplier, an increased sample size may.be used for final validation phases (pro

ant supplies and redundantly supplied<DUTs, see definition in ISO 16750-1.

be of this test is to verify equipment functionality at minimum and maximum supply volt

5t method

ply voltage-as specified in Table 3 or Table 4 to all relevant inputs (connections) of the [}
t profileas'described in Figure 1 and Table 2. The test profile shall be run with the DU

operating

:

the supplidr,-one of the operating modes 3.3 or 3.4 may be chosen for the test.

and T

max’

in as defined in ISO 16750-1. If agreed between the customer

5 and units operating on secondary feed (e.g. 5 V sensor being supplied from 12 V suppllied

vith
ons

out

the
fess

hge.

UT.
I' in

ode 333, with the DUT in operating mode 3.4 (i.e. to test both minimum and maximum Joad
conditions), antd ‘at both T,

and

The test profile shall also be run once at room temperature at normal loading conditions, operating

mode 3.2 a

s defined in ISO 16750-1.

See Table 1 for combinations of test conditions.

Table 1 — DC supply voltage, combinations of test conditions

Temper

Tin RT T,

ature / operating mode max

Operating mode 3.3

USmin/ USmaX USmin/ USmaX

Operating mode 3.2

USmin / USmaX

Operating mode 3.4

USmin/ USmax USmin / USmax

© IS0 2023 - All rights reserved
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USmax

Ua

USmin

Key

tfall t2 trise

rise

Eanl

time, in seconds
test voltage, in volts

Figure 1 — DC supply voltage test profile

Table 2 — Test parameters for-DC supply voltage

Uy See1S0 16750-1
Usimax SeeTable 3 or Table 4
Usmin See Table 3 or Table 4

ty 30s

ty 60s

Lrise 1 V/S

Lfall 1V/s

If the DUT is supplied by twa or more redundant supplies, all different possible combinatio
Usax O the supply input ports of the DUT shall be tested.

and

The
spe
leve
eled

Table 3 — Supply voltage for system devices with 12 V nominal voltage

voltages listed in-Table 3 or Table 4 are relevant within the operating temperatur]
Cified in ISO 16750-4, without time limits. When considering the minimum and maxim
Is in the vehicle it should be noted that these are highly dependent on the voltage su
trical system; e.g. DC/DC, alternator.

ns of Ug i,

£ range as
im voltage
pply in the

Code

Minimum supply voltage, Uc,..;.,

Maximum supply voltage, U

Smax
A 6V 16V
B 8V 16V
C 9V 16V
D 10,5V 16V
Z As agreed
Table 4 — Supply voltage for system devices with 24 V nominal voltage
Code Minimum supply voltage, Us,,;, Maximum supply voltage, Ug,,.,
E 10V 32V
F 16V 32V

© IS0 2023 - All rights reserved
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Table 4 (continued)
Code Minimum supply voltage, Us,;, Maximum supply voltage, Ug,...
G 22V 32V
H 18V 32V
7 As agreed
4.2.3 Requirements

Functional status class A as defined in ISO 16750-1 is required during active operating modes when

tested in the supply voltage ranges given in Table 3 or Table 4, respectively.

4.3 Ovel

4.3.1 Ld

4.3.1.1

4.3.1.1.1

This test s
alternator

This test ig

4.3.1.1.2

Heat the DI
T

max’
For 12 V sy
For 24 V sy
The operat

If the DUT
supplier, th
time. The d

4.3.1.1.3

voltage
ng term overvoltage
est at a temperature of (T,,,, - 20) °C for alternator failure

Purpose

mulates the condition where the alternator regulator fails;'se that the output voltage of]
Iises above normal values.

relevant for both 12 V and 24 V systems.

Test method

T in a hot air oven to a temperature that is\20 K below the maximum operating temperat

stems, apply a voltage of 18 V for 60-min to all relevant inputs (connections) of the DUT.
stems, apply a voltage of 36 V faor 60 min to all relevant inputs (connections) of the DUT.
ing mode of the DUT shallbe 3.4, as defined in ISO 16750-1.

is supplied by two o moére redundant supplies, and if agreed between the customer and
e test voltage as specified above shall be applied to one of the redundant supply lines
ther supply orstipplies shall then be kept at U, as defined in ISO 16750-1.

Requirements

Minimum flunctional status class C as defined in ISO 16750-1 is required.

the

Lire,

the
At a

Where mo

restringent requirements are necessary, functional status class A as defined in ISO 1671

0-1

is required during active operating modes.

4.3.1.2 Testatroom temperature and T,,;, for jump start

4.3.1.2.1

Purpose

This test simulates a jump start from a 24 V system to a 12 V system vehicle. A simulated use case could
be a jump start from a donor vehicle using a 24 V system, but without engine running in the donor
vehicle (i.e. without applied charging on the 24 V side). A use case could also be a jump start from a 24 V
stand-alone battery pack. This test is only applicable for 12 V systems. The test shall be done both in
room temperature conditions and at T,,;,,. If agreed between the customer and the supplier, test at T,

- in min
can be omitted.

© IS0 2023 - All rights reserved
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4.3.1.2.2 Test method

Ensure that the DUT has stabilized at temperature given in Table 5. Apply a voltage of 26 V for (60 £ 6) s
to all relevant inputs (connections) of the DUT as described in Figure 2 and Table 5.

For DUTs necessary for engine start, the operating mode shall be 2.2, as defined in ISO 16750-1. For all
other DUTs, the operating mode shall be 2.3.

If the DUT is supplied by two or more redundant supplies, and if agreed between the customer and
the supplier, the test voltage shall be applied to one of the redundant supply lines at a time. The other
supply or supplies shall then be kept at Uy as defined in ISO 16750-1.

Test shall be performed one time for each temperature value given in Table 5.
n
U
Utrans -1
USmin _
0 t
Lrise tfall
ttrans trest
Key
t time, in seconds
U test voltage, in volts
Ugads ~ transient test voltage, in-volts
Usiuln supply voltage, in volts
n number of transients in sequence
ten fall time, in secoiids
tiran transient-duration, in seconds
trise rise tifire,'in seconds
Crest rest.time between transient events, in seconds
Figure 2 — Jump start transient
Table 5 — Jump start test values
Parameter Temperature tiise tean tirans Lrest Usmin Uians | N
RT <10 ms <10 ms 60 s 120s 10,8V 26V
12 V system
Thin <10 ms <10 ms 60 s 120 s 10,8V 26V

4.3.1.2.3 Requirements

If not otherwise agreed between the customer and the supplier, minimum functional status class C as
defined in ISO 16750-1 is required.

© IS0 2023 - All rights reserved 5


https://standardsiso.com/api/?name=02ccf94501586ad88ffe8c8a6b2c225f

ISO 16750-2:2023(E)

Where

more stringent requirements are necessary, functional status class A as defined in ISO 16750-1

is required during active operating modes.

4.3.2

Transient overvoltage

4.3.2.1 Purpose

This test simulates when a DUT is affected by switching loads or loads injecting current in the electrical
distribution system. This test is relevant for both 12 V and 24 V systems.

4.3.2.2

Test method

Apply the tlest pulse five times as specified in Figure 3 and Table 6 simultaneously to all relevant inputs

(connectiohs) of the DUT. The operating mode of the DUT shall be 3.4, as defined in ISO 16750~1.

Key

USmax

trans

teant
trans
rise

rest

U
n=1 n=2..
Utrans 1T _\
USmax \—
0 t
Lrall
Lrise Crest
Ltrans

timg, in seconds

test|voltage, in volts

maximum supply voltager;in-volts
trarjsient overvoltage/in,volts
number of test pulse.in sequence
fall

trarsient pulse’duration, in seconds

fime, in seconds

rise|time, in seconds

resfl tithe between transient pulses, in seconds

Figure 3 — Test profile for transient overvoltage

Table 6 — Transient overvoltage test values

Parameter trise tfall trest ttrans Utrans
12 V system 1 ms 1 ms 1s 400 ms 18V
24V system 2 ms 2 ms 1s 400 ms 36V

If the DUT is supplied by two or more redundant supplies, and if agreed between the customer and
the supplier, the test voltage cycle as specified in Figure 3 and Table 6 shall be applied to one of the

© IS0 2023 - All rights reserved
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redundant supply lines at a time. The other supply or supplies shall then be kept at U, as defined in

ISO

16750-1.

4.3.2.3 Requirements

Minimum functional status class B as defined in ISO 16750-1 is required during active operating modes.

For specific applications where there is a need for more stringent control of the voltage range (where
deviations outside of normal voltage range could be considered harmful for design reasons) functional
status class C as defined in ISO 16750-1 can be considered if agreed between the customer and the

sup lier
4.4 Superimposed alternating voltage
4.4]1 Purpose
Thif test is intended to check immunity of a component to ripples in the onsboard system, caused, for
example, by an alternator or a DC/DC converter.
It specifies a conducted voltage test method and procedure for determining the immunity of electronic
conjponents. The method is applied to all DUT power supply lines simultaneously. For 4 DUT with
redpndant supplies, any combination of exposures shall be dgreed between the custompr and the
supplier.
The severity level 1, 2, 3 and 4 shall be chosen in accordance with the application, see Table §.
Thif test is relevant for both 12 V and 24 V systems;
4.4]2 Test method
4.412.1 General
Figuire 4 is showing a rough overvieiw of the test voltage profile for min. and max. applied sugerimposed
altgrnating voltage, a more precise description of the voltage profile can be found in 4.4.2.2 gnd 4.4.2.3.
U
U max
i /A NVAWAWAVLY | -
\VARVARVAVA' ° =
/ANVAWAWAVLY | -
Ve \VARVARVAVA' ° =
t
Key
t time, in seconds
U test voltage, in volts
Usin  minimum supply voltage, in volts
Usmax  maximum supply voltage, in volts
Uy DC level of applied test voltage, in volts
Upp voltage ripple peak-to-peak value, in volts
Figure 4 — Test profiles for Superimposed alternating voltage
©1S0 2023 - All rights reserved 7
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The values of Ug,,,. and Ug,;, are selected according to code (A ... H) in 4.2.2 (Table 3 and Table 4).

Setup the test with reference to Table 7.

Table 7 — Test parameters for superimposed alternating voltage

UO= USmin + Upp/2

U0= USmin + Upp/z

Uy 12 V system 24V system
Operating mode 3.2 3.2
Frequency range f1: 10 Hz to 30 kHz f1: 10 Hz to 30 kHz

f-: 30 kHz to 200 kHz f-:30 kHz to 200 kHz

Uy Up= Ugmax - Upp/2 Up= Usmay - Upp/2

Dwell time

>2s

>2s

Frequency step

logarithmic 2 %

logarithmic2 %

Voltage yipple limit: U,

f1: Severity level 1-3
f>: Severity level 4

fi: Sevenity\level 1-3
f>: Severity level 4

tions

Current limit: I, fi:15A f1:15A
f:10A f:10A
Requestdd test combina- See Table 8 See Table 8

Number of cycles

1 test sequence for each test combina-
tion

tion

1 test sequence for each test combiha-

Table 8 — Severity level for test Superimposed alternating voltage

Severity level U, Frequency range U,, for 12V U,, for 24y
1 DUT supplied by alternator without battery 10 Hz to 30 kHz 6V+02V 10V+02VY
(emergency run)
DUT supplied by alternator 10 Hz to 30 kHz 3V+0,2V 3V+0,2V
DUT supplied by DC/DC converter 10 Hz to 30 kHz 2V+0,1V 2V+0,1V]
DUT supplied by DC/DC genverter 30 kHz to 200 kHz 1V+£0,1V 1V+0,1V

The power
specified f

Prior to stg

Connect ar
output (lo
probe) and

"equency range.

source shall be aple_to produce the requested ripple voltage and/or the currents in|the

rting this test,measure and record the impedance of the DUT atits 12/24 V supply termirfals.

AC voltage measurement (e.g. oscilloscope with voltage probe) to the test signal generstor
ided by.the DUT) and an AC current measurement device (e.g. oscilloscope with curfent
anvAC voltage measurement to the DUT input as shown in Table 7 and Figure 5.

© IS0 2023 - All rights reserved
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Loc

4.4

Bef
ope
ind
NO'I
the

<10 cm
Iop
A
1 Ug+ Ur 2
Up+ Upp
GND
power supply
DUT

AC ripple voltage at power supply
peak-to-peak AC voltage at DUT
DC level of applied test voltage, in volts
peak-to-peak AC current at DUT
te voltage meter and ampere meter within 10 cm from the DUT.

Figure 5 — Test setup for superimposed. alternating voltage

2.2 Reference test

bre the test is pursued in operating mode 3.2, a reference test is applied in operating modg
rating the device in 3.3, it shall be ensured.that all DUT internal energy buffers (e.g.
ictors) are active/present.

Feference test, because it mainly deterpiines the current ripple during the reference test. If the :

of the DUT features any switch which disconnects the energy buffers from the power supply, the re

wou

Thd

ld not determine the correct voltage-ripple Uy.

reference test determines the necessary voltage ripple Up at the power supply whi

appfied to the DUT in orden(ngt'to exceed the current limit /,, for the applied excitation freq

For

The
unt
The
It is
imp

the reference test,€ach frequency range is tested at the voltage values given in Table 7.

power supplyshall inject an AC voltage ripple Uy on top of U, which shall be progressively
I either the @rakximum voltage ripple U, at the DUT or the maximum current limit /;
ascertained ripple voltages of Uy of the power supply for every frequency step shall be 5(
necessary to distinguish between U and U, due to the impedance of the cable harnes
edance-of the DUT. Therefore, Uy can be much higher than U,

NO

3.3. While
capacitors,

E1 The impedance of energy buffers wihich are connected in operating mode 3.3 are very important for

rchitecture
ference test

th shall be
lency.

y increased
is reached.
cumented.
5 and input

E2 Ifthe DIIT containsa low passinpnt filter (p g EMC fllfpr\ itis nncmh]p that the test ig nn]

relevant to

be performed for frequencies where the filter of the DUT has a frequency response of more than -20 dB. Evidence
of the frequency response of the input filter is helpful when determining the appropriate frequency range of the
test. Depending on the impedance of the DUT and the cable harness, too high and unrealistic values of Uy would
be tested at higher frequencies. Therefore, performing the test until this threshold is considered sufficient.

4.4.

2.3 Voltage ripple test

In order to perform the voltage ripple test, the ascertained voltage ripple Uy from the reference test for
each frequency step is applied to the DUT in operating mode 3.2. It is not allowed to further reduce the
voltage ripple Uy even if the current limit I, ) is now exceeded.

The setup of the test shall be the same as in the reference test (type and length of cable).

©IS
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Record I, and Uy, during the voltage ripple test.

If the DUT is supplied by two or more redundant supplies, the following test combinations shall be

performed

— voltage ripple test as defined in 4.4.2.3 is applied to all redundant supply lines simultaneously;

— voltage ripple test as defined in 4.4.2.3 is applied to one of the redundant supply lines, the other
supply lines held at Us,,;,, as defined in ISO 16750-1. Repeat for each redundant supply line.

4.4.3

Requirements

Functional
impedance
be agreed

agreed tole

4.5 Slow

4.5.1 Purpose

This test s
and 24 V sy

452 Te
Apply the f

Decrease t
applying a

Key

status class A as defined in ISO 16750-1 is required during active operating modes. The-l
shall be measured before and after the test. Tolerance for the impedance measurement s
between the customer and the supplier. In case the impedance deviation is bigger'than
rance the test is failed corresponding to functional status class E.

y decrease and increase of supply voltage

mulates a gradual discharge and recharge of the battery. THis test is relevant for both 1
rstems.

5t method

pllowing test simultaneously to all relevant inputs*(connections) of the DUT.

change rate of (0,5 = 0,1) V/min, either linear, or in equal steps of not more than 25 mV.

U
Ua

DUT
hall
the

2V

he supply voltage from U, to 0V, then incréase it from 0 V to U,, as described in Figure 6

t
U
Ua

time,

in<econds

test voltage, in volts
supply voltage for alternator in operation, in volts (see ISO 16750-1)

Figure 6 — Test profile for Slow decrease and increase of supply voltage

The operating mode of the DUT shall be 3.2, as defined in ISO 16750-1.

If the DUT is supplied by two or more redundant supplies, the following test combinations shall be

performed

— testvoltage is applied to all redundant supply lines simultaneously;

10
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— test voltage is applied to one of the redundant supply lines, the other supply lines held at U, as
defined in ISO 16750-1. Repeat for each redundant supply line.

4.5.3 Requirements

Functional status class A as defined in ISO 16750-1 is required during active operating modes when
tested in the supply voltage ranges given in Table 3 or Table 4, respectively. Outside these ranges,
minimum functional status class D as defined in ISO 16750-1 is required.

Where more stringent requirements are necessary, functional status class C as defined in ISO 16750-1
mavhe cpp(‘ifipd

Forja DUT with redundant supplies, depending on the combination of exposures, up to functipnal status
clags A may be specified. This shall be agreed between the customer and the suppliert

4.6| Discontinuities in supply voltage
4.6{1 Drops or interrupts in supply voltage
4.6{1.1 Momentary drop in supply voltage

4.6J]1.1.1 Purpose

Thip test simulates the effect when a conventional fuse element melts in a parallel circuit. [Chis test is
relgvant for both 12 V and 24 V systems.

4.6{1.1.2 Test method

Apply the test pulse (see Figure 7 and Figure-8) simultaneously to all relevant inputs (conrfections) of
the|DUT. The rise time and fall time shall benot more than 10 ms.

Thg operating mode of the DUT shall-be3.4, as defined in ISO 16750-1.

U
USmin
as) H
0 10 t
10,1

Key
t time, in seconds
U test voltage, in volts

Uspin  minimum supply voltage, in volts

Figure 7 — Short voltage drop for systems with 12 V nominal voltage

©1S0 2023 - All rights reserved 11
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USmin

0 10 t
10,1
Key
t time, in seconds
U testvoltage, in volts

Ugpin ~ minimum supply voltage, in volts
Figure 8 — Short voltage drop for systems with 24 V nominal voltage

If the DUT fis supplied by two or more redundant supplies, and if agreed between the customer and|the
supplier, the test voltage with short voltage drop shall be applied to onie,of the redundant supply lings at
a time. The other supply or supplies shall then be kept at Us,;,, as defined in ISO 16750-1.

4.6.1.1.3 |Requirements

Minimum flunctional status class B as defined in ISO 16750-1'is required during active operating mofles.
Functional|status class C can be permitted if agreed befween the customer and the supplier.

For a DUT|with redundant supplies, up to functional status class A may be specified. This shall be
agreed between the customer and the supplier;

4.6.1.2 Micro interruption in supply voltage

4.6.1.2.1 |Purpose

This test simulates the effect ef\micro interruption events in supply voltage caused by short circuits or
open circults of the supply lines, for instance by contact faults, defect relays, relay-contact bounce of by
switching from the maingaower supply to a redundant power supply.

This test i§relevantforboth 12 V and 24 V systems.

4.6.1.2.2 | Testimethod

4.6.1.2.2.1 General

To verify the switch reaction time, two reference measurements shall be performed and documented
with the test setup given in Figure 9. In the first reference measurement, the DUT is replaced with a
1 kQ resistor, and in the second measurement, the DUT is replaced with a 10 (. resistor. The reference
measurements enable the reaction time of the switch to be verified as acceptable before the full test is
performed. The resistors used shall, therefore, have low inductance. Acceptable reaction time for the
switch shall be < 10 us. After the transition time performance of the switch has been verified, the DUT
shall be tested with the full setup as shown in Figure 9.

Apply the test simultaneously to all power supply inputs (connections) of the DUT. Both test case 1 (see
Figure 10 and Table 9 in 4.6.1.2.2.2) and test case 2 (see Figure 11 and Table 10 in 4.6.1.2.2.3) shall be
performed.

12 © IS0 2023 - All rights reserved
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If the DUT is supplied by two or more redundant supplies, and if agreed between the customer and
the supplier, the test voltage with micro interruptions shall be applied to one of the redundant supply
lines while the others are supplied. The other supply or supplies shall then be kept at Ug as defined in
ISO 16750-1.

While the supply line is interrupted by a switch, inductive voltage peaks shall be avoided, e.g. by
connecting a low resistance parallel load, if agreed between the customer and the supplier.

The following test condition shall be met:

— open switch resistance: = 10 MQ.

The operating mode of the DUT shall be 3.4, as defined in ISO 16750-1.

. 4
1 T~ 3

Key

1 | power supply

2 | programmable control circuit to open the switch connection
3 |DUT

4 | normally closed switch

5 | optional low resistance parallel load

Figure 9 — Test set up for mi€ro interruption with 12/24 V nominal voltage (Uy)
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4.6.1.2.2.2 Test case 1 - variable interruption time

S n

C

1

I I

I I

I I
| L

N —4—
t
€ micro trecovery
Key
t time, in seconds
S switch control signal
C switch closed
NC switch open
n number of complete test sequences
micro micro interruption duration, in seconds
t recovery time between voltage interrupts, in seconds

recovery

Figure 10 — Micro interruption for variable interruption with 12/24 V nominal voltage (UY)

Table 9 — Micro interruption test value for variable interruption duration time exposure wjth
12 V and 24 V nominal voltage (Uy)

tmicro tmicro increased in trecovery n
steps of
10 pus tp 100 ps 10 ps
100 ps|to 1 ms 100 ps 25s
1mstp 10 ms 1ms The test voltage Ug shall be held at least until 1
10 ms tp 100 ms 10/ms the DUT has achieved 100 % serviceability (all
100 ms to 2 s 100 ms systems rebooted without error)

14 © IS0 2023 - All rights reserved
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4.6.1.2.2.3 Test case 2 - variable recovery time

S n
C _—
1 M
NC - 1 L
+
tmicro trecovery
Key
t time, in seconds
S switch control signal
C switch closed
NC switch open
n number of complete test sequences
Emiclo micro interruption duration, in seconds

recoery recovery time between voltage interrupts, in seconds

Figure 11 — Micro interruption for variable recevery with 12/24 V nominal voltage (Uy)

Table 10 — Micro interruption test value for.variable recovery duration time expostire with
12 V and 24 V/nominal voltage (Uy)

tmicro trecovery trecovery increased in n
steps of
100 psto 1 ms 100 ps
2100 ms 1 msto 10 ms 1 ms
Thge test voltage Ug shall be at leastinterrupted 10 ms to 100 ms 10 ms 1
untfil the DUT has achieved résetcondition. 100 msto 1 s 100 ms
1sto10s 1s

4.6{1.2.3 Requirements

4.6]1.2.3.1-\Test case 1

For|t, s < 100 us, functional status class A as defined in ISO 16750-1 is required dufing active
opefrating modes.

Fort

micro > 100 us, minimum functional status class C as defined in ISO 16750-1 is required.

For a DUT with redundant supplies, up to functional status class A may be specified for all interrupt
durations. This shall be agreed between the customer and the supplier.

4.6.1.2.3.2 Test case 2
Minimum functional status class C as defined in ISO 16750-1 is required.

For a DUT with redundant supplies, up to functional status class A may be specified for all recovery
durations. This shall be agreed between the customer and the supplier.

© IS0 2023 - All rights reserved 15
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4.6.2 Reset behaviour at voltage drop

4.6.2.1 Purpose

This test verifies the reset behaviour of the DUT at different voltage drops. This test is applicable to

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

This test is relevant for both 12 V and 24 V systems.

4.6.2.2 Test method

Apply the test pulse simultaneously in Figure 12 to all relevant inputs (connections) of the DUT
check the reset behaviour of the DUT.

Decrease the supply voltage by 5 % from the minimum supply voltage, Ug;,, to 0,95Us,, 14 Hold
voltage for]at least 5 s. Raise the voltage to Ug,;,. Hold Us,,;, for at least 10 s and perform a functi

and

this
nal

test. Then flecrease the voltage to 0,9Ug,,;,. Continue with steps of 5 % of Ug;,, as shown in Figurd 12,

until the lower value has reached 0 V. Then raise the voltage to Ug,;, again.

The operating mode of the DUT shall be 3.4, as defined in ISO 16750-1.

If the DUT has internal capacitor buffer on the voltage supply lines that may sustain the internal voltages

of the DUT|during a voltage drop, monitoring of the DUT internal supply voltage is recommended t
done durinjg the test to assure that the DUT supply voltage level has/drepped to the test level define
each step iph Figure 12. If voltage monitoring cannot be done in the.actual test set-up for reasons of

b be
1 by
test

feasibility [e.g. sealed DUT), the internal voltage drop followability shall be shown in some other yay,

e.g. simulations, lab measurements, calculations, engineeringjudgement.
J

10( Usmin
9(
8(
7(
6(
5(
4(
3(
2(
1(

Key

t time, in seconds

U test voltage measured as a percentage of Ug..,
Ugpin ~ minimum supply voltage, in volts

Figure 12 — Test profile for reset behaviour at voltage drop

If the DUT is supplied by two or more redundant supplies, the test voltage according to Figure 12 s
be applied to all redundant supply lines simultaneously.

hall
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4.6.2.3 Requirements

Minimum functional status class C as defined in ISO 16750-1 is required.
4.6.3 Starting profile

4.6.3.1 Purpose

This test verifies the behaviour of a DUT during and after cranking. This test is relevant fo
and 24 V systems.

r both 12V

ineously to

r Table 12

y lines at a

4.6)3.2 Test method
Apply the starting profile 10 times, as specified in Figure 13 and Table 11 or Table 12, simult
all televant inputs (connections) of the DUT. Recovery period between each starting'Cycle shpll be = 2 s,
untjl the DUT becomes 100 % operational. One or more profiles as described‘inh Table 11
shall be chosen in accordance with the application.
The operating mode of the DUT shall be 3.2, as defined in ISO 16750-1,
If the DUT is supplied by two or more redundant supplies, and if agteed between the customer and the
supplier, the test voltage with starting profile shall be applied tg,one of the redundant supp
timp. The other supply or supplies shall then be kept at Ug,;,-as defined in ISO 16750-1.
U
Us
a
AMANAAN >
VVVVVVVVY o~
i} S
>
0 t
ty ty ts Lrise
tran
Key
t time, in seconds
U test voltage, in volts
e falling slope, in seconds

t

rise rising slope, in seconds

t1, ty, t3 duration parameters, in seconds (in accordance with Table 11 and Table 12)

Ug supply voltage for alternator not in operation, in volts (see ISO 16750-1)
Ug supply voltage, in volts

Usq supply voltage at t;, in volts

a f=2Hz.

Figure 13 — Starting profile

© IS0 2023 - All rights reserved
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Table 11 — Starting profile values for systems with 12 V nominal voltage (Uy)

Level
I II 111 v
Parameter (Warm crank) (Cold crank with | (Cold crank with (Cold crank with
good battery at
good battery at aged battery at room tempera-
cold temperature) | cold temperature) P
ture)
0 0 0 0
Voltage Usy 8.0,2 45.0,2 3.0,2 6.0,2
\ 8 6 6 &
V] Us 95.0,2 65.0,2 5.0,2 6,5.0,2
teall 5(x0,5) 5(%0,5) 5 (%0,5) 5 (*0;5)
) t 15 (1,5) 15 (#1,5) 15 (#1,5) 15 (+1,5)
D“[rrfl‘g]m“ t, 50 (£5) 50 (£5) 50 (£5) 50 (£5)
ts 1000 (+100) 10 000 (+1 000) 1000 (+100) 16000 (+1 000))
trise 40 (+4) 100 (£10) 100 (+10) 100 (£10)
A2 Ba Ba A2
ini i Ab Bb cb Bb
Minimum|functional
stjtus Be Cc Ce Cc
Bd cd cd cd
2 Usmin =9 V; Usyay = 16 V (see Table 3, Code A).
b Ugmin =8 V; Ugpnax = 16 V (see Table 3, Code B).
¢ Uspmin=9 V; Ugpayx = 16 V (see Table 3, Code C).
4 Ugpmin = 10,5 V; Ugpax = 16 V (see Table 3, Code D).
Table 12 — Values for systems with 24 V nominal voltage (Uy)
Level
P3rameter
I II III
0 0 0
Voltage Usy 00,2 8.0,2 6.0,2
[Vl Us 209, 159, 109,
tean 10 (1) 10 (1) 10 (1)
] t 50 (+5) 50 (+5) 50 (+5)
D“[rrfl‘z]w" t 50 (£5) 50 (£5) 50 (£5)
tg 1000 (+100) 10000 (1 000) 1000 (x100)
bise 40 (+4) 100 (x10) 40 (+10)
A2 Ba Ba
Ab Bb cb
Minimum functional status
B¢ Ce Ce
Bd cd cd
3 Ugpin=10V; Ug . =32 V (see Table 4, Code E).
b Ugmin = 16 V; Ugpay = 32 V (see Table 4, Code F).
¢ Ugpmin=22V; Ugpax = 32V (see Table 4, Code G).
4 Ugpmin = 18 V; Ugpay = 32 V (see Table 4, Code H).

18
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3.3 Requirements

For functions of the DUT that are relevant to vehicle operation during cranking, functional status class
A as defined in ISO 16750-1 is required; all other functions of the DUT shall fulfil functional status class
in accordance with Table 11 or Table 12.

4.6.

4.6.

4 Load dump

4.1 Purpose

Thi
disd
alte
cus

4.6

4.6

Thd
and
gen

stest s a simutationr of toaddumptransient occurring i theevent of adischargedba
onnected while the alternator is generating charging current with other loads remair
rnator circuit at this moment. The severity level for test B (1, 2, 3 or 4) shall be agreed b
fomer and the supplier. This test is relevant for both 12 V and 24 V systems.

4.2 Test method

4.2.1 General

test pulse generator shall be capable of producing the load dump*test pulse according
4.6.4.2.3, for more information about the load dump pulse, see ISO 7637-2:2011, Annex D.
erator performance and tolerances shall be verified according to test method given in 4

equfivalent test method. In Annex B, some more informatiéd is given on the origin of the

pul

4.6

Thd
in H

be.
4.2.2 Test A - without centralized load dump suppression

pulse shape and parameters for an alternator without centralized load dump suppressio|
igure 14 and Table 13. For the test voltage-¥/,, see ISO 16750-1.

Thd

operating mode of the DUT shall be*3.4, as defined in ISO 16750-1.

tery being
ing on the
btween the

[0 4.6.4.2.2
.oad dump
\nnex A, or
load dump

n are given
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Us

trise

0,9 (Us' UA) + UA

Key

t tim
U test
tq dur|
trise risi
Uy sup
Ug sup

0,1 (US'UA)+UA

Ua
0

b, in seconds

voltage, in volts

htion of pulse, in seconds
ng slope, in seconds

ply voltage, in volts

ply voltage for alternator in operation, in volts (see ISO 16750<1)

Figure 14 — Test without centralized load dump suppression

Table 13 — Pulse for test A in systems with 12 V and 24 V nominal voltage

| Type of system Minimum test
Pargmeter .
Uy =12V Uy=24V requirements
Uf [V] 79 < U101 151 < Ug<202
il . .
R [Q] 0,59R;<4 1<R;<8 10 pulses at
t4|[ms] 40/< t3 <400 100 <¢t43=350 1 min intervals
0 0
tris [ms] 10_5 10_5
a  Ifnototherwise agreed,tise the upper voltage level with the upper value for internal resistance or use the lower vol§age
level with thle lower value\for internal resistance.

The intern

10XU, o XNot

h] resistance, R;, of the load dump test pulse generator can be obtained as follows:

R.

where

U,

nom

I

rated

N

act

20

" 0,8x1,.4x12000min "

is the specified voltage of the alternator;

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

is the actual alternator speed, in reciprocal minutes.
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4.6.4.2.3 Test B - with centralized load dump suppression

The pulse shape and parameters for an alternator with centralized load dump suppression are given in
Figure 15 and Table 14. For the test voltage U,, see ISO 16750-1.

The operating mode of the DUT shall be 3.4, as defined in ISO 16750-1.

U L
trise
Us 7~
0,9 (Us-Uy) + U, f N\
/ \
! \
/ \
o AN
S
0,1(U5'UA)+UA T
Ua
0
t
Key
t time, in seconds
U test voltage, in volts
ty duration of pulse, in seconds
trise rising slope, in seconds
Uy supply voltage for alternator in operatign) in volts (see ISO 16750-1)
Ug supply voltage, in volts
Ug* supply voltage with load dump Suppression, in volts
Figure 15 Test with centralized load dump suppression
Table 14 ~<Pulse for test B in systems with 12 V and 24 V nominal voltage
Type of system Minimunj test
Parameter .
Uy=12V Uy=24V requirenjents
UV 79 < Ug < 101 151 < Ug< 202
Severity 1: 27 V
e Severity 2: 30 V As specified hy customer
s P typical value 58 V
Severity 3: 32V (typ ) 5 pulses at
Severity 4: 35V 1 min intervals
R2[Q] 0,5<R;<4 1<R;<8
t4 [ms] 40 <t;<400 100 =¢t4<350
Lrise [ms] 10} 10}
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.

If the DUT is supplied by two or more redundant supplies, and if agreed between the customer and the
supplier, the test voltage with load dump pulse shall be applied to one of the redundant supply lines at a
time. The other supply or supplies shall then be kept at Ug;,, as defined in ISO 16750-1.
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4.6.4.3 Requirements

Minimum functional status class C as defined in ISO 16750-1 is required.

For a DUT with redundant supplies, up to functional status class A may be specified. This shall be
agreed between the customer and the supplier.

4.7 Reversed voltage

4.7.1 Pu

rpose

This test c}
an auxiliar

This test ig
This test ig
alterni

termin

4.7.2 Te

4.7.2.1 (

Connectand fuse the DUT as in the real vehicle, but without altérnator and battery. Choose the applic

voltages fr'
reversed p

Operating
If the DUT

supplier, the reversed voltage according to applicable test cases below shall be applied to one of]

redundant
ISO 16750+

4.7.2.2

This test ¢
alternator
voltage of -
(see Figurd

necks the ability of a DUT to withstand the connection of a reversed battery in case pof
y starting device.

relevant for 12 V systems (test case 1 or test case 2) and 24 V systems (only testiease 2).
not applicable for:
itors;

als with clamping diodes without external reverse polarity protection device.
5t method

feneral

bm the following cases and apply them simultaneously to all relevant power terminals V
plarity.

mode is not applicable during this test.

is supplied by two or more redunddnt supplies, and if agreed between the customer and

supply lines at a time. The gther supply or supplies shall then be kept at Uy as define
1.

est case 1

ase applies if the-DUT is used in a vehicle with a 12 V nominal voltage system where

Circuit is not fised and the rectifier diodes withstand a reversed voltage for 60 s. Apply a

4 V simultanéously to all relevant inputs (connections) of the DUT for a duration of (60 *
16 and Table 15).

This test c§

ise is'not applicable for systems with 24 V nominal voltage.

bing

hble
vith

the
the
1 in

the
test
6) s

22
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u n
Lea) Lrise
USmin —— — —_—
0 1 I
t
U reversed —— treversed—recovery
Ereversed
Key
t time, in seconds
U test voltage, in volts
Uvevbrsed reversed test voltage, in volts
Usiln minimum supply voltage, in volts
n number of reversed voltage events in sequence
ten fall time, in seconds
treveksed reversed voltage duration, in seconds
trise rise time, in seconds
treveksed-recovery T€COVEry between reversed voltage eventsyin seconds
Figure 16 — Reversed voltage test case 1
Table 15(—"Reversed voltage test case 1 values
Parameter tean Liise Lreversed Lreversed-recov- USmin Ureversed n
ery
12V system <10 ms <10 ms 60 s 120's 10,5V -4V 1
4.7)2.3 Test case2
In gll other cases;-apply the test voltage U, .yerseq (S€€ Figure 17 and Table 16) simultanegusly to all
relgvant inputs((connections) of the DUT for a duration of (60 * 6) s.
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Key
t

U
U,

reversed
UB
n

ten
t

reversed

t

rise

t

reversed-recoy

Usg |- _

tfall trise

treversed—recovery

ery

Ureversed -1

t

reversed

time, in seconds

test voltage, in volts

reversed test voltage, in volts

supply voltage, in volts

number of reversed voltage events in sequence

fall time, in seconds

reversed voltage duration, in seconds

rise time, in seconds

recovery between reversed voltage events, in seconds

Figure 17 — Reversed voltage test case 2

Table 16 — Reversed voltage test case 2 values

Paramgter tfall trise treversed treversed-recoverv UB Ureversed
12 V system <10 ms <10060\ms 60s 120s 12V -14V
24 V system <10 ms <1 000 ms 60s 120s 24V 26V
4.7.3 Requirements

After repla
during acti

4.8 Ground reference and supply offset

cing all blowh, fuse-links, functional status class A as defined in ISO 16750-1 is requ
ve operatingimodes.

red

481 P

) g PUDC

This test shall be agreed between the customer and the supplier.

This test serves to verify reliable operation of a component if two or more power supply paths exist
(note that this is not necessarily the same as redundant power supply feeds to a DUT). For instance, a
component can have a power ground and a signal ground that are outputs on different circuits (e.g. for a
DUT with two ground connections and two supply connections given in Figure 18).

This test is relevant for both 12 V and 24 V systems.

24
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Key

U, U,
GNI),, GND,
Uoffs et1
Uoffk et2

NOTE 1
NOTE 2

Uoffsetl C) *
Uy U,
1 2
GND, GND,
UoffsetZ () *
GND ©

supply voltage for 12/24 V system as defined in ISO 16750-1, in volts

supply lines to DUT

ground lines to DUT

offset voltage on supply line, in volts

offset voltage on ground line, in volts

DUT

additional components in the vehicle

Supply offset voltage is applied to all power supply pins of the DUT separately.

GND offset voltage is applied to every GND’pin of the DUT separately. If GND pins
connected to each other within the DUI)»the GND offset voltage is applied to thos
simultaneously (e.g. for DUT with only twio ground connections that are both internally
+1 V variation of U, is not relevant).

are directly
e GND pins
ed together,

Figure 18 — Example of ground reference and supply offset on a DUT with two ground/supply

4.8]2 Test method

paths

Table 17 '— List of test variations for one supply and one GND pin

Test Test case US Uoffsetl UoffsetZ
L 1 Y/GND offset and no Ug offset Ug+(U,-Ug)/2 ov 1V
D 1V GND offset and 1 V Ug offset Ug+(Ux-Ug)/2 1V 1V
B 1V GND offsetand -1 V U offset Ug+(Uy-Ug)/2 -1V 1V
i -1 V GND offset and no Us offset Ug+(U,-Ug)/2 ov -1V
5 1 V-GND-offsetandt-V-troffset -3 -2 1V -1V
6 -1 VGND offsetand -1 V Us offset Ug+(U,-Ug)/2 -1V -1V
7 No GND offset and 1V U offset Up+(U,-Ug)/2 1V ov
8 No GND offset and -1 V Ug offset Ug+(Uy-Ug)/2 -1V ov

All inputs and outputs shall be connected to representative loads or networks to simulate the in-vehicle
configuration. Apply Ug to the DUT and confirm normal operation.

The operating mode of the DUT shall be 3.4, as defined in ISO 16750-1.

The offset shall be applied to each ground/supply line separately (see Figure 18), and test shall be
repeated for each possible ground/supply line combination. For overview of the test coverage, creating
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a test matrix showing the possible combinations can be advisable. Example of such a test matrix is given

in Table 17

For all DUTSs, the offset voltage shall be (1,0 + 0,1) V.

a)
b)

c)

Apply
Subjec

Us to the DUT.

t ground/supply line to the offset voltage relative to the DUT ground/supply line.

Perform a functional test under this condition.

d) Repea

Repeat the

4.8.3 Re

Functional

4.9 Ope

4.9.1 Single line interruption

4.9.1.1 B

This test s
a DUT has
interruptia
test is appl
test metho

This test ig

NOTE '

4.9.1.2

Connect arj
the connec

The operat

F step ;\) to r‘) for each new grmmd’/cnpply line combination

test with reverse offset voltage.

quirements

status class A as defined in ISO 16750-1 is required during active operating modes.

h circuit tests

urpose

mulates an open contact condition, for instance, if asingle wire or electrical connectio
an interruption. The kind of interruption can be<static or dynamic (loose contact). St
n is simulated by test method 1, dynamic interruption is simulated by test method 2.
icable for both power, ground, signal and loag circuits for the DUT. Both test method 1
d 2 shall be performed.

relevant for both 12 V and 24 V systems.

'his is not a test for connectors.

est method 1

d operate the DUT as-intended. Open one circuit of the DUT/system interface, then res
tion. Observe the device behaviour during and after the interruption.

ing mode of the' DUT shall be 3.4, as defined in ISO 16750-1.

Perform t

outputls active;

outputstnactive.

is test forload-circuits in addition with the conditions for:

h to
atic
Chis
and

ore

Repeat for

each circuit of the DUT/system interface. The following test conditions shall be met:

— interruption time: (10 + 1) s;

open ¢

ircuit resistance: = 10 MQ;

maximum interrupt transition time < 10 ms.

4.9.1.3 Test method 2

Connect and operate the DUT as intended. A sequence of short-term open circuit events, followed with
restore of the connection (see Figure 19 and Table 18), shall be applied to the DUT/system interface.

Observe th

26

e device behaviour during and after the interruption pattern.
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Repeat for each circuit of the DUT/system interface. The following test conditions shall be met:

— open circuit resistance:

=10 MQ;

— maximum interrupt transition time < 10 ps.

n
PIN
C — — — —
| 1 [ [
NC - || L_| |
t
tint
tint-cycle
tint-burst tint—recovery
Key
t time, in seconds
PIN line connection condition
C single wire or electrical connection presentto DUT
NC single wire or electrical connection with\ifterruption
tint short-term open circuit time, in seconds
tint-dycle short-term open circuit repetition‘time, in seconds
tinthurst ~ burst duration of open circuit pattern, in seconds
tint-fecovery €COVETY time between interruption pattern, in seconds
n number of complete intérruption pattern sequences
Figure 19 '— Interruption pattern of short-term open circuit events
Table 18 — Interruption pattern test values

Pagameter tint tint—cvcle tint—burst tint-recoverv n
Value 100 ps 1ms 10s 10s 2
4.9.T 4 Requirements

Minimum functional status class C as defined in ISO 16750-1 is required. Functional status class D can
be permitted due to safety concept of system, if agreed between the customer and the supplier.

For a DUT with redundant supplies, up to functional status class A may be specified. This shall be
agreed between the customer and the supplier.
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