INTERNATIONAL ISO
STANDARD 16750-2

Fifth edition
2023-07

Road vehicles — Environmental
conditions and testing for electrical
and electronic equipment —

Part 2:
Electrical loads

Véhicules routiers — Spécifications d'environnement et essais de
l'équipement électrique et électronique —

Partie 2: Contraintes électriques

Reference number
ISO 16750-2:2023(E)

© IS0 2023



ISO 16750-2:2023(E)

COPYRIGHT PROTECTED DOCUMENT

© 1502023

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting on
the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address below
or ISO’s member body in the country of the requester.

ISO copyright office

CP 401  Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org
Published in Switzerland

ii © 1S0 2023 - All rights reserved


https://www.iso.org

ISO 16750-2:2023(E)

Contents Page
FFOT@WOTM.........cccoccoveee e85 8555858555555 \%
1 SCOPI@ ... 1
2 NOTIMATIVE F@EETEIICES .........ccccocoovvoioeessse sttt 1
3 Terms and defiNETIONIS ... 1
4 TeSt ANA FEQUIT@IMIEIIES ...........ooooocoooeee s
4.1 GENETAL..oo s
4.2 Direct current (DC) supply voltage
4.2.1  PUIPOSE....cooiiiiicseieseees e
4.2.2 Testmethod ...,
4.2.3  Requirements..........
4.3 OVETVOLIEAE .o e
4.3.1  LONG tEIM OVEIVOILAZE ..coccoioerieiieiee e

4.3.2  Transient overvoltage

44  Superimposed alternating voltage
A4 PUTPOSE oottt e et ettt
4.4.2 Testmethod...
4.4.3 Requirements

4.5  Slow decrease and increase of SUPPLY VOILAZE ... 10
A.5. 1  PUTPOSE s et
4.5.2 Test method
4.5.3  REQUITEIMIEIIES ..ot

4.6 Discontinuities in SUPPLY VOILAZE ...
4.6.1 Drops or interrupts in supply voltage..
4.6.2 Reset behaviour at voltage drop...........
4.6.3 Starting profile......i.
4.6.4 Load dump ...

4.7 Reversed voltage. ...
A.7.1  PUTPOSE it
4.7.2 TeSTINETROM e
4.7.3  Requirements ...

4.8 Ground reference and supply offset
4.8.1  PUIPOSE.iiiiisiiiseieitses e
4.8.2 Testmethod ...
4.8.3  Requirements.........

49 OPEIN CITCUIT EESTS .
49.1  SIngle line INTEITUPTION ..o
49.2  Multiple line interruption

4.10  Short circuit/overload ProteCtiON . ...
ZL10.T PUTPOSE it
4.10.2 Short circuit in signal lines and load circuits....
4.10.3 Overloading of load circuits ...

411 Withstand voltage ...
4.11.1 Purpose......
4.11.2 Test method
4.11.3 Requirements

4.12 Insulation resistance
412.1 Purpose...
412.2 Test method ...
4.12.3 Requirements

4.13 Electromagnetic compatibility

5 DOOCUIMIEIIEATION ... 31
Annex A (normative) Testload dump pulse generator verification procedure.................cen 32

© 1S0 2023 - All rights reserved iii



ISO 16750-2:2023(E)

Annex B (informative) Origin of load dump pulse in road vehicles electrical systems

BIDIHOGIAPIY ...t

iv © IS0 2023 - All rights reserved



ISO 16750-2:2023(E)

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 procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the
different types of ISO document should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

[SO draws attention to the possibility that the implementation of this document may involve the use
of (a) patent(s). ISO takes no position concerning the evidence, validity or applicability of any claimed
patent rights in respect thereof. As of the date of publication of this document, ISO had not received
notice of (a) patent(s) which may be required to implement this document. However, implementers are
cautioned that this may not represent the latest information, which may be obtained from the patent
database available at www.iso.org/patents. ISO shall not be held responsible for identifying any or all
such patent rights.

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformity assessment, as well as information about ISO's adherence to
the World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see
www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 22, Road vehicles, Subcommittee SC 32,
Electrical and electronic components and general system aspects.

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

The main changes are as follows:

— introduction of use of operating mode for the electrical tests;

— introduction of 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);
— introduction of transient overvoltage test;

— complete update of superimposed alternating voltage test (e.g. updated test method, extension of
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 feedback 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 Scope

This document applies to electric and electronic systems/components for road vehicles. This document
describes the potential environmental stresses and specifies tests and requirements for the specific
mounting location on/in the road vehicle.

This document describes electrical loads.

This document is not intended to apply to environmental requirements or testing for systems and
components of motorcycles and mopeds. Electromagnetic compatibility (EMC) is not covered by this
document.

Electrical loads are independent from the mounting location, but can vary due to the electrical
impedance (including both the resistance and the inductance) in the vehicle wiring harness and
connection system.

Systems and their components released for production, or systems and their components already under
development prior to the publication date of this document, can be exempted from fulfilling the changes
in this edition compared to the previous one.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

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

ISO 16750-1, Road vehicles — Environmental conditions and testing for electrical and electronic
equipment — Part 1: General

ISO 16750-4:2023, Road vehicles — Environmental conditions and testing for electrical and electronic
equipment — Part 4: Climatic loads

3 Terms and definitions
For 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:

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

— IEC Electropedia: available at https://www.electropedia.org/

© 150 2023 - All rights reserved 1
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4 Test and requirements

4.1 General

If not otherwise specified, the following tolerances shall apply:

— frequency and time: 5 %;

— voltages: +0,2'V;

— currents: 2 %;

— inductance: +10 %;

— resistance: £10 %.

All voltage curves are shown without load.

If not otherwise specified, measure all voltages at the relevant terminals of the DUT.

For devices and units operating on secondary feed (e.g. 5 V sensor being supplied from 12 V supplied
DUT), special considerations shall apply to voltage supply range, and specific tests shall be adjusted with
consideration to the actual vehicle installation. Which tests that are applicable and what considerations
that apply shall be agreed between the customer and the supplier.

NOTE For a device or unit working on secondary feed, the electrical testing is sometimes carried out
together with the 12/24 V supplied DUT providing the secondary feed.

A minimum of two DUTs shall be used for validation. If judged necessary by agreement between the
customer and the supplier, an increased sample size may be used for final validation phases (process
validation).

For redundant supplies and redundantly supplied DUTs, see definition in ISO 16750-1.
4.2 Direct current (DC) 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 3 or Table 4 to all relevant inputs (connections) of the DUT.
Use the test profile as described in Figure 1 and Table 2. The test profile shall be run with the DUT in
operating mode 3.3, with the DUT in operating mode 3.4 (i.e. to test both minimum and maximum load
conditions), and at both T, ;, and T,,,,, as defined in ISO 16750-1. If agreed between the customer and
the supplier, one of the operating modes 3.3 or 3.4 may be chosen for the test.

The test profile shall also be run once at room temperature at normal loading conditions, operating
mode 3.2 as defined in ISO 16750-1.

See Table 1 for combinations of test conditions.

Table 1 — DC supply voltage, combinations of test conditions

Temperature / operating mode Thin RT Trhax
Operating mode 3.3 Usmin / Usmax - Usmin / Usmax
Operating mode 3.2 - Usmin / Usmax
Operating mode 3.4 Usmin / Usmax : Usmin / Usmax

2 © IS0 2023 - All rights reserved
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USmax

Ua

USmin

tl tfall t2 trise t2 trise t2 tfall tl

Key
t time, in seconds
U testvoltage, in volts

Figure 1 — DC supply voltage test profile

Table 2 — Test parameters for DC supply voltage

Uy See ISO 16750-1
Usimax See Table 3 or Table 4
Usimin See Table 3 or Table 4

ty 30s

ty 60s

Lrise 1 V/S

Lhall 1V/s

If the DUT is supplied by two or more redundant supplies, all different possible combinations of Ug;,
and Ug,,, on the supply input ports of the DUT shall be tested.

The voltages listed in Table 3 or Table 4 are relevant within the operating temperature range as
specified in ISO 16750-4, without time limits. When considering the minimum and maximum voltage
levels in the vehicle it should be noted that these are highly dependent on the voltage supply in the
electrical system, e.g. DC/DC, alternator.

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

Code Minimum supply voltage, Us,;, Maximum supply voltage, U,
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

© 150 2023 - All rights reserved 3
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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 Overvoltage
4.3.1 Long term overvoltage
4.3.1.1 Testata temperature of (T,,,, - 20) °C for alternator failure

4.3.1.1.1 Purpose

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

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

4.3.1.1.2 Test method

Heat the DUT in a hot air oven to a temperature that is 20 K below the maximum operating temperature,
T,

max"*

For 12 V systems, apply a voltage of 18 V for 60 min to all relevant inputs (connections) of the DUT.
For 24 V systems, apply a voltage of 36 V for 60 min to all relevant inputs (connections) of the DUT.
The operating mode of the DUT shall be 3.4, as defined in ISO 16750-1.

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

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

Where more stringent requirements are necessary, functional status class A as defined in ISO 16750-1
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,,;,,
can be omitted.

4 © 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 T
USmin -_—
0 t
Lrise tfall
Ltrans Lrest
Key
t time, in seconds
U test voltage, in volts
Uyans  transient test voltage, in volts
Usnin ~ supply voltage, in volts
n number of transients in sequence
ten fall time, in seconds
Cirans transient duration, in seconds
trise rise time, in seconds
Crest rest time between transient events, in seconds
Figure 2 — Jump start transient
Table 5 — Jump start test values
Parameter Temperature Liise tean tirans Lrest Usmin Uians | N
RT <10 ms <10 ms 60s 120 s 10,8V 26V
12 V system
Thin <10 ms <10 ms 60s 120s 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



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 test pulse five times as specified in Figure 3 and Table 6 simultaneously to all relevant inputs
(connections) of the DUT. The operating mode of the DUT shall be 3.4, as defined in ISO 16750-1.

U
n=1 n=2..
Utrans T _\
USmax \—
0 t
Lran
Lrise Lrest
ttrans
Key
t time, in seconds
U test voltage, in volts
Usmax  Maximum supply voltage, in volts
Uians  transient overvoltage, in volts
n number of test pulse in sequence
el fall time, in seconds

trans
rise

rest

transient pulse duration, in seconds
rise time, in seconds
rest time 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 2ms 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

6 © 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
supplier.

4.4 Superimposed alternating voltage

4.4.1 Purpose

This test is intended to check immunity of a component to ripples in the on-board 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
components. The method is applied to all DUT power supply lines simultaneously. For a DUT with
redundant supplies, any combination of exposures shall be agreed between the customer and the
supplier.

The severity level 1, 2, 3 and 4 shall be chosen in accordance with the application, see Table 8.

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

4.4.2.1 General

Figure 4 is showing a rough overview of the test voltage profile for min. and max. applied superimposed
alternating voltage, a more precise description of the voltage profile can be found in 4.4.2.2 and 4.4.2.3.

U

S AN AWAWAY.Y | B
AR VARVA VAL

—_—

AN AWAWAY Y| B
AR VARVATA

—_—

USmin

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

Uspin  minimum supply voltage, in volts

Uspax  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
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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

Uy

12 V system

24V system

Operating mode

3.2

3.2

Frequency range

f1: 10 Hz to 30 kHz
f>: 30 kHz to 200 kHz

f1: 10 Hz to 30 kHz
f>:30 kHz to 200 kHz

UO UO: USmax - Upp/2 UO: USmax - Upp/2
Uo= Usmin *+ Upp/2 U= Usin + Upp/2

Dwell time 22s 22s
Frequency step logarithmic 2 % logarithmic 2 %

Voltage ripple limit: U,

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

fi: Severity level 1-3
f: Severity level 4

tions

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

Number of cycles

1 test sequence for each test combina-
tion

1 test sequence for each test combina-
tion

Table 8 — Severity level for test Superimposed alternating voltage

Severity level U, Frequency range U,, for 12V U,, for 24V
1 DUT supplied by alternator without battery 10 Hz to 30 kHz 6V+02V 10V+0,2V
(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 converter 30 kHz to 200 kHz 1V+£0,1V 1V+£0,1V

The power source shall be able to produce the requested ripple voltage and/or the currents in the

specified frequency range.

Prior to starting this test, measure and record the impedance of the DUT atits 12/24 V supply terminals.

Connect an AC voltage measurement (e.g. oscilloscope with voltage probe) to the test signal generator
output (loaded by the DUT) and an AC current measurement device (e.g. oscilloscope with current
probe) and an AC voltage measurement to the DUT input as shown in Table 7 and Figure 5.

© IS0 2023 - All rights reserved
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<10 cm
Ipp
A
1 Ug+ Ur 2
Up+ Upp
GND
Key
1 power supply
2 DUT
Ur AC ripple voltage at power supply
Upp peak-to-peak AC voltage at DUT
Uy DC level of applied test voltage, in volts
Ly, peak-to-peak AC current at DUT

Locate voltage meter and ampere meter within 10 cm from the DUT.

Figure 5 — Test setup for superimposed alternating voltage

4.4.2.2 Reference test

Before the testis pursued in operating mode 3.2, a reference test is applied in operating mode 3.3. While
operating the device in 3.3, it shall be ensured that all DUT internal energy buffers (e.g. capacitors,
inductors) are active/present.

NOTE1 The impedance of energy buffers which are connected in operating mode 3.3 are very important for
the reference test, because it mainly determines the current ripple during the reference test. If the architecture
of the DUT features any switch which disconnects the energy buffers from the power supply, the reference test
would not determine the correct voltage ripple Uy.

The reference test determines the necessary voltage ripple Uy at the power supply which shall be
applied to the DUT in order not to exceed the current limit /,, for the applied excitation frequency.

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

The power supply shall inject an AC voltage ripple Uy on top of U, which shall be progressively increased
until either the maximum voltage ripple Uy, at the DUT or the maximum current limit [, is reached.
The ascertained ripple voltages of Uy of the power supply for every frequency step shall be gocumented.
It is necessary to distinguish between Uy and U, due to the impedance of the cable harness and input
impedance of the DUT. Therefore, U, can be much higher than U,,.

NOTE 2  Ifthe DUT contains a low pass input filter (e.g. EMC filter), it is possible that the test is only 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).

© 150 2023 - All rights reserved 9
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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 status class A as defined in ISO 16750-1 is required during active operating modes. The DUT
impedance shall be measured before and after the test. Tolerance for the impedance measurement shall
be agreed between the customer and the supplier. In case the impedance deviation is bigger than the
agreed tolerance the test is failed corresponding to functional status class E.

4.5 Slow decrease and increase of supply voltage

4.5.1 Purpose

This test simulates a gradual discharge and recharge of the battery. This test is relevant for both 12 V
and 24 V systems.

4.5.2 Test method
Apply the following test simultaneously to all relevant inputs (connections) of the DUT.

Decrease the supply voltage from U, to 0 V, then increase it from 0 V to U,, as described in Figure 6,
applying a change rate of (0,5 + 0,1) V/min, either linear, or in equal steps of not more than 25 mV.

U
Ua
0
t
Key
t time, in seconds
U test voltage, in volts

U,  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 © IS0 2023 - All rights reserved
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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
may be specified.

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

4.6 Discontinuities in supply voltage
4.6.1 Drops or interrupts in supply voltage
4.6.1.1 Momentary drop in supply voltage

4.6.1.1.1 Purpose

This test simulates the effect when a conventional fuse element melts in a parallel circuit. This test is
relevant 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 (connections) of
the DUT. The rise time and fall time shall be not more than 10 ms.

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

U
USmin
a5 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

© 150 2023 - All rights reserved 11
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USmin

0 10 t
10,1
Key
t time, in seconds
U test voltage, in volts

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

If the DUT is 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 one of the redundant supply lines 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 functional status class B as defined in ISO 16750-1 is required during active operating modes.
Functional status class C can be permitted 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.

4.6.1.2 Micro interruption in supply voltage

4.6.1.2.1 Purpose

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

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

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.
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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 micro 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

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

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 with
12 V and 24 V nominal voltage (Uy)

tmicro tmicro increased in trecovery n
steps of
10 ps to 100 ps 10 ps
100 psto 1 ms 100 ps 25s
1ms to 10 ms 1 m3 The test voltage Ug shall be held at least until 1
10 ms to 100 ms 10 ms the DUT has achieved 100 % serviceability (all
100 msto 2 s 100 ms systems rebooted without error)
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4.6.1.2.2.3 Test case 2 - variable recovery time

S n
C — ——
1 M
NC - 1 L
t
tmicro trecovery
Key
t time, in seconds
S switch control signal
C switch closed
NC switch open
n number of complete test sequences
Emicro micro interruption duration, in seconds
trecovery recovery time between voltage interrupts, in seconds

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

Table 10 — Micro interruption test value for variable recovery duration time exposure 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
The test voltage Uy shall be at least interrupted 10 ms to 100 ms 10 ms 1
until the DUT has achieved reset condition. 100 msto1s 100 ms
1sto10s 1s

4.6.1.2.3 Requirements

4.6.1.2.3.1 Testcase1l

For &,i.ro < 100 us, functional status class A as defined in ISO 16750-1 is required during active
operating modes.

For ticro > 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.
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4.6.2 Resetbehaviour 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 and
check the reset behaviour of the DUT.

Decrease the supply voltage by 5 % from the minimum supply voltage, Ug;,, to 0,95Us,,;,. Hold this
voltage for at least 5 s. Raise the voltage to Ug,;,. Hold Us,;, for at least 10 s and perform a functional
test. Then decrease the voltage to 0,9Ug,,;,. Continue with steps of 5 % of Ug,;,, as shown in Figure 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 to be
done during the test to assure that the DUT supply voltage level has dropped to the test level defined by
each step in Figure 12. If voltage monitoring cannot be done in the actual test set-up for reasons of test
feasibility (e.g. sealed DUT), the internal voltage drop followability shall be shown in some other way,
e.g. simulations, lab measurements, calculations, engineering judgement.

U

100 U'smin
90
80
70
60
50
40
30
20
10

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 shall
be applied to all redundant supply lines simultaneously.
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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 for both 12 V
and 24 V systems.

4.6.3.2 Test method

Apply the starting profile 10 times, as specified in Figure 13 and Table 11 or Table 12, simultaneously to
all relevant inputs (connections) of the DUT. Recovery period between each starting cycle shall be = 2 s,
until the DUT becomes 100 % operational. One or more profiles as described in Table 11 or Table 12
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 agreed between the customer and the
supplier, the test voltage with starting profile 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.

U
Us
a
AAANAAAN — >
VVVVVVVVYVY o
. <
>
0
t
tl t2 t3 trise
tran
Key
t time, in seconds
U test voltage, in volts
tea 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
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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
Vv
vl Us 95.0,2 65.0,2 50,2 65.0,2
teall 5(x0,5) 5(%0,5) 5(%0,5) 5 (x0,5)
) 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 1 000 (+100) 10 000 (1 000) 1000 (+100) 10 000 (1 000)
trise 40 (+4) 100 (+10) 100 (+10) 100 (£10)
A2 Ba Ba A2
Minimum functional AP Bb cb Bb
status Be Cc Cc Cc
Bd cd cd cd
3 Uspmin=6V; Ugyay = 16 V (see Table 3, Code A).
b Ugmin =8 V; Ugpmax = 16 V (see Table 3, Code B).
¢ Uspmin=9V; Ugpax = 16 V (see Table 3, Code C).
4 Ugpin = 10,5 V; Ugax = 16 V (see Table 3, Code D).
Table 12 — Values for systems with 24 V nominal voltage (Uy)
Level
Parameter
I II II1
0 0 0
Voltage Usy 10.9,2 8.0,2 6.0,2
(V] Us 209, 159, 109,
tel 10 (1) 10 (1) 10 (1)
) t 50 (+5) 50 (+5) 50 (+5)
D“[rrfl‘z]w“ L 50 (£5) 50 (£5) 50 (£5)
ts 1000 (£100) 10 000 (x1 000) 1000 (£100)
trise 40 (+4) 100 (x10) 40 (x10)
A2 Ba Ba
AP 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).
¢ Ugpin=22V; Ugpax = 32V (see Table 4, Code G).
4 Ugpmin = 18 V; Ugpax = 32 V (see Table 4, Code H).

18
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4.6.3.3 Requirements

For functions of the DUT that are relevant to vehicle operation during cranking, functional status class
A as defined in [SO 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 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. The severity level for test B (1, 2, 3 or 4) shall be agreed between the
customer and the supplier. This test is relevant for both 12 V and 24 V systems.

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, for more information about the load dump pulse, see ISO 7637-2:2011, Annex D. Load dump
generator performance and tolerances shall be verified according to test method given in Annex A, or
equivalent test method. In Annex B, some more information is given on the origin of the load dump
pulse.

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 Figure 14 and Table 13. For the test voltage Uy, see ISO 16750-1.

The operating mode of the DUT shall be 3.4, as defined in ISO 16750-1.
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0,9 (Us' UA) + UA

0,1 (US'UA)+UA

trise

Us

Ua
0
t

Key
t time, in seconds
U test voltage, in volts
tq duration of pulse, in seconds
trise rising slope, in seconds
Uy supply voltage for alternator in operation, in volts (see ISO 16750-1)
Ug supply voltage, in volts

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
Parameter .
Uy=12V Uy=24V requirements
Ug? [V] 79 < Ug<101 151 < Ug<202
a . .
R2[Q] 0,5<R;<4 1<R;<8 10 pulses at
tyq [ms] 40 <t; <400 100 <¢t43=350 1 min intervals
0 0
trise [ms] 10_5 10_5
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.

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

R 10XU o X Noet

where

U
I

rated

N

20

" 0,8x1,.4x12000min "

hom IS the specified voltage of the alternator;

act  isthe actual alternator speed, in reciprocal minutes.

is the specified current at an alternator speed of 6 000 min-1, as given in ISO 8854;
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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 operation, 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 Minimum test
Parameter .
Uy=12V Uy=24V requirements
Ug [V] 79 < Ug < 101 151 < U < 202
Severity 1: 27V
. Severity 2: 30 V As specified by customer
US [V] Severity 3: 32 V (typical value 58 V)
y 3 5 pulses at
Severity 4: 35V 1 min intervals
RA[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 Purpose

This test checks the ability of a DUT to withstand the connection of a reversed battery in case of using
an auxiliary starting device.

This test is relevant for 12 V systems (test case 1 or test case 2) and 24 V systems (only test case 2).
This test is not applicable for:
— alternators;

— terminals with clamping diodes without external reverse polarity protection device.
4.7.2 Test method

4.7.2.1 General

Connectand fuse the DUT as in the real vehicle, but without alternator and battery. Choose the applicable
voltages from the following cases and apply them simultaneously to all relevant power terminals with
reversed polarity.

Operating mode is not applicable during this test.

If the DUT is supplied by two or more redundant supplies, and if agreed between the customer and the
supplier, the reversed voltage according to applicable test cases below 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.

4.7.2.2 Testcasel

This test case applies if the DUT is used in a vehicle with a 12 V nominal voltage system where the
alternator circuit is not fused and the rectifier diodes withstand a reversed voltage for 60 s. Apply a test
voltage of -4 V simultaneously to all relevant inputs (connections) of the DUT for a duration of (60 + 6) s
(see Figure 16 and Table 15).

This test case is not applicable for systems with 24 V nominal voltage.
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u n
Lea) Lrise
Usmin - — _——
0
t
Ureversed L treversed—recovery
Ereversed
Key
t time, in seconds
U test voltage, in volts
UL eversed reversed test voltage, in volts
Usmin minimum supply voltage, in volts
n number of reversed voltage events in sequence
ten fall time, in seconds
treversed reversed voltage duration, in seconds
trise rise time, in seconds
treversed-recovery T€COVEry between reversed voltage events, in seconds
Figure 16 — Reversed voltage test case 1
Table 15 — Reversed voltage test case 1 values
Parameter Lean Lrise Lreversed Lreversed-recov- USmin Ureversed n
ery
12 V system <10 ms <10 ms 60 s 120's 10,5V -4V 1

4.7.2.3 Testcase 2

In all other cases, apply the test voltage U, .yerseq (S€€ Figure 17 and Table 16) simultaneously to all
relevant inputs (connections) of the DUT for a duration of (60 * 6) s.
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U n
Usg |- _
tfall Lrise
0 ——
t
treversed—recovery
Ureversed -1
treversed
Key
t time, in seconds
U test voltage, in volts
Useversed reversed test voltage, in volts
Ug supply voltage, in volts
n number of reversed voltage events in sequence
e fall time, in seconds
treversed reversed voltage duration, in seconds
trise rise time, in seconds
treversed-recovery T€COVETy between reversed voltage events, in seconds
Figure 17 — Reversed voltage test case 2
Table 16 — Reversed voltage test case 2 values
Parameter tfall trise treversed treversed-recoverv UB Ureversed

12 V system <10 ms <1000 ms 60s 120s 12V -14V
24 V system <10 ms <1000 ms 60s 120s 24V 26V

4.7.3 Requirements

After replacing all blown fuse-links, functional status class A as defined in ISO 16750-1 is required
during active operating modes.

4.8 Ground reference and supply offset

4.8.1 Purpose
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.
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US

U, U,
GND,, GND,
Uoffsetl

UoffsetZ
1

2
NOTE 1
NOTE 2

ISO 16750-2:2023(E)

Uoffsetl C) *
Uy U,
1 2
GND,; GND,
UoffsetZ C) *
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 are directly
connected to each other within the DUT, the GND offset voltage is applied to those GND pins
simultaneously (e.g. for DUT with only two ground connections that are both internally tied together,
+1 V variation of U, ., is not relevant).

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

paths

4.8.2 Test method

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

Test Test case US Uoffsetl UoffsetZ
1 1 V GND offset and no Us offset Ug+(U,-Ug)/2 ov 1V
2 1V GND offset and 1V Ug offset Ug+(Ux-Ug)/2 1V 1V
3 1V GND offsetand -1 V Ug offset Ug+(Uy-Ug)/2 -1V 1V
4 -1 V GND offset and no Us offset Ug+(U,-Ug)/2 ov -1V
5 -1 VGND offsetand 1 V Us offset Ug+(U,-Ug)/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 Us 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) Apply Ug to the DUT.

b) Subject ground/supply line to the offset voltage relative to the DUT ground/supply line.
c¢) Perform a functional test under this condition.

d) Repeatstep a) to c) for each new ground/supply line combination.

Repeat the test with reverse offset voltage.

4.8.3 Requirements

Functional status class A as defined in ISO 16750-1 is required during active operating modes.
4.9 Open circuit tests
4.9.1 Single line interruption

49.1.1 Purpose

This test simulates an open contact condition, for instance, if a single wire or electrical connection to
a DUT has an interruption. The kind of interruption can be static or dynamic (loose contact). Static
interruption is simulated by test method 1, dynamic interruption is simulated by test method 2. This
test is applicable for both power, ground, signal and load circuits for the DUT. Both test method 1 and
test method 2 shall be performed.

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

NOTE This is not a test for connectors.

4.9.1.2 Testmethod1

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.

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

Perform this test for load-circuits in addition with the conditions for:

— outputs active;

— outputs inactive.

Repeat for each circuit of the DUT/system interface. The following test conditions shall be met:
— interruption time: (10 + 1) s;

— open circuit resistance: = 10 M{);

— 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 the device behaviour during and after the interruption pattern.
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The operating mode of the DUT shall be 3.4, as defined in ISO 16750-1.

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

— open circuit resistance: = 10 M();

— maximum interrupt transition time < 10 ps.

ISO 16750-2:2023(E)

n
PIN
‘ R R [
Ne L | _| L |
Lint
tint-cycle
tint-burst tint-recovery

Key
t time, in seconds
PIN line connection condition
C single wire or electrical connection present to DUT
NC single wire or electrical connection with interruption
tint short-term open circuit time, in seconds
tint-cycle short-term open circuit repetition time, in seconds
tintburst  burst duration of open circuit pattern, in seconds
tint-recovery €COVETy time between interruption pattern, in seconds

n number of complete interruption pattern sequences

Table 18 — Interruption pattern test values

Figure 19 — Interruption pattern of short-term open circuit events

Parameter

tint

t

int-cycle

t

int-burst

t

int-recovery

Value

100 ps

1 ms

10s

10s

4.9.1.4 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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4.9.2 Multiple line interruption

4.9.2.1 Purpose

The purpose of this test to ensure functional status as defined in the specification of the DUT when the
DUT is subjected to a rapid multiple line interruption, for instance if the whole connector to the DUT is
unplugged.

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

NOTE This is not a test for connectors.

4.9.2.2 Test method

Disconnect the DUT, then restore the connection. Observe the device behaviour during and after the
interruption.

The test shall be run once with the DUT in operating mode 2.1, and once with the DUT in operating
mode 3.4 (i.e. to test both sleep mode and maximum load conditions), as defined in ISO 16750-1.

The following test conditions shall be met:
— interruption time: (10 + 1) s;
— open circuit resistance: = 10 MQ.

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

4.9.2.3 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.

4.10 Short circuit/overload protection

4.10.1 Purpose

These tests simulate short circuits and overload to the inputs and outputs of a device. This test is
relevant for both 12 V and 24 V systems.

4.10.2 Short circuit in signal lines and load circuits

4.10.2.1 Test method

Connect all relevant inputs and outputs (both signal lines and load circuits) of the DUT in sequence for
duration of 60 s + 10 % to Ug,,, (see Table 3 and Table 4) and to ground, as described below in steps a)
through f). All other inputs and outputs remain open unless otherwise agreed between the customer
and the supplier. Steps a) through f) performed for all signal lines/load circuits of the DUT constitutes
one complete test set.

a) Connect DUT signal line/load circuit to be tested to Ug, ..
b) Hold short circuit condition for a duration of 60 s + 10 %.
c) Observe behaviour of DUT during and after holding time in b).

d) Connect DUT signal line/load circuit to be tested to ground.

28 © IS0 2023 - All rights reserved



ISO 16750-2:2023(E)

e) Hold short circuit condition for a duration of 60 s + 10 %.
f) Observe behaviour of DUT during and after holding time in e).
Repeat steps a) through f) for all signal lines and load circuit inputs/outputs of the DUT.
Complete test set as described above shall be performed one time for each of the conditions given below:
— connected supply voltage and ground terminals:
— outputs active;
— outputs inactive;

— disconnected positive supply voltage terminals (this addresses effects of inverse current by, for
example, removal of the DUTs cable harness fuse, while short to positive supply is present on signal
lines and load circuit).

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

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

Load circuits that are fuse protected shall return to normal operation upon replacement of all blown
fuses (i.e. the functional status for these circuits shall be minimum class D as defined in ISO 16750-1).

For electronically protected outputs, where the protection strategy in case of a short circuit includes
a limited number of activation retries during a specified time interval, before shutting down the load
output, it shall also be considered the need of user intervention before returning to normal operation.
For such load outputs, the functional status shall be minimum class D as defined in ISO 16750-1.

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.

4.10.3 Overloading of load circuits

4.10.3.1 Test method

Connect the DUT to the power supply. The load circuits shall be in operation.
Each load circuit shall be tested individually for:

— 100 % of the current capacity (nominal load);

— 150 % of the current capacity (overload).

For test duration, the specifications of the appropriate part of the ISO 8820 series (operating time
rating) shall be used, considering the upper tolerance plus 10 %. If protection other than fuses is used
(e.g. electronic protection), the test duration shall be agreed between the customer and the supplier.
This test is applicable only for systems/components with load circuits.

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

4.10.3.2 Requirements

All electronically protected outputs shall withstand the currents as ensured by the corresponding
protection and shall return to normal operation upon removal of the overload current (minimum
functional status class C as defined in ISO 16750-1 is required).

For electronically protected outputs, where the protection strategy in case of an overload includes a
limited number of activation retries during a specified time interval, before shutting down the load

© 150 2023 - All rights reserved 29



ISO 16750-2:2023(E)

output, it shall also be considered the need of user intervention before returning to normal operation.
For such load outputs, minimum functional status class D as defined in ISO 16750-1 is required.

All conventional fuse-protected outputs shall withstand the currents as ensured by the corresponding
protection and shall return to normal operation upon replacement of the conventional fuse after the
overload test (minimum functional status class D as defined in ISO 16750-1 is required).

All unprotected outputs shall withstand the nominal load current, but can be damaged by the overload
test current (functional status class E as defined in ISO 16750-1 is permitted provided that the materials
in the DUT are compliant with the flammability requirements of UL94-VO0IZl).

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.

4.11 Withstand voltage

4.11.1 Purpose

This test ensures the dielectric withstand voltage capability of circuits with galvanicisolation. This test
is required only for system/components which contains inductive elements (e.g. relays, motors, coils),
or are connected to circuits with inductive load.

The deliberate overvoltage between the galvanically isolated current carrying parts of the DUT could
have a negative effect on insulation performance caused by the electrical field. This test stresses the
insulation system and checks the ability of the dielectric material to withstand a higher voltage caused
by switching off inductive loads.

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

Note that only testing for 12/24 V components is described in this part. For withstand voltage test of
components with voltage class B parts and/or 48 V circuits, please refer to ISO 16750-4 instead.

4.11.2 Test method

Perform a humid heat cyclic test in accordance with ISO 16750-4:2023, 5.6.2.2,5.6.2.3, or 5.6.2.4. Which
humid heat cyclic test to use shall be agreed between the customer and the supplier.

The system/components shall remain at room temperature for 0,5 h after the humid heat cyclic test.
The operating mode of the DUT is 1.1 or 1.2 as defined in ISO 16750-1.

Apply AC voltage (50 Hz/60 Hz) of 500 V to the DUT for 60 s.

NOTE Other test voltages can be accepted if agreed between the customer and the supplier.

Apply the voltage as follows, between:

— terminals with galvanic isolation;

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

— terminals and an electrode wrapped around the housing (e.g. metal foil, sphere bath) in the case of
plastic housing.

4.11.3 Requirements

Minimum functional status class C as defined in ISO 16750-1 is required. Neither dielectric breakdown
nor flash-over shall occur during the test.
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4.12 Insulation resistance

4.12.1 Purpose

This test ensures a minimum value of ohmic resistance required to avoid current between galvanically
isolated circuits and conductive parts of the DUT.

The test gives an indication of the relative quality of the insulation system and material.

Note that only testing for 12/24 V components is described in this document. For insulation resistance
test of components with voltage class B parts and/or 48 V circuits, please refer to ISO 16750-4 instead.

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

4.12.2 Test method

Perform a humid heat cyclic test in accordance with ISO 16750-4:2023, 5.6.2.2,5.6.2.3, or 5.6.2.4. Which
humid heat cyclic test to use shall be agreed between the customer and the supplier.

The system/components shall remain at room temperature for 0,5 h after the humid heat cyclic test.
The operating mode of the DUT is 1.1 or 1.2 as defined in ISO 16750-1.

Apply a test voltage of 500 V d.c. to the DUT for 60 s, as follows, between:

— terminals with galvanic isolation;

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

— terminals and an electrode wrapped around the housing (e.g. metal foil) in the case of plastic
material housing.

NOTE For particular applications, the test voltage can be reduced to 100 V d.c. if agreed between the
customer and the supplier.

4.12.3 Requirements
The insulation resistance shall be greater than 10 MQ.

NOTE For particular applications, the requirements can be changed by agreement between the customer
and the supplier.

4.13 Electromagnetic compatibility

EMC specifications are given in References [1],[4],[5],[6],[8] and [9] for information only. Performance

measurements based on these specifications are not included in the scope of the ISO 16750 series.

5 Documentation

For documentation, the designations according to ISO 16750-1 shall be used.
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Annex A
(normative)

Test load dump pulse generator verification procedure

A.1 Scope

The purpose of this annex is to provide a method for the verification of the output characteristics of the
test pulse generator.

A.2 General

The verification measurements given in A.3 shall be performed under two different loading conditions
to determine the behaviour of the test pulse generator:

a) under no load condition;

b) under matched load conditions.

A.3 Load dump pulse verification

The generator shall be verified to ensure conformance with the parameters given below for both open
circuit and loaded conditions. The level corresponding to U, in Figure 14 and Figure 15 shall for the
purpose of this verification procedure be set to 0 V. The selected resistors shall have sufficient power
dissipation for both pulses. The tolerance of the matching resistor shall be #1 %. The source impedance
shall be selected such that it is equal to the load resistance defined for the test pulse.

For definition of test pulse, see Table A.1.

Table A.1 — Load dump pulse - in systems with 12 V and 24 V nominal voltage

Type of system
Parameter Uy=12V Uy=24V
No load 2 Qload No load 2 Qload
U +100V+10V +50V+10V +200V+20V +100V+20V
Lrise [10_% ) ms — (10_% ) ms —
tq 400 ms + 80 ms 200 ms = 40 ms 350 ms £ 70 ms 175 ms + 35 ms
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Annex B
(informative)

Origin of load dump pulse in road vehicles electrical systems

B.1 General

The load dump pulse used in this document is based on load dump pulses measured in vehicle electric
systems under certain conditions and created by basic configurations in the electric circuits. In this
annex, a schematic diagram is presented which helps to explain the origin of the load dump pulse.

B.2 Pulse

See Figure B.1. The load dump pulse occurs in the event of a discharged battery disconnect (e.g. open
circuit due to fuse blow, defective harness, intermittent contact to main battery) while the alternator
is generating excessive charging current to loads (DUTs) remaining on the alternator circuit at the
moment of battery disconnect. This results in an overvoltage pulse from the alternator outputs. The
load dump pulse shapes are represented in Figure 14 and Figure 15.

If the alternator has built in overvoltage protection, the load dump pulse is limited in amplitude as
shown in Figure 15. The resulting maximum voltage amplitude, or severity of the load dump pulse,
then depends on the overvoltage limiting device in the alternator and the suppression capacity in the
electrical system.

Key

1  point of battery circuit disconnect
2 alternator

3 DUT / remaining loads

4 Dbattery

Figure B.1 — Simplified circuit diagram for explanation of load dump pulse origin
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