INTERNATIONAL ISO
STANDARD 21780

First edition
2020-08

Road vehicles — Supply voltage|of
48 V — Electrical requirementsjand
tests

Véhicules routiers — Tension d’alimentation de 48 V — Ekigences
électriques et essais

Reference number
1SO 21780:2020(E)

©1S0 2020



https://standardsiso.com/api/?name=a6c9dab802831ffac79e26f5157da29b

IS0 21780:2020(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2020

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 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=a6c9dab802831ffac79e26f5157da29b

IS0 21780:2020(E)

Contents Page
FOT@WOT .........oocccc e85 55858555555855 8 5555 \%
1 S0P ... 1
2 NOITNATIVE TEECI@INCES .........occccocovoveieiesssse st 1
3 Terms and AeFIMITIOIIS ... 1
4 FUNCHIONAL STATULS ...
4.1 General ...
4‘.2 Fuuuiuuai SLdlud 1 (FS].)
4.3 Functional status 2 (FS2)
4.4 Functional status 3 (FS3)
4.5 Functional status 4 (FS4)
4.6 Functional status 5 (FS5)
5 SUPPLY VOItaGEe FaANGE ... e s e 3
6 Functional Cate@OTies ... oo S| 5
7 OPErating MOMES ... g oo e 6
8 General tests CONAIIONS ... s
8.1 StaNdard tOIETANCES ...ty Moo
8.2 GENETAL VALUES. ..o Ao Besess s
8.3 Sampling rate and value resolution
8.4 Description of interfaces ... @y
8.5  Restrictions on performing the teStS .. 5 i 7
8.6 Number of tested samples
8.7  Testvoltages.........
8.8 TESE PIOCEAUIE. ... st
8.9 Parameter CRECK ... s
8.10 Continuous parameter monitoring with drift analysis ..
8.11 Physical analysis
9 General requirements
9.1 LT3 1<) - 0 SO
9.2 Prerequisites regarding the system in which the component is applied.............fis 10
9.3 (0102000 0102 0T=) Lo =10 LD N D =) 40 L) 01 OSSPSR I 10
10 TeSts AN FEQUUFEIMIEIIES ..........c.c.oooiiroreee oo
10.1 Test€0}:nominal voltage range
1041
10.1.2
10.1.3
10.1.4  REQUITEIMEIIT ..oooioieiieiie it
10.2 Test-02: lower and upper transitory voltage ranges...........o o 12
TO.Z.T PUTPOSE .o
10.2.2 TeSt ..
10.2.3 Procedure.....
10.2.4 Requirement.........n
10.3  Test-03: short term overvoltage
T0.3. 1 PUTPOSE oo 55
10.3.2
10.3.3
10.3.4 Requirement
10.4 Test-04: supply component load dump CONLIol teSt. ... 15
10.4.1
10.4.2
10.4.3
10.4.4  REQUITEIMIEIIT ....ooooiiiiiiiieiie e 16

© 1S0 2020 - All rights reserved iii


https://standardsiso.com/api/?name=a6c9dab802831ffac79e26f5157da29b

IS0 21780:2020(E)

10.5

10.6

10.7

Test-05: starting profile....
10.5.1 Purpose......c.....
10.5.2 Test..oue.
T0.5:3  PIOCEAUIE ..o
10.5:4  REQUITEIMIEIIT ...oooiiieieee e
Test-06: long term overvoltage
L0.6. 1 PUTPOSE .t
T0.60.2  TOST e
10.6.3  REQUITEIMIEIIT ...ooocciiieiieiie s
Test-07: overvoltage with consumer components which may supply electrical energy....19
L0.7. 0 PUIPDOSE et

10.8

10.9

10.1

10.11

10.12

10.13

10.14

10.1%

T0.7.2 TS E e
10.7.3 Requirements for part 1 and part 2 -
Test-08: decrease and increase of supply voltage ... ) e
L0.8.1  PUIPOSE .ot
10.8.2 TeSt..cn
10.8.3 Requirement....
Test-09: voltage ripples
10.9.1 Purpose........
10.9.2 TeSt..
10.9.3  REQUITEIMEIIT ..o S
Test-10: reinitialiSAtION ... ey st
10.10.1 Purpose............

10.10.2 TeSt .o

10.10.3 Requirement
Test-11: discontinuities in supply voltage....
10.11.1 PUIPOSE ..ot
T0.010.2 TOST et e
10.11.3 REQUITEIMEIITS ..oooiiooiieiiiieiiieees S it
Test-12: ground loss
T0.12.0 PUTPOSE iMoot
10.12.2 REQUITEIMEIITS ..oooee bk
Test-13: fault current.....
10.13.1 Purpose....
10.13.2 Test.....
10.13.3 Requirement...
Test-14: ground offset....
T0.14. T PUTPOSE A e ee s
I S Y
10.14.3 REGUITEMENT ....coocccivriiicsecse e
Test-15: short circuit in signal line and load circuit...
10.15:3/Purpose
10545:2 Test..c...e.
10:15.3 Procedure

10.16

Annex A (informative) Example of functional status and functional categories

Y015 4 annirnmnnfc
TeSt-16: QUIESCEIT CUTTEIE ......oooiioiiiieeiiieiesse e
10.16.1 Purpose
TI0.16.2 TS oo
10.16.3 REQUITEIMIEIITS ..oooo oo

Annex B (informative) Loss of GND,g using the example CAN communication.................c.

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=a6c9dab802831ffac79e26f5157da29b

IS0 21780:2020(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 preecedures—tsed—to—developth ment-and-these—ntendedfor-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 documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documént may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the
World Trade Organization (WTO) principles in the Techinical Barriers to Trade (TBT) see wiww.iso.org/
iso/fpreword.html.

This|document was prepared by Technical Cominittee ISO/TC 22, Road vehicles, Subcomnjittee SC 32,
Electrical and electronic equipment and general system aspects.

Any feedback or questions on this documrent should be directed to the user’s national standprds body. A
complete listing of these bodies can e found at www.iso.org/members.html.
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INTERNATIONAL STANDARD 1SO 21780:2020(E)

Road vehicles — Supply voltage of 48 V — Electrical
requirements and tests

1 Scope

This document covers requirements and tests for the electric and electronic components in road
vehigtesequipped witiram elfectrical systenT operating at a omniat vottage of 48V DE:

Thisincludes the following:
— general requirements on 48 V DC electrical systems;
— Yvoltage ranges;

— glow voltage transients and fluctuations (not including EMC).

2 Normative references

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

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

ISO [16750-2, Road vehicles — Environmeftal conditions and testing for electrical and electronic
equipment — Part 2: Electrical loads

ISO/IEC 17025, General requirements \for'the competence of testing and calibration laboratorigs

EN 1B018, Non-destructive testing— Visual testing — General principles

3 Terms and definitions
For the purposes ofthis document, the following terms and definitions apply.
ISO gnd [EC maintain terminological databases for use in standardization at the following gddresses:

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

— IECElectropedia: available at http://www.electropedia.org/

3.1
component
a part that is directly installed in a vehicle and is the Device Under Test (DUT)

3.2

fire

self-supporting combustion which spreads, uncontrolled, with time and in space and may result in
bright light, heat, smoke, burning or a combination of all the above

3.3

ground for 12 V/24 V electrical system
GND13/24

ground pin on the 12 V/24 V electrical system

© IS0 2020 - All rights reserved 1


https://www.iso.org/obp/ui
http://www.electropedia.org/
https://standardsiso.com/api/?name=a6c9dab802831ffac79e26f5157da29b

ISO 21780

:2020(E)

34

ground for 48 V electrical system

GND,q

ground pin on the 48 V electrical system

3.5

12 V/24 V positive voltage connection pin

Ui2/24

positive voltage connection pin on the 12 V/24 V electrical system
3.6

48V pOSlti € vultasc connection P;"

Uyg

positive voltage connection pin on the 48 V electrical system
3.7

nominal 12 V/24 V supply voltage

Uy

voltage of the 12 V/24 V external supply distribution system
3.8

nominal 48 V supply voltage

Usgn

voltage of th
3.9

e 48 V external supply distribution system

maximum ¢perating temperature

Tmax
highest tem
3.10
minimum @
Tmin
lowest temp
3.11
room temp

Trr .
ambient ten

3.12
test tempey
T,

test
temperatury

berature of operation of the DUT

perating temperature

erature of operation of the DUT

erature

perature at which the-test is performed

ature

e of the DUT at which the test is performed

4 Functional status

4.1 General

A component may include several functions which might have different functional statuses for the same
value of the influencing parameter. For the purpose of this document the influencing parameter is the
supply voltage.

The functional status is a minimum requirement.

The component functional behaviour, (including derating), relating to each chosen functional status
level and the customer perception (e.g. visual, acoustic, tactile and thermal), shall be defined and
agreed between the customer and supplier and described in the required component documentation.
See Annex A for application examples.

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=a6c9dab802831ffac79e26f5157da29b

4.2

IS0 21780:2020(E)

Functional status 1 (FS1)

The function shall meet a specified performance without deviation. Derating or switch-off is not
allowed.

4.3

Functional status 2 (FS2)

The function shall meet a specified performance with a specified variation below or above the specified
performance of FS1. Derating is allowed, switch-off is not allowed.

4.4

Functional status 3 (FQQ)

The f
shall

condfitions are met.

4.5

The
shall
chan

4.6

The
not 3
unle

5 9
The s

unction may not provide the specified performance. Derating or switch-off is allowed.
automatically recover and return to the specified performance level if the necessaj

Functional status 4 (FS4)

unction may not provide the specified performance. Derating or swifch-off is allowed.
recover and return to specified performance only after a changé.in vehicle operationa
pe of ignition status, vehicle restart) has occurred and if the néceSsary operating conditi

Functional status 5 (FS5)

et itself on fire as defined in 3.2. After applicatien is terminated, the DUT can no lon
bs it is repaired or replaced

bupply voltage range
upply voltage ranges are described-in Figure 1.

[he function
y operating

[he function
| status (e.g.
ons are met.

DUT fails to perform one or more functions whilstthe test parameters are applied, the DUT does

ger be used

© ISO
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60 V Upper overvoltage limit

Upper
overvoltage range

58 V Overvoltage limit

Overvoltage range

54 V Upper transitory voltage limit

Upper transitory
voltage range

52 V Upper nominal voltage limit

Nominal
voltage range

36 V Lower nominal voltage limit

Lower transitory
voltage range

31V Lower transitory voltage limit

Undervoltage
range

24 V Undervoltage linit

Lower
undervoltage range

0 V Lower undervoltage limit

Figure 1 — Supplyvoltage ranges

Upper overjoltage range (58 V- 60 V):

Reason for heing in this voltage range coeuld be a control error.
Overvoltage range (54 V- 58 V):

This voltagg range may occur.due to (short term) return of electrical energy or maybe a control erfor.
The system jmay operate dnly temporarily in this range.
Upper tranpitory voltage range (52 V- 54V):

This range if intended for calibrating the storage media and for uptake of recovered energy.

The system [may operate only temporarily in this range.

Nominal voltage range (36 V- 52 V):

The system is expected to operate in this range most of the time.

Lower transitory voltage range (31 V - 36 V):

The voltage may for example be in this range during boost or during cold crank.
The system may operate only temporarily in this range.

Undervoltage range (24 V-31V):

The voltage may for example be in this range during cold crank.

4 © IS0 2020 - All rights reserved
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The system may operate only temporarily in this range.
Lower undervoltage range (0 V- 24 V):
Storage protection.

The voltage is not expected to be in this range except for short term discontinuities in the supply voltage
or due to long term parking.

6 Functional categories

The fequired performance, (e.g. torque of an electrical motor or flow rate of a water purhp), shall be
specified for each relevant function of the DUT. The performance specified is then used a9 a reference
to enable the selection of a functional status level for each relevant function. The functiongl categories
which specify the changes in functional status of the DUT as a function of the 487V supplyf voltage are
described in Table 2. Use Table 2 to select the required category for each function-of the DUT. Examples
for the different functional categories are given in Table 1.

Table 1 — Functional categories

Functional category Example of functions.or components

FCI Communication, diagnostic

Voltage conversion from 48V to 12 V
Functions relevant to vehicle'safety

FCII . .
Functions relevant to propulsion.
Components which aet'as 48 V sources.
Components/functions relevant to starting.

FCIII Components/fufictions that need to operate during starting
(cranking).

FCIV Comfort fuhctions

To beluséd if the above definitions of functional categories are
FCZ judged to be unsuitable for the DUT. In this case, functional status is
to be agreed between supplier and customer for each test.

Table 2 — Functional status

Functional catggory

Vgltage range Test

I 11 I | 1y Z

60 V|< Uyg < 70 V.| Test-03 Short term overvoltage FS1 | FS2 | FS2 | F§3 As
agreed

58 V|< Uugs60V  |Test-06 Long term overvoltage FS3 | FS3 | FS3 | F§3 As
agreed

54 v|I<0). <58V Te:s.t-‘O7 Overvol'Eage: with consumer components Fs1 | Fs2 | Fs3 | r43 As
WITICIT [Ty SUPPLY EIECtTICdl EIErgy agreed
52V<U,;g<54V |Test-02 Lower and upper transitory voltage ranges FS1 | FS2 | FS3 | FS2 ag?efed

. As
52V <Upg<54V |Test-09 Voltage ripples FS1 | FS2 | FS3 | FS2 agreed

36 V<Uu<52V |Test-01 Nominal voltage range FS1 | FS1 | FS1 | FS1 As
agreed
31V<U,g<36V |Test-02 Lower and upper transitory voltage ranges FS1 | FS2 | FS2 | FS3 ag?esed
31V=U,<36V |Test-08 Decrease and increase of supply voltage FS1 | FS2 | FS2 | FS3 ag?esed

© IS0 2020 - All rights reserved 5
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Table 2 (continued)

Functional category
Voltage range Test
I II 111 1A% Z
. As
31V<sU,g<36V |Test-09 Voltage ripples FS1 | FS2 | FS2 | FS3 agreed
31V<U,g<36V |Test-10 Reinitialization FS1 | FS2 | FS2 | FS3 As
agreed
24V<Uug<31V |Test-05 Starting profile FS1 | FS2 | FS2 | FS3 As
agreed
24V<Uu,<B1lV |Test-08 Decrease and increase of supply voltage FS1 | FS3 | FS3 | FS3 ag:ied
24V<U,g<P1V |Test-10 Reinitialization Fs1 | Fs2 | Fs2 | BSR4
T a8 V| agreed
\o"
0V<Up<2pV Test-08 Decrease and increase of supply voltage FS3 | FS3 Fﬁg\ FS3 4s
a agileed
4 As
0V<Ug<2#V  |Test-10 Reinitialization FS3 | FS3.) FS3 | Fs3
3\ agileed
NOTE Not all of the tests in this document are listed in Table 2. Tests that dre not listed in the table|state
their requirements in the individual test clauses.
7 Operating modes
The following operating modes apply.
The DUT is| electrically operated with test voltage Ugand U,gy as defined in 3.7 and 3.8 (upless
otherwise specified in the test procedure) with all electrical connections made.
If the compqgnent requires a cooling system, it shdll be operated and adjusted if necessary, as descyibed
in the component specifications:
— operatipg mode 2.1: system/component functions are not activated (e.g. sleep mode);
— operatipg mode 2.2: electrical ‘systems/components controlled to and operating at tyfpical
operatihg mode;
— operatipg mode 2.3: electrieal systems/components controlled to and operating at minimum fload.
No activated loads (e.g-standby);
— operating mode 2.47€lectrical systems/components controlled to and operating at maximum load.
Minimum, tlypical_.and maximum operating loads should be defined for each function by agreement
between the supplier and customer.

NOTE

Since the application scope is dilferent, these operating modes delinitions are not strictly identical

to the definitions of the ISO 16750-1. Operating modes 1, 3 are used in ISO 16750-1 but are not needed in this

document.

8 General tests conditions

8.1 Standard tolerances

Unless otherwise stated, the tolerances specified in Table 3 apply for the measurement values in all the

tests given i

n this standard.

© IS0 2020 - All rights reserved
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Table 3 — Standard tolerances

Abbreviation Meaning Tolerance limits

f Frequency 1%
T Temperature +2°C

RH Relative humidity 5%
t Time +5%to 0 %
U Voltage +0,5%
I Current 2%
R Reststor +16-%

8.2 | General values

Unlefs otherwise specified, all tests shall be performed at:

— nominal 12 V/24 V voltage (Uy) as defined in ISO 16750-1;
— nominal 48 V voltage (U,gy): 48 V;

— 1oom temperature (Tgy): +23 °C £5 °C;

— relative humidity (RH.¢): 25 % to 75 %;

— {est temperature (T.,J): room temperature.

8.3 | Sampling rate and value resolution

Before each test, it shall be ensured that the sampling rate/bandwidth, the measurement fange of the
meaguring system and the resolution of the measured values are set to values appropriate for the test
to bg performed and, where necessary, adjusted to suit. All measured values shall be redorded along
with|the maximum and minimum, or peak, values.

8.4 | Description of interfaces

All interfaces to the DUT which enable functional performance of the DUT along with |the specific
test parameters to be mét)shall be defined. Examples of such are, electrical connectors|and wiring,
mechanical attachments;coolant mechanisms, etc.

8.5 | Restrictionson performing the tests

The
testi
(ora

testing laboratory shall be organised and operated in accordance with ISO/IEC 17
g equipment used for making measurements shall be calibrated in accordance with IS
5 determined or recommended by the manufacturer) and shall be traceable to a nationg

025. All the
D/IEC 17025
1l metrology

labot

atarv
*4

8.6

Number of tested samples

Final validation shall be performed with at least two DUTs, during initial design validation phases this
requirement is waived.

8.7

Test voltages

Unless explicitly specified otherwise, voltage profiles indicated refer to the terminal voltages of the DUT
and shall be measured and documented in the test report. The specified voltages shall be measured

refer

© ISO

enced to their respective grounds at connector or terminals of the DUT.
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All 48 V components that are equipped with an interface for 12 V/24 V supply, or communication
interfaces, shall also satisfy the corresponding requirements for the 12 V/24 V supply:

— during the 12 V/24 V supply system tests, the voltage in the 48 V supply system is U,gy, unless
required otherwise in the individual tests;

— duringthe 48 Vsupply system tests, the voltage in the 12 V/24 V supply system is Uy, unless indicated
otherwise in the individual tests.

All 48 V components that are equipped with an interface to any other supply voltage level shall also

satisfy the ¢

orresponding standards.

8.8 Test ]I)rocedure

The test pr(
plan. For ea
each functig

Details of t
replacement
and the sup
electrically

The test equlipment shall ensure that all interfaces which are required fo'meet the specified perform

of the DUT
received fro
may be simy

In all cases,
If the devicH
shall be ens

Damage to {
sheets (e.g.
not be exceg

An electrical test begins when the DUT has started up completely and is in FS1.

Before and
accordance
each test.

During each
resets shall

Damaged D
failure and

cedure shall be defined in conjunction with the customer and documented. within 3
ch test, as applicable, the permitted error memory entries and the functionalstatusg
n of the component shall be agreed with the customer and documented within the test

he test setup, operating loads (e.g. triggering, original sensors, ¢riginal actuatorg
circuitry) and the required boundary conditions shall be agreed between the cust
plier and documented in a test plan and in the resultant test report. Components thg
both a source and a sink shall be tested in both modes of operation.

are populated and functional to the required level. Signals or messages which shg
m or transmitted to the vehicle controller in order to‘énsure the DUT functions as expé
|lated if a full vehicle or HIL simulation is not usegd.

program and data storage devices shall remain in FS1 until the component is deactiv
has non-volatile memory, the integrity (not-the current status) of the non-volatile me
ired at all times.

he DUT is not permitted in FS1 to S4. The permissible limit values specified in the
electrical, thermal or mechanical) of the electric/electronic components in the DUT
ded. Evidence of this is providéd at least by the parameter check as described in 8.9.

hfter every test, the(DUTs shall be subjected to a parameter check as described in §
with specifications~The DUT shall be in a steady state of temperature at the beginni

test, the key-parameters to be monitored shall be recorded as described in 8.10. Compd

be monitored and documented in an appropriate form to be included in the test report.

test
s for
plan.

and
bmer
t are

ance
11 be
pcted

ated.
mnory

data
shall
3.9 in

ng of

nent

JTs<(ES5) shall be removed from the test cycle, analysed regarding the root cause fI

the

locumented. In such cases, the test shall be repeated with a new DUT, or the following test

in the test p

an shall be performed with a new DUT. The procedure shall be agreed with the customer.

The physical analysis as described in 8.11 shall be carried out on at least one DUT following completion
of all the electrical tests. All component parts including hardware, software or calibrations of the DUT
undergoing final validation stage, shall be recorded. Any change in these parts shall require revalidation
or justification of no impact.

8.9 Parameter check

A setof sensitive parameters called key parameters shall be defined both in the component specifications
and in consultation with the customer, e.g. quiescent current consumption, operating currents, output
voltages, contact resistances, input impedances, signal rates (rise and fall times) and bus specifications.
These parameters shall be checked before the start and after the completion of each test to verify that
they match the specification.

8 © IS0 2020 - All rights reserved
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The key parameters shall be measured and the functional behaviour of the components at Tx; and
U,gy shall be checked. For components with error memory, the error memory shall be read out and
documented and then deleted before the start of the test. After the test, the error memory shall again
be read out and documented.

The results and data from the before/after tests may differ only within the specified permissible
tolerances. Any changes in the measured values exceeding the measurement accuracies shall be
indicated as such. The results shall be examined for trends and drifts so that any abnormalities, ageing
or malfunctions of the component can be identified.

The components shall be inspected visually in accordance with EN 13018 for external damage/changes,

f 1 1 1o H L 1: A 1 4 dict i 4 ikl 4 H £l T)UT
Or e allllJlC CIdURD, Lllll}})lllEl PCClllls, Uiotulvulrdiivll, Ulstul tIvl], TLL,, VWiltlluut UPUllllls Lie i .

All the results shall be documented in the test report.

8.1( Continuous parameter monitoring with drift analysis
Alist of key parameters shall be defined within the specification of the component.

Thesle parameters shall be those which are necessary for the end user té-understand, in ordér to achieve
both|full functional performance and reliable operation, when integrated within a vehicle.

The parameters shall also include those which are necessary te-be understood to ensure cpmpatibility
with|the vehicle systems to which the component is interfaced:

Such|specifications may include, but not be limited to, wkitten documents, drawings and/¢r schematic
diagfams.

Examples of parameters which are recommended to:be considered are: quiescent current cpnsumption,
peak| and rated operating currents and voltages; contact resistances, input impedances, [signal rates
(risefand fall times) and bus specifications.

The key parameters to be monitored shall'be recorded throughout the test.

In thie case of components with error-memory, the error memory shall be monitored at the beginning
and 3t the end of each test and the'entries shall be documented in the test report.

The ¢lata collected from the(continuous parameter monitoring shall be examined for trends and drifts
in orfder to identify abnormalities, ageing or malfunctions of the component.

8.11f Physical analysis

DUT|(ECU or system) shall be opened and a visual inspection shall be performed in accofdance with
EN 1B018. Component level physical analysis is optional.

Addifiortal'analyses (e.g. x-ray, Scanning Electron Microscope (SEM) analysis, cross section investigation
and metallographic examination of the hardware design and connecting technology) shall be agreed
between the customer and the supplier.

Any changes in the component beyond defined tolerances shall be documented and approved by the
customer.

The results shall be documented and evaluated in the test report.

© IS0 2020 - All rights reserved 9
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9 General requirements

9.1 General

This document covers the electric behaviour at the DC terminals of all 48 V DC components. For the
energy storage systems electrochemical part is not tested while the management system is tested alone
as an independent DUT.

9.2 Prerequisites regarding the system in which the component is applied

St t d ractuaoltagac o i d 20 2N 1]
- a lc ICTCvUu VUILMB\'J AT C IITIITICLCU LU UV V.

— A short{circuit of the 48 V supply to the 12 V/24 V system or any GND due to a single ertar ih the
wiring harness is prevented by appropriate measures in the vehicle.

— There i§ a common ground for the 12 V/24 V system and the 48 V system, which aré-connected via
physically separate grounding bolts/connections except for the power ground-of'‘componentg that
convert|power between 48 V and 12 V/24 V such as DC/DC converters.

— The polprity of the 48 V supply is prevented from reversing by the use ‘of appropriate meagures
within the vehicle (e.g. Poka-Yoke).

— Jump starting by direct connection with the 48 V power supply is prevented by the use of approgriate
measurgs applied within the vehicle.

— The 48 |V system shall not induce additional constraints on existing 12/24 V components as those
are not ppecifically designed for use upon a vehicle which uses a dual power distribution systgm.

— If a scréwed or plugged 12 V/24 V and a 48 V connection are nearby, the system shall pr¢vent
accidental inversion by design.

9.3 Component requirements

— Any sinfgle fault condition within devicés or at their external interfaces connecting to both the
48V and the 12 V/24 V electrical system, shall not create a short circuit between the two electrical
systemg nor result in an overvoltage on any part of the 12 V/24 V electrical system.

— Devices| with separate GND(connections for the 48 V and the 12 V/24 V electrical system [shall
provide|countermeasures.to’avoid accidental connection of the two GND domains.

— Thelosq of any ground'connection to the DUT shall not disrupt or destroy the communication wjithin
the conhected netwerk interface (e.g. bus system) or any other connected electrical system.

— Ifthe vqltage exceeds the upper transitory limit, countermeasures shall be taken via the compgnent
thatis cpusing entry into the overvoltage range, such that the voltage exits the overvoltage rarlge at
the lower-boundary.

— Adevice shallinclude measures to protectits 48 V net connections against a short circuit developing
from an accidental drop of a conductive element that could bridge the terminals.

— Where a DUT has connections to a different voltage supply level such as a 12 V/24 V supply, it shall
be guaranteed and proven that no voltage or voltage curve within the limits defined for the 48 V
supply causes the destruction or loss of function of the DUT on, for example, the 12 V/24 V side. This
also applies if the test pulse damages the DUT such that it no longer provides the expected function
on the 48 V side.
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10 Tests and requirements
10.1 Test-01: nominal voltage range

10.1.1 Purpose

The purpose of this test is to verify the component functionality in the nominal voltage range.

10.1.2 Test

Set thesupply vottage at the retevant inputs of the DU Tasdefimed i Figure 2 and Table -

U
U,
Uo
Uy
1
tq ty t, t, t, t, t, ty tq
Key
t time

U testvoltage

Figure 2 — Test profile for test-01: nominal voltage range

Table 4 — Test parameters for test-01: nominal voltage range

Operating mode 2.4

U, 44V

U, 36V

U, 52V

tq 30s

ty 60s

t. 50 ms (0,16 V/ms)

te 50 ms (0,16 V/ms)
Number of cycles 5

10.1.3 Procedure

Continuously monitor the DUT and repeat the profile, without pause, until the required number of test
cycles defined in the test parameters table have been completed.

© IS0 2020 - All rights reserved 11
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10.1.4 Requirement

All DUT functions shall comply with the definition of the selected functional category defined in Table 2.
10.2 Test-02: lower and upper transitory voltage ranges

10.2.1 Purpose

The purpose of this test is to verify the functionality of the component in the upper and lower transitory
voltage range.

10.2.2 Test

Set the supply voltage at the relevant inputs of the DUT as defined in test case 1 and test case 2.

10.2.2.1 T¢st case 1: lower transitory voltage range

Set the supply voltage at the relevant inputs of the DUT as defined in Figure 3 and Table 5.

U
U o
U4
t
ty L ta t, tq
Key
t time

U testvoltdge

Figure 3 — Test profile for test-02: lower transitory voltage range (test case 1)

Table 5 — Test parameters for test-02: lower transitory voltage range (test case 1)

Operating mode 2.4
Uy 36V
U, 31V
ty 60s
ty 2s
£, 10 ms (0,5 V/ms)

12 © IS0 2020 - All rights reserved
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Table 5 (continued)

te 10 ms (0,5 V/ms)
Number of cycles 5

10.2.2.2 Test case 2: upper transitory voltage range

Set the supply voltage at the relevant inputs of the DUT as defined in Figure 4 and Table 6.

U
Uy
Uy
t
t1 t, ty te tq
Key
t time

U testvoltage

Figure 4 — Test profile for test-02: upper transitory voltage ranges (test cas¢ 2)

Table 6 — Testparameters for test-02: upper transitory voltage ranges (test cdse 2)

Operating mode 2.4
Uy 52V
U, 54V
t 60 s
t, 120s
t, 4 ms (0,5 V/ms)
te 4 ms (0,5 V/ms)
Number of cycles 5

10.2.3 Procedure

Continuously monitor the DUT and repeat the profile, without pause, until the required number of test
cycles defined in the test parameters table have been completed.

© IS0 2020 - All rights reserved 13
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10.2.4 Requirement

All DUT functions shall comply with the definition of the selected functional category defined in Table 2.

10.3 Test-03: short term overvoltage

10.3.1 Purpose

This test is intended to check the immunity of the component to transient overvoltages.

10.3.2 Test

Set the supply voltage at the relevant inputs of the DUT as defined in Figure 5 and Table 7.

U
U,
U2
U o
to
Key
t time

U testvoltage

Figure-5-— Test profile for test-03: short term overvoltage

Table 7 — Test parameters for test-03: short term overvoltage

14

Operating mode 2.4
U, 52V
U, 70V
U, 58V
to 255
t, 0,7 ms (25,71 V/ms)
ty 40 ms
te 1ms
ty 600 ms
ts 255

Number of cycles 1000
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10.3.3 Procedure

Continuously monitor the DUT and repeat the profile, without pause, until the required number of test

cycles defined in the test parameters table have been completed.

10.3.4 Requirement

All DUT functions shall comply with the definition of the selected functional category defined in Table 2.

10.4 Test-04: supply component load dump control test

10.4{1 Purpose

This|test is a simulation of a load dump situation where voltage transients occur.followi
redugtion in the load current drawn from a generator, motor-generator or DC/D€converte
the Hattery is either out of circuit or incapable of absorbing power.

10.4|2 Test

Set up the test, the supply voltage at the relevant inputs of the DUT as\defined in Figure 6 a

hg a sudden
r and whilst

hd Table 8.

The test set up shall ensure that the DUT can be operated te supply power to the 48 V

system and

loadé¢d, via a suitable wiring harness and load bank to supply‘at least 95 % of its rated maxijmum power

to the 48 V system.

Additionally, a switch shall be included which will enable the variable test load applied to the DUT to be

redufed to zero within a time period of less than ¢, and without damage occurring to the sw

itch. Actual

swit¢hing time shall be measured during the test-gr before the test and recorded into the test report.
S1
Uasg
GND 44
Key
S; gqwitch on48'V
R  1esistorsimulating vehicle power network resistance
dapacitor simulating vehicle power network capacitance
1 testload
Figure 6 — Test setup for test-04: load dump
Table 8 — Test parameters for test-04: load dump
Operating mode 2.4
U, 52V
R 36 Q
C 0,5 mF
ty <100 ps
© IS0 2020 - All rights reserved 15
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Table 8 (continued)
Number of cycles 2
NOTE R and C values could be changed to a value agreed between customer and supplier.

10.4.3 Procedure

The switch (S,) is closed.

Operate the DUT and variable test load to deliver at least 95 % of its rated maximum output power.

Open switcl} S; to isolate the variable test load.
Continuouslly monitor the DUT and repeat the profile, without pause, until the required number of test
cycles defingd in the test parameters table have been completed.
10.4.4 Recluirement
Following the switch opening, the output voltage profile from the DUT shall notexceed the profjle in
Figure 7 and Table 9.
U

Uq

U >

Uo

t
t, t te ty te ts

Key
t time
U testvoltage

16

Figure 7 — Requirement profile for test-04: load dump

Table 9 — Requirement parameters for test-04: load dump

Operating mode 2.4
Uy 70V
U, 58V
tq 40 ms
ty 600 ms
t3 9s
£, 0,7 ms
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Table 9 (continued)

| t¢ | 1 ms

10.5 Test-05: starting profile

10.5.1 Purpose

This test is intended to check the immunity of the component to voltage variations during the cold
crank phase.

10.5|2 Test

Set the supply voltage at the relevant inputs of the DUT as defined in Figure 8 and Table 10.

U
Uy
Uy
(s
tq ty t, t, ts
Key
t fime

U testvoltage

Figure 8 — Test profile for test-05: starting profile

Table 10— Testparameters for test-05: starting profile

Operating mode 2.4
U, 36V
U; 24V
te 5ms (2,4V /ms)
ty 10s
t, 5ms (2,4 V/ms)
ty 2s
t3 60s
Number of cycles 10
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10.5.3 Procedure

Continuously monitor the DUT and repeat the profile, without pause, until the required number of test
cycles defined in the test parameters table have been completed.

10.5.4 Requirement

All DUT functions shall comply with the definition of the selected functional category defined in Table 2.

10.6 Test-06: long term overvoltage

10.6.1 Purpose

This test ch¢cks the robustness of the component against a long-term overvoltage.

10.6.2 Test

Set the supply voltage at the relevant inputs of the DUT as defined in Figure 9 and Table 11.

U
Uy
Uo
to t, tq te t, t
Key
t time

U testvoltage

Figure 9 — Test profile for test-06: long term overvoltage

Table 11 — Test parameters for test-06: long term overvoltage

Operating mode 2.4
U, 60V
U, 52V
to 25s
£, 0,1s(80V/s)
4 60 min
te 0,1s(80V/s)
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Table 11 (continued)
ty >5s
Tiest Thax = 20K
Number of cycles 1

During the test, the full load request transmitted to the component shall be maintained.

10.6

.3 Requirement

All DUT functions shall comply with the definition of the selected functional category defined in Table 2.

10.7

10.7

This
elect
effec

Such

countermeasures shall be applied to the vehicle in order to ensare compliance with this sp¢

This
gene

The |
here

compliance.

The

supp
an u

10.7

10.7

The
the 1]
cond

10.7
An

1 Purpose

test is applicable to all components which not only consume electrical ‘energy but may
rical energy with no possibility of switching off this electrical energy supply with
ts occurring in the vehicle.

components shall either be capable of self-limiting their/output supply voltage oj

test does not apply to components that supply electtieal energy as a primary funct
rators. For these components test-04 is applicable.

purpose of this test is to verify that the component alone complies with the voltage ran
and is applicable where systematic countermeasures at the vehicle level are not usg

fest emulates a condition where such @ component supplies energy into the vehicle
y system which can only be absorbed by the power network simulation and subseque
desired increase in system voltage.

2 Test

2.1 General

maximum electrical current which the DUT can draw and the maximum electrical cu
DUT can supply; in addition to the maximum times for which these consumption
fitions may ‘oecur, shall be defined and agreed with the customer before the test is perf

2.2, Test part 1, without sink

Test-07: overvoltage with consumer components which may supply electrical energy

also supply
ut negative

systematic
ecification.

ion, such as

ge specified
d to ensure

48 V power
ntly leads to

rrent which
and supply
prmed.

lectrical power source which is capable of supplying the agreed maximum electr

ical current

consumption of the DUT at the required voltage for the agreed duration of the test shall be used.

During this test, the electrical source shall not act as a sink when the DUT operates to supply
electrical energy.

The DUT shall be operated in such a way that, with the supply voltage set to U, it is able to supply its
maximum electrical current after t. t, depends on the characteristics of the component.

Figure 10 gives an example of a possible test setup for part 1, with the power network simulation and
without sink.

With reference to Table 12 and Figure 12, at the end of ¢, the operation of the DUT shall then be changed
such that it immediately supplies electrical energy.
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The DUT shall continue to operate in this state (as defined in Table 2) until the voltage at the DUT falls
below the level U, again, but at least for test duration ¢;.

The DUT current and the power supply system current shall be measured and documented during
the test.

Following the end of the test cycle, it shall be immediately repeated until the required number of cycles
have been completed.

The test shall be performed at each required test temperature.

e A
) N

<:> 1 c— | |r <U> but

Key
R resistor $imulating vehicle power network resistance
C capacitof simulating vehicle power network capacitance

1 power ne¢twork simulation

Figure 10 — Example of possible test setup for. part 1, with the power network simulation and
without sink

Table 12 — Test-07: test parameters for components that return electrical energy, part [

Operatingmpode refer to test procedure
Ttest Tmin' TRT and Tmax
R 36 Q
C 0,5 mF
Uy 52V
to >0 s (depending on the component)
ty 300 ms
Number of cycles 3 cycles per value of Tj;
NOTE R and Cvalues can be changed to a value agreed between customer and supplier.

10.7.2.3 Test part 2, with sink and cut-off at maximum current

An electrical power system which is capable of supplying and absorbing the agreed maximum electrical
current consumption of the DUT whilst maintaining the voltage U, at the terminals of the DUT for the
duration of the test shall be used.

Figure 11 gives an example of a possible test setup for part 2, with the power network simulation and
with sink.

With reference to Table 13 and Figure 12, the DUT shall be operated in such a way that, with the supply
voltage set to U, it is able to supply its maximum electrical current after ¢.
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At the end of ¢, the operation of the DUT shall then be changed such that it immediately supplies
electrical energy. The DUT shall continue operating in this state (as defined in Table 2) until its
maximum agreed supply current is reached.

When the current supplied by the DUT reaches its maximum agreed value (during the rising voltage
slope of Figure 12), absorption of the returned electrical energy by the power supply system shall be
set to zero current within the switching time period ¢ .

The DUT shall continue operating in this state (as defined in Table 2), until the voltage at the DUT falls
below the level U, again, but at least for test duration ¢;.

The

the tpst.

Following the end of the test cycle, it shall be immediately repeated until the requiréd num
have|been completed.

The

Fig

The

by the DUT:

The

UT current and the pawer anp]y system current shall be measured and docume

test shall be performed at each required test temperature.

(OF 214680

ted during

ber of cycles

DUT

qwitch

1lesistor simulating vehicle power network resistance
dapacitor simulating vehicle power network capacitance
power network simulation

and sink

switch shall be capable of breaking, without damage, the maximum current which may

rure 11 — Example of possible test setup for part 2, with the Power network simulation

be supplied

battery shall be specified and maintained in a state such thatitis capable of absorbing th

power which may be supplied by the DUT without the voltage exceeding U,.

e maximum

Table 13 — Test parameters for test-07 for overvoltage with components that return electrical

energy, part 2

Operating mode refer to test procedure
Ttest Tmin’ TRT and Tmax
R 36 Q
C 0,5 mF
Eotf <100 ps
Uy 52V
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Table 13 (continued)

to >0 s (depending on the component)
Number of cycles 3 cycles per value of Ti.q;
NOTE R and C values can be changed to a value agreed between customer and supplier.

10.7.3 Requirements for part 1 and part 2

The maximum voltage level at the DUT shall not exceed U; and the time between exceeding the voltage
level U, and falling below the voltage level U, shall be determined and shall not exceed t; as shown in
Figure 12. Requirement parameters 10T test-07 part L and part 2 are defined in lable 1%.

to ty ‘
Key
t time
U testvoltgge
1  examplelof the test result of the component
2 limit

Figure 12 — Requirements Profile for test-07

Table 14 — Requirement parameters for test-07 components that return electrical energy,
part 1 and part 2

U, 58V

U, 54V

£, 2160 ps (25V/ms)
te 2160 ps (25V/ms)
ty 300 ms

NOTE1 The times t.and ¢; of the limit curve can be agreed between customer and supplier.

NOTE 2  This limit envelope is illustrated by Figure 12 where an example is also provided of an acceptable
response which a DUT could provide when tested to this procedure.

All DUT functions shall comply with the definition of the selected functional category defined in Table 2.
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10.8 Test-08: decrease and increase of supply voltage
10.8.1 Purpose

This test is intended to check immunity of a component to decrease and increase of supply voltages.

10.8.2 Test

Set the supply voltage at the relevant inputs of the DUT as defined in Figure 13 and Table 15.

U
Uy
Uy
tf tr t
Key
t fime

U testvoltage

Figure 13 — Test profile for test-08: decrease and increase of supply voltage

Table 15 — Test parameters for test-08: decrease and increase of supply volthge

Operating mode 2.1and 2.4
U, 44V
U,y ov
te 21 min (= 35 mV/s)
t, 21 min (= 35 mV/s)
Number of cycles 1

10.8.3 Requirement

All DUT functions shall comply with the definition of the selected functional category defined in Table 2.
10.9 Test-09: voltage ripples

10.9.1 Purpose

This test is intended to check immunity of a component to ripples in the on-board system, caused, for
example by a generator or a DC/DC converter.
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It specifies a conducted voltage test method and procedure for determining the immunity of electronic
components. The method is applied to each individual DUT on its power supply lines.

10.9.2 Test

10.9.2.1 General

Setup the test with reference to Table 16.

Table 16 — Test parameters for test-09: voltage ripples

Operating mode 2.2

Frequency range f1: 10 Hz to 1 kHz
f2: 1 kHz to 30 kHz
f3: 30 kHz to 200 kHz

Uy 231V,<54V
Dwell time 22s
Frequency step logarithmic 2 %
Voltage ripple limit: Uy, f1: 8V 2%
f2: 6 V2%
f3:2V+2%
Current limit: [, f1: 80 A
f2:15A
f3: 10 A
Requested test combinations f1: Uy=35Vand Uy=50V

f2: Uy=34Vand Uy=51V
f3: Uy=32Vand Uy=53V

Number of cycles 1 test sequence for each test combination

The power pource shall be able to,produce the requested ripple voltage and/or the currents in the
specified frequency range.

Prior to stafting this test, meastre and record the impedance of the DUT at its 48 V supply termingls.

Connect an AC voltage measurement (e.g. oscilloscope with voltage probe) to the test signal genefator
output (loagled by thetPUT) and an AC current measurement device (e.g. oscilloscope with current
probe) and 3n AC voltage measurement (e.g. oscilloscope with voltage probe) to the DUT input as shown

in Figure 14

10.9.2.2 Reference Test

Before the test is pursued in operating mode 2.2, a reference test is applied in operating mode 2.3. In
this operating mode the main input capacitance of the DUT shall be connected to the power supply.

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

For the reference test, each frequency range is tested at the maximum and minimum voltage values
given in Table 16 for U,

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 U, 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 (i)ocumented.
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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 The input capacitance which is connected in operating mode 2.3 is 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 input capacitance from the power supply, the reference test would not
determine the correct voltage ripple Uy.

If the DUT featured a low pass input filter (e.g. EMC filter), the test may only have to be performed for
frequencies where the filter of the DUT has a frequency response of more than -20 dB. An evidence shall
be provided showing the frequency response of the input filter. Depending on the impedance of the
DUT and the cable harness, too high and unrealistic values of [/ would be tested at higher frequencies.

Thergfore, performing the test until this threshold is considered sufficient.
<10 cm
U I'pp
48 A
1 Uy+Upg DUT
Uy+Upp
GND ,g
Key
Ur ACripple voltage at power supply

Upp peak-to-peak AC voltage at DUT
Ipp peak-to-peak AC current at DUT
1 ower supply

Figure 14 —Test setup for test-09 voltage ripple

10.9{2.3 Voltage ripple test

In order to perform the veltage ripple test, the ascertained voltage ripple U from the referpnce test for
each|frequency step is.dpplied to the DUT in operating mode 2.2. It is not allowed to further reduce the
voltage ripple Uy evefrifthe current limit I, is now exceeded.

The getup of the test has to be the same as in the reference test (type and length of cable).

Record Ipp andU,,, during the voltage ripple test.

10.9{3-Requirement

All DUT functions shall comply with the definition of the selected functional category defined in Table 2.

The DUT impedance shall be measured before and after the test. In case the impedance deviation is
bigger than the defined standard tolerance the test is failed corresponding to FS5.

10.10 Test-10: reinitialisation

10.10.1Purpose

This test is intended to check the correct reinitialisation of the component after interruption of onboard
power supply. This test shall only be performed on DUT's whose control logic (or parts thereof) is
supplied by 48 V.
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10.10.2Test

Setup the test with reference to Table 17 and Figure 15.
Starting at U, with a voltage drop of 0 V and increasing voltage drop in steps of AU, till U;.

After reaching U,, then increasing the voltage drop in steps of AU, till U,.

U
Uy — —
Up =3t
=
<
Up
to |t1] to |t1] to |1 tq to |tq| to |t1 til to [ t2 | to t
Key
t time
U testvoltdge
Figure 15 — Test profile for test-10: reinitialisation test
Table 17 — Test parameters for test-10: reinitialisation test
Operating mode 2.4
Uy 36V
Uy 24V
U, ov
AU, 2V
AU, 0,5V
tr <100 ms
t, <100 ms
t 5s
ty 10s
to 210 s, until the DUT becomes 100 % operational
NOTE trand t,. are not represented on Figure 15 in order to make it easier to understand the figure.

10.10.3Requirement
At U, FS1 is required.

At voltage lower than U, the functional status shall be according to Table 2. If the DUT enters FS4, a
restart of the DUT is mandatory before the next voltage dip.
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The behaviour of a component when subjected to interruption of supply of varying duration is tested.
Examples for this occurrence may be short circuits, switching of loads, disconnecting of batteries

and others.

This test applies to power consumers and not to power generators.

10.11.2Test

Setup the test with reference to Table 18 and Figures 16 and 17.

The furation of the voltage interruption increases by the increments given in Table”18. T

contyol signal for S; is shown in Figure 16.

Key

t time

S §; switch control signal
A dqwitch closed

B dqwitch open

tq

51

Figure16 — Test profile for test-11: discontinuities in supply voltage

Table 18 — Test parameters for test-11: discontinuities in supply voltage

he resulting

Operating mode 2.3and 2.4
R, <60 mQ incl. switch S,
U, 48V
£ The supply voltage of Uy is interrupted for interval ¢4,

which shall increase during the test in the following

sequence:

Range of t;

Increment in ¢ following
each interruption

100 ps<t;<1ms 100 ps
1ms<t; <10 ms 1ms
10 ms < t; <100 ms 10 ms
100ms<t;<2s 100 ms
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Table 18 (continued)
ty 210 s, until the DUT becomes 100 % operational accord-
ing to specification
switch reaction time <10ps
Sy

pe
|

(}Z)luo DUT

GND 44

Key
S; switch on 48 V supply

Figure 17 — Test setup for test-11: discontinuities in supply voltage

Two refereche measurements shall be performed an@d documented with the test set-up givén in
Figure 17. One reference measurement with a 1 kQ (¥5 %) resistor and the second with a 10 Q (xp %).
The resistor|s are used in place of the DUT. The reférence measurements enable the reaction time of the
switch to bq verified as acceptable before the fulltest is performed. The resistors used shall, thergfore,
have low inductance. After the reaction timeperformance of the switch has been verified, the DUT may
then be testpd with the full set-up as shown i1 Figure 17.

10.11.3Requirements

All DUT fungftions shall be FS1 for-durations ¢; < 100 ps and shall be FS3 for durations ¢; > 100 psor as
agreed between customer and'supplier. If the DUT enters FS4, a restart of the DUT is mandatory bgfore
the next volfage dip.

The time dujration of t;\after which the DUT departs from FS1 shall be recorded.

10.12 Test-12:'ground loss

10.12.1Purpose

This test simulates a scenario in which a 48 V component has lost its ground connection(s). The ground
loss testing is applicable for any 48 V device with interfaces (e.g. CAN/LIN/FlexRay bus or other
analogue or digital signal circuits) connected to the 12 V/24 V electrical system. Uy, 54 and GND;; 54
terminals are optional terminals and as such shown with dashed lines in Figure 18.

The test is divided into several parts in order to cover relevant situations as they may occur in the
later vehicle application independently of the concrete DUT implementation. In addition, there is
one reference test defined, which is proving the functionality of communication failure detection
mechanisms of the test set-up as defined in Figure 18 and in 10.12.2.
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In case of a component having a separate GNDy, ,4 connector, the risk of losing both ground connections
can be managed in two ways:

10.12.1.1

10.1

The

relev

Double ground loss test is not needed if there is a protection mechanism in the system
after first ground loss.

to protect it

Double ground loss test is mandatory if there is no protection mechanism in the system to protect

it after first ground loss.

Scope of reference test

20 whether

unication faults on the bus systems or signal lines in conjunction with TN, and iV,
rted by the test system. Detailed requirements regarding TN; and TN, are definedin 1]

2.1.2 Scope of loss of GND tests

test cases for the different GND loss conditions are defined in Table 19 and encompass t

ant vehicle operational cases:

Hoss of one GND connection while DUT, TN; and TN, are commimicating. DUT is actiy
operating mode 2.4), see B.2. An essential element of this tést is making sure that th
¢ommunication between DUT, TN, and TN, from the beginning of the GND disconned
end from the beginning of the GND disconnect with maximum repetition rate. Since
lhave two separate GND connections, there are two related tests defined, one with op
gnd one with opening GND1;74;

q

q

loss of one GND connection while the DUT is.in a low power/non-operational state, 1
yehicle parking situations (operating mode:271). In such state a DUT may have disabled
f the hardware to save quiescent current:*A loss of GND in this phase shall not caug
pffects. Since a DUT may have two sepatrate GND connections, there are two related tq
ne with opening GND, 4 and one withtopening GND;; 54;

q

fecovery from GND loss situation-representing the repair activity starting-up the DU
proper GND connections.

Table 19 — Overview of test-12: ground loss

hire properly
0.12.1.3.

he following

yely sending
ere is active
t. DUT shall
a DUT may
ening GND g

epresenting
major parts
e unwanted
sts defined,

" again with

Ref. Test part Failure case Comment

10.12.1.3 Part1 Proves effectiveness of communicati

ing in test set-up.

Reference test,
communication failure

n monitor-

10.12.14 Part2 |Loss of GND,g During operating mode 2.4:
Impact on vehicle communication (be
TN, and TN,) when loss of GND,g.

Impact on voltages and currents.

tween DUT,

During operating mode 2 1:
(=] I O

Impact on voltages and currents.

10.12.1.5 Part3  |Loss of GNDyy/54 During operating mode 2.4:

TN; and TN,) when loss of GND1 24
Impact on voltages and currents.
During operating mode 2.1:

Impact on voltages and currents.

Impact on vehicle communication (between DUT,

Applicable only for DUT with GND,, /,, connector.
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12/24

[ — 1N,

Key

Us volta
Up volta
Uyg 48V
Uizpz4 12V
Ionps4g  curre
Ignp12/24curTe]
Ly currej
S1 switc
S, switc
S3 switc

TN, termi
TN, termi
1 bus s
TN, and TN

Their interf]
particularly]
be given in

With all sw

S 3_\_&
Ug U1g\/24 U12/24
T
§ 12724 Io
0
DUT 1 A [ TN,
T
GND 48 JI GND 12/24
Sy S» \
|
I onpas V IGND12/24 Us| Us
1

be differential between analogue/digital signal and ground
be differential between communication bus signal and ground
bupply voltage

bupply voltage

nt on 48 V ground

nton 12 V/24 V ground

nt on each bus and input/output line

hin 48 V ground

hin 12V/24V ground

h in TN, analogue/digital signal and digital bus.dines

nal network 1, see description below

nal network 2, see description below

gnal

Figure.18-— Test setup for test-12: ground loss

he test plan, and as agreed between customer and supplier.

components

and the DUT with following requirements:

h are network cahponents representing the relevant communication bus or signal
pce components’ comply with the requirements of the relevant communication stan
in terms ofiiinpedance at their interface. The complete description of those networks

itches (S;, S, and S3) closed there shall be proper communication between the tw|

ines.
dard
shall

b TN

— bus load of at least 50 % generated by the two TN components, both TN are contributing with at

least 25

% each resulting in bidirectional communication;

— a message counter shall be implemented within both TN devices and messages shall be verified

using fo

r example CRC (cyclic redundancy check) mechanism;

— any errors in communication between TN; and TN, are immediately identified, recognized and
logged. The effectiveness of monitoring shall be demonstrated and documented by opening S;.

30
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Operating mode defined for test part 2.1and 2.4
separately
Uy 48V
Optional supply voltage Uy 4 Uy
ty 1 min
10.1p2.1.3 Test part 1: reference test to confirm communication monitoring
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Table 20 — Test parameters for test-12: ground loss

This testisintended to prove that the test, when set-up according to Figure 18, can detestcomimunication
problems between TN; and TN, during the later loss of GND tests. Therefore, adedicated switch, S,
allows a communication failure to be intentionally provoked. This reference test shall pe executed

succe¢ssfully at least once before the dedicated loss of GND tests are performed.

All switches (S;, S, and S3) are closed and all the components (DUT, TN, TIN,) are running according to
10.12.2 in operating mode 2.4. Communication between DUT, TN; and 7N, is working angl monitored
as ddfined in 10.11.2. DUT is sending DUT specific messages as agreed-between customer apnd supplier.

10.12.1.4 Test part 2: loss of GND ¢

Dpen switch S; whilst TN; and TN, are communicating with ‘each other and observe whether the
test system detects the missing communication between'TN; and TN,.

After ty, close S; and observe whether the communication between TN;, TN, and the DUT recover to
the correct expected operation or not.

fommunication between the DUT and TN, shall not be affected by the opening of Sj.

This testis intended for testing the impact'of GND,g ground loss of the DUT during active conpmunication

between DUT, TN; and TN,. It is applieable for all devices as defined in 10.12.1.

Apply test as described below inboth operating mode 2.4 and operating mode 2.1:

3ll switches (S, S, and-S3)are closed and all the components (DUT, TN;, TN,) are running according
o chapter 10.12.2 incoerrect operating mode (2.4 or 2.1);

if operating made-is 2.4: communication between TN; and TN, is working and monitored as defined
in 10.12.2; DUA-is sending DUT specific messages as agreed between customer and supplier;

if operating mode is 2.1: communication between TN, and TN, is stopped;

casé of a separate GNDy; ,4 connection the current Igyp /24 is monitored;

incase of a separate Uy ;4 CONNECtor the CUrrent Iy, ,, 1S monitored;
the potential of Ug and Ug and currents in bus and signal lines are monitored;

open S;. Monitor Ug and Ug. Also monitor communication!) between DUT, TN; and TN, and the
applicable currents. In case of system ground loss protection mechanism, check if the DUT reacts as
specified by the customer.

Additional test in case of a separate GND,;,, connector:

if the system does not include ground loss protection mechanism, open S, additionally in order to test
a total ground loss and its effect on TN;, TN, and the DUT. S, to be opened time t; after S; was opened;

1

In operating mode 2.1 there is no communication between DUT and TNx.
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if operating mode is 2.1: re-activate and confirm the communication between TN; and TN, while the
switch/switches is/are still opened;

after the time t;, close all switches again and observe Ug and Uy as well as the communication
between TN; and TN, and the applicable monitored currents until the DUT operates as specified.

10.12.1.5

Test part 3: loss of GNDy; /54

This test is intended for testing the impact of GND;,,,, ground loss of the DUT during active
communication between DUT, TN; and TN,. It is applicable for devices according to 10.12.1 definition
with separate GNDy; /4.

all swit
to 10.12

thes (S, S, and S3) are closed and all the components (DUT, TN;, TN,) are running a€coj
.2 in correct operating mode (2.4 or 2.1);

if operating mode is 2.4: communication between DUT, TN, and TN, is working andymonitor

defined
if opera
in case

the potd
open S,
current
by the
Additio

if the sy
atotal g

if opera
switch

after ty,
TN, and

in10.12.2; DUT is sending DUT specific messages as agreed between custgmer and sup
Fing mode is 2.1: communication between TN; and TN, is stopped;

f a separate Uy, ,,4 connector the currentl,, 5, is monitored;

ntial of Ug and Uy and currents in bus and signal lines are nfehitored;

Monitor Ug and Uy as well as the communication betweén TN, and TN, and the appli
5. In case of system ground loss protection mechanisniycheck if the DUT reacts as speq
ustomer.

nal test:

stem does not include ground loss protectien'mechanism, open S; additionally in order t
round loss and its effect on TN;, TN, and the DUT. S; to be opened time t; after S, was op

switches is/are still opened;

close all switches again andumonitor Ug and Uy as well as the communication between
TN, and the applicablecurrents until the DUT operates as specified.

10.12.2Requirements

10.12.2.1

The tes
TN, ats
documsd

Part1

ignalitransmission occurred during the phase when switch S; was open. This value sh
nted.and reported.

rding

bd as
blier;

rable
ified

h test
bned;

Ling mode is 2.1: reactivate and coffirm the communication between TN, and TN, while the

DUT,

F system’shall record, by means of a message counter, how many failed attempts magle by

1]l be

The test system shall detect that communication between TN; and the DUT is still operating
correctly while the switch S5 is open and this shall be documented and reported.

After closure of S5 the test system shall verify that the communication between the DUT, TN; and
TN, is fully functional and without any communication errors occurring. This shall be documented
and reported.

10.12.2.2

32

Parts 2 and 3

Functional status during test: FS3. Functional status before and after test: FS1 (as defined for
operating mode 2.4 and 2.1).

It shall be documented that the DUT was in correct operating mode (2.4 or 2.1) and, if operating

mode 2.

4, actively sending whilst S; or S, was opened.
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The voltages Ug and Uy shall stay below the maximum supply voltage of ISO 16750-2 and related

voltage limits defined for the applicable bus systems like CAN/LIN/FlexRay at any time.

communication of the DUT may be discontinued while S; or S, is open.

The communication between TN; and TN, shall not be disturbed during and after the test but

The observed current in bus and signal lines shall not exceed at any time the limits given in bus

and signal communication specifications, if available, and shall not increase by more than 100 mA
(relative to the current measured in reference test) if no specifications are available.

maximum value and shall not increase hy more than 200 mA (rp]:\fivp to the current

In case ofaseparate GND; , ,, connection the observed I;yp1 224 currentshall notexceed its specified

easured in

1

I
1

|
I

NOTH
detai

NOT]H
the v

10.13 Test-13: fault current

10.1

The f
and 4

The {
grou

This
the 4

This
12V

This
PWM
is no

eference test).

n case of a separate GND,
he DUT reacts as specifie

»4 connection and a system ground loss protection mgehan
by the customer.

d
SO 16750-2. The observed I, 5, shall not show any negative currentef more than 1 m

1  Actively sending means the DUT is actively communicating with-a maximum repeti
ed information, see example for CAN in Annex B.

2 Thereasons for current limits in the requirements for parfs2'and 3 are to limit the risks
thicle.

3.1Purpose

ault current resistance of a component with connections to both vehicle power supplig
$8 V) is examined.

est applies if there is no protection'mechanism in the system that reacts to protect it
nd loss as described in test-12 (ground loss).

test ensures the robustnéssrequired in 9.3 (a single failure shall not cause a short cirg
8 V supply and the 12 V{24 V supply).

test should ensuré that no 12 V/24 V component will be damaged by a fault g
24 V/48 V companent even in the case of complete (12 V/24 V and 48 V) ground loss.

test applies,only to components with interfaces to a 12 V/24 V system, such as com
| or digital switched circuits. If the DUT has only connections to the 48 V electrical syst
[ applicable to it.

ism, check if

n case of a separate Uy, ,4 connector, the voltage shall stay below the maximum suppfy voltage of

A.

ion rate. For

on the rest of

s (12V/24V

after a first

uit between

urrent of a

nunications,
em, this test

10.1

B.2Test

Setup the test with test parameters as defined in Table 21 for both option 1 and option 2.

Option 1:

The DUT is connected to the test apparatus as shown in Figure 19 but with all 12 V/24 V pins,
(communication and I/0), also shorted together. A test voltage U, is applied for a duration of t, between
the 48 V supply and the short-circuited 12 V/24 V pins.

The current flowing through the DUT shall be measured and documented.

If the requirement for test option 1 cannot be met, then test option 2 shall be performed.
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Option 2:

Uo
n.¢ — U12/24 Uas
HO 12/241 HO5t
I/012/242 1/0 452
n.c — GND 12/24 GND 48

Figure 19 — Test setup for test-13: fault current — Option 1

The DUT is fonnected to the test apparatus as shown in Figure 20. All 48"V pins (supply and 1/Q) are
connected with each other (short circuited). A test voltage of U, is applied for a duration ¢, betweep the

48 V supplyjand each pin (communication and I/0) of the 12 V/24 V Supply systems.

The current|then flowing through the DUT shall be measured and‘documented.

Uy
n.¢ — U12/24 Uas
BUS
DUT
—————— I/012/241 [/0 451
—————— I/012/242 [/0 452
n.c — GND 12/24 GND 48

Figure 20 — Test setup for test-13: fault current — Option 2

10.13.3Requirement

Test option 1:

Tabte 2t— Test parameters for test-1 3 faultcurrent

U, 70V

to 10 min

The combined current drawn by the short-circuited pins (communication and I/0), of the 12 V/24 V and
the 48 V pins shall be |I| <10 pA.

Test option 2:

34
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’1|“h|e current drawn by each pin (communication and 1/0), of the 12 V/24 V and the 48 V pins shall be
I| <10 pA.

10.14 Test-14: ground offset

10.14.1Purpose

For components connected by communication or signal lines, potential differences between the
individual supply inputs may occur. It shall be ensured that the functionality of the component and the
communication or signal line is not influenced by a potential difference to ground.

The
repre

Thei

components shown in Figure 21 as “other 12 V/24 V components” are virtual
psenting the relevant communication bus.

" interface components shall comply with the requirements of the componentspecificg

10.14.2Test

If thq
perfy

Depq
Fig

Use {]
Test

Setu

DUT has several voltage and ground connections for the 48 V eléctrical system, the
rmed individually for each connection point.

Table 22 — Test parameters for test-143 ground offset

Operating mode 2.4
U, 36 Vand 52V

nding on the ground connections of the DUT, either test setup 1 (see Figure 21) or test
e 22) shall be chosen.

est parameters as defined in Table 22 for)both test setup 1 and test setup 2.
setup 1:
h a test scenario as shown in Figure 21 and follow the test steps in Table 23.

Ug 12/24Va Usaja

O[] o | ()

GND 44 GND 12/24 GND 12/24

components

tions.

test shall be

setup 2 (see

Y offset 2

o Ol

© ISO

Communication or signal lines to 12/24 V component.

Other 12/24 V component.

Figure 21 — Test setup for a DUT with a 12 V/24 V ground connection for test-14
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