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reword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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procedures used to develop this document and those intended for its further maint
cribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteriamee
brent types of ISO document should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

draws attention to the possibility that the implementation of this document may invo
h) patent(s). ISO takes no position concerning the evidence, validity or,dpplicability of a
ent rights in respect thereof. As of the date of publication of this document, ISO had n

Fioned that this may not represent the latest information, which n1ay be obtained from
hbase available at www.iso.org/patents. ISO shall not be held reésponsible for identifyin

enance are

ded for the
e with the

ve the use
Iny claimed
bt received

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

the patent
b any or all

such patent rights.

Anyf trade name used in this document is information given for the convenience of users and does not

conftitute an endorsement.

For|an explanation of the voluntary nature of standards, the meaning of ISO specific [terms and

expressions related to conformity assessmentas 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.

Thif document was prepared by Technical Committee ISO/TC 22, Road vehicles, Subcommifttee SC 32,

Elegtrical and electronic components-and general system aspects.

Thig fourth edition cancels and replaces the third edition (ISO 16750-4:2010), which has been

technically revised.

Theg main changes are asfellows:

— |integration anddarmonization of contents from ISO 19453-4:2018 (e.g. addition of 5.8 ahd 5.12);

— |subdivision{6f"test methods in temperature cycle test for application to DUTs of [small and
lightweight™or "large and heavy" size (5.3);

— |addition of test methods for large and heavy DUTs in cold water shock test (5.4);

— |addition of three salt spray corrosion tests (5.5.4, 5.5.5 and 5.5.6);

— addition of concrete test method and requirements in solar radiation test (5.10);

— addition of optional test method in dust test for DUT installed in passenger compartment or luggage/
load compartment (5.11);

— addition of new tests and the selection of applied cycles in rapid change of temperature with
specified transition duration (Clause 6, Table 10);

— subdivision of mounting location defining the corresponding severities (Annex A);

— error correction (Annex B, Figure B.1, B.2 and Table B.1 taken over from ISO 19453-4:2018);
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— clarification of technical background to determine number of cycles and severities according to the
mounting location (Annex B, Clause B.4);

— subdivision of electric isolation test methods for voltage class A and voltage class B (Annex C).
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 4:
Climatic loads
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Scope

5 document applies to electric and electronic systems and components for vehicles includ
pulsion systems and components with maximum working voltages according’to voltagg

specific mounting location on/in the vehicle.
5 document describes climatic loads.

5 document is not intended to apply to environmental requiréments or testing for sy
ponents of motorcycles and mopeds.

fems and their components released for production, or§ystems and their components alr
elopment prior to the publication date of this document, can be exempted from fulfilling 4
his edition compared to the previous one.

Normative references

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

4892-2, Plastics — Methods-af-exposure to laboratory light sources — Part 2: Xenon-arc lan
4892-3, Plastics — Methodls of exposure to laboratory light sources — Part 3: Fluorescent {J

4892-4, Plastics —{Methods of exposure to laboratory light sources — Part 4: Open-flame
ps

9227:2022, Corrosion tests in artificial atmospheres — Salt spray tests

11997-3y Paints and varnishes — Determination of resistance to cyclic corrosion condition
ing.oficoating systems on materials and components in automotive construction

ISO

ng electric
e class B. It

Cribes the potential environmental stresses and specifies tests and requirements recomiended for

stems and

bady under
he changes

Pir content
pplies. For
[s) applies.

hps
[V lamps

carbon-arc

s — Part 3:

16750-1  Road vehicles — Environmental conditions and testing fnr electrical and

electronic

equipment — Part 1: General

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

[SO 20653, Road vehicles — Degrees of protection (IP code) — Protection of electrical equipment against
foreign objects, water and access

[SO 21498-1, Electrically propelled road vehicles — Electrical specifications and tests for voltage class B
systems and components — Part 1: Voltage sub-classes and characteristics

ISO
IEC

©IS

21780, Road vehicles — Supply voltage of 48 V — Electrical requirements and tests

60068-1:2013, Environmental testing — Part 1: General and guidance

02023 - All rights reserved


https://standardsiso.com/api/?name=1273a9d70cf06f9bc8522259654eb437

ISO 16750-4:2023(E)

IEC 60068-
IEC 60068-
IEC 60068-
IEC 60068-

2-1:2007, Environmental testing — Part 2-1: Tests — Test A: Cold
2-2:2007, Environmental testing — Part 2-2: Tests — Test B: Dry heat
2-11:2021, Basic environmental testing procedures — Part 2-11: Tests — Test Ka: Salt mist

2-14, Environmental testing — Part 2-14: Tests — Test N: Change of temperature

IEC 60068-2-30:2005, Environmental testing — Part 2-30: Tests — Test Db: Damp heat, cyclic (12 h+ 12 h

cycle)

IEC 60068-2-38 Environmental testing — Part 2-38: Tests — Test 7,/’4 D: Composite fpmlnprnfurpl/humi ity

cyclic test

IEC 60068
chloride so

IEC 60068
test

[IEC 60068

IEC 60664
requiremer

3 Termjs and definitions

For the pui
ISO and IE
ISO On

IEC El¢

4 Oper
Choose thdg

In the casq
maximum

T

max +

For furthej

-2-52:2017, Environmental testing — Part 2-52: Tests — Test Kb: Salt mist, cyclic-{sod
ution)

2-60:2015, Environmental testing — Part 2-60: Tests — Test Ke: Flowing miXed gas corro

2-78, Environmental testing — Part 2-78: Tests — Test Cab: Damp heat, steady state

1:2020, Insulation coordination for equipment within low-voltage-systems — Part 1: Princij
ts and tests

poses of this document, the terms and definitions.given in ISO 16750-1 apply.
[ maintain terminology databases for use in standardization at the following addresses:

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

ctropedia: available at https://www.electropedia.org/

ating temperature ranges

of hot soak, chooseyffom Table 2 the relative temperature increase ATy and add it to

femperature T, {10 have the absolute hot-soak temperature (T}, ,,ys)-

T,

m

AThs = Trnadis

details; refer to 5.3.1.

ium

Kion

les,

applicable temperaturé range from Table 1 to be presented in the specifications of the DUT.

the

The paint 1

epair temperature (T,,..pr) as defined in ISO 16750-1 can be set to a higher value than

the

operating temperature. Specify this temperature in the specifications of the DUT.

Table 1 — Operating temperature ranges

Code Minimum operating temperature | Maximum operating temperature
Tmin Tmax
[°C] [°C]
A =20 65
B =30 65
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Table 1 (continued)

ISO 16750-4:2023(E)

Code

Minimum operating temperature
T

min

[°C]

Maximum operating temperature

T,

max

[°C]

65
70
75

N X< |S|<|cl8|lun|mjlo|v|o|Zz|B|lc|R|—|~|z|o|m|m|olao

As agreed

<
S

Talﬁ.e?z — Relative temperature increase in hot soak

OJ Code ATy
© [°C]

15

30

50
As agreed

g7
%

NOTE For DUTs with hot soak, the code letter is defined as a combination of Tables 1 and 2, e.g. Hb
(Tax = 90 °Cand ATy = 30 °C).

©1S0 2023 - All rights reserved 3
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5 Tests

and requirements

5.1 Tests at constant temperature

5.1.1 Low-temperature tests

5.1.1.1 Storage test

5.1.1.1.1

This test s
operation,
insufficien

5.1.1.1.2
Perform tH

a duration
defined in

5.1.1.1.3

Purpose

e.g. during shipment of the systems/components. The failure mode is a malfunctien du

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

5.1.1.2 (

5.1.1.2.1

This test §
operation,
is an elect]

electrolyte.

5.1.1.2.2

Perform th
of T, for

heat-dissip

5.1.1.2.3

)peration test
Purpose
imulates the exposure of the systems/components to low temperatures with electy

rical malfunction caused by low temperature, e.g. the freezing of capacitors with lig

Test method

e test in accordance 'with IEC 60068-2-1:2007, 5.2, Test Ab or 5.3, Test Ad, at a temperaf
h duration of 24 h.Test Ab is applied for non-heat-dissipating DUTs and Test Ad is applied
ating DUTs. Theoperating mode is 3.3 or 4.3 as defined in ISO 16750-1.

Requirement

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

imulates the exposure of the systems/components to low temperatures without electy

[ frost resistance, e.g. the freezing of a coolant.

Test method

e test in accordance with IEC 60068-2-1:2007, 5.2, Test Ab, at a temperature of —40 °Q
of 24 h unless otherwise indicated in the DUT specification. The-operating mode is 1.
SO 16750-1.

Requirement

ical
k to

for
| as

ical

e.g. the use of the systems/components at very low ambient temperature. The failure mjode

(uid

ure
for

5.1.2 High-temperature tests

5.1.2.1 Storage test

5.1.2.1.1

Purpose

This test simulates the exposure of the systems/components to high temperatures without electrical
operation, e.g. during the shipment of the systems/components. The failure mode is insufficient heat

resistance,

e.g. warping of plastic housings.

© IS0 2023 - All rights rese
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5.1.2.1.2 Test method

Perform the test in accordance with IEC 60068-2-2:2007, 5.2, Test Bb, at a temperature of 85 °C for
a duration of 48 h unless otherwise indicated in the DUT specification. The operating mode is 1.1 as
defined in ISO 16750-1.

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

5 1 2. raY d=a ' =
. et w s UpTldalull ttot

5.1)2.2.1 Purpose

Thip test simulates the exposure of the systems/components to high temperatures with electrical
operation, e.g. the use of the systems/components at very high ambient temperature. The falilure mode
is an electrical malfunction caused by high temperature, e.g. thermal degradation of comporents.

5.1)2.2.2 Test method

Perform the test in accordance with [EC 60068-2-2:2007, 5.2 Test Bb or 5.3 Test Bd, at a temperature of
nak for a duration of 96 h. Test Bb is applied for non-heat-dissipating DUTs and Test Bd is ppplied for
heaf-dissipating DUTs. The operating mode is 3.4 or 4.4 as défined in ISO 16750-1.

5.1]2.2.3 Requirement
Thd functional status shall be class A as defined in,ISO 16750-1.

5.2 Temperature step test

5.2]1 Purpose

Thip test checks the mechanical and electrical device for malfunctions (including failurel to change
properly between different operating modes) which may occur within a small section of th¢ operating
temperature range.

Thif test mainly applies‘to’'small and lightweight components, but can also be used for large and heavy
conjponents if agreed between the customer and the supplier. See a mass classification gxample in
1SO[16750-1:2023,Annex C.

5.2]2 Testmethod

Install the-DUT in a temperature chamber. According to Figure 1, decrease the temperatufre in steps
of § %€ from 20 °C to T,,;,, then increase the temperature in steps of 5 °C from T, to T,,{, and then
dec agca tha temberature—in-stens of G °C Frr\W\ ’T‘ to—20-2°C rnr\n Eioure 1\ Waitat nf\nl« step untll

coost—trrc—rc1r crotoarc-TrrotopoT o OT To——1vo

the DUT has obtained thermal equilibrium. Perform functlonal tests w1th operating mode 3.2 in
accordance with ISO 16750-1 at minimum supply voltage, Ug,,,;,, and at maximum supply voltage, Ug,..,
in accordance with the specified ISO 16750-2 code letter, at each temperature step. In addition, for
each temperature step transitions of the DUT between different operating modes shall also be verified
(e.g. change between operating modes 3.2 and 2.1). Switch the DUT off (operating mode 2.1) during
transition to the next temperature. If the DUT has a nominal supply voltage other than 12/24 V, this
test shall be performed by the voltage range corresponding to functional status class A as defined
in ISO 16750-1 according to agreement between the customer and the supplier. In case of 48 V, the
test shall be performed at the upper and lower voltage of nominal voltage range in accordance with
ISO 21780. In case of voltage class B, the test shall be performed at the upper and lower voltage of
unlimited operating capability in accordance with ISO 21498-1. For DUTs with multiple voltage supply

© IS0 2023 - All rights reserved 5
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levels, e.g. 12 V supply and voltage class B supply, the combination of test voltages for each temperature
step shall be agreed between the customer and the supplier.

Key

T temp
t time,
T, mMminig
Tmax

5.2.3 Re
For each t
defined in

5.3 Temperature cycling tests

5.3.1 Te

5.3.1.1 K

This test s
during the
is exposed
temperatu

during short temperature peaks. The electrical operation is switched off during stages of decrea

temperatu

T,y inside

maxium operating temperature (see Table 1)

T

Tmax

20 Jr,r"'(

Tmin

t

brature, in °C
in min
hum operating temperature (see Table 1)

Figure 1 — Temperature step test

quirement

emperature step between T, ;. and T, .,

SO 16750-1 for active operating modes.

thetDUT shall have functional status class 4

mperature cycle with specified change rate

urpose

imulates varying temperatures with electrical operation of the systems/components,
use of the system/component at changing ambient temperature. If a system/compo

e peak is added during the high temperature stage of the profile to ensure proper func

the system/component. The failure mode is an electrical malfunction during temperat

change.

ent
to hot-soak téniperatures (e.g. engine-mounted systems/components), an additional sIort

A\ as

e.g.

fion
bing

e to avoid electrical heat dissipation of the system/component which would inhibit reaching

ure

The mass of the DUT is the main influence factor that determines the design of the temperature cycle.
This test shall be selected from 5.3.1.2 or 5.3.1.3 in accordance with mass classification example in

ISO 16750-
NOTE 1

NOTE 2

1:2023, Annex C.

This test is not intended to be a life test.

For applying this test, it is important to calculate and check the temperature change rate against

available test chamber capabilities. If the specified change rate is not technically feasible, the temperature profile
can be changed by agreement between the customer and the supplier.

© IS0 2023 - All rights reserved
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5.3.1.2 Test method for small and lightweight DUT

For a small and lightweight DUT, perform the temperature cycling in accordance with [EC 60068-2-14,
Test Nb, not using its specified temperature changing rates, but using the variant given in Figure 2 and
Table 3. For the test including hot-soak temperature (7,,,,,s), also use the variant given in Figure 3 and
Table 4. The test shall be performed with 30 cycles.

Perform temperature cycling with the following as one cycle. Decrease ambient temperature from
room temperature (RT) to T, expose the DUT at T,,;,, increase ambient temperature from T, to
T . €xpose the DUT at T, with/without including T,,,,;;s and then decrease ambient temperature

from T, .. to RT (see Figure 2 and Figure 3).

Perform a functional test at the end of T, as short as possible with operating mod€) 3:B or 4.3 as
defined in ISO 16750-1 (see key a in Figure 2 or Figure 3). In addition, operate with operatinig mode 3.3
or 4.3 as defined in ISO 16750-1 (see key b in Figure 2 or Figure 3) during the sectionfrom|T,;, to RT.
Change operating mode to 3.4 or 4.4 (see key c in Figure 2 or Figure 3) during thé section from RT to
thefend of T, . Perform a functional test at the end of T, as short as possible\with operating mode 3.4
or 4.4 as defined in ISO 16750-1 (see key e in Figure 2 or Figure 3). During ‘the other sectiops, operate
with operating mode 2.1 (see key d” in Figure 2 or Figure 3). For tests jncluding T,,,.ns, th¢ DUT shall
notfbe operated at the time which is over T, ., (see key ¢, t-, tg in Figure.3). If operating mode 4.3/4.4 is
not|technically feasible, operating mode 3.3/3.4 may be used if agreed between the custonjer and the

supplier.

©1S0 2023 - All rights reserved 7
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Tmax

RT @

c
\

| - @

Tmin

‘/’D-

\
L

t:

t ts

ts

ts te

Key
T temperature, in °C
t time, in min
Tmin minimum operating temperature (see Table k)
T hax maximum operating temperature (see Tahle*1)
RT room temperature (see ISO 16750-1)
ty bty ty ty th tg  time parameter as defined in Table’d
a Functional test with operating migde 3.3 or 4.3 as defined in ISO 16750-1.
b Operating mode 3.3 or 4.3 ds defined in ISO 16750-1.
¢ Operating mode 3.4 or, 44 ds defined in ISO 16750-1.
d Operating mode 2.1 @s)defined in ISO 16750-1.
e Functional test with“operating mode 3.4 or 4.4 as defined in ISO 16750-1.
f One cycle.
Figur¢ 2 — Temperature cycle with specified change rate for small and lightweight DUT
Table 3 - Temperatures and time duration for temperature cycling for small and lightweight
DUT
Duration Temperature
Parameter
[min] [°C]

ty 60 From RT to T,

t, 90 Exposure time at T,;;,,

t3 60 From T, to RT

ty 90 From RT to T,

ts 110 Exposure time at T,

te 70 From T,, to RT
8 © IS0 2023 - All rights reserved
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Key

~

T f
/
TmaxHS
T'max I
RT &—
d a b c d c e d
Tmin \ \ \ \ \ | / \
YA \ /R
Tmm |
t: t ts ta ts t7|[to]| ta
! I [
te ts

HS

1 b3ty b5 Ly Uy Ly Ly Ly

temperature, in °C

time, in min

minimum operating temperature (see Table 1)
maximum:operating temperature (see Table 1)
hot soakitémperature (see Table 2)
roomitemperature (see ISO 16750-1)

time parameter as defined in Table 4
Functional test with operating mode 3.3 or 4.3 as defined in ISO 16750}1.
Operating mode 3.3 or 4.3 as defined in ISO 16750-1.
Operating mode 3.4 or 4.4 as defined in ISO 16750-1.
Operating mode 2.1 as defined in ISO 16750-1.
Functional test with operating mode 3.4 or 4.4 as defined in ISO 16750}1.

One cycle.

eigh DUT

lightw

1all and

Table 4 — Temperatures and time duration for temperature cycling with hot-soak stage for

© IS0 2023 - All rights reserved

small and lightweight DUT

Duration Temperature
Parameter
[min] [°C]
ty 60 From RT to T,
ty 90 Exposure time at T,
t3 60 From T, to RT
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5.3.1.3 1

For large a
not using i
For the tes
The test sh

Perform te
to Tin €XT
with/with
and Figure
Before per]

as defined
(see Figurd

Table 4 (continued)
Duration Temperature
Parameter
[min] [°C]
ty 90 From RT to T,
ts 60 Exposure time at T, ,,
te 10 From T,., to TaxHs
ty 30 Exposure time at T, s
tg 10 From T, ys t0 Trax
ty 30 Exposure time at T,
t10 70 From T_,, to RT

est method for large and heavy DUT

hd heavy DUT, perform the temperature cycling in accordance with [EC 60068-2-14, Test
s specified temperature changing rates, but using the variant given in 'Figure 4 and Tab

Nb,
e 5.

F including hot-soak temperature (T, g), also use the variant giveri.in Figure 5 and Tab

e 6.

maxH
all be performed with 30 cycles.

mperature cycling with the following as one cycle. Decrease, ambient temperature fron

ose the DUT at T,;,,, increase ambient temperature from T} ;) to 7., expose the DUT at

5).

forming this test, a separate temperature measurément (with DUT in operating mode
in ISO 16750-1) shall be performed to determjne-what exposure time at T,,,,, Tp,i, oF T,
4 or Figure 5) is necessary to obtain thermal*equilibrium of the DUT. If operating mods

is not technically feasible for the separate temperature' measurement, operating mode 1.2 as define

ISO 16750+
shall be ag
motor coil]
at min’ Y}n
time shall
customer 3
and stabili

Perform a
defined in
or4.3asd
Change op
the end of
or4.4asd
with oper3

1 can be used as agreed between the customer and the supplier. The measuring point of
‘eed between the customer and the supplier, considering a target device (e.g. microproces
which is temperature-influenced\is functionality or performance. The dwell time ¢, of |
L and T .. ys shall be more than’30 min each per temperature cycle; therefore, expog
be adjusted accordingly depending on the size and other characteristics of the DUT.
nd the supplier shall agrée)on a complete profile of temperature cycle, including dwell ¢
bation time, depending en'the size and other properties of the DUT.

functional test at‘the end of T, ;, as short as possible with operating mode 3.3 or 4.]
SO 16750-1 (seé-Kkey a in Figure 4 or Figure 5). In addition, operate with operating mode
pfined in ISQ-16750-1 (see key b in Figure 4 or Figure 5) during the section from T to
brating modeto 3.4 or 4.4 (see key c in Figure 4 or Figure 5) during the section from R
[ ax- Perform a functional test at the end of T, as short as possible with operating modg

efined.in 1SO 16750-1 (see key e in Figure 4 or Figure 5). During the other sections, ope
ting.unode 2.1 (see key d in Figure 4 or Figure 5). For tests including T,,,,ys, the DUT s

put including T,,,,ys and then decrease ambient temperature from T,,,, to RT (see Figuf

RT

max

e 4

2.1
hxHS
2.1
d in
DUT
sor,
DUT
ure
The
ime

B as
3.3
RT.
[ to
3.4
rate
hall

not be ope;

ated at the time which is over T._ .. (see key t, t,, to in Figure 5). If operating mode 4.3/4

4is

not technically feasible, operating mode 3.3/3.4 may be used if agreed between the customer and the

supplier.

10
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Tmax

tx

UT

avy DUT

\/ Ux /
o d a b c e d
S A S S P \ \ |
R \ oy
N
ta t, ts ta ts te
t
Key
T temperature, in °C
t time, in min
1 ambient temperature
2 DUT temperature, exemplary for non-heat-dissipating DUTs
T i minimum operating temperature (seé.Fable 1)
Tina maximum operating temperature;(see Table 1)
RT room temperature (see [SO 16750-1)
ty, t}, b3ty ts, tg  time parameter as defined in"Table 5
ty dwell time at T,,;, and T},
a Functional test withvoperating mode 3.3 or 4.3 as defined in ISO 16750-1.
b Operating mode'3.3 or 4.3 as defined in ISO 16750-1.
¢ Operating made 3.4 or 4.4 as defined in ISO 16750-1.
d Operating mode 2.1 as defined in ISO 16750-1.
e Functional test with operating mode 3.4 or 4.4 as defined in ISO 16750-1.
f puecycle.
Figure4 — Temperature cycle with specified change rate for large and heavy D
Table 5 — Temperatures and time duration for temperature cycling for large and he
Duration Temperature
Parameter
[min] [°C]

ty 60 From RT to T,

ty As agreed Exposure time at T,;,,

t3 60 From T, to RT

ty 90 From RT to T},

ts As agreed Exposure time at T,

te 70 From T, to RT

ty >30 Dwell time at T,,,;,, and T,,,

© IS0 2023 - All rights reserved
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T /
Trnaxns
TmaX
2
RTF /
Ny e sk
Tmin ! ! MIRRIY
LT [[[1]
Ly t. ts t. ts t; to |t
tle tlg
t
Key
T temperature, in °C
t time, in min
1 ambient temperature
2 DUT temperature, exemplary fox non-heat-dissipating DUTs
Thin minimum operating temperature (see Table 1)
T max maximum operating temperature (see Table 1)
T haxHs hot soak temperature-(see Table 2)
RT room temperature(see ISO 16750-1)
ty by, ts, by B g £y, tg Ty, time parameter as defined in Table 6
&, dwell timie at T, Tinax @0 Thaxs
a Functional test with operating mode 3.3 or 4.3 as defined in ISO 16750-1.
b Operating mode 3.3 or 4.3 as defined in ISO 16750-1.
¢ Operating mode 3.4 or 4.4 as defined in ISO 16750-1.
d Operating mode 2.1 as defined in ISO 16750-1.
e Functional test with operating mode 3.4 or 4.4 as defined in ISO 16750-1.
f One cycle.
Figure |5 < Temperature cycle with specified change rate and hot-soak stage for large ang
heavy DUT

Table 6 — Temperatures and time duration for temperature cycling with hot-soak stage for

large and heavy DUT
Duration Temperature
Parameter
[min] [°C]
t; 60 From RT to T,;,
t, As agreed Exposure time at T,;;,,
t3 60 From T ;, to RT
ty 90 From RT to T,

12 © IS0 2023 - All rights reserved
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Table 6 (continued)
Duration Temperature
Parameter
[min] [°C]
ts As agreed Exposure time at T,
ts 10 From T ., to T ,.xHs
t, As agreed Exposure time at T, .5
tg 10 From T,,.1s t0 Tax
ty As agreed Exposure time at T,
tio 70 From T ,, to RT
L, - 30 Dwell time at T,;,, T, @and
maxHS

5.3]1.4 Requirement

The functional status shall be class A as defined in ISO 16750-1 during active operating modps.
5.3{2 Rapid change of temperature with specified transition duration

5.3/2.1 Purpose

Thip is an accelerated test which simulates a very high number of slow temperature cycles in fhe vehicle.
The acceleration is possible due to a much higher température change rate and a bigger tgmperature
chapge in one cycle in comparison with real vehicle stréss. The failure mode is an electrical npalfunction
and/or mechanical failure due to cracking of materials or seal failures caused by ageing arld different
tenperature expansion coefficients.

NOTE If the failure mechanism is known,t is possible to perform the test only with a subcomponent by
agre¢ement between the customer and the supplier. Mechanical constraints and interfaces such as for instance
casipg or fixation points are examples of things that can contribute to the failure mechanisms during this test,
and|can be taken into consideration if yunning the test on subcomponent level.

5.3]2.2 Test method

Perform the temperature cyeling in accordance with [EC 60068-2-14, Test Na, not using its ponditions,
butfusing the variant such/as the combination of the two temperatures, the transfer time, the exposure
timp and the number ofcycles. The DUT shall be exposed to T,;, and to T, alternately. Transfer time
is within 30 s or less:"Use operating mode 1.2 as defined in ISO 16750-1. The number of cyclgs refers to

Table 10 which felates the mounting location shown in Table A.1.

Thd transfex'time between T, ;, and T,,,, can be extended to 3 min by agreement between the customer
and| the supplier due to the size of the DUT or test setup feasibility. If the transfer time exc¢eds 3 min,

thiq test can be skipped by agreement between the customer and the supplier. In case pf doubt, a

separate measurementcan be pnrfnrmnd todetermine hgw ]nng the transfer time shall be

NOTE1 As a background of possible extension to 3 min of the transfer time, in case of large DUT (e.g.
commercial vehicle e-motor), it is possible that the transfer time is longer than 30 s for applying this test.

NOTE 2 It can be difficult for large and heavy components (e.g. e-motor over 100 kg), to fulfil Test Na with a
transfer time of 3 min. In such cases an alternative testing approach can be agreed between the customer and the
supplier (e.g. [EC 60068-2-14, Test Nb).

Keep the DUT at T,;, or T,,,, for a given dwell time ¢, after thermal equilibrium of the DUT is obtained.
The customer and the supplier shall agree on a complete profile of temperature cycle, including dwell
time and stabilisation time, depending on the size and other properties of the DUT. In case of doubt, a
separate measurement (with DUT in operating mode 2.1 as defined in ISO 16750-1) can be performed to
determine how long the exposure time shall be at T, or T,,;,. If operating mode 2.1 is not technically
feasible for the separate temperature measurement, operating mode 1.2 as defined in ISO 16750-1

©1S0 2023 - All rights reserved 13
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can be used as agreed between the customer and the supplier. The measuring point of DUT shall be
agreed between the customer and the supplier, considering a target device and its heat capacity (e.g.
microprocessor, motor coil). Ambient temperature needs to be kept at the required temperature until
thermal equilibrium is obtained. The dwell time of DUT at T, ;, and T,,, shall be more than 10 min each
per temperature cycle (see key ¢, in Figure 6).

Upon agreement between the customer and the supplier, this test may be performed during the
development of the DUT with opened housing or without housing.

T
Tmax
/
//\
/
/ T~ 1
|
a b
RT '/
tx t. tx ta
t ts
!
\ |
\ \
\ \
\ \
\ \,
Tmin
C
t
Key
T temperature, in °C
t time, in min
1 DUT temperature
Tinax mpximum operatingtemperature (see Table 1)
Timin mjnimum operatihg/temperature (see Table 1)
t b3 exposure timeat T, ; or T ..
t, transfer time
ty dwelLtime at T, or T, (= 10 min)
a Startof first cycle.
b End of first cycle and start of second cycle.
¢ One cycle.

Figure 6 — Temperature cycle changes with specified transition duration

5.3.2.3 Requirement

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

14 © IS0 2023 - All rights reserved
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5.4 Cold water shock tests

5.4.1 Purpose

The purpose of the test is to simulate the thermal shock induced by cold water splashing over a hot
system/component. This happens when driving on wet roads in winter and applies to products in the
splash areas of the vehicle. The failure modes are a mechanical cracking of materials or seal failures
caused by different temperature expansion coefficients. Additional failure modes not addressed in

5.3.2.1 are loss of tightness and /or intrusion of water into the system/component.

There-aretwopossiblemethodsto-perform-thistest{see 54 oponen s mounted

ovel the fording depth, the submersion test can be skipped.

NOTE This is not a corrosion test.

5.42 Splash water test

5.4{2.1 Test method

Theg DUT shall be tested with the following procedure as one cyclé. Fhe procedure of c¢) and g) and

traltsfer time (t,; and t,, in Figure 8) may be skipped in case of using one single chambei| with both

heafing and splashing.

a) |Place the DUT with operating mode 1.2 as defined in*ISO 16750-1 (see key b in Figlire 8) in a
chamber at T, for the specified holding time, t; ;.

b) [During the last 15 min of holding time, operatisig mode is switched to 3.2 or 4.2 as|defined in
ISO 16750-1 (see key c in Figure 8) to induce self-heating of the DUT.

c) |The operating mode is switched to 1.1 oii*.2 (see key a in Figure 8) and the DUT is oved into
splash area within 4.

d) |The operating mode is switched t0.8:2 or 4.2 again when the DUT has been set in test eqyipment for
splash test.

e) |Splash the DUT with cold water for 3 s (see key ¢ in Figure 8) within “¢; - ¢, < 1 min”.

f) [After splash, the operating mode is continuously kept as 3.2 or 4.2 for 2 min or more (sep key ¢, , in
Figure 8).

g) |The operatingmode is switched to 1.1 or 1.2, and the DUT is moved back into a chamber

If the DUT is splashed in the vehicle from only one direction, splash it from this direction ohly while it

is i

dirgctions'shall be taken into account. In this case, use an additional DUT for each splash dir

wi

congiderable size is splashed and proven too big for one jet, arrange several jets in a row ta

an as-iastalled position. If the DUT is splashed from various directions in the vehicle,

h of the splash directed at the DUT shall always be greater than the width of the DUT.

then these
ection. The
[f a DUT of

produce a

line of splash impact on the DUT, see Figures 7 to 9.

NOTE 1

Difference between a high-pressure load during holding time and a low-pressure load during splash

time can be caused by the initial humidity inside the DUT. It is important to store the DUT for a sufficient time in
the initial state defined as the general test condition (see ISO 16750-1).

Test parameters include the following.

©IS

Number of cycles: 100.

Holding time, t},1, at T,

two durations shall be selected.

02023 - All rights reserved
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NOTE2 4
commercial

NOTE3 1

NOTE4 {
detectabilit
substances

16

First transfer time, t;: < 20 s (for manual transfer of the DUT between temperature storage and
splashing). The transfer time can be extended to 3 min by agreement between the customer and the
supplier due to the size of the DUT or test setup feasibility.

Second transfer time, ¢, t, can be set in consideration of the effect of once again reaching
temperature equilibrium in ¢;;.

Preparation time for splash, ¢,,: t;, - t;; < 1 min. The preparation time for splash shall be as short as
possible to minimise the temperature drop of the DUT.

Test fluid: water.

Water

Water

temperature: 0 °C to +4 °C.

flow: between 3 1and 4 1 per 3 s (splash time, t).

HoldinE
DUT, bjut at least ¢;, = 2 min.

Distan
width

Test ¢y

Orient

pf the DUT).
cle: see Figure 8.
htion of the DUT: as in the vehicle.

\s a background of possible extension to 3 min of the transfer time, in case of large DUT
vehicle e-motor) the transfer time can be longer than 20 s\for applying this test.

[he holding time at next cycle can be minimised by shertening of the second transfer time of ¢,.
ubstances such as colours, dust, salt or soap~can be added to the water in order to imp

. When using soap, a small amount of soap is sufficient for reduction of surface tension. If additi
hre added, these can cause corrosive effects-in subsequent tests.

time after splash, ¢;,,: ample time to allow cold water to affect sealings, crevices, etc. on|

the

ce between jet and DUT surface: (325 + 25) mm (water shall be applied over the compllete

(e.g.

fove
bnal
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Dimensions in millimetres

10,5

6

1B1

1l _ |o
~

Z

220

Figure 7 — Jet

© IS0 2023 - All rights reserved
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time, in|
prepars:
splash {

h
tm ty
15 ttl ch ttZ
g
ts
I— o i
f
[5]
d

min
tion time for splash
ime

second|transfer time

Operat]:
Operat

Splash pn.

DUT is

n chamber.

Transfdr the DUT.

gmode 1.1 or 1.2 as defined in ISO 16750-1. b Operating mode 1.2 as defined in ISO 16750-1.
gmode 3.2 or 4.2 as defined in ISO 16750-1. 4  Splash off.

ty1 holding time at T (T}, IS defined in Table 1
t;y first transfer tifhe
ty, holding tim@after splash

f_-DUT is in splash area.
BN" One cycle.

Figure 8 — Test cycle for splash water test
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Dimensions in millimetres

325+ 25

3
Key
DUT 4  splash water
slot jet 5 splash
pump

Figure 9 — Test set up for splash water test

5.4]2.2 Requirement

The functional status shall be class A as defined in ISO 16750-1 during active operating modps.
5.4{3 Submersion test

5.4)3.1 Test method

Cornect the DUT to the test equipment. Operate the DUT in a chamber at T, ,, as defined in|Table 1 for
the specified holding time, t;. With the device still operating, submerge it for 5 min in a cold-yvater tank,
in aldepth equal to grgreater than 10 mm (see Figure 10). Although operation of the DUT shojld be kept
durjng the submersion, it is allowed to change its operating modes from 3.2 or 4.2 to 1.2 onlylduring the
submersion if agreed between the customer and the supplier due to safety in test.

Tesf parameteérs include:

— | Number of cycles: 10.

— Holding time ¢, at T,,,,: 1 h or until thermal equilibrium of DUT is obtained. The longest of the two

max-
durations shall be selected.

— Transfer time, t;: < 20 s. The transfer time can be extended to 3 min by agreement between the
customer and the supplier due to the size of DUT or test setup feasibility.

— Test fluid: water.
— Water temperature: 0 °C to +4 °C.
— Immersion time: 5 min.

— Operating mode: 3.2 or 4.2 as defined in ISO 16750-1.

©1S0 2023 - All rights reserved 19
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— Orientation of the DUT: as in the vehicle.

NOTE1 As a background of possible extension to 3 min of the transfer time, in case of large DUT (e.g.
commercial vehicle e-motor) the transfer time can be longer than 20 s for applying this test.

NOTE 2  Substances such as colours, dust, salt or soap can be added to the water in order to improve
detectability. When using soap, a small amount of soap is sufficient for reduction of surface tension. Before
adding additional substances, it is noted that these can cause corrosive effects in subsequent tests.

Dimensions in millimetres

=10

Key
1 DUT
2 water sjurface

Figure 10 — DUT in a cold-water tank

5.4.3.2 Requirement

The functignal status shall be class A as definedin1SO 16750-1 during active operating modes.
5.5 Saltispray tests

5.5.1 Geperal
Salt spray fests consist of four-types of tests, each one described below.

Corrosion [test is applied-t® check the resistance of materials and surface coatings of a system/
component (see 5.5.2).

Leakage arld functiénitype of test is applied to check the functional influence by the ingress of salt water.
For DUTs ¢xcept rotating machines with open housing (e.g. alternator, integrated starter generator),
use test defcribed in 5.5.3. For rotating machines with open housing, use test described in 5.5.4, which
is more effective than 5.5.3 to detect the corrosion on energized parts. T

Salt spray combined cycle test can be an accelerated corrosion test based on the tests defined in 5.5.2
and 5.5.3. For sealed systems/components, salt spray combined cycle test may be used to substitute
5.5.2 and 5.5.3. For unsealed systems/components which have an electrical failure mechanism by the
ingress of salt water, this test may be used to substitute only the salt spray test of 5.5.2 (see 5.5.5).

Another cyclic corrosion test (5.5.6) can be used aiming to reproduce field-correlating results (e.g.
cosmetic corrosion, crevice corrosion and galvanic corrosion). The cyclic corrosion test may be used
by agreement between the customer and the supplier. For sealed system/component, cyclic corrosion
test may be used to substitute 5.5.2 and 5.5.3. For unsealed system/component which has an electrical
failure mechanism by the ingress of salt water, this test may be used to substitute only the testin 5.5.2.

The applied tests shall be decided by agreement between the customer and the supplier.
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2 Corrosion test

2.1 Purpose

This test checks the resistance of materials and surface coatings of a system/component to de-icing
agents. This test generates corrosion similar to reality. The failure mode is corrosion.

Visual examination as detailed below shall allow identification, appearance, workmanship and finish of

the

5.5

item to be checked against the relevant specification.

Wh
the

Thd
inty

Toul

5.5
Che

5.5

2. D Ak -
et w s ICTCUIIUILIVIIIITG

bther to apply cleaning procedure on the DUT before the test shall be prescribed. In(case
cleaning procedure, it shall be stated whether temporary protective coatings are remove

cleaning method used should not interfere with the effect of the salt mist on:the test spe
oduce any secondary corrosion.

ching of the test surface by hand is recommended to avoid as far as possible before the te

2.3 Test condition

ck test condition in accordance with ISO 9227:2022, 9.2, 94 and Clause 10.

2.4 Test method

Per
mo
fro

form the test in accordance with [EC 60068-2¢52:2017, test method 4 or 5. Depend
nting location, the climatic requirement code, is selected (see Table A.1). Test method
Table 10 according to this climatic requirement code. A neutral salt solution in accor

[EC|60068-2-11:2021, Clause 5 shall be used."Use operating mode 1.2 as defined in ISO 167!
cas¢ of rotating components with open housings, operation mode 3.3 or 4.3, respectively, can

in
of
sup

Car
per
do

wit

5.5

Thd
sha
bet

short time at standard atmosphere-to-avoid moving parts being blocked by corrosion. T|
tivations as well as the duration:of the activation shall be agreed between the custon
lier, but should be kept to a minimum.

'y out a visual examination with the naked eye, normal strength of vision and nor
Ception, at the most favourable distance and with suitable illumination. Also dismantle
hn internal inspection.)If needed, a microscopy can be used as a complement to visual
N naked eye.

2.5 Requitements

re shalkbe no changes that could impair performance, e.g. sealing function, marking arn
| remain visible and legible. Specific criteria for appearance of the DUT after test shall
[veeh. the customer and the supplier before the test.

bf applying
d or not.

cimen, nor

st.

ing on the
is selected
lance with
b0-1. In the
be applied
he number
er and the

mal colour
the DUT to
inspection

d labelling
be agreed

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

5.5.

5.5.

3 Leakage and function test

3.1 Purpose

This test checks the resistance of a system/component to salt mist and salt water on winter streets. The
failure mode is an electrical malfunction due to leakage currents caused by the ingress of salt water.

NOTE

It is possible that the electrical malfunction does not occur immediately in response to

the wetness

ingress, but can be a result of prolonged exposure to moisture and corrosion effects, therefore even signs of
wetness ingress without immediate electrical malfunction are considered.

©IS
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5.5.3.2 Pre-conditioning

Perform pre-conditioning in accordance with 5.5.2.2.

5.5.3.3 Test condition

Check test condition in accordance with IS0 9227:2022, 9.2, 9.4 and Clause 10.

5.5.3.4 Test method

Perform the-testecyecle-shown-inEigure in-accordance-with- 1EC 6006 2021, Clauses-6-and 11.
The duratipn of one cycle is 24 h. Spray on the DUT for 8 h, then stop spraying for a rest period, gfl6 h.
Operate the DUT with operating mode 3.2 or 4.2 as defined in [SO 16750-1 between the fourthcand flifth
hour of eadh cycle.

Test duration: 6 cycles correspond to 6 days as a minimum.

45 8 24 t

t time, ip h
a Operafng mode 3.2 or 4.2 as defined in ISO-16750-1.
b Operating mode 1.2 as defined in ISO16750-1.

¢ Salt spfay on.

d  Salt spfay off.

e One cyrle.

Figure 11 — Test cycle for salt spray test

5.5.3.5 Requirements

The intruslonZofsaltwaterintothe hnnmng isnot pnrm1ffpr‘|

The functional status shall be class A as defined in ISO 16750-1 during active operating modes.
5.5.4 Salt spray active test for rotating machines with open housing

5.5.4.1 Purpose

This test checks the resistance of a system/component to salt mist and salt water on winter streets. The
test is used for rotating machines with open housings (e.g. alternators, integrated starter generators).
It simulates the corrosion load during operating of the component. The failure mode is corrosion,
especially on energized parts.
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4.2 Pre-conditioning

Perform pre-conditioning in accordance with 5.5.2.2.

5.5.
Che

5.5.

Am
isn

Thd
agr

T in the protected mounting position (e.g. protected by surrounding parts like underb

T is in protected mounting position shall be agreed betweemnthe customer and the suppli

4.3 Test condition

ck test condition in accordance with ISO 9227:2022, 9.2, 9.4 and Clause 10.

4.4 Test method

0,5) g/1.

all the DUT in the chamber, with the mounting orientation as in the vehicle.

form the test cycle shown in Figure 12. The duration of one sub cycle is 1 h\ Spray for 6 n
Figure 12), then stop spraying for a rest period of 54 min. The DUT is run’at typical idle
rating mode 3.3 or 4.3 as defined in ISO 16750-1. After 11 sub cycles,stop spraying for a
0 min with operating mode 2.1. With these as one cycle, the number of cycles is 8 cy

components in the unprotected mounting position, the numbeér of cycles is 16 cycles. W

bient temperature outside of the chamber shall be (23:%5) °C. The temperature inside th
bt controlled. The temperature may increase due to waste heat of the DUT.

continuous monitoring (e.g. output voltage, output current) during the test can be pel
bement between the customer and the supplier:

but with a
ed shall be

in (see key
cpeed with
rest period
les for the
bdy panel).
hether the
BT

e chamber

formed by

10 11 11,5

tinte,'in h

©IS

npnrafing mode33ord3dasdefinedinlISO16750-1 ot fypira] idle cpnnﬂ

Operating mode 2.1 as defined in ISO 16750-1.
Salt spray on.

Salt spray off.

One cycle.

One sub cycle.

Spraying time.

Figure 12 — Test cycle for salt spray active test
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5.5.4.5 Requirements

There shall be no changes that could impair performance, e.g. electrical function. Specific criteria for
appearance of the DUT after test shall be agreed between the customer and the supplier before the test.

The functional status shall be class A as defined in ISO 16750-1 during active operating modes.

5.5.5 Salt spray combined cycle test

5.5.5.1 Purpose

This test ¢
and salt w4

5.5.5.2 K

Perform pj

5.5.5.3 1

Check test

5.5.54 1

Perform th
accordancg

Select the

levels in a
corrosion f{
for substit
the numbe
severity of]
supplier.

ter on streets in winter. The failure mode is corrosion and/or electrical malfunction:

re-conditioning

e-conditioning in accordance with 5.5.2.2.

est condition

condition in accordance with IS0 9227:2022, 9.2, 9.4 and Clause~10.

est method

e test in accordance with IEC 60068-2-52:2017, tést)method 7. A neutral salt solutio
with IEC 60068-2-11:2021, Clause 5 shall be used:

Keverity which corresponds to the mountingslocation in Table A.1. An example of seve
passenger vehicle is given in Figure A.1:\The number of cycles for substitution of 5
est shall be determined from Table 7 by using the selected severity. The number of cy]

I of cycles of the salt spray combined cycle test to be carried out is given in Annex B. Iff
each mounting location is not specified, it should be agreed between the customer and

Table 7 = Number of cycles for the corrosion test

Perform t

stop spraymg

hecks the resistance of materials and surface coatings of a system/component to salt rllist

h in

rity
5.2
cles

ition of 5.5.3 leakage and function test’is 8 cycles. Background information to deternpine

the
the

hen

Severity Number of cycles
1 8
2 15
3 30
4 60
ectest cycle shown in Figure 13. The duration of one cy 8 h; spray the DUT for 2 h, {

The DUT shall be placed in the salt mist chamber and sprayed with the salt solution for a period of 2 h
at a temperature of (35 = 1) °C.

At the end of the spray period, the DUT shall be subjected to the dry condition and stored 4 h at a
temperature of (60 * 1) °C and with a relative humidity between 20 % and 30 %.

At the end of dry period, the DUT shall be subjected to the humid condition and stored at a temperature
of (50 % 1) °C and with a relative humidity of more than 95 % for a period of 2 h.

Use operating mode 1.2 as defined in ISO 16750-1 during the complete test sequence.
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/
a b c
e
d h i
100
95 [
50 +
30
20
| | | |
1 2 4 5 6 7 8 t
T /f
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e
d 8 |d h S i
60
50
40 -
30 =
| | | |
1 2 4 5 6 7 8 t
Key]
t time, in h
Y | relative humidity, in %
T | temperature;in °C
a

o

(s}

Salt spray”(with uncontrolled humidity).
Dry.
Humid.

NOTE

Less than 0,5 h.

Less than 0,25 h.

One cycle.

Exposure time (1,5 h).
Exposure time (3,5 h).
Exposure time (1,75 h).

If necessary, d and e can be extended depending on the size and mass of DUT.

Figure 13 — Test cycle for the salt spray combined cycle test
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5.5.5.5 Recovery

The temperature of the water used for washing shall not exceed 35 °C. The relevant specification shall
state whether or not the DUT shall be washed. In case of washing, the DUT shall be washed in running
tap water for 5 min, rinsed in distilled or demineralized water, air blasted at a distance of approximately
300 mm with an overpressure not exceeding 200 kPa to remove droplets of water and then dried for 1 h
to 4 h at (55 % 2) °C (relative humidity < 20 %). The dry time depends on the size and mass of the DUT.
The DUT may cool under controlled recovery conditions for not less than 1 h and not more than 2 h.

The relevant specification shall indicate, if needed, other methods to be used for washing and drying the
DUT. The DUT shall be stored under controlled recovery condition in accordance with IEC 60068-1:2013,
4.4.2 for nqt less than 1 h and not more than 2 h.

5.5.5.6 Requirements

There shall be no changes that could impair performance, e.g. sealing function, markingand labelling
shall remalin visible and legible. Specific criteria for appearance of DUT after test shall be agieed
between the customer and the supplier before the test.

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

After the test, sealing function shall follow the IP class agreed between thé)ustomer and the supplier.
5.5.6 Cytlic corrosion test

5.5.6.1 Hurpose

This test checks the resistance of materials and surface:coatings of a system/component to salt fist
and salt water on streets in winter in diverse humidity conditions. This test generates corrogion
simulating|actual use in the market with precise control of temperature and humidity. The failure mode
is corrosioh (e.g. cosmetic corrosion, crevice corresion and galvanic corrosion).

NOTE The typical testing time of six weeks s’ proposed as a stress representing three years in a seyere
corrosive mfarket/vehicle location.

5.5.6.2 Hre-conditioning

Perform pile-conditioning in ac¢oydance with 5.5.2.2.

5.5.6.3 Test condition

Check test [condition itraccordance with ISO 9227:2022, 9.2, 9.4 and Clause 10.

5.5.6.4 Test method

Perform thle test in accordance with ISO 11997-3

The typical testing time is six weeks. It is recommended to adjust the testing time by agreement between
the customer and the supplier. It can be reduced to three weeks for parts exposed to a lower corrosive
load or the testing time can be increased to nine weeks for parts exposed to a higher corrosive load,
considering the stress during the actual use of products.

Install the DUT with mounting orientation as in vehicle in the chamber. Use operating mode 1.2 as
defined in ISO 16750-1 during the complete test sequence. By means of agreement between the customer
and the supplier, the operating mode can be changed to 2.1 or 3.1 to allow for possible corrosion driven
by applied voltage (e.g. electro-migration).
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5.5.6.5 Recovery

Perform recovery in accordance with 5.5.5.5.

5.5.6.6 Requirements

There shall be no changes that could impair performance, e.g. sealing function, marking and labelling
shall remain visible and legible. Specific criteria for appearance of the DUT after test shall be agreed
between the customer and the supplier before the test.

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

5.6/ Humid heat, cyclic tests

5.6/1 Purpose

These tests simulate the use of the systems/components under cyclic high*ambient hurhidity. The
failire mode is an electrical malfunction caused by leakage current and corresion. Leakage dqurrent and
corrosion occurs on a printed circuit board (PCB) or between terminals.of external interface fonnectors
due|to moisture. Also, they can occur due to condensation with ambienttemperature change| Long-time
expsure of moisture accumulation by humid air breathing effectproduces such interna| corrosion
(e.gl electrochemical migration on surface of a PCB or discrete P€B mounted components). Aflso surface
confdensation with ambient temperature change can make sughterminal leakage occur.

5.6]2 Test method

5.6]2.1 General

Perform the following tests given in the code-for climatic loads in Table 10 depending on th¢ mounting
locgtion shown in Table A.1. The continuéus monitoring (e.g. quiescent current, operatifg current)
durfing these tests (5.6.2.2, 5.6.2.3 and 5!6.2.4) can be performed by agreement between thg customer
and the supplier.

NOTE Measurement of quiescent current/operating current consumption during the test can show that any
of tme failure modes indicated ip-5.6.1, or any changes that could lead to the mentioned failure modes, does not
occyr during or after the testyMeasurement accuracy in time and magnitude as well as pass/fail criteria for the
megdsurements is set by agreentent between the customer and the supplier.

5.6/2.2 Test 1: Damp heat cyclic test
Perform the testdin accordance with IEC 60068-2-30:2005, Test Db, Variant 1:
— |uppertemperature: (55 * 2) °C;

— |number of cycles: 6.

Perform a functional test with operating mode 3.3 as defined in ISO 16750-1 for the shortest possible
duration when the maximum temperature is reached. Use operating mode 2.1 as defined in ISO 16750-1
except while performing a functional test.

5.6.2.3 Test 2: Composite temperature/humidity cyclic test
Perform the test in accordance with IEC 60068-2-38, Test Z/AD.

Perform a functional test with operating mode 3.3 as defined in ISO 16750-1 for the shortest possible
duration when the maximum temperature is reached. Use operating mode 2.1 as defined in ISO 16750-1
except while performing a functional test.
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5.6.2.4 Test 3: Dewing test

Perform the test in accordance with IEC 60068-2-30, using the variant illustrated in Figure 14:
— upper temperature: (80 + 3) °C;

— number of cycles: 5.

Perform a functional test with operating mode 3.3 as defined in ISO 16750-1 for the shortest possible
duration when the maximum temperature and humidity are reached. Use operating mode 2.1 as defined
in ISO 16750-1 except while performing a functional test.
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¢ Recommended set value for humidity /temperature.

d  Condensation.

e Drying.

f One cycle.

8 Operating mode 2.1 as defined in ISO 16750-1.

h Functional test with operating mode 3.3 as defined in ISO 16750-1.

Figure 14 — Dewing test cycle

5.6.3 Rejguirements

The functipnal status shall be class A as defined in ISO 16750-1 during active operating modes for all
three tests

The insulafion resistance test and withstand voltage test can be carried out to confirm the insulafion
function. Hefer to Annex C for the insulation resistance test method and the withstand voltage fest
method.

5.7 Damp heat, steady state test

5.7.1 Pufrpose

This test §imulates the use of the systems/components under steady high ambient humidity. [The
failure mofle is an electrical malfunction caused by leakage current and corrosion. Leakage curfent
and corrosfion occurs on a PCB or between terminals of extérnal interface connectors due to moisfure
by diffusign gradients (e.g. electrochemical migratioft;on surface of PCB or discrete PCB mounted
components, or conductive anodic filament within the PCB).

5.7.2 Tept method
Perform thle test in accordance with IEC 60068-2-78, Test Cab, with the following test conditions:
— test dyration: 21 days;
— severity: (40 £ 2) °C and (93 % 3) % humidity;
— operatiing mode:
— operating mode’2.1 as defined in ISO 16750-1 for a duration of 20 days and 23 h;

— operating'moede 3.3 as defined in ISO 16750-1 for the last one hour of the test.

The continpious.monitoring (e.g. quiescent current, operating current) during this test can be perforllned
by agreeme¢ntbetween the customer and the supplier.

NOTE Measurement of quiescent current/operating current consumption during the test can show that any
of the failure modes indicated in 5.7.1, or any changes that could lead to the mentioned failure modes, does not
occur during or after the test. Measurement accuracy in time and magnitude as well as pass/fail criteria for the
measurements is set by agreement between the customer and the supplier.

5.7.3 Requirements

For systems which are powered while the engine is shut off, functional status shall be class A as defined
in ISO 16750-1, for the entire test duration. Functional status of other systems shall be minimum class C
up to the last hour and class A for the last one hour.
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5.8 Condensation test

5.8.1 Purpose

This test simulates condensation by rapid change of temperature and humidity. Such condensation can
occur when the vehicle moves in a warm garage from a cold outside or when opening vehicle windows
hot and humid air flows into the cabin cooled and dried by air conditioner. The failure mode is an
electrical malfunction caused by leakage current and corrosion. Leakage current and corrosion occurs
on a PCB or between terminals of external interface connectors due to moisture. Also, they can occur
due to condensation with ambient temperature change. Long-time exposure of moisture accumulation
by d—ai i i i jgration on

sur
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ck that there is no condensation on the DUT before starting the first'\cycle.

form the test based on Table 8 (refer to Figure 16 or Figure 17 as‘test profiles as well).

rder to achieve sufficient dew condensation on the DUT¢in high temperature and hig
re, temperature on the DUT should be monitored and compared with the dew point calcy
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Measurement of quiescent current/operating current consumption during the test can show that any

of the failure modes indicated in 5.8.1, or any changes that could lead to the mentioned failure modes, does not
occur during or after the test. Measurement accuracy in time and magnitude as well as pass/fail criteria for the
measurements is set by agreement between the customer and the supplier.

For reproducible test results, wind speed around the DUT is preferred to be (1 £ 0,5) m/s during the
high temperature and high humidity stage.
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Table 8 — Temperature, humidity and duration of each stage of the condensation test

High temperature Creee . Number
R Low temperature . g De-humidification
Type | Stabilizing stage and high humidity of cy-
stage stage
stage cles
Temperature Dura- Temperature Dura- | Temperature/| Dura- | Temperature/ | Dura-
P tion p tion humidity tion humidity tion
(50+3)°C
A (10£3)°C (10+3)°C 2h 3h - - 3
(70£5)%
See S
NOTE (oc L ovor (25+3)°C
B | (-30+3)°C -30£3)°C | 1h | " " | 1h | Lessth 1,5h| 5
(90 + 5) % ess than ’
50 %
NOTE Th¢ duration of stabilizing stage is determined by a separate measurement or automatic control to dete¢t wherjthe
DUT temperpture has reached the temperature tolerance of low temperature stage, and also obtained thermalequilibrijum.

T

t time, ip h

T temperature, in °C

a Stabilizing stage.

b DUT tgmperature.

¢ Point gt which DUT temperature reaches the upper tolerance limit of low temperature stage.
d Contro|l target value of chamber temperature.

e Tolerance of chamber temperature.

Lo £ 1. - . 1
No specificrateof COOIIIg Is Tequired.

NOTE The decreasing rate of temperature in the stabilizing stage is not specified.

Figure 15 — Stabilizing stage
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a

Operating mode 1.2 as defined in ISO"16750-1.

b, [First functional test for small and lightweight DUTs with operating mode 3.3 as defined in ISO 167p0-1.
b, [First functional test for large-and heavy DUTs with operating mode 3.3 as defined in ISO 16750-1.

b, [Second functional test@ith operating mode 3.3 as defined in ISO 16750-1.
¢ |Stabilizing stage.

d  |Low temperatufestage.

¢ |High temperature and high humidity stage.

Control farget value of chamber temperature.

Toleranee of chamber temperature.

i Gontrol target value of chamber humidity.

. “Toterance of chamber humidrty.
kK Uncontrolled humidity.
I Less than 5 min.

m  No specific rate of cooling is required.

Figure 16 — Condensation test (type A)
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mperature-and high humidity stage.

functional test with éperating mode 3.3 as defined in ISO 16750-1.

Control target value of chamber humidity.
Tolerance of chamber humidity.

Uncontrolled humidity.

Less than 5 min.

No specific rate of cooling is required.

Figure 17 — Condensation test (type B)
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5.8.3 Requirement

The functional status shall be class A as defined in ISO 16750-1 during operating mode 3.3.
5.9 Corrosion test with flow of mixed gas

5.9.1 Purpose

This test simulates the use of the systems/components in the presence of corrosive gases, e.g. in
polluted atmospheres. The failure mode is an electrical malfunction caused by conductive corrosion
or (OTTOSIVE product on the surface of electrical/etectronic components. 1 i3 test 15 retevant for plug
confacts and open switching contacts. Another failure mode is the penetration of pratective (paint)
coafings with subsequent corrosion of the structures below.

The application of this test shall be stated in the specification of the systems/compenents.
NOTE The various gases used in this test can affect both the casing/surface, of a DUT as |well as the
elecftrical/electronic components inside the DUT (e.g. corrosion/breakdown ofMor instance silvel content in
electronic components and PCB). It is important to look for signs of detriment (€:g. corrosion products, spot wise

disdoloration, tarnishing of terminals), even though these corrosion effects might not be visible on fynction level
during the testing.

5.92 Test method

Perform the test in accordance with IEC 60068-2-60:2015, method 4. The operating mode is 1.2 as
defined in ISO 16750-1. The test duration is:

— |10 days for components intended for mounting in the passenger compartment or luggage/load
compartment; and

— |21 days for all other mounting locations:

Als¢ dismantle the DUT to do internal inspection. If needed, microscopy can be used as a cpmplement
to vlisual inspection with naked eye

NOTE Operating mode 1.1 with'protection seals (e.g. sealed mating connector) can be applicabld.

5.9/3 Requirement

Thq functional status'shall be class C as defined in ISO 16750-1.
5.10 Solar radiation test

5.10.1 PRurpose

Thip test simulates the use of the systems/components in an environment with long term gxposure to
solar radiation. This test is applied to surface treatment (e.g. protective coating), paint marking and
labelling pasted on the surface of systems/components mounted in places affected by solar radiation
(see Table 10 and Annex A). This test can be skipped when agreed between the customer and the
supplier.

5.10.2 Test method

Compliance shall be shown by material test reports, data sheets, or similar. If in need of physical
validation, a test shall be performed according to either ISO 4892-2, ISO 4892-3 or ISO 4892-4, chosen
by agreement between the customer and the supplier.
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5.10.3 Re

quirements

Allowable surface deterioration (e.g. fading, discoloration, peeling or cracking etc.) shall be agreed
between the customer and the supplier.

The marking and labelling shall remain visible and legible (e.g. high voltage caution labels).

5.11 Dust test

5.11.1 Purpose

This test simulates a dust pumping effect caused by temperature changes inside the housing'df
systems/components, due to intermittent electrical operation. The failure mode is an electrica
mechanical malfunction caused by dust, e.g. on the surface of electrical contacts.

The applic

NOTE
combinatio

5.11.2 Te

Perform t

ition of this test shall be stated in the specification of the systems/components!

with other environmental stresses, e.g. moisture.

5t method

test in accordance with ISO 20653.

e
The DUT :]\all be tested with the following procedure as one cycle\(see Figure 18).

a) Conne
b)
c)

d)

Operaf
At the
After d

The test sh
dust in the

NOTE 1
dashboard,
covered in t

|

Test paranjeters include:
— testdyst:
1) 50 % by weight of limestone (with clay and sand), i.e. “unbaked Portland cement”;
2) 50 %-Afly ash with the following grain size distribution (in accordance with IEC 60068-2-68]:
i) 33 % by weight <32 um; and
ii) 67 % by weight > 32 pm, but < 250 pm.

ct the DUT to the test equipment.

e the DUT in a chamber with operating mode 3.2 as defined in ISO 16750-1.
end of operating time, perform dust circulation.

ust circulation, operating mode is changed to 1.2 as defined in ISO 16750-1.

all be carried out in the orientation as mounted in the vehicle, as long as the direction of
test is as in the vehicle.

If the DUT is only partly exposed in vehicle, i.e. if some parts of the DUT are covered by panels, inte
etc. in the vehicle installatien (e.g. console audio devices), the DUT areas covered in the vehicle cal
est setup if agreed between the customer and the supplier.

the
|l or

ust intrusion into components can worsen their internal pollution degree and.¢ause malfunctions in

the

rior,
h be

Upon agreement between the customer and the supplier, Arizona A2 test dust that is specified in

ISO 12103-

one cy

36

1 may be used as an alternative to above test dust.

number of cycles: 20;

cle, e: 20 min;

operating time, t,: 5 min; and

dust circulation time, t: 6 s.
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NOTE 2  The customer and the supplier can agree on a different cycle time and number of cycles.

For a DUT installed in a passenger compartment or luggage/load compartment, for example, switch and
actuator, instead of the test method of ISO 20653 stated above, this test may be performed as defined in
SAE ]575/]1S D 0207 by agreement between the customer and the supplier.

Test parameters include:

test dust: Portland Cement (type I) as defined in ASTM C150-07;

concentration of dust: more than 100 mg/m3 and less than 3 000 mg/m3;

NO1
load

NOTI

NOT

Key

& o+

number of cycles: 24;
one cycle, e: 20 min;
operating time, £,: 5 min; and

dust circulation time, t_: 6 s.

E3  Thevalue of concentration of dust is referred from JIS D 0207 for pdssenger compartment{or luggage/
compartment.
E4  Cycle time can be changed to 15 min by agreement between the customer and the supplief.
E5 For measurement of concentration of dust, information’can be found in JIS Z 8813.
to tt
a
b
e
» / .
Cc
d
tc
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time,'in min

aperating time
T (o)

o~
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o~

)
o

o

resting time

dust circulation time

Operating mode 3.2 as defined in ISO 16750-1.
Operating mode 1.2 as defined in ISO 16750-1.
Dust circulation on.

Dust circulation off.

One cycle.

Figure 18 — Dust test (one time cycle)
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5.11.3 Requirements

The functional status shall be class A during operating mode 3.2 as defined in ISO 16750-1.

After the test, sealing function shall follow the IP class agreed between the customer and the supplier.

5.12 Atmospheric pressure test

5.12.1 Purpose

This test sy
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The test vdltage shall be applied between parts of the equipment which are galvanically separated f:

each other
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ow atmospheric pressure. This test applies to only voltage class B components.

e is a tiny void inside the insulator or at a boundary between the insulator,and
(e.g. winding of electric motors) with high voltage in use for the electric propulsion sys
nent, an electric field concentrates in the void and a weak electric discharge occurs. ]

use. The partial discharge inception voltage is affected by atmospheri¢pressure.

electric discharge in a void of the insulation, another effect is takefrifito account by this
pressure difference between the ambient pressure and the pressure in the voids, cracks
initiated in the insulation around the voids. Thus, the thickness of the insulation is redy
plihood of electrical discharge is increased.

ke of this test, which consists in measuring an extremely small amount of discharge, i
bntial defectiveness likely to shorten the durable life, and which is hardly detectablg
withstand voltage or insulation resistance.

ity of such a test is explained in Annex D.

ric discharge is not expected to occur.due to systems/components composition or t
this test can be skipped when agreed between the customer and the supplier.

5t method
[in a decompression chamber: Use operating mode 1.2 as defined in ISO 16750-1.
re is decompressed to_the value as defined in Table 9.
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Table 9 — Pressure for atmospheric pressure test

ISO 16750-4:2023(E)

U [|voltage,inV

t time, in min

Code Pressure Altitude
[kPa] [m]
A 54,0 5000
B 62,0 4000
C 70,0 3000
D 80,0 2 000 and lower
Z As agreed
U
1,25U;
a
U, \
\
|
\
|
\
\
|
|
|
\
\
}
\\
t.

5.12.3<Requirements

Ins

t:

test voltage, 1,2 x Uy as definéd-in ISO 16750-1
time to check for partial discharge, less than 5 s

time until the partial disgharge magnitude is measured

If partial discharge'doés not occur, the test voltage is reduced to zero after t;.

Figure 19 — Test voltage

tatiombreakdownrstratt motoceur:

Partial discharges may occur, but only if the magnitude of discharge measured in the period of ¢, at the
voltage of U, does not exceed the specified value. Criteria for the partial discharge magnitude shall not
exceed 10 pC (see IEC 60664-1:2020, 6.4.6.4.1). It may be changed up to 50 pC by agreement between

the customer and the supplier, when it is difficult to keep measurement accuracy.

6 Code for climatic loads

For code letters for climatic loads, see Table 10. Recommended climatic requirements for DUT depending
on the mounting location are given in Annex A (Table A.1).

© IS0 2023 - All rights reserved
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Table 10 — Codes, tests, and requirements

Tests and requirements in ac-
. Code
cordance with
Test name A B C D E F G H I Z
Subclause
(parameter)
5.1.1 Low-temperature yes yes yes yes yes yes yes yes yes
5.1.2 High-temperature yes yes yes yes yes yes yes yes yes
5.2 Temperature step? yes yes yes yes yes yes yes yes yes
'T'pmpprthrn (“7{"]9
5.3.1 with specified change | yes yes yes yes yes yes yes yes yes
rate
Rapid change of
temperature with 100 100 100
specified transition , ) )
5.3.2 p o 300 300 | 100 300 | 300 100 | 100 | 1068~ 100
(number of cycles)d
5.4 Cold water shock no no no yes yes yes no yes yes
Salt spray, corrosion . o o o
2.5.2 (test method) 4 4 > 4 >
Salt spray, leakage
5.5.3 and function yes no no yes yes no no yes yes
Salt spray active test Als
5.5.4 for rotating machines | yes no no yes yes no no yes yes
. . agreed
with open housing
Salt spray combined
5.5.5 yes no no yes yes no no yes yes
cycle
5.5.6 Cyclic corrosion yes no no yes yes no no yes yes
Humid heat, cyclic
5.6 2,3 2,3 1,3 2,3 2,3 1,3 1,3 2,3 2,3
(test numbers)
Damp heat, steady
5.7 yes yes yes yes yes yes yes yes yes
state
5.8 Condensation (type) B B A B B A A B B
5.10 Solar radiation no no no no no no yes yes yes
5.11 Dust yes | yes | yesP | yes | yes | yesP | yesP | yes | yes
5.12 Atmos;s)l}:;:;ic pres- yes yes yes yes yes yes yes yes yes
NOTE 1 The|corrosionttest with flow of mixed gas in 5.9 is not part of the basic coded specification, but is regarded ps a
generic test fhat is applicable regardless of mounting location.
NOTE 2 Th¢ salt.spray combined cycle (5.5.5) can substitute salt spray, corrosion (5.5.2) and salt spray, leakage jand
function (5.$.8Yaccording to 5.5.1.

NOTE 3 The cyclic corrosion (5.5.6) can be used by agreement between the customer and the supplier. It can substitute salt
spray, corrosion (5.5.2) and salt spray, leakage and function (5.5.3) according to 5.5.1.

a  Mainly for small and lightweight components, but can also be used for large and heavy components if agreed between
the customer and the supplier.

b The test method in accordance with SAE J575/]IS D 0207 can be applied by agreement between the customer and the
supplier (see 5.11).

¢ Only voltage class B components.

d  For components not influenced by heating from powertrain, number of cycles is 100. For components influenced by
heating from powertrain (e.g. close to exhaust pipe, etc.), number of cycles is 300.
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7 Protection against water and foreign objects
Check the DUT in accordance with ISO 20653. Recommended IP classes are given in Annex A.

NOTE For dust test, refer to 5.11.

8 Documentation

For documentation, the designations outlined in ISO 16750-1 shall be used.
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Annex A
(informative)

Usual tests and requirements for equipment depending on the
mounting location

Table A.1 outlines the usual tests and requirements for equipment depending on the mounting location.
Table A.1 — Usual tests and requirements for equipment depending on the mountinglocatipn
For passenger vehicle For commercial vehicle Reconp-
Recommend- mended
. ] ed ] Recommend-| Estimated |[Recommend-| Estimated protectjon
Mounting location operating | ed climatic | corrosive | ed climatic | corrosive again§t
temperature | require- severity in require- severity in | qustand
a
range mentsP productde mentsP productde wateilc
Engine/motor compartment
to the bofdy
front end, upper D Severity 2 D Severity 2, 3
front end, lower D Severity 2, 3 D, Ei Severity 3, 4
higher thanside| 5,0 AD | Severityd;2 D Severity 2,3 | o .
methber ’ L\Y Y& 31 /IP6KYK
lowpr than side D Severity 2, 3 D, B Severity 3, 4
memnber
to the frgme
front end, upper D Severity 2 D Severity 2, 3
front end, lower D Severity 2, 3 D, Ei Severity 3, 4
Hfgher than GJ,0 ADi | Severity 1,2 D Severity2,3| o .
nembers ’ yo yé /IP6K9K
lpwer than D Severity 2, 3 D, Ei Severity 3, 4
nembers
below th¢ compart- IP6KA
ment covier (hood, G7], 0 A Severity 1 D Severity 2, 3
cab floor] /IP6KYK
on the flgxible ple- [P6KA
num chamber, not G,J,0 A, Di Severity 1, 2 D Severity 2, 3
rigidly aftached / TP6K$K
in the flekible ple- .
1 Falk BFaY n ANLA n ANLLA not Spefi-
num cha TTOTT, 1TOC o750 D N/ ZX D N/ X fied
rigidly attached
on the engine/motor
. [P6K6K
top and middle A Severity 1 D Severity 2, 3
part 0,Q /IP6K9K
bottom part D Severity 2, 3 D, Ei Severity 3, 4
in the engine/motor 0,Q B N/A B N/A nOtﬁsé);CI_
on the transmission/ . IP6K6K
gearbox 0,Q D Severity 2, 3 D, Ei Severity 3, 4
/1IP6K9K
/retarder
42 © IS0 2023 - All rights reserved
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Table A.1 (continued)
For passenger vehicle For commercial vehicle Recom-
Recommend- mended
] . ed . Recommend-| Estimated |[Recommend-| Estimated protection
Mounting location operating | ed climatic | corrosive | ed climatic | corrosive against
temperature | require- severity in require- severity in | 4qustand
a
range mentsb productde mentsb productde water<
in the transmission/ ]
gearbox 0,Q B N/A B N/A “Otﬁsepcf”'
/retarder
Pagsenger compartment
without special D C N/A C N/A IPSKX®
requirements
exposed to direct H G N/A G N/A IP5KX8
solar radiation
pxposed to radiated .
heat J C N/A C N/A IP5KX
Luggage compartment/ E C N/A c C IPSKXE
loadl compartment
Mofinting on the exterior/ in cavities
tp the body (except under body)
G H S 2 H S 2 POKAK
top part everit everit
PP Y Y /IP6K9K
[P6K4K
side part E H Severity 3 H Severity 3
/IP6K9K
[P6K6K
bottom part { Severity 4 I Severity 4
/IP6K9K
tp the frame for commercial vehicle
, [P6K4K
space between EH N/Af N/Af D,E] Severity 3, 4
frame members / IP6K9K
outside space of N/Af N/Af I Severity 4 || | OnoK
frame members /IP6KIK
tp underbody/wheglhousing
[P6K6K
UNSPruRg H D,Ei Severity 3, 4 E Severity 4 || /(IP6K7)
masses
/IP6K9K
sprung masses
inthe
wheelbase |9 B Sdeverity 4 B deverity 4 IP6K6K
floor tunnel H D Severity 2, 3 D,Ej Severity 3,4 | /(IP6K7)
poar over: EH D,EJ Severity 2, D,EI | Severity3,4 | /IPOKIK
ang 3,4
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Table A.1 (continued)
For passenger vehicle For commercial vehicle Recom-
Recommend- mended
. ] ed ] Recommend-| Estimated |[Recommend-| Estimated protection
Mounting location operating | ed climatic | corrosive | edclimatic | corrosive against
temperature | require- severity in require- severity in | 4qustand
range? mentsP productde mentsP productde water<
to the passenger compartment door
[P6K4K
outside H Severity 2, 3 H Severity 2, 3
E P6K9K
inside A Severity 1 A Severity 1 IP5K]
to the engine/motor compartment cover (hood)
(oufside) GJ,0 H Severity 2, 3 H Severity 2.3 oKt/
in/on thg luggage compartment lid/door
i i IP6K4K
outfide H, Ik Se"grﬁy 2 H, Ik Se"g“iy 2
E G ’ , /1P6K9K
inside A Severity 1 A Severity 1 [P5K3
in cavity(t
opeh towards D C N/A C N/A IPSKX
intgrior
IP6K4K
opeh towards D D, H Severity 2@ D, H Severity 2, 3
extgrior /IP6K9K

44
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Table A.1 (continued)

ISO 16750-4:2023(E)

For passenger vehicle For commercial vehicle Recom-
Recommend- mended
ed Recommend-| Estimated |[Recommend-| Estimated | ,.otection
ing location operatin i i i i i i P .
Mounting loca p g8 | edclimatic | corrosive | edclimatic | corrosive against
ten}giraeta“re requlrel:j- severity ;2 requlr(lej- severity ;n dust and
g ments product ments productde water<
in special compart- 7 7 7 7 7 not speci-
ments fied

For degrees of protection against water 7, 8 and 9K, lower degrees of protection are not covered. In

such cases where a lower degree of protection is required at the same time, it shall be indigcqted sepa-

rately (e.g. IPX6K/IPX8, IPX8/IPX9K.).

NOTE 1 The submersion test is performed by agreement between the customer and.the supplier ac-

cording to the wading depth definition.

NOTE 2 The severity of salt spray combined cycle test is selected considering the imposed efivironment

load (e.g. temperature or splash water) and the mounting location. For morge.guidance on thg
severity zones, see Figure A.1.

aSee Table 1.

b See Table 10.

¢IP code (see ISO 20653).

d The applied number of cycles according to the severitie§ds'Shown in 5.5.5.4.

e In case of protecting with panel or splash board, itis secommended to reduce the severity
ment between the customer and the supplier.

fIn case of passenger car, this mounting locatioh.Js corresponding to sprung masses.

g The meaning of X is “no statement on the degree of protection against ingress of water for
this part”, and protection code is selected.by agreement between the customer and the supp

h Hollow structure part of vehicle body(e.g. inside the pillar). If the hollow part is located in
motor compartment, passenger comipartment, luggage compartment or other suitable locati
under body), such a special mounting location is recommended to apply.

I For regions not expectingwater splash, code A can be considered, and for regions expectin
splash, code D can be considered.

J Code D or E is selected according to the test method of salt spray, corrosion (5.5.2).

k For componengs‘exposed to solar radiation, code H or I is selected according to the test me
spray, corrosjon {5.5.2).

different

by agree-

the cover of
lier.

engine/
ons (e.g.

b water

hod of salt
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Key

B
[]

V7

%

NOTE y
load (e.g. dy

severity zor

bngine/motor compartment (front end,
ower)

bngine /motor compartment
lower than side member)

bngine/motor compartment
engine/motor, bottom part)

pxterior (top part)
pxterior (side part)
pxterior (bottom part)

everity 2
everity 3

everity 4

es.

~

10
11

Figure A.1 — An example of severities in passenger vehicle

wheel housing (unsprung masses)
undérbody (in the wheelbase)
underbody (floor tunnel)

underbody (rear overhang)
luggage compartment lid/door (outside)

[he severity inéome mounting locations has more than one level due to the differences in environrhent
e to temperature or splash water) and vehicle structure. There are no sharp borderlines between
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