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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.

Thi

5 fourth edition cancels and replaces the third edition (ISO 16750-3:2012), which

technically revised.

The

main changes are asfeollows:
integrating andsharmonizing content from ISO 19453-3:2018;
distinction between small and lightweight versus large and heavy DUTSs;

revisingwibration profiles where necessary due to extended datasets of and experience fi
measurements;

addition of vibration test for rotating machines on combustion engines and Annex C;

has been

om vehicle

addition of vibration tests for hybrid-electric/fully-electric commercial vehicles;
addition of guided fall test description and Annex D;

addition of Annex E as guidance for 3D shaker testing;

test order appearing in the document has been changed for a logical grouping depending on test

type, however test numbers have been kept for backwards compatibility.

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 3:
Mechanical 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 mechanical 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

16750-1:2023, Road vehicles\— Environmental conditions and testing for electrical ang
fpment — Part 1: General

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

60068-2-6, Environmental testing — Part 2-6: Testing, Test Fc: Vibration (Sinusoidal)
60068-2<14, Environmental testing — Part 2-14: Tests — Test N: Change of temperature

60068=2-27, Environmental testing — Part 2-27: Tests — Test Ea and guidance: Shock

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.

| electronic

| electronic

[EC

60068-2-31 Environmental testing — Part 2-31: Tests — Test Ec: Pmlgh hnnrlling shacks n

rimarily for

equipment-type specimens

IEC 60068-2-64, Environmental testing — Part 2-64: Tests — Test Fh: Vibration, broadband random and
guidance

IEC

60068-2-80, Environmental testing — Part 2-80: Tests — Test Fi: Vibration — Mixed mode

UL 969:2017, Standard for Marking and Labeling Systems

ISO 20567-1:2017, Paints and varnishes — Determination of stone-chip resistance of coatings — Part 1:
Multi-impact testing
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3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 16750-1 apply.
ISO and IEC maintain terminology databases for use in standardization at the following addresses:

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

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

')“l‘l ro
T T ©

4 Tests

T CITITCTITCY

4.1 Vibiation

4.1.1 Tepting conditions during the vibration test

4.1.1.1 (eneral

on-
test
[ing

The vibratjon test methods specified consider various levels of vibration severities applicable to
board eledtrical and electronic equipment. The customer and the supplier should choose the
method, efivironmental temperature and vibration parameters depending on the specific moun
location.

icle
vhy
ally

endence of the typical vibration load on the size and mass of the DUT is evident from veh
ents. This applies to all mounting locations due to dynamic system coupling. That is Y
ument a distinction is made between small and-lightweight E/E components (typic

A clear dep
measurem
in this do

<2 kg, unl
equipment]
(typically
inverters,
in electric

pss stated otherwise in the individual test description, e.g. sensors, ECUs or fuel injec
, mostly belonging but not limited to ICE vehicles, and much larger and heavier componjg
>2 kg, unless stated otherwise in the individual test description, e.g. electric mot
DC/DC converters or alternators), mostly belonging but not limited to electric powertr
propulsion vehicles. In each application the applicability of the intended vibration pr

fion
bnts
ors,
hins
file

should be ¥
Annex C. F

rerified with a vehicle measurement. See a mass classification example in ISO 16750-1:2023,

br further information and guidarice please refer to Tables 38-40 (code letters).

The follow|ng basic idea of environmental test methods is expressed in the Foreword of Reference [[7].

When applied properly, the environmental management and engineering processes described in
this docunpent can be of enotmous value in generating confidence in the environmental worthiness
and overal| durability of theytested equipment. However, it is important to recognize that limitatjons
inherent inflaboratory testing make it imperative to use proper caution and engineering judgment when
extrapolating these laboratory results to results that can be obtained under actual service conditipns.
In many cqses, reakworld environmental stresses (singularly or in combination) cannot be duplicgted
practically|or reliably in test laboratories. Therefore, users of this document should not assume that
a system ¢r component that passes laboratory tests of this document would also pass field/flleet

verification trials.

The specified values are the best estimation that can be obtained up to the moment when results from
measurements in the vehicle are received, but they do not replace a vehicle measurement.

The specified values apply to direct mounting in defined mounting locations. The specified vibration
profiles apply to direct mounting in defined mounting locations. Since the use of an installation support
(e.g. mounting bracket) can influence test vibration loads on the shaker to be much higher or much
lower than actual vehicle loads, in principle, each vibration test should be carried out with only DUT
itself. If using an installation support, the applied loads on the shaker should be checked to reproduce
the actual vehicle loads as realistically as possible.

Carry out the vibration with the DUT rigidly mounted on a vibration table for reasons of comparability
and reproducibility (see also IEC 60068-2-47:2005, Clauses 5 and 6). If using a bracket is technically
unavoidable in order to fix the DUT to the shaker instead of a rigid mounting, then the transfer functions

2 © IS0 2023 - All rights reserved


https://www.iso.org/obp
https://www.electropedia.org/
https://standardsiso.com/api/?name=59297ed70b9e260c3f0a1b1df2015303

ISO 16750-3:2023(E)

from the excitation to the DUT compared to vehicle measurements as well as a proper control strategy
shall be considered. For further information refer to A.3. The mounting method(s) used shall be noted
in the test report. The scope of the recommended vibration tests is to avoid malfunctions and breakage
mainly due to fatigue in the field. Testing for wear has special requirements and is not covered in this
document.

If active operation and/or signal monitoring is applied during the test, extra care shall be taken with
respect to the fixation of the power cables and the wiring harnesses. This aims at avoiding signal
disturbances and negative mechanical impact on the connector, caused by dynamic motion of the
harness itself. The routing, rigidity, mass and fixation of wire harness in vehicle installation should also

be

onsidered when deciding on the fixation of wire harness in a test setup in order to av

id a wrong

test

Loal
the
crit
sep

NO1
doc
are
conf

Thd
agr

4.1

4.1
Vib
DU’

In t
intd
me(
acc

Thd
the
dist

For
nun
furt

ing load for the DUT.

ds outside the designated test frequency ranges can be considered separately if)agred
customer and the supplier. If it is known that resonance frequencies of the DUT are presg
ical for fatigue and are not covered by the test frequency ranges, then it is recommended
hrate durability tests, such as resonance dwell testing.

E Deviations from the load on the DUT can occur if vibration testing.is carried out accor
iment on a large and heavy DUT, as mounting rigidity and dynamic reaction’on the vibrator tab
Hifferent compared to the situation in the vehicle. Such deviations can be minimized by applying|
rol method (see A.3).

application of the weighted average control method in.accordance with IEC 60068-2-
bed upon.

1.2 Overlaid temperature cycles during vibration testing

1.2.1 General

[ that might otherwise not occur if-Qnly tested at room temperature.

he vehicle, vibration stress can occur together at low or high temperatures; for this 1
raction between mechanical' and temperature stress is simulated in the test, too
hanism occurs when material characteristics of components change and cannot wit
bleration under this cendition. For example, a plastic part may mellow due to the high ten

mass of the DUT\as well as the installation area are the main influence factors that
design of the femperature cycle which is why in the following clauses the different us
inguished.

longer test durations of the vibration test the test cycles can be either repeated for
ber oftimes or stretched to fit the test duration. None of the following temperature cyc
her‘compressed in their duration, otherwise a temperature equilibrium within the DU’]

d between
nt that are
to perform

ding to this
e excitation
the average

64 may be

Fation tests are typically run with an overlaid temperature cycle. The intention is not to create
addjitional aging of the DUTs, but to induge a temperature-dependent dynamic response of or

within the

eason, this

A failure
hstand the
hperature.

determine
b cases are

h sufficient
es shall be
[ might not

be ¢

nsured

Depending on the failure mode of the DUT, a deviating temperature profile may be used if agreed
between the customer and the supplier.

Intentional humidity control is not permitted even if water condensation on the DUT occurs during
temperature cycles.
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4.1.1.2.2

Temperature profile for small and lightweight components not mounted on the

combustion engine

During the vibration test, for small and lightweight DUT not mounted on the combustion engine,
perform the temperature cycling in accordance with IEC 60068-2-14, Test Nb, not using its specified
temperature changing rates, but using the variant given in Figure 1 and Table 1.

NOTE 1

drive systems or components.

This temperature profile can also be applied to small and lightweight components mounted on electric

Perform temperature cycling with the following as one cycle. Decrease ambient temperature from RT

toT

min’ €X

and then d

Perform a
4.3 as defi
4.4 as defi
T Duri

max-*
in Figure 1
agreed bet

NOTE2 4
the self-hea

NOTE 3
dynamic be

;

INcTrease ambient Lerperdature rrom 1 expose the DUTat

T

max

osethe DUTarT,;, 01

bcrease ambient temperature from

min

to RT (see Figure 1).

max’

functional test at the end of T,,;, and T,,,, as short as possible with operating. mode 3.
nhed in ISO 16750-1 (see key a in Figure 1). In addition, operate with operating mode 3.
ed in ISO 16750-1 (see key b in Figure 1) during the section from room temperature (RT]
g the other sections, operate with operating mode 2.1 as defined in ISQ;16750-1 (see k
). If operating mode 4.3/4.4 is not technically feasible, operating mode 3:3/3.4 may be uss

ween the customer and the supplier.

\ permanent operation starting at T,;, prevents possible condensation of humidity on DUT bec
ing of the DUT occurs. An electrical operation starting at RT allows this phenomenon.

ondensation can lead to swelling of plastic sub-components of the DUT and therefore, influenceg
haviour under vibrational load.

max

B or
L or
) to
Py C
pd if

iuse

the
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Tmax

RT .\
N Vo
Tinin q { (I {
I
t1 t, ts ta ts tse
|
t
Key
T temperature [°C]
t time
T i minimum operating temperature as defined in' 150 16750-4
Tha maximum operating temperature as defined'ih ISO 16750-4
RT room temperature as defined in ISO 16750-1
ty, t}, b3, by ts, tg  time parameter as defined in Table 1
a Functional test with operating mode 3.3 or 4.3 as defined in ISO 16750-1.
b Operating mode 3.4 or 4.4 as-defined in ISO 16750-1.
¢ Operating mode 2.1 as defined in ISO 16750-1.
d One cycle.
e Functional test with'operating mode 3.4 or 4.4 as defined in ISO 16750-1.
Figure 1 — Temperature cycle with specified change rate for the vibration test of a small and
lightweight DUT
Tahle 1 — Tempeératures versus time duration for temperature cycling for the vibratign test of a
small and lightweight DUT
Duration Temperature
Parameter
[min] [°C]
Ly 60 FromRTto 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
NOTE T, and T, are defined in ISO 16750-4:2023, Table 1.

© IS0 2023 - All rights reserved
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4.1.1.2.3 Temperature profile for large and heavy components not mounted on the combustion
engine

During the vibration test, for large and heavy DUT not mounted on the combustion engine, perform the
temperature cycling in accordance with IEC 60068-2-14, Test Nb, not using its specified temperature
changing rates, but using the variant given in Figure 2 and Table 2.

Perform temperature cycling with the following as one cycle. Decrease ambient temperature from RT

to T,,ip, expose the DUT at T,;,,, increase ambient temperature from T,; to T,..,, expose the DUT at T,

and then decrease ambient temperature from T, ,, to RT (see Figure 2).

ax

Before performing this test, a separate temperature measurement (with DUT In operating mode
as defined|in ISO 16750-1) shall be performed to determine what exposure time at T,,., T}is
Figure 2) is necessary to warrant that this desired temperature is also reached in DUT temperat
The measyring point of the DUT shall be agreed between the customer and the supplierconside
a target dgvice (e.g. microprocessor, motor coil) which is temperature-influenced in, fuiictionalit

performanice.

2.1
see
ire.
[ing
' or

If operating mode 2.1 is technically not feasible for the separate temperature measurement, opera
mode 1.2 afs defined in ISO 16750-1, can be used as agreed between the customer/and the supplier.

[ing

Measures tegarding the functional performance, for example, de-rating of.the e-motor, are allowef to

avoid overheating of the DUT during high-temperature operation with §elf-heating effects.

The dwell fime ¢, of the DUT at T,,;, and T,,,, shall be more than 30 min each per temperature cycle;

therefore,
of the DU’
including d

NOTE |
drive syster

Perform a
4.3 as defi
4.4 as defi
T Duri

max"*
in Figure 2
agreed bet
3.30r4.31]

the bearin

!

exposure time shall be adjusted accordingly depending-on the size and other characterig
. The customer and the supplier shall agree on a complete profile of temperature c
well time and stabilisation time depending on thé'size and other properties of the DUT.

'his temperature profile can also be applied te>large and heavy components mounted on ele
1S or components.

functional test at the end of T,,;, and T, as short as possible with operating mode 3.
hed in ISO 16750-1 (see key a in Figure 2). In addition, operate with operating mode 3.
ed in ISO 16750-1 (see key b in Eigure 2) during the section from room temperature (RT]
g the other sections, operate with operating mode 2.1 as defined in ISO 16750-1 (see k

). If operating mode 4.3/44.js'not technically feasible, operating mode 3.3/3.4 may be us¢

Instead of 2.1 can be performed in order to avoid unrealistic failure mechanism, e.g. wed
b of an e-motor duettq the vibration input.

tics
ycle

tric

B or
L or
) to
Py C
bd if

ween the customer and¢the’supplier. For electric motors, active operation in operation mode

rin
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~ o

Tmax

N ¢ a c b e c
RN S
LT
t1 t ts ts ts L4
t
Key
T temperature [°C]
t time
1 ambient temperature
2 DUT temperature, exemplary for non-heatydissipating DUTs
T i minimum operating temperature as defined in ISO 16750-4
Tina maximum operating temperature as'defined in ISO 16750-4
RT room temperature as defined.ii;ISO 16750-1
ty, b b3, by b5, by time parameter as defined.in Table 2
t, dwell time at T,;, or Ty,
a Functional test with'operating mode 3.3 or 4.3 as defined in ISO 16750-1.
b Operating mode 34 or 4.4 as defined in ISO 16750-1.
¢ Operating mode 2.1 as defined in ISO 16750-1.
d One cycle.
e Functignal test with operating mode 3.4 or 4.4 as defined in ISO 16750-1.
Higure 2 — Temperature cycle with specified change rate for the vibration test of large and
heavy DUTs
Taple 2\ Temperatures versus time duration for temperature cycling for the vibratjon test of
large and heavy DUTs
Duration Temperature
Parameter
[min] [°C]
tq 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,;,, or T,
NOTE T, and T, are defined in ISO 16750-4:2023, Table 1.

©1S0 2023 - All rights reserved 7
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4.1.1.2.4

Temperature profile for components mounted on the combustion engine

In case of combustion engine-mounted DUTs (e.g. ECUs) a dwell time at T,,;, as given in Table 1 can

lead to a fa

ilure mode that is not occurring under field conditions as the combustion engine will warm

up any attached components quickly, so that an extended superposition of vibration load and T, is

unrealistic

. Therefore, the temperature profile shall be changed as given in Figure 3 and Table 3.

T /
- — ]

Key
T

t
Tmin
Tmax
RT

U, 6y b3, ty 4
a
b

C

d

RT

| 1
LT LANPT

3}
-

3}
-

Tmin

t. t. ts; ta ts tse

temperature [°C]

time

minimum operating temperature@s defined in ISO 16750-4

maximum operating temperature as defined in ISO 16750-4

room temperature as defined’in ISO 16750-1

L, tg  time parameter as defified in Table 3

Functional test with 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 niode 2.1 as defined in ISO 16750-1.

One cycle.

Funetional test with operating mode 3.4 or 4.4 as defined in ISO 16750-1.

Figure-3 — Temperature cycle for DUTs mounted on the combustion engine

Table 3 — Temperatures versus time duration for temperature cycling for the vibration test of a
combustion engine-mounted DUT
Duration Temperature
Parameter .
[min] [°C]
ty 60 From RT to T;,
t, 20 Exposure time at T,;;,,
t3 60 From T ;, to RT
NOTE1 T,;,and T,,,are defined inISO 16750-4:2023, Table 1.
NOTE 2 The exposure time at T,;,, t,, can be shortened if agreed between the customer and the
supplier based on justification from their field experience.
8 © IS0 2023 - All rights reserved
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Table 3 (continued)

Duration Temperature
Parameter .
[min] [°C]

ty 160 From RT to T,

ts 110 Exposure time at T,

te 70 From T, to RT
NOTE1 T,;,and T,,,, are defined in ISO 16750-4:2023, Table 1.
NOTE 2 The exposure time at T,;,, t,, can be shortened if agreed between the customer and the
supptier basedomjustificationr fronr their fietdexpertence:

Si
mo
for
cha
exp|

4.1

4.1

Thi
bre

The
the
eng
roa
fati

NOTI
inpt

Thd
con

NOT
IEC

4.1

4.1
Thi

ilar to the profile given in Table 1 also for the overlaid temperature profile for a conthust
nted DUT, a short functional test at the end of the low temperature phase shall be’doné
the duration in which room temperature or above is given. If experience from,the field
hge the exposure time at T,,;, to avoid unrealistic failure modes during shaker testing
psure time shall be adjusted accordingly.

2 TestIa - Passenger car, combustion engine, small and lightweight DUT

2.1 Purpose

5 test checks the small and lightweight DUT (e.g. smald)sensors and ECUs) for malfun
hkage caused by vibration.

vibrations of a piston engine can be split up into twe kinds: sinusoidal vibration which r
unbalanced mass forces in the cylinders and random noise due to all other vibration-sch
ine, e.g. closing of valves. In the lowest frequericy range from 10 Hz to 100 Hz the influenc
] conditions is taken into account. The maiit-failure to be identified by this test is break
bue.

E1 Road profile usually has a negligible impact on combustion engine-mounted compon
ts are effectively isolated by suspenision, and combustion engine-mounting systems.

test profiles specified in the following clauses apply to loads generated by (four stroke) re
bustion engines.

E2 If the DUT is tg be tested for a specific resonance effect, then a resonance dwell test 3
H0068-2-6:2007, 8.32-¢an also be applied.

2.2 Test

2.2.1 .“General

5 test shall be performed as a mixed mode vibration test according to IEC 60068-2-80.

on engine-
 as well as
justifies to
, then this

ctions and

bsults from
emes of an
e of rough-
fage due to

ents. Shock

fiprocating

ccording to

4.1.

2.2.2 Sinusoidal vibration

Perform the test according to IEC 60068-2-6, but using a sweep rate of < 0,5 octave/min. Use a test
duration of 30 h for each axis of the DUT.

NOTE

The test duration is based on A.4.

Use curve 1 in Table 4/Figure 4 for the DUT intended for mounting on combustion engines with five

cyli

nders or fewer.

Use curve 2 in Table 4/Figure 4 for the DUT test intended for mounting on combustion engines with six

cyli

nders or more.

Both curves may be combined to cover all combustion engine types in one test.
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Figure 4 — Acceleration versusdrequency

Table 4 — Values for acceleration versus frequency

1000 f

Curve 1 (seéFigure 4)
Frequency Amplitude of acceleration
[Hz] [m/s?]
100 100
200 200
240 200
270 100
440 100
Curve 2 (see Figure 4)
Frequency Amplitude of acceleration
[Hz] [m/s?]
100 100
150 150
440 150
Combination
Frequency Amplitude of acceleration
[Hz] [m/s?]
100 100
200 200
240 200
255 150
440 150
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Perform the test according to IEC 60068-2-64. Use a test duration of 30 h for each axis of the DUT.

The root mean square (RMS) acceleration value shall be 181 m/s2.

Values for power spectral density (PSD) versus frequency are referred to in Figure 5 and Table 5.

NOTE The PSD values (random vibration) are reduced in the frequency range of the sinusoidal vibration

test.

Y

100

10

0,1

10
Key)
Y |[PSD [(m/s%)%/Hz]
f | frequency [Hz]

4.1]2.3 +Requirement

100

15000

Figure 5 — PSD of acceleration versus frequency

Table 5 —<\Values for PSD versus frequency

Frequency PSD
[Hz] [(m/s?)?/Hz]
10 10
100 10
300 0,51
500 20
2000 20

10 000 |f

Malffunictions or breakage shall not occur. Functional status class A as defined in ISO 16750-1[is required

during active operating modes, and functional status class C is required during periods with other

operating modes.

4.1.3 TestIl — Passenger car, gearbox attached to a combustion engine, small and lightweight

DUT

4.1.3.1 Purpose

This test checks the small and lightweight DUT (e.g. small sensors or transmission control units) for
malfunctions and breakage caused by vibration.

The vibrations of a gearbox can be split up into two kinds which result partly from sinusoidal vibration
from unbalanced mass forces of the combustion engine (e.g. dominating orders) in the frequency range

©1S0 2023 - All rights reserved 11
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from 100 Hz to 440 Hz and partly from vibration from the friction of the gear wheels and other schemes,
which are tested in the random part. In the lowest frequency range from 10 Hz to 100 Hz the influence
of rough-road conditions is taken into account. The main failure to be identified by this test is breakage
due to fatigue.

The test profiles specified in the following subclauses apply to loads generated by gearbox vibrations.
Changing the gears can create additional mechanical shock and is tested in 4.2.3.

4.1.3.2 Test

4.1.3.2.1 [General
This test shall be performed as a mixed mode vibration test according to IEC 60068-2-80.

NOTE The test duration is based on A.4. The temperature in the chamber is above RT at the end of the|test
(3 3% temperature cycles).

4.1.3.2.2 | Sinusoidal vibration

Perform the test according to IEC 60068-2-6, but using a sweep rate of <0;5 octave/min. Use a ftest
duration of 30 h for each axis of the DUT.

Values for amplitude versus frequency are referred to in Figure 6 and Table 6.

Y
70
60
50
40 /
30
20

10

0
100 1000 f

Key
Y amplitIde of acceleration [m/s?]

f  frequenhcy [Hz]

Figure 6 — Acceleration versus frequency

Table 6 — Values for acceleration versus frequency

Frequency Amplitude of acceleration
[Hz] [m/s?]
100 30
200 60
440 60

4.1.3.2.3 Random vibration

Perform the test according to IEC 60068-2-64. Use a test duration of 30 h for each axis of the DUT.

12 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=59297ed70b9e260c3f0a1b1df2015303

IS0 16750-3:2023(E)

The RMS acceleration value shall be 96,6 m/s2.

NOTE
test.

The PSD values (random vibration) are reduced in the frequency range of the sinusoidal vibration

Values for PSD versus frequency are referred to in Figure 7 and Table 7.

Y
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f | frequency [Hz]

Figure 7 — PSD of acceleration versus frequency

Table 7 — Values for PSD versus frequency

4.1

3.3 Requirement

Frequency PSD
[Hz] [(m/s?)?/Hz]
10 10
100 10
300 0,51
500 5
2000 5

Malfunctions.and/or breakage shall not occur. Functional status class A as defined in ISO

req
oth

br opérating modes.

lired during active operating modes, and functional status class C is required during pe

16750-1 is
riods with

4.1. 4 Test Vi—€ommercial-vehicle; combustiomengimeanmd gearbox;, smmattamdtightweight
DUT

4.1.

4.1 Purpose

This test checks the small and lightweight DUT (such as small sensors or ECUs) for malfunctions and
breakage caused by vibration.

The vibrations of a piston-engine can be split up into two kinds: sinusoidal vibration which results from
unbalanced mass forces and random noise due to all other vibration sources of an engine, e.g. closing of
valves.

© IS0 2023 - All rights reserved
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Because the gearbox is rigidly attached to the combustion engine, this test can also be used for systems/
components mounted at the gearbox. But there is no sufficient number of measurements on gearbox-
mounted systems/components performed up to now.

The main failure to be identified by this test is breakage due to fatigue.

If the DUT has natural frequencies below 30 Hz, an additional test (see Table 10) is to be carried out with
a duration of 32 h in all critical axes of the DUT. When it is required to determine the natural frequency
of the DUT in the relevant test specification, the vibration response investigation shall be carried
out according to IEC 60068-2-6, but using a frequency range of 10 Hz to 50 Hz with an acceleration
amplitude of 10 m/s? as excitation at a sweep rate of <0,5 octave/min.

4.1.4.2 ‘Test

4.1.4.2.1 | General

This test shall be performed as a mixed mode vibration test according to IEC 60068-2480.

NOTE The temperature in the chamber is above RT at the end of the test (11 34 cy¢les).

4.1.4.2.2 |Sinusoidal vibration

Perform the test according to IEC 60068-2-6, but using a sweep rate of <0,5 octave/min. Use a ftest
duration of 94 h for each axis of the DUT (equivalent to approximatively 20 h per octave). This is
equivalent|to 107 cycles in resonance in case of resonance bandwidth of 100 Hz or more. See Table 4.5.

Values for amplitude versus frequency are referred to in Figufé 8 and Table 8.
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Figure 8 — Acceleration versus frequency

Table 8 — Values for acceleration versus frequency

Frequency Amplitude of acceleration
[Hz] [m/s?]
20 26
65 120

14
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Table 8 (continued)
Frequency Amplitude of acceleration
[Hz] [m/s?]
260 120
270 90
350 90
360 60
520 60
NOTE The sinusoidal profile given in previous editions of this document has been modified in thiree aspects.

A hjgher amplitude of acceleration at the starting frequency was applied as even modern-cositrollers have
diffjculty distinguishing the sine and random part of the SoR (sine on random) signal at this fnequency. Therefore,
the §ine part was raised reasonably. Secondly, instead of a constant slope of displacement, now-a constant slope of
accdleration was applied from this first break point to the second. And lastly, instead ofwettical slopps at 260 Hz
and|350 Hz, slightly more shallow slopes were applied to allow for better control of the/signal by the fontrollers.

4.14.2.3 Random vibration
Perform the test according to IEC 60068-2-64.

Test duration:

— |94 h for each axis of the DUT (standard) (see Figure 9 and Table 9),

— |32 hadditionally for each critical axis of the DUT (for natural frequencies below 30 Hz) (sef Table 10).

NOTE The PSD values (random vibration) are redueed in the frequency range of the sinusoid@al vibration

test

The PSD versus frequency is referred to in Eigure 9 and Table 9.

© IS0 2023 - All rights reserved
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Figure 9 — PSD of acceleration versus frequency

Table 9 — Values for PSD versus frequency

Frequency PSD
[Hz] [(m/s*)?/Hz]
10 14
20 28
30 28
180 0,75
300 0,75
600 20
2000 20
RMS acceleration value = 177 m/s2.

DUT below 30 Hz
Frequency PSD
[Hz] [(m/s?)?/Hz]
10 50
30 30
45 0,1
RMS acceleration value = 28,6 m/s2.
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4.3 Requirement

Malfunctions and/or breakage shall not occur. Functional status class A as defined in ISO 16750-1 is
required during active operating modes, and functional status class C is required during periods with
other operating modes.

4.1.5 Test XIII — Passenger car, hybrid-electric powertrain, combustion engine and gearbox,

large and heavy DUT

4.1.5.1 Purpose

Thip test checks the large and heavy DUT of the hybrid-electric powertrain (e.g. electrie| motors or
inverters) that is mounted to the combustion engine and/or gearbox of the (P)HEV-for"malfunctions
and|/or breakage caused by vibration.

The vibrations on the powertrain can be split up into three kinds:

— |sinusoidal vibration that results from the unbalanced mass forces in the'eylinders;

— |random vibration due to all other vibration schemes of an engine,@:g-"closing of valves; gnd

— |random vibration due to the influence of rough-road conditions;

NOTE 1 Ifthe DUT needs to be tested for a specific resonance effect, then a resonance dwell test infaccordance
with IEC 60068-2-6:2007, 8.3.2 can also be applied.

NOTE 2  This profile is an updated version of Test Il in ISO, 19453-3:2018, 4.1.2.2, see also A.9.2.

4.1)5.2 Test

4.1{5.2.1 General

Vibration of powertrain is the sine-oncrandom vibration induced by crankshaft rotation and engine
conjbustion. A separate test condition' covers random vibration from road surface. The test duration
sha|l be at least as long as one temperature cycle necessary to ensure thermal stability in the DUT.
NOTE1 Thetestdurationisbased on A.4.3 and A.4.5. The test duration and vibration load level can/be adjusted
accqrdingly based on the Basquin’s formula given in A.8.

NOTE 2  When agreed”between the supplier and the customer, the test duration can be adjust¢d based on
Basfluin’s model by taking into account the exponent k of the S-N curve specific to this component (spe also A.8).
For fhe componentywhich is freely placed or is not anticipated to be installed in a certain position and orientation
(e.g]inverter), thesmaximum profile out of all three axes can be applied to all three axes.

NOTE3 Assthe driveshaft of an electric motor is always parallel to the ground floor, it is reasonalple to have a
dirgction-specific profile, separating vertical excitations from horizontal ones.

Th

definition of the coordinate Cycfnm isshownin Table A 4

4.1.

4.1.

5.2.2 Sine-on-random vibration

5.2.2.1 General

This test shall be performed as a mixed mode vibration test in accordance with IEC 60068-2-80.

4.1.

5.2.2.2 Sinusoidal vibration part

A sweep rate of 0,5 octave/min or less shall be used.

The test duration is 30 h for each axis of the DUT.
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The profiles in Table 11 and Figure 10 show the sinusoidal vibration part of the sine-on-random profile.
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Y accelgration amplitude [m/s?]
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1 curvelfor X axis @

2 curvelfor Y axis @

3 curvelfor Z axis 2

aX Y and Z gre the e-motor axes as defined in Table A.4.

Figure 10 — Acceleration versus frequency

Table 11 — Values for maximum acceleration versus frequency

X axis Y axis Z axis
Frequency Accele_r ation Frequency Accele_r ation Frequency Accele_r ation
amplitude amplitude amplitude
[Hz] [m/s?] [Hz] [m/s?] [Hz] [m/s?]
100 10 100 15 100 21
160 37 180 50 210 42
185 37 240 50 330 42
200 25 260 30 440 28
440 25 440 30 — —

4.1.5.2.2.3 Random vibration part

Perform the test in accordance with IEC 60068-2-64.

The test duration is 30 h for each axis of the DUT.

The RMS acceleration value shall be 68,7 m/s2. For the random part of the sine-on-random profile, the
vibration loads are equivalent for all three primary axes. Therefore, only one profile for all three axes

shall be used.

18
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The power spectral density (PSD) versus frequency is illustrated in Figure 11 and Table 12.

NOTE

The PSD values (random vibration) are reduced in the frequency range of the sinusoidal vibration test

of (100 to 500) Hz as well as in the low-frequency range of (10 to 100) Hz as the rough-road influence has been

eliminated (see A.4.5).
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Figure 11 — PSD of acceleration versus frequency

Table 12 —Values for PSD versus frequency

10 000 f

Frequency PSD
[Hz] [(m/s*)?/Hz]
10 0,1
300 0,1
500 3
2000 3

4.1)5.2.3 Random vibration

As the exeitation from the combustion engine and gearbox at high engine speeds usually does not occur
simultaneously with rough-road excitation, a separate test with a broadband random profile has been

created.

In the lowest frequency range from 10 Hz to 100 Hz, the influence of rough-road conditions is taken into
account. The main failures to be identified by this test are malfunctions and/or breakage due to fatigue.

This rough-road profile shall be applied to the very same DUT that has been submitted to the sine-on-
random test described above. After the mixed mode vibration test, a random vibration test is performed
in accordance with IEC 60068-2-64.

The test duration is 20 h for each axis of the DUT.

The RMS acceleration value for all three primary axes shall be 9 m/s2.

The PSD versus frequency is illustrated in Figure 12 and Table 13.
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Figure 12 — PSD of acceleration versus freguency

Table 13 — Values for PSD versusfrequency

Frequency PSD
[Hz] [(m/s?)?/Hz]
10 10
100 0,01
500 0,01
1000 0,02
2000 0,02

4.1.5.3 Requirements
Malfunctions and/or breakage-shall not occur.

Functional| status class.A as defined in ISO 16750-1 is required during active operating modes, and
functional status class €.is required during periods with other operating modes.

4.1.6 Tept XV.— Passenger car, driving electric motor

4.1.6.1 Rurpose

This test checks the large and heavy DUT (electric motor driving the wheels of the vehicle through a
driveshaft, possibly via a gearbox; also components attached to the electric motor, such as an inverter)
for malfunctions and/or breakage caused by vibration.

NOTE This profile is an updated version of Test Il in ISO 19453-3:2018, 4.1.2.2, see also A.9.4.
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6.2 Test

6.2.1 General

Vibration of electric motors is the random vibration induced by rough-road driving. The main failure to
be identified by this test is breakage due to fatigue.

NOTE 1

equivalentto 6 000 h (240 000 km at 40 km/h average speed) lifetime requirement of the vehicle.

NOTE 2

The test duration is based on A.5.1.2. According to Annex A, 20 h of test duration per axis are

When the test conditions cannot be realized because the test system is not capable of exciting a heavy
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E3  As the driveshaft of an electric motor is always parallel to the ground floor, it is reasona
ction-specific profile, separating vertical excitations from horizontal ones.

E4 Besides rough road the second type of vibration for the e-powertrain is induiced by imbal
btor and harmonic orders of the gearbox. If considering such a vibration in evaltation, a separat]
can be agreed between the customer and the supplier, based on a vehicle or test-bench measurer]

definition of the coordinate system is shown in Table A.4.

6.2.2 Random vibration

Form the test in accordance with IEC 60068-2-64 (randony vibration).
test duration is 20 h for each axis of the DUT.

RMS acceleration values for all three primary axes shall be:

X: 38,9 m/s?,

Y: 24,5m/s2,

Z: 39,0 m/s2.

PSD versus frequency is illustrated in Figure 13 and Table 14.

the component which is-freely placed or is not anticipated to be installed in a certain p
ture (e.g. inverter), the maximum profile out of all primary three axes shall be applied t
ne DUT.

ead of the maximum profile for all three primary axes, based on the actual vehicle applig

with the given profile, the load and duration can be adjusted according to the Basquin model (ST A.8).

le to have a

ances of the
e sinusoidal
hent.

bsition and
b each axis

ation(s) an

eloping of juSttwo out of three directions may be applied if agreed between the custonper and the
supplier.
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aX Y and Z are the e-motor axes as defined in Table A.4.
Figure 13 — PSD of acceleration versus frequency
Table 14 — Values for PSD versus frequency
X axis Y axis Z axis
Frequgncy PSD Frequency PSD Frequency PSD
[Hz [(m/s2)%/Hzl [Hz] [(m/s?)?/Hz] [Hz] [(m/s?)?/Hz]
10 55 10 11 10 55
40 28 40 11 40 28
24( 0,02 200 0,03 160 0,02
2000 0,02 1000 0,03 400 0,02
1400 0,1 800 0,1
2000 0.1 2000 0.1

4.1.6.3 Requirements

Malfunction and/or breakage shall not occur.

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

functional status class C is required during periods with other operating modes.

22
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7 Test XVII — Commercial vehicle, driving electric motor

7.1 Purpose

This test checks the large and heavy DUT (electric motor driving the wheels of the vehicle through a
driveshaft, possibly via a gearbox; also components attached to the electric motor, such as an inverter)
for malfunctions and/or breakage caused by vibration.

4.1.

7.2 Test

4.1

Vib
be i

NOT

reqiirement of the commercial vehicle in analogy to 4.1.9.2.

NOT
DU

NO']
dire

The

4.1
Per
Thd
The

Thd
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bet

7.2.1 General

dentified by this test is breakage due to fatigue.

E1 The test duration is based on an infinite-life approach in order to be jndependent of
E2  When the test conditions cannot be realized because the test syster is not capable of exci
with the given profile, the load and duration can be adjusted accordingtothe Basquin model (sd

ction-specific profile, separating vertical excitations from horizontal ones.

definition of the coordinate system is shown in Table A.4:

7.2.2 Random vibration

form the test in accordance with [EC 60068-2-64 (random vibration).

test duration is 32 h for each axis of the-DUT. For more information on the test duration
RMS acceleration values for all three'primary axes shall be:

XandY: 26,8 m/s?,

Z: 37,2 m/s2.

PSD versus frequeneyiisillustrated in Figure 14 and Table 15.

profile for Z-axis)with the highest RMS value may be used for all three primary axe
veen the custemer and the supplier.

ration of electric motors is the random vibration induced by rough-road driving. The-maip failure to

the lifetime

fing a heavy
e A.8).

E 3  Asthe driveshaft of an electric motor is always parallel tothe-ground floor, it is reasonalple to have a

see A.7.

5 if agreed
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aX Y and Z are the e-motor axes as defined in Table A.4.

Figure 14 — PSD of acceleration versus frequency

Table 15 — Vatues for PSD versus frequency

X and Y axis Z axis
Frequency PSD Frequency PSD
[Hz] [(m/s*)2/Hz] [Hz] [(m/s*)2/Hz]
10 9 10 20
35 9 30 20
100 0,2 90 0,4
2000 0,2 2000 0,4

4.1.7.3 Requirements

3 pa i 1 1 1 1l
Malfunction ant/ororeakage siatt not-oceur

Functional status class A as defined in ISO 16750-1 is required during active operating modes, and
functional status class C is required during periods with other operating modes.

4.1.8 TestIV — Passenger car, sprung masses (vehicle body), small and lightweight DUT

4.1.8.1 Purpose

This test checks the small and lightweight DUT (e.g. small sensors or ECUs) for malfunctions and
breakage caused by vibration.
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Vibration of the body is random vibration induced by rough-road driving. The main failure to be
identified by this test is breakage due to fatigue.

4.1.8.2 Test

Perform the test according to IEC 60068-2-64 random vibration. Use a test duration of 8 h for each axis
of the DUT.

The RMS acceleration value shall be 27,1 m/s2.

The PSD versus frequency is referred to in Figure 15 and Table 16.

NOTE The test duration is based on A.5.1.2.

Y

100

10

0,1

0,01

10 100 1000 f
Key

<

PSD [(m/s?)2/Hz]
f | frequency [Hz]

Figure 15 — PSD of acceleration versus frequency

Table 16 — Values for PSD versus frequency

Frequency PSD
[Hz] [(m/s2)2/Hz]
10 30
400 0,2
1000 0,2

In Annex E a general methodology is described on how to derive a broadband random test profile for
small and lightweight DUTs on the vehicle-body of passenger cars for testing on an electrodynamic 3D
shaker system, including an example.
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4.1.8.3 Requirement

Malfunctions and/or breakage shall not occur. Functional status class A as defined in ISO 16750-1 is
required during active operating modes, and functional status class C is required during periods with
other operating modes.

4.1.9 Test VII — Commercial vehicle, sprung mass (vehicle body), small and lightweight DUT

4.1.9.1 Purpose

This test and
breakage daused by vibration.

Vibration dn sprung masses is random vibration induced by rough-road driving. The main failure tp be
identified by this test is breakage due to fatigue.

4.1.9.2 Test

Perform the test according to IEC 60068-2-64, random vibration. Use a test ,duration of 32 h for dach
axis of the DUT. For more information on the test duration see A.7.

The PSD vdrsus frequency is referred to in Figure 16 and Table 17.

Y

100

1 N\
0,1
0,01
10 100 1000 10000 f

Key
Y  PSD[(th/s%)%/Hz]
f  frequenpcy [Hz]
1  standayd random test profile
2 additigpalprofile in case of f, < 30 Hz

Figure 16 — PSD of acceleration versus frequency
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Table 17 — Values for PSD versus frequency

ISO 16750-3:2023(E)

Frequency PSD
[Hz] [(m/s?)?/Hz]
10 18
20 36
30 36
180 1
2000 1
RMS acceleration value = 57,9 m/s2.

If the DUT has natural frequencies below 30 Hz, an additional test (see Table 18)+shall be ¢arried out
with a duration of 32 h in all critical axes of the DUT. When it is required to determine the natural
frequency of the DUT in the relevant test specification, the vibration response investigation shall
be ¢arried out according to IEC 60068-2-6, but using a frequency range of 10 Hz to 50 Hz with an

accg¢leration amplitude of 10 m/s? as excitation at a sweep rate of <0,50&tave/min.

Taple 18 — Values for PSD versus frequency, additional test ih'case of natural frequencies f, of

4.1

Malfunctions and/or breakage)shall not occur. Functional status class A as defined in ISO

req
oth

4.1
and

4.1
Thi

DUT below 30 Hz
Frequency PSD

[Hz] [(m/s2)2/Hz]
10 50

20 36

30 36

45 16

RMS accelerationfvalue = 33,7 m/s2.

9.3 Requirement

lired during active operating modes, and functional status class C is required during pe
br operating modes,

10 Test XIV -—Hybrid-electric/fully-electric passenger car, sprung mass (vehicle b
heavy DUT

10.1_Purpose

5 test checks the large and heavy DUT of the electric powertrain (e.g. inverters, DC/DC co

16750-1 is
riods with

pdy), large

hverters or

cha

hY +1 h T T | 1 c 1c — 1/ 1 1 11 1 —
sC15) UII'UIC VEIIUITC DOUY 101 T4 ITUIICLIUILS dIIU /01 DI'CdRd4dgt CaUSTU DY VIDI dULIUILL

NOTE This profile is an updated version of Test Il in ISO 19453-3:2018, 4.1.2.2, see also A.9.3.
4.1.10.2 Test

4.1.10.2.1 General

Vibration of the vehicle body is the random vibration induced by rough-road driving. The main failure

to be identified by this test is breakage due to fatigue.

NOTE 1

© IS0 2023 - All rights reserved

The test duration is based on A.5.1.2. According to Annex A, 20 h of test duration per axis are
equivalent to 6 000 h (240 000 km at 40 km/h average speed) lifetime requirement of the vehicle.
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NOTE 2  When the test conditions cannot be realized because the test system is not capable of exciting a heavy

DUT with the given profile, the load and duration can be adjusted according to the Basquin model (see A.8).

The definition of the coordinate system is shown in Table A.2.

4.1.10.2.2 Random vibration

Perform the test in accordance with IEC 60068-2-64 (random vibration).

The test duration is 20 h for each axis of the DUT.

eed

The RMS agceteratiomr vatue forattthree prinmary axesshattber
— X: 18P m/s?,
— Y: 13,/ m/s?,
— Z: 28J m/s2.
The profil¢ for Z-axis with the highest RMS value may be used for all three primary axes if agr
between the customer and the supplier.
The PSD vdrsus frequency is illustrated in Figure 17 and Table 19.
Y
100
10 - 3
,\ i
1 =2 N \
= 1/ - ~’\\\
01 NS
0,01
0,001
0,000)1
10 100 1000 10 000 f
Key
Y PSD [(mr/s22 7t
f frequency [Hz]
1 curve for X axis @
2 curve for Y axis @
3 curve for Z axis @

aX Y and Z are the vehicle axes as defined in Table A.2.

Figure 17 — PSD of acceleration versus frequency
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Table 19 — Values for PSD versus frequency

X axis Y axis Z axis
Frequency PSD Frequency PSD Frequency PSD
[Hz] [(m/s*)2/Hz] [Hz] [(m/s*)2/Hz] [Hz] [(m/s*)?/Hz]
10 10 10 5 10 10
30 10 50 5 70 10
700 0,001 700 0,001 500 0,003
2000 0,001 2000 0,001 2000 0,003

4.1

10.3 Requirements

Mallfunctions and/or breakage shall not occur.

Fun
fun

4.1
larg

4.1

Thi
cha

4.1

4.1

Vib
tob

NOT

ctional status class A as defined in ISO 16750-1 is required during activéJoperating modes, and

Ctional status class C is required during periods with other operating mddes.

11 Test XVI — Hybrid-electric/fully-electric commercial vehicle, Sprung mass (veh|
be and heavy DUT

11.1 Purpose

5 test checks the large and heavy DUT of the electric powertrain (e.g. inverters, DC/DC co

icle body),

nhverters or

gers) on the commercial vehicle body for malfunctions and/or breakage caused by vibrgtion.

11.2 Test

11.2.1 General

Fation of the vehicle body is the random vibration induced by rough-road driving. The n
e identified by this test is breakage due to fatigue.

E1 The test duration is baséd on an infinite-life approach in order to be independent of

reqiirement of the commercial ¥ehicle in analogy to 4.1.9.2.

NOTI
DUT

4.1
Per

The

E2  When the test donditions cannot be realized because the test system is not capable of exci

ain failure

the lifetime

fing a heavy

with the given profil€) the load and duration can be adjusted according to the Basquin model (sge A.8).

11.2.2 Random vibration
Form the'test in accordance with IEC 60068-2-64 (random vibration).

test duration is 32 h for each axis of the DUT. For more information on the test duration

see A.7.

Th

RS acceleration vaite foratt three primary axes shatt be 31,9 my/se:

The PSD versus frequency is illustrated in Figure 18 and Table 20.

© IS0 2023 - All rights reserved
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Key
Y PSD [
f frequ

100

10 AN

0,01

0,001

10 100 1000 10000 f

m/s%)2/Hz]
bncy [Hz]

Figure 18 — PSD of accelerationweérsus frequency

Table 20 — Values for PSD versus frequency

Frequency PSD
[Hz] [(m/s?)?/Hz]
10 36
20 36
1.000 0,01
2000 0,01

4.1.11.3 Requirements

Malfunctions and/orbreakage shall not occur.

Functional
functional

statiis-class A as defined in ISO 16750-1 is required during active operating modes,
status class C is required during periods with other operating modes.

and

4.1.12 Test V— Passenger car, unsprung mass (wheel, wheel suspension), small and lightweight

DUT

4.1.12.1 Purpose

This test checks the small and lightweight DUT (e.g. small wheel-speed sensors) for malfunctions and
breakage caused by vibration.

Vibration of unsprung masses is random vibration induced by rough-road driving. The main failure to
be identified by this test is breakage due to fatigue.

30
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Loads with frequencies lower than 20 Hz are not covered by the test profile specified here. If high
amplitudes below 20 Hz are found in practice of vehicle measurement, a separate test profile specifying
frequencies around 20 Hz can be defined if agreed between the customer and the supplier.

4.1.12.2 Test

Perform the test according to IEC 60068-2-64 random vibration. Use a test duration of 8 h for each axis
of the DUT.

The RMS acceleration is 107,3 m/s2.

The PSD versus frequency is referred to in Figure 19 and Table 21.
NOTE The test duration is based on A.5.1.2.
Y
1 000
100 =
AN
N
\\\
N
10 N
™~
N\
\\
| AN
D,1
10 100 1000 10 000 f
Key]
Y |PSD [(m/s?)2/Hz]
f | frequency [Hz]
Figure 19 — PSD of acceleration versus frequency
Table 21 — Values for PSD versus frequency

Frequency PSD
[Hz] [(m/s*)?/Hz]
20 200
40 200
300 0,5
800 0,5
1000 3
2000 3
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4.1.12.3 Requirement

Malfunctions and/or breakage shall not occur. Functional status class A as defined in ISO 16750-1 is
required during active operating modes, and functional status class C is required during periods with

other operating modes.
4.1.13 Test IX — Commercial vehicle, unsprung mass, small and lightweight DUT

4.1.13.1 Purpose

This test clretk

breakage daused by vibration.

Vibration
identified

pn unsprung masses is vibration induced by rough-road driving. The main failure td
by this test is breakage due to fatigue.

4.1.13.2 Test

and

be

Perform the random vibration test VII asin 4.1.9.2 and in addition the sinusoidal\ibration test described

below.

Carry out the sinusoidal vibration test at RT.

The sinusojidal vibration test according to Table 22 describes the maximum amplitudes of accelera

Fion

on wheels|and wheel suspension and the respective frequencies: If natural frequencies of the PUT
below 40 Hz can be ruled out, the test can be carried out with atest frequency of 35 Hz (see Table 23) so
that it can pe performed on an electro-mechanical test stand:
Table 22 — Values for acceleration versus frequeiicy in case of lowest natural frequency of|a
DUT <40 Hz
Axis as mgunted in Frequency Amplitude of acceleration Duration No. of cycle$
vehicle [Hz] [m/s?] [min] approx.
X-axis, [Y-axis 8to 16 150 4 2800
8to 16 120 10 7 000
8to 32 100 20 21000
Z-axis 8to 16 300 4 2800
8-to.16 250 10 7 000
8to 32 200 20 21000
Table 23 — Values for acceleration versus frequency in case of lowest natural frequency of|a
DUT =40 Hz
Axis as theunted in vehicle Frequency Amplitude of acceleration No. of cycles
[HZ] [m/s%] aApprox.
X-axis, Y-axis 35 150 2800
35 120 7 000
35 100 21000
Z-axis 35 300 2800
35 250 7000
35 200 21000

4.1.13.3 Requirement

Breakage shall not occur.

32
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Functional status class A as defined in ISO 16750-1 is required during active operating modes, and
functional status class C during periods with other operating modes.

4.1.

4.1.

14 Test VIII — Commercial vehicle, decoupled cab

14.1 Purpose

This test checks the small and lightweight DUT (e.g. small sensors or ECUs) for malfunctions and
breakage caused by vibration.

Vib
The
4.1
Per
Tes
The
The
The

b | i I | L | loaal 1 H | +1 b : | 1 1
dllUITI Ul a UtlUUpIctu CUIIITICIdl VEIILIT LAdU 15 1T alTUUHT VIUT AU THUULTU Uy TUU ST U

main failure to be identified by this test is breakage due to fatigue.

14.2 Test

form the test according to IEC 60068-2-64, random vibration.

PSD versus frequency is referred to in Figure 20 and Table 24.

definition of the coordinate system is shown in Table A.2.
RMS acceleration value for all three primary axes shall be:
X: 11,8 m/s?,
Y: 13,1 m/s?,
Z: 21,3 m/s2.
Y
100

10 ==2'%

0,1

F duration: 32 h for each axis of the DUT. For more information on the test duration see Al7

W N RS <

©IS

0,01
10 100 1000 10000 f

PSD [(m/s2)2/Hz]

frequency [Hz]

curve for X-axis as defined in Table A.2
curve for Y-axis as defined in Table A.2
curve for Z-axis as defined in Table A.2

Figure 20 — PSD of acceleration versus frequency
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Table 24 — Values for PSD versus frequency

X axis Y axis Z axis
Frequency PSD Frequency PSD Frequency PSD
[Hz] [(m/s*)2/Hz] [Hz] [(m/s*)/Hz] [Hz] [(m/s?)?/Hz]

10 3 10 10 10 20

19 3 13 10 20 20

50 0,1 50 0,1 100 0,1

500 0,1 500 0,1 500 0,1
200p0 0,01 2000 0,01 2000 0,01

4.1.14.3 Requirement

Malfunctions and/or breakage shall not occur. Functional status class A as defined in:SO 16750+
required during active operating modes, and functional status class C is required duking periods V
other operating modes.

4.1.15 Tept III — Passenger car, flexible plenum chamber

4.1.15.1 H

This test

This test if

The vibrat

urpose

thecks the small and lightweight DUT (e.g. mass airflow sensor) for malfunctions
breakage daused by vibration.

applicable to equipment to be mounted on flexible plenum chamber and/or connected
source of ajir pulsations (e.g. intake manifold could be a seurce of air pulsations).

ons are sinusoidal and mainly induced by the pulsation of the intake air.

NOTE This means even in case the DUT is mounted in another area (e.g. car body), connecting the DUT j
a tube to th¢ intake manifold leads to vibration load'resulting out of air pulsation.

The main fpilure to be identified by this.test is breakage due to fatigue.

4.1.15.2

Perform th

est

e test according tolHEC 60068-2-6 sinusoidal vibration, but a sweep rate of <0,5 octave/|
shall be usgd. Use a test dufation of 30 h for each axis of the DUT.

NOTE The test duration is based on A.4.

Values for amplitudé~ersus frequency are referred to in Figure 21 and Table 25.

1 is
vith

and

to a

vith

min
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100
Key)
Y | amplitude of acceleration [m/s2]
f | frequency [Hz]

1000

Figure 21 — Acceleration versus frequency

Table 25 — Values for acceleration versus frequency

10000 f

Frequency Amplitude of acceleration
[Hz] [m/s?]
100 90
200 180
325 180
500 80
1500 80

4.1{15.3 Requirement

Malfunctions and/or-breakage shall not occur. Functional status class A as defined in ISO{16750-1 is
reqpired duringlactive operating modes, and functional status class C is required during pg¢riods with

other operating'modes.

4.1{16 «Test XI — Passenger car, solid intake manifold

4.1.16.1 Purpose

This test checks the small and lightweight DUT (e.g. small pressure sensors, throttle bodies or ECUs) for

malfunctions and breakage caused by vibration.

Vibration on intake manifold components is influenced by resonances of the manifold and air pulsation.
Out of this there is a difference between the conditions on combustion engine and manifold.

The main failure to be identified by this test is breakage due to fatigue.

© IS0 2023 - All rights reserved
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4.1.16.2 Test

4.1.16.2.1 General

This test shall be performed as a mixed mode vibration test according to IEC 60068-2-80.

NOTE The test duration is based on A.4. The temperature in the chamber is above RT at the end of the test
(3 3% temperature cycles).

4.1.16.2.2 Sinusoidal vibration

Perform the test according to IEC 60068-2-6, but using a sweep rate of <0,5 octave/min. Usera,fest
duration of 30 h for each axis of the DUT.

Values for amplitude versus frequency are referred to in Figure 22 and Table 26.

Y

160

140 A\

wl S
60 /

40

20

0
100 1000 f

Key

Y amplitIde of acceleration [m/s?]

f  frequency [Hz]

Figure 22 — Acceleration versus frequency

Table 26 — Values for acceleration versus frequency

Frequency Amplitude of acceleration
[Hz] [m/s?]
100 50
150 100
200 150
240 150
300 75
440 75

4.1.16.2.3 Random vibration

Perform the test according to IEC 60068-2-64. Use a test duration of 30 h for each axis of the DUT.
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The RMS acceleration value shall be 184,5 m/s2.

NOTE The PSD values (random vibration) are reduced in the frequency range of the sinusoidal vibration
test.

The PSD versus frequency is referred to in Figure 23 and Table 27.

Y
100
10 C 4
\ /
\
\
\ /
\|/
1
10 100 1000 10000 f

Y [ PSD [(m/s%)%/Hz]
f | frequency [Hz]

Figure 23 — PSD.of acceleration versus frequency

Table 27— Values for PSD versus frequency

Erequency PSD
[Hz] [(m/s?)?/Hz]
10 10
100 10
200 2
500 20
2000 20

4.1]16.3* Requirement

Malfunctions and/or breakage shall not occur. Functional status class A as defined in ISO 16750-1 is
required during active operating modes, and functional status class C is required during periods with
other operating modes.

4.1.17 TestIb - Rotating machines

4.1.17.1 Purpose

This test applies for combustion engine mounted rotating machines (e.g. alternator, starter motor, A/C
compressor, integrated starter generator) (see ISO 16750-1:2023, Table C.1) and checks the DUT for
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malfunctions and/or breakage caused by vibration. The vibrational loads during vehicle operation of
passenger cars and commercial vehicles can be split up into three kinds:

— sinusoidal vibration loads resulting from rigid body motion of the combustion engine/gearbox
compound, which is defined by mass/gas forces, crank train kinematics as well as the mass and
inertia tensor of the combustion engine/gearbox compound;

sinusoidal vibration loads due to structural dynamic effects of the entire system at resonance which
is defined by the distribution of stiffness, mass and damping effects of the combustion engine/
gearbox compound;

randoifr vibration loads resulting [rom StochastiC events such as gear rattle or elfects causeq
clearance in the valve train and gearbox.

| by

fear
ents

Effects from dynamic loads introduced by the torque transmitting interface (e.g. dynamic \belt/g
loads) are ot tested. Such dynamic effects shall be assessed separately based on vehicleineasureme
(e.g. hub lopd measurement).

Typical rof
which are
approach ¢
bench, the
well as to g

NOTE j
inputs are e
rough road

Due to the

ating machines mounted to the combustion engine are heavy, cantilevering compone
coupled in its system dynamics and furthermore show nonlinear éffects. This require
f deriving load profiles that takes into account the differing dynamiics from vehicle and
need to test with a very stiff test setup due to shaker controllability and comparabilit
etermine test durations based on vibration response signals,

nts,

an
test
y as

Road excitation usually has a negligible impact on combustion engine-mounted components. Shock

ffectively isolated by suspension and combustion engine-nmigunting systems. Still, the test consi
bxcitations by introducing random loads in the lower frequency range from 10 Hz to 100 Hz.

differing dynamics of vehicle and test bench setup there might occur dynamic excita

mechanis

during the vibration test which will not be relevant for field operation (e.g. bouncing effi

of the rotofr). Hence it is recommended to use vibratien measurements from both test and vehicl
order to find out the root cause of failure and to chegk for relevance in field operation.

4.1.17.2

est

4.1.17.2.1| General

This test shall be performed as a mixed mode vibration test according to IEC 60068-2-80.

Use a test g

uration for each ofthe three excitation directions according to Table 28.

Table 28.=< Test duration for each of the three excitation directions

Hers

Fion
pcts
E in

Passenger car Commercial vehicle

Duration pér axiS;Hh] 14 28

Lifetime refuest [h](combustion 6 000 20000

engine opetationy

NOTE1 The testdurationis based on the comparison of typical vibrational loads in the vehicle and vibrational

loads during test. The lifetimes given in Table 28 are typical values for passenger cars and commercial vehicles.
For passenger cars, a mileage of 240 000 km is assumed, resulting in an average speed of 40 km/h. For commercial
vehicles, a mileage of 1 000 000 km is assumed, resulting in an average speed of 50 km/h. Testing times for
differing lifetime requests can be obtained by linear scaling of testing time in relation to the time of combustion
engine operation. For further details on the calculation of the test duration see C.3.

The DUTs shall be run in operating mode 3.3 with an overlaid temperature as given in Figure 3 and
Table 3 for combustion engine-mounted DUTs.

NOTE2 Minimum load of operating mode 3.3 is used to avoid any unrealistic damage to the bearings. If
operation mode 3.3 is not applicable from a technical point of view (e.g. starter motor is not in operation during
combustion engine operation), operation mode 2.1 can be applied.

38 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=59297ed70b9e260c3f0a1b1df2015303

ISO 16750-3:2023(E)

The defined acceleration values are valid for the control position close to the mounting position of the
DUT. A 2-point-average control is recommended. In order to assure shaker controllability, comparability
and high frequency load injection into electronic subcomponents, a rigid setup on the shaker is required.
Test setup recommendations of typical components can be found in Annex C.

4.1.17.2.2 Sinusoidal vibration

Perform the test according to IEC 60068-2-6, using a sweep rate of <0,5 octave/min. The required
amplitude of acceleration versus frequency for all three testing directions are referred to in Figure 24
and Table 29.

Y
60

50
40 /
30

20

10

0
100 1000 f

Key
Y |amplitude of acceleration [m/s2]
f | frequency [Hz]

Figure.24 — Acceleration versus frequency

Table 29 — Values for acceleration versus frequency

Frequency Amplitude of acceleration
[Hz] [m/s?]
100 20
200 50
800 50

4.1.17.2.3 Random vibration
Perform the test according to IEC 60068-2-64. The RMS acceleration value shall be 115,2 m/s?.

NOTE The PSD values (random vibration) are reduced in the frequency range of the sinusoidal vibration
test.

The PSD versus frequency is referred to in Figure 25 and Table 30.
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Figure 25 — PSD of acceleration versus frequency

Table 30 — Values for PSD_versus frequency

Frequency PSD

[Hz] [(m/s?)?/Hz]

10 10

100 10

150 0,1

700 0,1

800 10

2000 10

4.1.17.3 Requirement
Malfunctions and/orbreakage shall not occur.

Functional| status class A as defined in ISO 16750-1 is required during active operating modes, pnd
functional ktatus class C during periods with other operating modes

4.1.18 Test XII — Passenger car, exhaust pipe

4.1.18.1 Purpose
This test checks the DUT for malfunctions and breakage caused by vibration.

Vibration on exhaust pipe mounted components is influenced by resonances of the pipe and exhaust
pulsation. Due to this there may be a difference between the conditions on combustion engine and
exhaust pipe, depending, for example, on the distance between the combustion engine and application
area.

The main failure to be identified by this test is breakage due to fatigue.
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There are three tests to be defined:

Xlla valid for small and lightweight sensors (e.g. oxygen or particulate-matter sensors) with
natural frequencies >1 000 Hz;

XIIb valid for large and heavy modules (e.g. catalytic equipment including denox modules),
mounted before the decoupling element;

Xllc valid for large and heavy modules (e.g. catalytic equipment including denox modules),
mounted behind the decoupling element.

4.1]18.2 Test conditions

4.1{18.2.1 Test conditions XIIa: valid for small and lightweight sensors with natural
frequencies >1 000 Hz

Perform the test according to IEC 60068-2-6, but using a sweep rate of <0;5 octave/min,| Use a test
durption of 50 h for each axis of the DUT. This is equivalent to 5 x 10° ¢ycles in resonance |n case of a
respnance bandwidth of 100 Hz or more. See Table A.5.

NOTE In this test a slower sweep rate is used for a purely sinusoidal'test to accomplish a full gmplitude of
the resonance of the DUT.

of 50 Hz to 160 Hz, amplitude of displacement is kept at canstant value 0,3 mm. In the frequency range

Vals‘w[‘es for amplitude versus frequency are referred to in Figure 26 and Table 31. In the freqllitncy range
fron 160 Hz to 2 000 Hz, acceleration is kept at constantwalue 300 m/s2.

Ampient temperature: as measured in the vehicle, €.g: 600 °C on the mounting position.

Y
350

300 /
250 /
200

150

100

50
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Key
Y  amplitude of acceleration [m/s2]

f  frequency [Hz]

Figure 26 — Acceleration versus frequency
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Table 31 — Values for amplitude versus frequency

Frequency Amplitude of displace- | Amplitude of accelera-
ment tion
[Hz]
[mm] m/s?
50 0,3 -
160 0,3 -
2000 - 300

4.1.18.2.2

The DUT shall be tested following to the conditions defined for combustion engine mounted compeng¢nts
(see 4.1.2).

The tempefature in the chamber shall be defined between the customer and the supplier.

-+

4.1.18.2.3| Test conditions for XlIc: valid for modules, mounted behind the decoupling elemen

4.1.18.2.3/1 Test - General, for XIIc
This test shall be performed as a mixed mode vibration test according te IEC 60068-2-80.

The tempefature in the chamber shall be defined between the customer and the supplier.

4.1.18.2.3J]2 Sinusoidal vibration for XIIc

Perform the test according to IEC 60068-2-6, but a sweep. rate of <0,5 octave/min shall be used. Uge a
test duratipn of 40 h for each axis of the DUT.

Values for amplitude versus frequency are referred-to in Figure 27 and Table 32.
Y
70

60 \
50 \
40

30

20
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0
100 1000 f

Key
Y  amplitude of acceleration [m/s2]
f  frequency [Hz]

Figure 27 — Acceleration versus frequency
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Table 32 — Values for acceleration versus frequency

Frequency Amplitude of acceleration
[Hz] [m/s?]
125 60
250 60
260 40
500 40

4.1{18.2.3.3 Random vibration for Xllc

Perform the test according to IEC 60068-2-64. Use a test duration of 40 h for each axis,efithe/DUT.
Thg RMS acceleration value shall be 67,4 m/s2.

The PSD versus frequency is referred to Figure 28 and Table 33

Y
100
——
/
10

0,1

10 100 1000 10000 f
Key

<

PSD [(m/s2)2/Hz]
f | frequency [Hz]

Figure 28 — PSD of acceleration versus frequency

Table 33 — Values for PSD versus frequency

Frequency PSD
[Hz] [(m/s%)?/Hz]
10 14
20 28
30 28
180 0,75
300 0,75
500 2
2000 2
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4.1.18.3 Requirement

Malfunctions and/or breakage shall not occur. Functional status class A as defined in ISO 16750-1 is
required during active operating modes, and functional status class C is required during periods with
other operating modes.

4.1.19 Test X — Passenger car, components on fuel rail (gasoline engine with GDI-system)

4.1.19.1 Purpose

This test ¢ and

breakage daused by vibration. This test is not applied to the whole fuel rail.

Vibration Joad on rail-mounted components is mainly influenced by rail resonances. Depending on
design and mounting, the rail resonance frequency will occur between approximately, 700 Hz jand
2 000 Hz. The main failure to be identified by this test is breakage due to fatigue.

4.1.19.2 Test

4.1.19.2.1| General
This test shall be performed as a mixed mode vibration test accordingté IEC 60068-2-80.

NOTE {Vhen running a test up to 2,8 kHz the characteristics of the shaker can limit the payload mass fof the
test.

4.1.19.2.2]| Sinusoidal vibration

Perform the test according to IEC 60068-2-6, but using a sweep rate of <0,5 octave/min. Use a ftest
duration of 100 h for each axis of the DUT. Values-for amplitude versus frequency are referred tp in
Figure 29 3nd Table 34.

Y
600

500

400

]
J
300 /I

200

100

0
100 1000 10000 f

Key
Y  amplitude of acceleration [m/s2]

f  frequency [Hz]

Figure 29 — Acceleration versus frequency
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Table 34 — Values for acceleration versus frequency

Frequency Amplitude of acceleration

[Hz] [m/s?]
100 100
200 200
400 200
600 550

2000 550

4 oUU 2UU

4.1{19.2.3 Random vibration

Perform the test according to IEC 60068-2-64. Use a test duration of 100 h for each/axis of the DUT.
Thg RMS acceleration value shall be 356 m/s?.

The PSD versus frequency is referred to in Figure 30 and Table 35.

Y

100

10

1

10 100 1000 10 000 f

Y [ PSD [(m/s%)%/Hz]
f | frequency [Hz]

Figure 30 — PSD of acceleration versus frequency

Table 35 — Values for PSD versus frequency

Frequency PSD
[Hz] [(m/s?)?/Hz]
10 10
100 10
600 50
2800 50
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4.1.19.3 Requirement

Malfunctions and/or breakage shall not occur. Functional status class A as defined in ISO 16750-1 is
required during active operating modes, and functional status class C is required during periods with
other operating modes.

4.2 Mechanical shock

4.2.1 ShockI — Test for devices in or on doors and flaps on passenger cars

4.2.1.1 B

This test c
electronic
slamming.

The load o
capacitor i
slamming)

4.2.1.2

Choose ong¢
considered
between t
following

operat

shock

The DUT s
direction 4
all six spat

urpose

necks the small and lightweight DUT (e.g. window lift motor, wiper motor for rear hatc
control unit in the door) for malfunctions and breakage caused by shock of doof}-hatch o

ccurs on closures when slammed shut. Failure mode is a mechanical damage (e.g. a detad
hside the housing of electronic control module due to the high accelerations caused by d

est

 of the profiles in Table 36 based on evidence from the vghicle. Also, shock profile A maj
as an accelerated test condition of shock profile B. Either profile can be chosen if agy
he customer and the supplier. Perform the test according to IEC 60068-2-27 using
arameters:

ing mode of the DUT: 1.2 (see ISO 16750-1);
form (pulse shapes): half-sinusoidal.

hall be fixed on the shaker in a dire¢tion to generate the effect of acceleration in the s
s it occurs in vehicle use. If the direction of the effect is not known, the DUT shall be teste
al directions.

Table 36—-Number of shocks on passenger cars

h or
- lid

hed
oor

’ be
eed
the

hme
d in

Shock profile A Shock profile B

Mak. shock amplitude 500 m/s? 300 m/s?
Shdck duration 11 ms 6 ms
Driyer's door,.cargo door 24 000 184 000
Pagsenger:s:doors 11 000 92000
Trunk lidyxtailgate 4400 55000
Corphbustion engine/e-motor hood 1320 5500
Electric vehicle front trunk for charging equipment 580 2400

NOTE

The number of electric vehicle front trunk closings, given as 2 400 for shock profile B, is based on the

assumption that an electric vehicle has on average to be charged every 200 km. Each charging session starts and
ends with opening and closing of the front trunk to take out or put back the charging equipment. Assuming a
vehicle lifetime of 240 000 km this results in 2 400 actuations.

4.2.1.3 Requirement

Breakage s

46

hall not occur. Functional status shall be class C as defined in ISO 16750-1.
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4.2.2 Shock Il — Test for devices on rigid points on the body and on the frame

4.2.2.1 Purpose
This test checks the DUT for malfunctions and/or breakage caused by a shock to the body and frame.

The load occurs when driving over a curb stone at high speed, etc. The failure mode is a mechanical
damage (for example, a detached capacitor inside the housing of the DUT, e.g. on-board power
electronics components, due to the occurring high accelerations).

4.22:2—TFest

Perform the test in accordance with IEC 60068-2-27 using the following test parameters;
— |operating mode of the DUT: 3.2 as defined in ISO 16750-1;

— |pulse shape: half-sinusoidal;

— |acceleration: 500 m/s?;

— |duration: 6 ms;

— |number of shocks: 10 per test direction.

The acceleration due to the shock in the test shall be appliedin the same direction as the acc¢leration of
the[shock which occurs in the vehicle. If the direction of the'effect is not known, the DUT shall be tested
in all six spatial directions.

NOTE For large and heavy DUTs the actual shock lead in vehicle conditions can be much lower than the

500{m/s2 amplitude at 6 ms duration given here. Vehicle measurements with relevant use cases that create a
shog¢k event can be carried out in order to determine-shock test conditions as realistic as possible for|this test.

4.2{2.3 Requirements
Malfunction and/or breakage shall hot occur.

Thq functional status shall be.¢lass A as defined in ISO 16750-1.
4.2{3 Shock Il — Testfor devices in or on the gearbox

4.213.1 Purpose
Thi} test checks-the DUT for malfunctions and/or breakage caused by a shock of gear shiftinig.
Thi} test isapplicable to DUT intended for mounting in or on the gearbox.

The loads occur durlng pneumatlc powered gear- shlftlng operatlons The failure mode is a mechanical
da[ 1dg¢< L€ 5 d uULdLlleu LddelLUl lllblu€ LllU llUublllg Ul dll UIULLI UlllL COUIILI Ul lllUUulU UUU (O the hlgh
accelerations caused by pneumatically powered gear-shifting operations).

4.2.3.2 Test

Perform the test in accordance with IEC 60068-2-27 using the following test parameters:
— operating mode of the DUT: 3.2 as defined in ISO 16750-1;

— pulse shape: half-sinusoidal;

— typical maximum acceleration:

— for commercial vehicles: 3 000 m/s?,
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— for passenger cars: to be agreed between the customer and the supplier;
— typical duration: < 1 ms;
— temperature: to be agreed between the customer and the supplier;
— number of shocks: to be agreed between the customer and the supplier.

NOTE For commercial vehicles in single cases shock values up to 50 000 m/s? can be measured.

The actual shock stresses depend both on the installation position of the gearbox and on the design

features of, ;
(recommended sampling frequency: 25 kHz or more). A test shall be arranged between the suppliéexs
the custonfer.

The acceleration due to the shock in the test shall be applied in the same direction as the a€¢eleration of

the shock which occurs in the vehicle. If the direction of the effect is not known, the DUT.shall be tes
in all six splatial directions.

4.2.3.3 Requirements

MalfunctiT and/or breakage shall not occur.
i

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

4.3 Fred fall

4.3.1 Purpose
This test checks the unpackaged DUT for malfunctions‘and/or breakage caused by free fall.

A system/tomponent can drop down to the floor-during handling (e.g. at the manufacturing lin
the vehicld manufacturer). If a system/component is visibly damaged after a fall, it is replaced, b
it is not vigibly damaged, it is installed in the vehicle and shall work correctly. The failure mode
mechanical damage (for example, a detached capacitor inside the housing of the DUT, e.g. on-bd
power electronics components, due to«the occurring high accelerations when the DUT hits the grou

Parts that pre obviously damaged by the fall shall not be checked (e.g. headlights). Parts that are li

ted

e of
It if
is a
ard
nd).

kely

to experienhce rough handling and can withstand falling without visible damage shall be checked as

described below.

DUTs of snjall to mediunrsize and mass (at least up to 2 kg, maximum up to 10 kg) shall be tested
free fall with guidance,of the DUT (see 4.3.2.1). DUTs that are larger and heavier shall be tested as
fall withoult guidance)(see 4.3.2.2).

For further guidarice on free fall testing please refer to Annex D.

hs a
Tee

4.3.2 Test

4.3.2.1 Free fall with guidance of the DUT

Perform free fall test with guidance for parts with a mass up to 10 kg like small sensors (e.g. oxygen
sensors, speed sensors) as well as parts of medium size (e.g. ECUs, catalytic modules, radar sensors) in

accordance with IEC 60068-2-31 using the following test parameters:
— number of DUTSs: 3;
— falls per DUT: 2;

— drop height: selected from Table 37 depending on mass of the DUT as described in IEC 60068-2-31;
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— impact surface: concrete ground or steel plate;

— seismic mass: according to requirements of IEC 60068-2-31 the seismic reaction mass of the facility
shall be at least 20 times the mass of the DUT;

— orientation of the DUTs: choose one principal axis for first fall of each DUT, second fall with the given
DUT at another principal axis (i.e. 90° change of orientation). Avoiding both directions of the axis for
the same DUT offers a chance to learn which orientation is dominant.;

NOTE A best practice example how to cover all six spatial directions with just three DUTs is given in D.1.

filb o T\IIT

11
T

atianag an
Ut.lbl aCIITS Hote-orthet Do

S

oS

— |temperature: to be agreed between the customer and the supplier.

Theg DUTs shall be visually examined after the falls.

4.312.2 Free fall without guidance of the DUT

Perform free fall test in accordance with IEC 60068-2-31 for parts witlia mass higher than 10 kg like
large and heavy components of hybrid-electric powertrain.

As described in IEC 60068-2-31:2008, Clause 1, testing should only be applied to those faces dnd corners
wheére there is a risk of such treatment being encountered.

Apqrt from that use the test parameters and requirements:given in 4.3.2.1.

4.3{3 Selection of drop height

Table 37 —Value for drop height

Mass of the Fall height DUT (examples) Remark
DUT [mm]
[kg]
<1 750 | 10002 | 1500 Pressure sensors, exhaust sensors |Free fall with guid-
(oxygen, particular matter sensors),|ance of the DUT man-
speed sensors, ultrasonic sensors, |datory
small ECU, radar sensor
>1..10 50 1002 250 5002 |ECU, catalytic module (e.g. SCR), al-|Free fall with guid-
ternator ance of the DUT to be
preferred
>10...50 252 e-motor, components like stator Free fall without guid-
ance of the DUT
a | This isthe preferred value.

4.3.4 Requirements

known or are otherw1se spec1f1ed

As 1ef1ned in IEC 60068- 2 31 2008 5 2.3, test severlty is deflned by the helght of fall whi

h shall be
anditions are

Hidden damage is not permitted. Minor damage of the housing is permitted as long as this does not
affect the performance of the DUT. Proper performance shall be proven following the test.

Observation and measurement of function shall be performed according to agreement between the
customer and the supplier, if necessary, not only within a final investigation, but also as intermediate
step after each fall.

The functional status shall be class C as defined in ISO 16750-1.
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4.4 Surface strength/scratch and abrasion resistance

4.4.1 Purpose

This test checks the surface strength/scratch and abrasion resistance of marking and labelling printed
or pasted on the surface of devices, when rubbed for cleaning or for other purposes. This test can be
omitted if agreed between the customer and the supplier.

4.4.2 Test method

The test shia vith

defacemen| test (for labels or unprmted materlals) descrlbed in UL 969 2017 Table 4. 1

Test condifions such as temperature, humidity and pre-conditioning shall be agreed between|the
customer gnd the supplier, considering the vehicle environment.

4.4.3 Requirements

The marking and labelling shall remain visible and legible following the test.
4.5 Grayel bombardment

4.5.1 Purpose

This test checks the resistance of the devices to chilled-iron gritprojected onto the surface under fest
to simulatg the impact of small stones.

The test is ppplied only to the devices mounted on the parts which would be attacked by chipping stdnes
while driving.

This test cgn be omitted if agreed between the.customer and the supplier.

4.5.2 Test method

The test ghall be carried out in aecordance with ISO 20567-1. Choose severity A, B, or C ffom
ISO 2056741:2017, Table 2 according to'agreement between the customer and the supplier.

NOTE nly ISO 20567-1:2017,.8-2 and 8.3 are relevant for this test.

For the seflting to the appardtus, the part of the device instead of the whole device may be used fs a
test specinjen. The direction of test specimen when fixed on the apparatus shall be agreed between|the
customer gnd the supplier, considering the direction of the device mounted on vehicles.

4.5.3 Regquirements

The functibratstatusshal-beclassEa

9)]

In the case that the test specimen is a part of the device and impossible to perform functional tests
upon without the whole device, one of the following requirements should be chosen:

a) testthe whole device in the gravel bombardment test, then perform functional test;

b) if possible after the test, reassemble the specimen with the device, and then perform a functional
test;

c) if impossible after the test to reassemble the specimen with the device, alternative requirement
can be agreed between the customer and the supplier.
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5 Code letters for mechanical loads

For code letters for mechanical loads, see Tables 38-40. Recommended mechanical requirements for
the DUT depending on the mounting location are given in Annex B (Table B.1).
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6 Documentation

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

Guidelines for the development of test profiles for vibration tests

A.1—Scoepe

The aim of these guidelines is to make sure that the user of this document is able to develop t
from vibration measurements in a reproducible way thus avoiding errors.

bst profiles

A.Z General
The process of creating test profiles is clarified using the recommended decumentation and i$ described
in Tables A.1 to A.5.
Table A.1 — Engine speed definition
Item Description
Nominal speed Npominal: NOMinal speed with maximum power output of the combustion eng}ne

Maximum speed

Npax: Maximum safe combustion engine speed

Table A.2.— Vehicle axes

Item

Description

Vehicle axes

X’: driving direction
Y’: perpendicularto driving direction and vertical axis

Z’: vertical axis

Table A.3 — Powertrain axes

Item

Description

Powertrain axes

X: crankshaft direction
Y: perpendicular to crankshaft and piston direction

Z: piston direction

Table A.4 — e-motor axes

Item

Description

e-motor axes

Xgym: driving direction
Ygum: perpendicular to driving direction and vertical axis

Zgy: vertical axis

NOTE1 The vehicle axes in Table A.2 and the e-motor axes in Table A.4 are the same.

NOTE 2  The driveshaft of an electric motor is always parallel to the ground floor.

Table A.5 lists some basic definitions used to assess a vehicle measurement in order to create a test
profile. The coordinate systems for the vehicle and powertrain are shown in Table A.2 and Table A.3
and are taken from DIN 70003, which also gives other valuable information regarding procedures for a
vehicle measurement of vibrational loads.
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Gathering extensive measured vibration data examples over various types of vehicles and different
masses and mounting locations of components is useful to improve the vibration test profiles in this
document or develop new appropriate test profiles in the future.

Table A.5 — Development of test profiles for vibration tests

Recommended documentation/

Item Documentation Comments
parameters
Technical data (e.g. power, max.
Description of the |min~1, nominal speed, displacement,
vehiele kind-ofcombustion-enginermberof
cylinders)
Full load
Powertlaa\in Dynamometer and /or road There is some indicationthat high¢r
mounte values can occur at trailing throttlg
q condition.
B
C(?rlll(;litizi)rrils Rroving ground/test track descrip- |
tion
E}%?ﬂlted Road surfaces (e.g. Belgian block, .
washboard, hip hop, etc.)
Driving speed —
E;mplmg frequen- 22,5 times of f,,, Yinax = frequency limit for evaluatign
Block length b 22 k —
Resolution LSB < 0,1 % of maximum valug LSB = least significant bit
Filtering tech- Anti-aliasing filter at ., with
niques and meth- |>48 db/octave, high pass(filter —
ods (ffitter <fmin) to avoid offset
If the combustion engine revolutiop
Combustion engine |Combustion engine speed increase increases too fast, there is a possiljil-
speed increase rate, e.g. 3 000,;min~1/min ity that existing resonances are nof
detected.
Make sure that the frequency resolu-
tiop-ishigher than the difference of
excitation frequency while ramping
combustion engine speed. Otherwise
Vehicle the fast Fourier transform (FFT) Af=f /b
data FreqluePCY of values will be wrong. ~Jsampling
. resolution, =
gathering EXAMPLE A f=1Hzleads toawin- |&8 12500/2048=611Hz

dow length of 1 s. But for a ramping
engine speed with 1 000 min~1/min
during 1 s, even the 4th order will
sweep more than 1 Hz.

CUUlillg wdlclh LCHIPEl dlUrlc, Ull
temperature

Description of combustion engine
conditions and DUT conditions (esp.

Temperature ) lasti
DUT temperature (DUT measuring ~ |€lastic
point and mounting area) suspensioned DUT)
Reference for creating the
Peak-hold FFT Peak-hold sinusoidal vibration part of a
sine-on-random test
Peak-hold and all | Give information: amplitude value or

other spectra

RMS value shown?
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. Recommended documentation/
Item Documentation Comments
parameters
Hanning for stationary signals (no
Windowing transient signal)
Data No windowing for transient signals |
analysis (crest factor > 6)
RMS versus speed/ | .
time
Arithmetically averaged PSD from the | Reference for creating randlom tests
time windows with the highest RMS |or the random part ofa sing-on-ran-
Signal characteris- |value dom test
gc (sinusoidal/ran- fy, o e ) diagram —
om part of signal)
Auto-correlation for stationary sig- |
nals
Mreotcheos(;lsesﬁged to For example, describe all key points
P including data reduction (averaging/ |—<
develop the test enveloping)
profile ping
m-value = gradient of S-N durve. Its
value is 5 when the test dufation is
adjusted in accordance with A.8.
For a powertrain mounted
hods and Explain assumptions.afidmodels component, the test duratipn is cal-
Tesk profile Ni’i)tceodlfrac}g used |used to correlate field Stress and ser- culated according to the cqmbustion
dou e{)o ) ,130 determine or vice life with teststress and duration, |engine speed distribution gs shown in
P e.g. as in Reference [7] with m-value |Principle in A.4.
meft calculate the test ; .
duration (in this docufment referred to as k) For vehicle body mounted
based onumost critical material. components, the test duratfion is
verified according to rough-road per-
centage in A.5.1.2.
As for mixed-mode (SoR) t¢sts an
example is given in A.6.
For powertraig Take the engine speed distribution
mounted ; —
into account.
components
For yduiyTe body Take the mileage of bad road condi-
mpofturted ; . —
tions into account.
egmponents
Rationale for the
methods —
Processes and — —
\,lls;ll\,\,l ;IIS
judgement

A.3 Average control method

Generally, the responses of a DUT (response level at the natural frequencies) mounted in the vehicle
and mounted on the vibration table differ because of the different mounting rigidity and the different
dynamic feedback for both cases.

To be able to reproduce the vibration tests in the laboratory, the vibration fixture shall be as stiff as
possible and therefore, normally much stiffer than in the vehicle.

© IS0 2023 - All rights reserved

61


https://standardsiso.com/api/?name=59297ed70b9e260c3f0a1b1df2015303

ISO 16750-3:2023(E)

It is also taken into account that the mounting points of the DUT move normally in phase on the
vibration fixture, whereas the mounting points in the vehicle might not move in phase at the specific
natural frequencies of the DUT. The reason is the higher stiffness of the test fixture compared to the

mounting s

ituation in the vehicle.

Furthermore, the dynamic feedback of the DUT during the vibration test (attenuation of the excitation)
is minimized by the vibration control unit.

This leads to much higher response peaks in case of resonance during the shaker test compared to the

response in the vehicle with similar excitation at least for heavy/bulky DUT.

In order td
Test Fh cay

There are

—  weight

(Reconmended weighting: averaged control signal = 3 x excitation + 1 x resperise of the DUT.)

be applied.

ed average control out of excitation and response of the DUT;

reduce the risk or over-testing, the average control method according to IEL 6UU6o-4

wo different ways of carrying out average control methods (multipoint control strategief):

64

— (“unweighted”) average control out of several control point signals on themounting of the DUT, qach

weight

ed with the same factor.

It shall be ¢nsured that the DUT is not “undertested”; the stress in thelaboratory shall be high enough
to cover the field conditions (e.g. by measuring the response of/the DUT and performing spedtral
comparisoh or fatigue calculation).

62
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1 | control points

2 | response point on the DUT
3 | DUT

4 |e.g.fixed bolt

5 |e.g. mount collar

6 |e.g.insulator

Figure A.1 — Example of a DUT and the different control points (excitation) as well as
point

Figiire A.1L.shows an example of a DUT (such as an ECU) that is mounted on the shaker. As

response

described
bnse point.
hay not be

ent on the severity of the response of the DUT, this one response point may or

not be, for example, in the centre of an ECU casing, as the thin metal sheet will have many m

the control

points should be as close as possible to the fixation points of the DUT. Also, the response point should

ode shapes

also at low frequencies which are not representative of the vibrational load that the internal electronic

components have to endure.
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A.4 Method for determining the vibration profile and test duration on/in
powertrain

A.4.1 General aspects regarding test duration

There is a general relation between the rotational speed (min~1) and the vibration level caused by
combustion engine rotation. For fatigue testing, it is sufficient to consider the speed range with the
highest acceleration levels. Typically, the vibration levels rise more or less continuously with the
speed of the combustion engine. In former times, this was not always the case. But with modern-day
engine characteristics like super-/turbocharging, downsizing and high ratios of power per litre of

displacem
paradigm s
parameter
basis for n
and it repr

Key
X
Y

combu

accelen

To assess
distributio

A4.2 Te

ns and thevehicle lifetime.

Tt this old characteristic does not hold true anymore. T1is 15 also why In this docume
hift is made in the evaluation of the engine speed distribution by taking n,,,, as therleat
for normalization whereas in ISO 16750-3:2012 and previous editions n, i . was-still
brmalization. An example of such an acceleration versus engine speed is given in Efgure
bsents the vast majority of measurements on combustion engines, nowadays:

Y
150

100

/

50

o

6 000

W

4000

WW

0

1000 2000 3000 5000 7000 X

btion engine speed in rpm

htion amplitude in m/s?
Figure A.2 — Aceeleration amplitude versus engine speed on a crank case

the test duration it is necessary to take into account different combustion engine sp

st duration, example for ICE without any electric propulsion

ta
ling
the
A.2,

eed

For this document three distributions were chosen for ICE vehicles without any electric propulsion

system:

a)

an engine speed distribution which has been gathered in 2020 and 2021 from normal drivers.

This dataset consisted of some 880 trips with 20 different petrol and diesel passenger cars and an
accumulated mileage of approximatively 15 000 km;

a “severe” engine speed distribution that was recorded during load collective measurements

for pressure pulsations in the fuel injection equipment. Therefore, the vehicles were driven

b)

aggres
c)

severe
64

sively by test drivers in a very high combustion engine speed range;

=20 %.
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The distributions are given in Figure A.3 and Table A.6.

These new sets of data were gathered in order to replace the very much outdated engine speed
distribution for ICE powertrains given in ISO 16750-3:2012 and prior editions. Those engine speed
distributions dated back to the 1980s and 1990s. As combustion engine technology has evolved quite
significantly since then with turbo-charging, down-sizing, to name a few, it was assumed that the
characteristics of such distributions have to be re-evaluated and proper conclusions drawn from this
for defining test durations of combustion-engine- and gearbox-mounted components.

An extensive study made with these latest datasets mentioned in a) and b) in this subclause gave the
following results.

Thi
30
of

Due to changed engine characteristics the highest vibration levels typically occur clase-t
and no longer around n, ;.- Therefore, any engine speed distributions need to-benoy

Npax and notto n, . . anymore as in former times.

Significant fatigue damage, accounting for 0,5 % dwell time of the lifetime of the'vehicle, a
diesel engines.

For the purpose of these fatigue damage calculations the somewhat outdated methg
counting of zero-level-crossings, as described in A.4.4.3, is still yalid, also compared to m
algorithms such as rainflow counting.

5 leads to a relevant distribution of 0,5 % in the engine speed ranges as mentioned above

1 along each axis is equal to approximately 6 000 h lifetime in the vehicle. With an ave
0 km/h this represents a mileage of 240 000 km (gquivalent to 150 000 miles as stated

reqpirement in Reference [9], section 1962.2).

Takiing into account other lifetimes/mileages/engine speed distributions shall be done 1
engineer to adapt this example to the real.vehicle application, e.g. by changing the tes
proportionally to a different lifetime requirement.

Degending on the required lifetime and'the required combustion engine speed distribution, t
the|calculation according to the shown method can lead to a very long test duration. The rec
maximum test duration for practical reasons is 100 h per axis. For most vibration eny

eq
veh

For

©IS

ivalent fatigue damage is~easily accomplished within this duration. In general, for ¢
icle the fatigue limit hagtobe covered.

passenger cars in mast cases the shown method is usable.

b Or fit Nax
malized to

fcumulates

above 0,75 of the maximum speed for petrol engines and above 0,575 ©f the maximumn speed for

d of cycle-
dre modern

So, testing
rage speed
as lifetime

by the test
t duration

he result of
bmmended
ironments,
ommercial
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0,775 |5==
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0,900 [
0925 b

normalized engine speed defined as 1,00 at maximum engine speed

0,950 b
0,975

1,000

v severe engine speed distribution
1 weighted engine speed distribution (80 % normal and 20 % severe)
Figure A.3 — Engine speed distributions for normal, severe and weighted distributions
Tablg A.6 — Engine speed distributions for normal, severe and weighted distributions
n/Nyay min~Pprobability | min-! probability | weighted min-! probabil-
ity
20 px + 80 px
PXsevere PXnormal ( P seve)re a PXnor-
mal

0,000 7,980 % 24,085 % 20,864 %
0,025 10,424 % 0,057 % 2,131 %
0,050 6,957 % 0,028 % 1,414 %
0,075 3,522 % 0,031 % 0,729 %
0,100 2,090 % 0,284 % 0,645 %
0,125 1,620 % 2,366 % 2,217 %
0,150 1,960 % 7,121 % 6,089 %
0,175 2,143 % 4,878 % 4,331 %
0,200 2,155 % 2,740 % 2,623 %
0,225 1,982 % 4,257 % 3,802 %
0,250 1,943 % 6,965 % 5961 %
0,275 2,026 % 8,847 % 7,483 %
0,300 2,140 % 8,344 % 7,103 %
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Table A.6 (continued)
n/Nyax min-1 probability | min-1 probability | weighted min-1 probabil-
ity
20 px + 80 px
Pecvere Paorma (20 Poovre 0 P

0,325 2,116 % 7,223 % 6,202 %

0,350 2,294 % 6,174 % 5,398 %

0,375 2,446 % 4,561 % 4,138 %

0,400 2,491 % 3.554 % 3,342 %

0,425 2,693 % 3,007 % 2,944 %

0,450 2,670 % 1,894 % 2,049 %

0,475 2,818 % 1,162 % 1,493 %

0,500 2,847 % 0,921 % 1,306%

0,525 2,748 % 0,612 % 1,039\%

0,550 2,757 % 0,288 % 0,782 %

0,575 2,677 % 0,195 % 0,691 %

0,600 2,678 % 0,129 % 0,639 %

0,625 2,634 % 0,085 % 0,595 %

0,650 2,674 % 0,054 % 0,578 %

0,675 2,482 % 0,038 % 0,527 %

0,700 2,421 % 0,032 % 0,510 %

0,725 2,023 % 0:021 % 0,422 %

0,750 1,830 % 0,014 % 0,378 %

0,775 1,652 % 0,009 % 0,338 %

0,800 1,417 % 0,007 % 0,289 %

0,825 1,246 % 0,005 % 0,253 %

0,850 0,900% 0,005 % 0,184 %

0,875 0,730 % 0,002 % 0,148 %

0,900 0,553 % 0,002 % 0,112 %

0,925 0,427 % 0,001 % 0,086 %

0,950 0,328 % 0,000 % 0,066 %

0,975 0,197 % 0,000 % 0,040 %

1000 0,125 % 0,000 % 0,025 %
A.4.3 Testduration, example for PHEVs
In addition to the example given for ICE without any electric propulsion system, as a second ¢xample an
engﬁfmmﬂwmmmmmm—.

It has been recorded using five different PHEVSs, ranging from compact cars to sports sedans, with
a high-voltage battery delivering a 35 km to 50 km mileage of pure electric driving which can be
considered typical of the variety of PHEV models available at the time of drafting this document. During
the recording, different types of roads have been used, such as inner-city road (39 %), countryside road
(44 %) and highway (17 %) to give a representative mixture of usages.

Due to the capability of pure electric driving, the combustion engine is completely shut off for a
significant amount of time, as shown in Figure A.4 to be slightly less than 50 % of the total time.

Apart from that, the combustion engine speed distribution is similar to that of an ICE vehicle without
electric propulsion given in A.4.2. The same approach was used in determining engine speeds
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normalized on the maximum combustion engine speed. A probability distribution is shown in Figure A.4
and Table A.7.

Here, the probability accumulated at and above 0,725 of the normalized engine speed is 0,5 %, which

accords to 30 h for a lifetime requirement of 6 000 h. This fraction of 0,725 of n

max IS almost identical to

the value of 0,75 gathered for petrol ICEs without electric propulsion, given in A.4.2.

Key
X
Y

68
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1
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0,525 u
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0,575

0,625
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hlized engine speed defined as 1,00 at engine speed with maximum power

Figure A.4 — Engine speed distribution in a PHEV

Table A.7 — Probability and-dwell time of engine speed distribution

0,825
0,875
0,925
0,975
1

<

eljl(;i‘::ea;ilz::d Probability
nmax
0,000 47,348 53 %
0,025 0,570 09 %
0,075 8,308 78 %
0,125 3,743 16 %
0,175 9,776 51 %
0,225 9,163 15 %
0,275 7,23523 %
0,325 5,129 04 %
0,375 391397 %
0,425 1,761 84 %
0,475 1,24531 %
0,525 0,58213 %
0,575 0,31319 %
0,625 0,245 16 %
0,675 0,195 89 %
0,725 0,158 45 %
0,775 0,127 34 %
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Table A.7 (continued)

eljl(;lirr:leasli;)z::d Probability

nmax

0,825 0,081 57 %

0,875 0,057 88 %

0,925 0,04279 %

0,975 0,010 41 %

1666 6;000-66-4%%6

A4

A4

As 4
eng

e)

In g
4 cy
eng
at0
pet

A4

chassis dynamometer

Acc
con
the

.4 Verification of load in combustion engine speed distribution

4.1 Procedure

forementioned, it is sufficient to consider the combustion engine vibrationload from the d
ine speed ranges with the highest acceleration levels. This is verified-hy the following ste

recording of the combustion engine speed distribution as field-relevant load collectives

measurement of acceleration levels with a combustion €ngine speed increase on f
dynamometer (see A.4.4.2);

determination of the load distribution from the measured time history (cycle countiy
(see A.4.4.3);

analysis of the number of cycles in the classed acceleration levels and combustion eng
(see A.4.4.4).

verification of the dominant load from the high engine speed range (see A.4.4.5).

rder to demonstrate this procedur€;'an example was taken with a high-power petrol ¢
rlinders, 185 kW) by measuringthe vibration on the front of the crank case and using t
ine speed distribution for this ‘application. This distribution showed the top 0,5 % dwell
85 of the maximum enginespeed. This is then an even slimmer engine speed range than

rol engine shows with thevalue of 0,75 of n,,, as given in A.4.2.

4.2 Measuremeht)of acceleration levels with a combustion engine speed increase

pleration leveéls on the powertrain are measured by increasing the combustion engine
Stant rat€ on the chassis dynamometer. A measurement shown in Figure A.2 is impleme
following conditions:

maximum combustion engine speed: 6 550 rpm (1 as normalized speed);

ombustion
ps:

(see A.4.3);

he chassis
g method)
ine speeds
bngine (2 1,
he specific

time to be
an average

on the

speed at a
hted under

combustion engine speed at the start of measurement: 1 145 rpm (0,173 as normalized speed);

combustion engine speed at the end of measurement: 6 543 rpm (0,999 as normalized speed);

rate of combustion engine speed increase: 3 000 rpm/min; and

measurement time: 1,799 min [ = (6 543 - 1 145)/3 000].

A chronological data set of acceleration levels is recorded during this measurement. See Figure A.2.
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A.4.4.3 Determination of the load distribution from the measured time history (cycle counting

method)

There is one maximum between two zero crossings, see Figure A.5.

In each class (acceleration level), the number of maxima during the measuring time is counted.

The result of this counting method gives the number of half cycles for each class, i.e. the load distribution
from the measured time history. See Figure A.6.

The load distribution for the test duration is calculated by using a factor of (test time/measuring time)

O Lla_/1 ZOL

for each clg

The load
lifetime
6000hxQ

NOTE ’

This simpl
signal is pr]
to a weak
stress-test

Key
Y
t

a

class (a
time [s]
Numbe|

A444 A

L 441 QL0 faWal
SSC g4t T X0 OUUS/ 1T/ 77 5= 7 70T

distribution for the vehicle lifetime is calculated by wusing a factor of((veh
percentage at relevant engine speed/measuring time) for each _class
,005 x 36005s/h/3,69s=2926829).

'he load distribution is determined for measuring points on the DUT.

b method is usable only in case of one dominant DUT-resonance mode. Otherwise, the ]
epared before counting is started. For example, filtering is done for@ach mode corresponc
point of the DUT separately. Notice of weak points can, for example, be given out of s

D.

Y
30
20
10

0
10
20
30

R ININN[N|P-

cceleration level) [m/s2]
I of half cycles in-each class.

Figure A.5 — Counting method for the load distribution

icle
e.g.

ime
ling
fep-

nalysis of the number of cycles in the classed acceleration levels and combustion

engine speeds

By using a cycle counting method (see Figure A.5), the cycle number of vibrations is analysed for each
acceleration level and each engine speed from the measured data in the previous step. As a result of this
process, normalized engine speeds are classed by 0,05 and acceleration levels are also broken down
into classes. The distribution of the number of cycles is also shown in Figure A.6.
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absolute acceleration level [m/s?]
normalized combustion engine speed
number of cycles in the acceleration level over the lifetifiie of the vehicle

Figure A.6 — Distribution of number of cycles

thermore, the number of cycles in real-world driving conditions is estimated from a ratio d
1l time in the field-relevant engine'speed distribution, by one chassis dynamometer mg¢
hch classed normalized combustion engine speed.

4.5 Verification of the dominant load from the high combustion engine speed rang

Usi
qu

tity by the following formulae:
s; = /N,

§=2s;

i

whg

re

is the number of cycles to failure (fatigue life) at acceleration level a;;
is the linear cumulative damage;

i isthe suffix in accordance with acceleration levels.

© IS0 2023 - All rights reserved

. is the number of cycles of actual stress at acceleration level g; (with a; expressed in m/s2);

ividing the
asurement

g the Palmgren-Miner- hypothesis, fatigue damage, S, is generally defined as a dinjensionless

(A1)

(A2)
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According to the hypotheses, fatigue (and eventually breakage) occurs when S is equal to or greater
than 1. For the consequent processes in this verification, the lifetime fatigue damage in real-world
driving conditions is divided into the two parts below:

(A.3)

where
S, isthe partial damage in the speed range between stopping and the threshold which covers

99,5 % of the dwell time in this engine speed range of the overall lifetime(e.g. 0,75 x n_, for

petrol engines in general, and 0,85 x n, ,, 1n this particular example);

is the partial damage in the highest speed range that covers 0,5 % of the dwell time ef.the
overall vehicle lifetime.

If S, is far larger than S, i.e. the ratio S,/S; is large enough (for example, 10 times or moze), it is verified
that the dgminant part of the lifetime fatigue damage derives from the high-speed@ange. In detail
ratio S,/S; [is calculated by the following steps:

a) select pn S-N model described with exponent k and fatigue cycle number Ny (see Table A.11);

b) seta fdtigue limit a, (see Figure A.8);

c) calculdte the number of cycles to failure N; at a;

d) calculdtes; = n/N; ata;;

e) calculdte the total sum S =X s;;

f) repeat|the steps from b) to e) in this subclause chafiging ay, so that S = 1, or as close as possible;

Jthe

g) calculgte S;, S, and S,/S; under the specified af;

h) repeat|this for all 12 S/N models with the.Haibach modification;

i) calculgte the ratio S,/S; for all those 12 S/N models.

A calculatipn example according to-these steps is shown in

are:

Table A.8, where the conditions and resjults

— one m¢asurement point efi-the crank case of the given example was measured in all three prinjary

axes;

— anap

— theratfio S,/Sifor all 12 S/N models was calculated.

ication-spegific engine speed distribution was used, N = 2 000 000;

The large 1fatie of S,/S; means that the damage from the high-speed range is dominant and the danjage

below is n

Table A.8 — Comparison of the ratios of S,/S; based on the S-N model and the measurement
direction of the given example in all three primary axes

Np= |Np= |Np= |[Np= Np = Np= [Np= |Np= |Np= Np= |Np= Np =

2x106 |2x106 |2x106 |2x106 107 107|107 |107 5x107 5x107 |5x107 5x107

k=3,5 |k=5 |k=7 |k=10 k=35 |k=5 |k=7 |k=10 |k=3,5 k=5 |k=7 k=10
X 2,8 9,7 41,2 |4157 2,3 5,8 17,7 |118,0 (1,6 3,6 99 549
Y 1,5 39 9,4 27,2 1,2 2,5 54 15,6 |09 1,7 3,7 10,8
Z 2,2 7,8 24,5 1289 2,0 53 13,0 493 |14 3,3 8,0 28,4
72
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This shows that in the vast majority of the cases the top engine speed range is dominant over the engine
speed range below. In a few cases the ranges are approximately on par, however on average in this
example the top engine speed range with 0,5 % of the dwell time is 28,9 times more damaging than the
99,5 % of the remaining vehicle lifetime.

A.4.5 Sources for vibration in an SoR profile for powertrain-mounting

Since road vibration to powertrain-mounted components attenuates through mount insulators, the
influence of vibration during flat road driving is negligible, but it is taken into account during rough-
road driving. Considering that the percentage of rough roads is approximately 10 %, the duration of
the random vibration test could be 600 ]'\, ie 10 0/\) of 6. 000 h of lifetime Hr\urnvnr’ this s too long,
therefore it has been changed from 600 h to 20 h by the following procedure described’in A.5.1.2. In
4.1.p.2, a vibration profile for combustion engine mounted components is defined to take’ifgto account
not|only engine vibration but also road vibration, where the engine vibration occurs-due to its high-
spepd rotation (see Figure A.7) and the road vibration is due to the most severe’conditipns during
rough-road driving. However, the profile containing both types of excitations isitoe severe fdr large and
heay DUTs in hybrid- and fully-electric vehicles, and a new sequential testhas been developed, which
is cpmposed of a sine-on-random test covering engine vibration in high engin€ speed driving|conditions
and a random test covering road vibration in low speed driving conditions.

Y

1

f
Key
Y |PSD
f |frequency
1 |low speed driving on rough’roads
2 |high combustion enginespeed driving on flat roads

Figure A.7 — Vibration loads and vehicle speed

The vibration severity is lower than in the profiles for small and lightweight DUTs due to th¢ increased
mags andfinertia of the DUT.

For stmattamdtightweight DY Ts; ome profite s apptied toattaxes t X Y anmd Z); envelopimg measured loads
in each axis. For large and heavy DUTs, a different profile is applied to each axis because powertrain
components are usually mounted in a certain position and orientation, and the vibration of each axis
can be different.
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A.5 Method for determining the vibration profile and test duration for DUT
mounted on the body

A.5.1 General

A.5.1.1 Enveloping vibration profile

The vibration profile for rough-road driving is representative of the on-body condition. As electrical
and electronic (E/E) components for HEV, EV traction have the weight of several to tens of kilograms,
the RMS of acceleration is reduced, resulting from the inertia of high masses of the DUT.

Most of om-body components are installed in various positions and orientations using mou#
brackets; therefore, the profile is defined by enveloping vibration profiles of X, Y and Z.

[ing

A.5.1.2

A test durdtion of 8 h each axis has been customary for almost 30 years. Introducingrandom vibra
for on-body components in the late 1970's fatigue calculations were performed-to change from (at

time most
step on ex

As describ
in vehicle yj
to 6 000 h)

The calcul
which resu
during 5 4

To calculat]
calculated
traction arj
an assum

allowable |

The test du
heat capac
vibration t

In this cas
temperatu

A.5.2 Ve

A5.21 (

st duration

fion
that

used) sinusoidal testing to random vibration, the duration of 8h;was developed step by

erience.

bd in A.5.2.2, later a verification was needed to show, that 8 hidre sufficient to cover the st

€SS

vhich occurs during vehicle lifetime (meanwhile the required lifetime had been increased up

hted example (A.5.2.2) shows as a result for the taken ECU, that the stress (fatigue lin
Its from a test duration of 8 h is about 1,6 (1,23 %2,02) times higher than the stress in veh
0 h on a test track.

e with 90 % rough road part during 6 000*h lifetime is absolutely worst case. Normally

with less than 50 % rough road part (See’A.5.2.2, NOTE 3.) The E/E components for HEV

e larger and heavier than the DUT e¢overed by previous editions of this document, there
ion of 90 % is too severe and the' percentage of rough road was reduced to 50 % as
vel.

its)
icle

it is
EV
fore
the

ration here is calculated foy4,4 h (= 8 h x 50 %/90 %). However, the components have a high

ty and 4,4 h is not long eénough to cover even one temperature cycle done in parallel y
pst.

p, the test duration for random test was extended to 20 h to be able to cover at least
e cycle. Howto.perform such an extension, please refer to A.8.

rification)of the shortened test duration using fatigue calculation

eneral

vith

one

This subclause describes the verification of whether an 8 h random vibration test is sufficient to cover
the stress in car which occurs during car lifetime.

NOTE
an example.

The presented methods are neither restricted to ECUs nor to body mounted components.

A.5.2.2 Procedure

The measurements and calculations were made on an electronic control unit (ECU). This is thought as

1) Vibration measurement in the car on the test track (road bumps) and during the random vibration
test on the ECU with at least two measurement points, one at the ECU mounting location (input or
excitation) and one to measure the response on the printed circuit board (PCB).

74
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Determination of the load distribution on the PCB by means of a cycle counting method (see A.5.2.5,

A.5.2.6 and Figure A.5) during the measuring time.

Choosing the car lifetime and the “bad road percentage” (both are selectable parameters).

Calculation of the expected PCB load distribution by multiplying the count result in each class with

the factor:
(test duration/measuring time during test);

and (car lifetime x percentage of bad roads/measuring time in car).

NO']
will
suni
fron

trag
The

NO1
that

NO']
Nor

A.5
Ard

The new load distributions are used to calculate the fatigue limit that corresponds t6a
1. These calculations are based on the:

Woehler curve — “Haibach” modification — and

the “Palmgren-Miner hypotheses of linear damage accumulation”; for\details see /
Figure A.8.

E1 According to current “state of the art” only the calculation in the-ferm of the “Haibach m
be taken into account from now on. This means, that low acceleration levels’have a contribution to
, too. As a conclusion, the results of the chosen example show that the stress (fatigue limits) w|
h a test duration of 8 h is about 1,6 (1,23 - 2,02) times higher thafi.the stress in car during 5 40
k. Measurements and calculations like this have been done forXmiany years (>20) and in many 3
results were always similar and confirmed that a test duration of 8 h is sufficient.

E2 Comparisons between the chosen test tracks and measurements on selected rough publid
these test tracks are much more severe than bad publieroads.

E3  The selected parameters — car lifetime 6 000 h, rough road part = 90 % — are absolutely

Mmally it is calculated with less than 50 % rough@ad part.

2.3 Test parameters for random-yibration

ndom vibration test is performéd using the following test parameters:
test equipment: electro-dynamic shaker;

mounting assembly: ECU firmly fixed on the shaker;
control point: on the shaker;

direction: C, perpendicular to PCB;

RMS aceeleration value: 33 m/s?;

teStsspectrum: see Table A9.

damage of

1.5.2.6 and

odification”
the damage
hich results

h on a test
pplications.

roads show

worst case.

©IS

Table A.9 — Example of a random vibration test, parameters

Frequency PSD
[Hz] [(m/s?)?/Hz]?
10 20
30 20
200 0,5
1000 0,1
a2 The chosen spectrum is slightly different to the
spectrum documented in 4.1.8.2. At the resonance of the ECU
(about 600 Hz) the difference is negligible.

02023 - All rights reserved

75


https://standardsiso.com/api/?name=59297ed70b9e260c3f0a1b1df2015303

ISO 16750-3:2023(E)

A.5.2.4 Acceleration distributions of random vibration test and vehicle driving

Based on the cycle counting method in A.4.4.3, acceleration distributions, as shown in Table A.10, were
calculated for the random vibration test and the vehicle driving (rough-road part 50 %):

— load distribution from a measuring time of 19,91 s, calculated for an 8 h test,

— load distribution from a measuring time of 3,69 s on the rough road (road bumps, 50 km/h),
calculated for 5 400 h (car lifetime 6 000 h, rough road part 90 %).

Table A.10 — Acceleration distribution after cycle counting

Acceleration classes a; and number of cycles n;in | Acceleration classes a; and number of cycles njjin
each clasp during the random vibration testof 8h | each class during rough road driving forx'540( h
a; n; a; 1
m/s?] [m/s?]
403,4 6 509 129,4 2636719
3774 9402 112,7 2636719
351,3 18 082 104,4 7910 156
325,3 43 396 96,04 5273438
299,3 104 150 87,69 7910 156
273,3 203 237 79,34 7910 156
2472 434 680 70,99 7910 156
221,2 721815 62,64 18 457 031
195,2 1160835 54,28 10 546 875
169,2 1595 516 4593 47 460 938
143,1 2104 692 37,58 84375000
1171 2438116 29,23 152929 688
91,09 2606636 20,88 271582031
65,06 2345538 12,53 690 820 313

Table A.11 — Short result of the fatigue calculation for different models of stress versus numpber

of load cycles (S/N)
Fatigue Exponent | Hypotheses | Calculated fatigue | Needed fatigue level for | Comparigon
cycles of the| “k” of S/N level for the random | 5400 h rough road driv-
S/N moddl graph vibration test ing
(12 “S/N models”) (12 “S/N models”)
35 Haibach 250 m/s? 165 m/s? OK
5 Haibach 246 m/s? 144 m/s? OK
2000 00d
i Haibach 252 mI/c2 136 rr‘ll/c2 QK
10 Haibach 267 m/s? 132 m/s? OK
3,5 Haibach 173 m/s? 126 m/s? OK
5 Haibach 187 m/s? 118 m/s2 OK
10 000 000 -
7 Haibach 205 m/s? 116 m/s? OK
10 Haibach 229 m/s? 117 m/s? OK
3,5 Haibach 112 m/s? 91 m/s? OK
5 Haibach 137 m/s? 93 m/s? OK
50 000000
7 Haibach 164 m/s? 97 m/s? OK
10 Haibach 196 m/s? 102 m/s? OK
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A.5.2.5 Further guidance on classification methods

Evaluation of random vibration is usually done based on statistics using a classification method. For

calculation of the described example the method of zero crossing peak counting was c
Figure A.5). This simple method is usable only in case of one dominant DUT-resonance mode.

hosen (see
Otherwise,

the time signal has to be prepared before counting is started. For example, filtering has to be done

for each mode corresponding to a weak point of the DUT separately. Notice of weak poin
example, be given out of step-stress-tests.

ts may, for

Determination of the load distribution shall be done for measuring points on the DUT. The load on the
measurement points shall be relatable to the damage (e.g. measurement point on PCB as done for the

ECU or on tip of a beam).

NO'I
sim

E The calculation is performed for vehicle load against lab load relatively, therefore\using
ble method seems to be permissible.

For
metf

calculation of absolute fatigue values the test engineer has to check whethérjanother cld
hod is more suitable. Classification methods are standardized, refer, for example, to DIN

A.5{2.6 Calculation of the fatigue limits

For
fati

the determination of the fatigue limit ap one S/N model — described by the exponen
bue number N — has to be chosen.
Aft¢rwards any starting value for ay, is chosen.

Fro
acc

m the chosen S/N model it is possible to calculate-the number of cycles to failure |
pleration level g; and the corresponding cycle nuniber n;.

According to Palmgren/Miners rule the partial damage at each level g; is:
The whole damage is S = I s;.

Damage occurs per definition for $&1.

With the arbitrarily chosen starting value for a, the damage will definitely be <1.
By means of iteration the ap, value is varied until a damage of “1” occurs.
Without very extensive ihyestigations and experiments it is impossible to know, whether

from specialized litérature). Twelve models are currently used (“Haibach hypothesis”, “4 ex
and| “3 fatigue limit.cycles N,”).
NOTE “Miner original” is no longer used because according to this acceleration, levels lower t

s;=n; /N,

the chosen

issification
45667.

k and the

N, for each

—

the chosen

ponents k”

han ap have
on” is more

not influenced too much, as long as the same model is used or the same assumptions are ma

ht least one

mparison is

de for both

situations (car and test), because in a comparison some of the wrong assumptions are compensated.

If all 12 apy values coming from the test are higher than the ones needed in the car, then the stress in car

is permissible. The load distribution from the selected example and the corresponding S/N
model) are shown in Table A.11 and Figure A.8.
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Key

1 sloge of S-N curve, proportional to 1/k

2 hailpach-modification: Slope proportional to 1/(2k-1)
3 minler original

X nunpber of cycles

Y acc¢leration amplitude

ap fatigue limit, in m/s2

Np fatigue cycle number

a;,a, accgleration level, in m/s?
ny,n, number of cycles of actual stress at a; ,a,
Ny,N, number of cycles to failure at a; ,a,

Figure A.8 — Haibach-hypotheses — Linear damage accumulation “S”

If represenitative values for k arereeded, then refer to relevant documents, e.g. examples for kare g

in MIL-STI)-810H, there stated-as m.

An examplg for this methodology is given in Table A.12 and Figure A.9.

Table A.12 >~Comparison of load distribution of random vibration test and one field

ven

measurement
Randomvibrationtest |  Corresponding “S/Ngraph” i ; s
(8h) (2x106; k = 5; ap, = 229 m/s2) (5400 h)
Acceleration | Cycles (n) Acceleration Number of S/N Acceleration Cycles (n)
[m/s2] [m/s2] cycles [m/s?]
403,40 6 509 4034 276 718 129,40 2636719
377,40 9402 3774 349 387 112,70 2636719
351,30 18 082 351,3 448993 104,40 7910 156
325,30 43 396 325,3 587 650 96,04 5273438
299,30 104 150 299,3 786 574 87,69 7910 156
273,30 203 237 273,3 1081121 79,34 7910 156
247,20 434 680 247,2 1536 185 70,99 7910 156
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Random vibration test Corresponding “S/N graph” Measurement in car; road bumps
(8h) (2x10%; k = 5; ap, = 229 m/s?) (5400h)
Acceleration | Cycles (n) Acceleration Number of S/N Acceleration Cycles (n)
[m/s?] [m/s?] cycles [m/s?]
221,20 721815 229,0 2000000 62,64 18457 031
195,20 1160 835 229,0 1000000000 54,28 10 546 875
169,20 1595516 - - 45,93 47 460938
143,10 2104 692 - - 37,58 84 375000
117,10 2438116 - - 29,23 1527929 688
91,09 2606 636 - - 20,88 271 %82 031
65,06 2 345538 - - 12,53 690 $20 313
39,04 1823 343 - - 4,176 3158|789 063
Y
1 000
‘.
iR g
2
QTkA‘
&
L 2
%
1
00 . .ri
\d [ |
|
"
|
10
100,E+0 1E+3 10 E+3 100 E+3 1E+6 10 E+6 100 E+6 1E+9 X
Key
Y acceleration
X cycles
L 2 random vibration test (8 h)
[ ] measurement in vehicle
—A corresponding Woehler graph to random vibration test (2 x 106; k= 5; aj) = 229 m/s?)
Figure A.9 — Load distribution and S/N curve one model
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A.6 Test duration for a sinusoidal test not governed by an engine speed
distribution

When a sinusoidal test is to be performed on a DUT and an engine speed distribution is not known, then
the one given in this document can be used, see A.4.2. However, sometimes this typical distribution is
not suitable for a certain application, e.g. when the maximum of the distribution is at low engine speeds
with high dwell times. In this case, or when a sinusoidal test is to be performed in a dedicated frequency
range with known resonances, the test duration can be calculated using the so-called 20 h/octave rule.

Y
’:‘]rres
A
A/N:
I )
OOOOOOOOOOOOOOOX
NAAFTMNOYNaga ANnNEM 9
SO ST SIS H A A HE A
Key
X e
Y amjplification factor of the resonance
Af,.s  bandwidth of resonance frequency (f )
f upger limit of test frequency range
fi lowgr limit of test frequency range
1 test| frequency range

Figure A.10—.Explanation of the resonance bandwidth

The test duration is based orJthe number of damage-relevant load cycles L. within the resongnce
bandwidth The resonance:bandwidth is the frequency range in which the response amplitude is gt or
above the maximum response amplitude A/v2 as shown in Figure A.10.

The test dyration can)be calculated by the following Formula (A.4):
i

Ld>in
y

t=—————
Afes X3600
where

t isthe test duration, expressed in hours.

For 107 damage-relevant load cycles and a minimum resonance bandwidth of 100 Hz this then gives a
test duration of 19,25 h per octave (f,/f; = 2). This is rounded up to 20 h/octave.

For test VI (see 4.1.4), the ratio of the upper limit frequency and the lower limit frequency of the
sinusoidal vibration test is 26 (=520 Hz/20 Hz). It corresponds to 4,7 octaves, calculated with the
equation 247=26. Therefore, the test duration of test VI becomes 94 h = 20 h/octave x 4,7 octaves.
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Performing a test in mixed mode (sine on random), the test duration shall be calculated for random
load separately. In case of a natural frequency = 500 Hz this will be equivalent to a test duration of 70 h.
The test duration of the mixed mode test will be the higher value of both of these separately calculated
values.

For other values of the resonance bandwidth a separate calculation is necessary. A test duration of 20 h

per

octave was used, for example, in 4.1.4.2.2.

A.7 Test duration with an infinite-life approach for vehicle-body-mounted DUTs

Wh
of 1
bec

Int
and

as tlhe vibrational load is considered to be (well) below the fatigue limit af<the material 2

des

Thi
mat

Wh

be lpelow the fatigue limit a, of the S-N curve where the S-N{exponent changes from k to (2

Hai
fail

HoV
ba
res

Wh

dist
dist

PN designing vibration tests for vehicle-body-mounted DUTS In commercial vehicles aw|
fetime requirements needs to be covered, e.g. from 8 000 to 20 000 operating houts-
pbme independent from this variety an infinite-life approach may be taken.

his approach it is assumed that if you test up to a certain number of load cycles-at a giver

gn feature.

5 fatigue cycle number L is given as, e.g. 107 load cycles for steelsTHe number might vay
erials. For some materials, no distinct fatigue limit is evident.

en aiming for infinite-life testing up to 107 load cycles, thei'it'is clear that the vibrationa

bach modification, see also Figure A.8. Otherwise, if the.vibrational load is higher, then t}
much earlier than the 107 load cycles.

vever, only those load cycles are considered,damage-relevant that occur within the
width. The resonance bandwidth can besdetermined by dividing the maximum p|
nance by the square root of 2. This then gives the upper and lower frequency limit, see H

en a DUT is excited at its resonance frequency by a broadband random signal (wit
ribution) the response can be_éstimated as that of a single-mass oscillator with
ribution, see Figure A.11.

ide variety
n order to

load level,

the DUT does not fail that it would survive an infinite number of additionaMoad cycles dn this level

t a critical

y for other

| load must
Pk-1) in the
e DUT will

resonance
eak of the
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Figure|A.11 — Rayleigh distribution of a single-mass osc¢illator at its resonance frequency

In the response of a test object (single-mass-oscillator concept) to a random excitation one can assyime
that the pgaks are given as three times of the effectivé value (RMS), also called 30. Of course, i} an
individual ppplication this peak value of the response (multiple of ¢) can differ to any other value bgdsed
on the dynpmic behaviour of the test object.
In the Rayleigh distribution with the ratig/of peak/RMS on the x-axis the 3 ¢ value is divided by|the
square root of 2, giving a factor of 2,12 within the resonance bandwidth. In the accumulated distribufion
this result§ in roughly the top 10 % ofdoad cycles that are considered damage relevant.
In Figure A.12 the resonance bandwidth described in Figure A.10 is applied to the Rayleigh distribufion
shown in Higure A.11.
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Figure A.12 — Damage-relevant load cycles within resonance bandwidth for the Rayleigh
distribation

In drder to test for 107 damage-relevant load cycles ten times the number of load cycles jneed to be
tesJed, e.g. 100 million instead of 10 millionlpad cycles.

In grder to shorten test durations, test @acceleration approaches may be used. With +20 % load increase
=1,2) and a Basquin exponent k of 5 this then results in a test acceleration factor of 2,49.

For|a given resonance frequeney.f; the total number of load cycles N is given as Formula (A{5)
N = fles X3600xt (A.5)

NOTE Test duration'is expressed in hours.

Whgen we use test-acceleration to compensate the fact that we can only consider 10 % of th¢ occurring
load cycles as,damage-relevant, testing for 32 h per axis gives a minimum resonance fredquency [see

Formula (A6}]:

10xLe 10x10’
TX3600%2,49

= fresmin=349 Hz (A.6)

.......

32h><3600%><2,49

Given the boundary conditions in this example the infinite life approach with 32 h per axis will lead to
at least 107 damage-relevant load cycles for any resonance frequency at or above 349 Hz.

A.8 The explanation for Basquin model

A.8.1 General
When a testing condition cannot be achieved to its full level because the fixture and/or DUT are too

heavy, then the following guideline shows how to adjust vibration load and test duration. Vice-versa,
the procedure can be used for test acceleration.
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