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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Pa

The main
Standards
Publication
castingav

Attention i
patent righ

ISO 16750
Electrical d

This third
technically

[SO 16750
and testing

— Part1:
Part 2:
Part 3:
Part 4:

Part 5;

task of technical committees is to prepare International Standards. Draft Internati
adopted by the technical committees are circulated to the member bodies for vof
| as an International Standard requires approval by at least 75 % of the member bo
hte.

s drawn to the possibility that some of the elements of this document may be the subjeq
ts. ISO shall not be held responsible for identifying any or all such patent rights.

nd electronical equipment.

edition cancels and replaces the second edition (ISQ" 16750-3:2007), which has b
revised.

onsists of the following parts, under the general title Road vehicles — Environmental condit
for electrical and electronic equipment:

General
Electrical loads
Mechanical loads
Climatic loads

Chemical loads

3 was prepared by Technical Committee ISO/TC 22, Road Mehicle, Subcommittee SC

't 2.

nal
ing.
lies

t of

een

fons

© ISO 2012 - All rights reserved


https://standardsiso.com/api/?name=94453cbc29074fd9213435fb50717940

INTERNATIONAL STANDARD

ISO 16750-3:2012(E)

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

Part 3:
Mechanical loads

Thi
des
the

Thi

2

The
refq
doc

ISO
Par

[EC
[EC

IEC
ran

[EC
IEC

For

Scope

5 part of ISO 16750 applies to electric and electronic systems/components_for road

specific mounting location on/in the vehicle.

5 part of [ISO 16750 describes mechanical loads.

Normative references

following referenced documents are indispensable for thevapplication of this document
rences, only the edition cited applies. For undated references, the latest edition of the
ument (including any amendments) applies.

16750-1, Road vehicles — Environmental conditionsand testing for electrical and electronic eg
E 1: General

60068-2, 6, Environmental testing — Part 2-6: Testing, Test Fc: Vibration (Sinusoidal)
60068-2, 14, Basic environmental testing procedures — Part 2-14: Tests — Test Nb: Change of t

60068-2, 64, Environmental testing — Part 2-64: Test methods — Test Fh — Vibration,
Hom (digital control) and guidance

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

60068-2-31, Envirenmental testing procedures — Part 2: Tests; Test Ec: Free fall, Clause 5.4

Terms and-definitions

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

vehicles. It

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

. For dated
referenced

uipment—

emperature

broad-band

testing

4

Tests and requirements

4.1

4.1.

Vibration

1 General

The vibration test methods specified consider various levels of vibration severities applicable to on-
board electrical and electronic equipment. It is recommended that the vehicle manufacturer and
supplier choose the test method, the environmental temperature and vibration parameters depending
on the specific mounting location.

Foll

owing the expressions in MIL-STD please notice:

© IS0 2012 - All rights reserved
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When applied properly, the environmental management and engineering processes described in this part
of ISO 16750 can be of enormous value in generating confidence in the environmental worthiness and
overall durability. However, it is important to recognize that there are limitations inherent in laboratory
testing that make itimperative to use proper caution and engineering judgement when extrapolating these
laboratory results to results that may be obtained under actual service conditions. In many cases, real-
world environmental stresses (singularly or in combination) cannot be duplicated practically or reliably in
testlaboratories. Therefore, users of this part of ISO 16750 should not assume that a system or component
that passes laboratory tests of this part of ISO 16750 would also pass field/fleet verification trials.

— “The specified values are the best estimation one can get up to the moment when results from

1”

The speciffied values apply to direct mounting in defined mounting locations. Using a bracket]| for
mounting ¢an result in higher or lower loads. If the device under test (DUT) is used in the velticle with a
bracket the¢n all vibration and mechanical shock test shall be done with this bracket.

Carry out the vibration with the DUT suitably mounted on a vibration table. The meunting methold(s)
used shall pe noted in the test report. Carry out the frequency variation by logarithmic sweeping of 0,5
octave/minute for sinusoidal tests and the sinusoidal part of sine on random.tests. The scope of|the
recommenfled 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 part of ISO 16750.

Loads outsfide of the designated test frequency ranges are to be considéred separately.

NOTE eviations from the load on the DUT can result, should vibration testing be carried out accordirg to
this part of ]SO 16750 on a heavy and bulky DUT, as mounting rigidity and dynamic reaction on the vibrator thble
excitation afe different compared to the situation in the vehicle. This deviation can be minimized by applying the
average co::[rol method (see Annex A).

Application of the weighted average control method acgording to IEC 60068-2, 64 is to be agreed ugon.

Subject thg DUT during the vibration test to the temperature cycle according to IEC 60068-2, 14, with
electric op¢ration according to diagram 1. Alternatively, a test at constant temperature may be agreed on.

Operateth¢ DUT electricallyasindicated in Figure 1 at Tiyjn (shortfunctional testafter the DUT compleftely
reached Tin). This functional test shall be as short as possible — only long enough to check the prqper
performanice of the DUT. This minimizes'self-heating of the DUT. Additional electrical operation of{the
DUT betwden 210 min and 410 mip-ofthe cycle (see Figure 1).

Additional[drying of test chambep air is not permitted.

In the vehicle, vibration stréss can occur together with extremely low or high temperatures; for this
reason, this interactiombetween mechanical and temperature stress is simulated in the test, top. A
failure me¢hanism is, for example, a plastic part of a system/component, which mellows due to the high
temperatufe and cannot withstand the acceleration under this condition.

2 © IS0 2012 - All rights reserved
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Tmax /. T\

AN

| / /
0 /\ A e ee—— 5
2

Key
Y |temperature [°C]
X |time [min]

a  |Operating mode 3.2 according to 1SO 16750-1.
b ]Operating mode 2.1 according to ISO 16750-1.
¢ |One cycle.

Figure 1 — Temperatureprofile for the vibration test

Table 1 — Temperature versus time for the vibration test

Time Temperature

min °C
0 20
60 -40
150 -40
210 20

300 Tmax?

410 Tmax?
480 20

a  SeelSO 16750-4.

4.1.2 Tests
4.1.2.1 Testl — Passenger car, engine

4.1.2.1.1 Purpose
This test checks the DUT 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 the
unbalanced mass forces in the cylinders and random noise due to all other vibration-schemes of an engine,

© IS0 2012 - All rights reserved 3
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e.g. closing of valves. 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.

NOTE 1

isolated by suspension, and engine-mounting systems.

Road profile usually has negligible impact on engine-mounted components. Shockinputs are effectively

The test profiles specified in the following clauses apply to loads generated by (four stroke)

reciprocating engines.

NOTE 2

of IEC 60068-2, 6:2007 can also be applied.

If the DUT is to be tested for a specific resonance effect, then a resonance dwell test according to 8.3.2

4.1.2.1.2

4.1.2.1.2.1
[tis requir

NOTE '

Test

General

bd to perform this test as a mixed mode vibration test according to IEC 60068-2, 80.

the end of the test (2 3/4 temperature cycles).

4.1.2.1.2.2

Sinusoidal vibration

he test duration is based on A.4. The temperature in the chamber is above room temperature (RT) at

Perform the test according to IEC 60068-2, 6, but using a sweep rate'of < 0,5 octave/minute. Use a fest

duration o
Use curve
Use curve }

Both curvdg

22 h for each plane of the DUT.

| in Table 2/Figure 2 for DUT intended for mounting on engines with 5 cylinders or fewer.

s may be combined to cover all engine types in one test.

Y
250

200
\
150

100

50
0

50 100 150 200 250 300 350 400 450 500 X

amplitude of acceleration [m/s?2]
frequency [Hz]

P in Table 2/Figure 2 for DUT test intended for mounting on engines with 6 cylinders or mpre.

curve 1 (<5 cylinders)

curve 2 (>5 cylinders)

Figure 2 — Vibration severity curves

© ISO 2012 - All rights reserved
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Table 2 — Values for max. acceleration versus frequency

Curve 1 (see Figure 2)
Frequency Amplitude of acceleration
Hz m/s?
100 100
200 200
240 200
270 100
440 100
Curve 2 (see Figure 2)
Frequency Amplitude of acceleration
Hz m/s?2
100 100
150 150
440 150
Combination
Frequency Amplitude of acceleration
Hz m/s?2
100 100
150 150
200 200
240 200
255 150
440 150
4.112.1.2.3 Random vibration
Perform the test accordingto)I[EC 60068-2, 64. Use a test duration of 22 h for each plane of the DUT.
The r.m.s. accelerationattie shall be 181 m/s2.
The PSD versus fréquency are referred to in Figure 3 and Table 3
NOTE The Rower Spectral Density (PSD) values (random vibration) are reduced in the frequency|range of the
sinysoidal vibration test.

© IS0 2012 - All rights reserved
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Y
100
10 = 7
1
D,1
10 100 1000 10 000
X
Key
Y  PSD [(th/s2)2/Hz]
X  frequency [Hz]
Figure 3 — PSD of acceleration versus frequency
Table 3 — Values for frequency andPSD
Frequency PSD
Hz (m/s2)2/Hz
10 10
100 10
300 0,51
500 20
2000 20
4.1.2.1.3 [Requirement
Breakage ghall not occur.
Functional|status A (see [SO716750-1) is required during operating mode 3.2 as defined in ISO 16750-1,
and functignal status C.during periods with other operating modes.
4.1.2.2 Test Il —=Passenger car, gearbox
4.1.2.2.1 |(Purpose

This test checks the DUT 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 engine (e.g. dominating orders) in the frequency range from 100 Hz
to 440 Hz and 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 shall be considered separately.

6 © IS0 2012 - All rights reserved
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4.1.2.2.2 Test

4.1.2.2.2.1 General

ISO 16750-3:2012(E)

It is required to perform this test as a mixed mode vibration test according to [EC 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
(2 3/4 temperature cycles).

4.1.2.2.2.2 Sinusoidal vibration

Perform the test according to IEC 60068-2, 6, but using a sweep rate of < 0,5 octave/mintte
durption of 22 h for each plane of the DUT.

Theg amplitude versus frequency are referred to in Figure 4 and Table 4.

Key

Y
70

60
50

40

30
20

10

0

50 100 150 200 250 300 350 400 450 500 ¥

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

Figure 4 — Acceleration versus frequency

Table 4 — Values for frequency and acceleration

Frequency PSD
Hz m/s?2
100 30
200 60
440 60

4.1.2.2.2.3 Random vibration

. Use a test

Perform the test according to IEC 60068-2, 64. Use a test duration of 22 h for each plane of the DUT.

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

NOTE

The PSD versus frequency are referred to in Figure 5 and Table 5.

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

© IS0 2012 - All rights reserved
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Y
100
10 =
1
0,1
10 100 1000 10 000
X

Key

Y PSD [[II/SZ)Z/HZ]

X  freque

4.1.2.2.3

cy [Hz]

Figure 5 — PSD of acceleration versus frequency

Table 5 — Values for frequency andPSD

Frequency PSD
Hz [(m/s2)2/Hz]
10 10
100 10
300 0,51
500 5
2000 5

Requirement

Breakage shall not occur.

Functional

and functignal status C.during periods with other operating modes.

4.1.2.3 1T

4.1.2.3.1

Purpose

est II1 =Passenger car, flexible plenum chamber

status A (see [SO716750-1) is required during operating mode 3.2 as defined in ISO 16750-1,

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

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

The vibrations 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 with
a tube to the intake manifold leads to vibration load resulting out of air pulsation.

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

8 © IS0 2012 - All rights reserved
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4.1.2.3.2 Test

Perform the testaccording to IEC 60068-2, 6 sinusoidal vibration, but a sweep rate of < 0,5 octave/minute
shall be used. Use a test duration of 22 h for each plane of the DUT.

NOTE The test duration is based on A.4. The temperature in the chamber is above RT at the end of the test
(2 3/4 temperature cycles).

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

Y

A
200 ’\I

150 / AN

100 / N

50

0

50 100 150 200 250 300 350~400 450 500 140015001600X

Key]
Y | PSD [(m/s2)2/Hz]
X | frequency [Hz]

Figure 6'< Max. acceleration versus frequency

Table 6 — Values for acceleration and frequency

Erequency Amplitude of acceleration
Hz (m/s2)
100 90
200 180
325 180
500 80
+566 S

4.1.2.3.3 Requirement

Breakage shall not occur.

Functional status A (see ISO 16750-1) is required during operating mode 3.2 as defined in ISO 16750-1,
and functional status C during periods with other operating modes

© IS0 2012 - All rights reserved 9
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4.1.2.4 TestIV — Passenger car, sprung masses (vehicle body)

4.1.2.4.1 Purpose

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

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.

4.1.2.4.2 Test
Perform the test according to IEC 60068-2, 64 random vibration. Use a test duration of 8 h for|dach
plane of the DUT.
The r.m.s. 3cceleration value shall be 27,1 m/s2.
The PSD vdrsus frequency are referred to in Figure 7 and Table 7.
NOTE The test duration is based on A.5.
Y
100
10 \\‘
S~
\\
1 ™~
0,1
0,01
10 100 1000 X
Key
Y  PSD [(th/s2)2/HZ]
X  frequency [Hz]
Figure 7 — PSD of acceleration versus frequency
Table 7 — Values for PSD and frequency
Frequency PSD
Hz [(m/s2)2/Hz]
10 30
400 0,2
1000 0,2
10 © IS0 2012 - All rights reserved
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4.1.2.4.3 Requirement
Breakage shall not occur.

Functional status A (see ISO 16750-1) is required during operating mode 3.2 as defined in ISO 16750-1,
and functional status C during periods with other operating modes.

4.1.2.5 TestV — Passenger car, unsprung masses (wheel, wheel suspension)

4.1.2.5.1 Purpose

Thi} test checks the DUT for malfunctions and breakage caused by vibration.

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

Loalds with frequencies lower than 20 Hz are not covered by the test profile spec¢ified here.|[In practice
high amplitudes can occur below 20 Hz; therefore, loads acting on the DUT inthis frequency fange shall
be donsidered separately.

4.1)2.5.2 Test

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

Thd r.m.s. acceleration is 107,3 m/s2.

The PSD versus frequency are referred to in Figure*8.and Table 8.

NOTE The test duration is based on A.5.

Y

| 000
100 <
N
N
10 N
\\\
.
AN

0,1
10 100 1000 10 000

Key
Y  PSD[(m/s2)2/Hz]
X  frequency [Hz]

Figure 8 — PSD of acceleration versus frequency

© IS0 2012 - All rights reserved 11
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Table 8 — Values for PSD and frequency

4.1.2.5.3
Breakage

Functional

Frequency PSD
Hz [(m/s2)2/Hz]
20 200
40 200
300 0,5
800 0,5
1000 3
2000 3

Requirement

hall not occur.

and functignal status C during periods with other operating modes.

4.1.2.6 T

4.1.2.6.1

est VI — Commercial vehicle, engine, gearbox

Purpose

This test c

ecks the DUT for malfunctions and breakage caused&by vibration.

The vibratjons of a piston-engine can be split up into two.kinds: sinusoidal vibration which res
from unbalanced mass forces and random noise due tovall other vibration sources of an engine,

closing of ¥

Because th
mounted 4
systems/c

The main fi

If the DUT
32 hinall

4.1.2.6.2

4.1.2.6.2.1

Itis requir

alves.

e gearbox is rigidly attached to the engiiie, this test can also be used for systems/compone
t the gearbox. But there is no sufficient number of measurements on gearbox-mouf
mponents performed up to now;

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

has natural frequencies(below 30 Hz, an additional test is to be carried out with a duratio
ritical planes of the DUT.

Test

General

bd toperform this test as a mixed mode vibration test according to IEC 60068-2, 80.

status A (see ISO 16750-1) is required during operating mode 3.2 as defined in ISO 16750-1,

ults
e.g.

bnts
ted

n of

NOTE

[hetemperature in the chamberis above RT at the end of the test (11 3/4 cycles).

4.1.2.6.2.2

Sinusoidal vibration

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

The amplit

12

ude versus frequency are referred to in Figure 9 and Table 9.
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https://standardsiso.com/api/?name=94453cbc29074fd9213435fb50717940

ISO 16750-3:2012(E)

Y
150
[
100
/
/
f
50
/
/
/
0
0 100 200 300 400 500 600 X

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

Figure 9 — Max. acceleration versus frequency

Table 9 — Values for max:*acceleration and frequency

Frequency Amplitude of displacement | Amplitude of acceleration

Hz fmm) (m/s2)
20 0,72 (11,4)
65 0,72 120

260 120

260 90

350 90

350 60

520 60

4.1{2.6.2.3 "Random vibration

Perform.the test according to IEC 60068-2, 64.

Test duration:

— 94 h for each plane of the DUT (standard) (see Figure 10 and Table 10),

— 32 hadditionally for each critical plane of the DUT (for natural frequencies below 30 Hz) (see Table 11).
NOTE The PSD values (random vibration) are reduced in the frequency range of the sinusoidal vibration test.

The PSD versus frequency are referred to in Figure 10 and Tables 10 and 11.

© IS0 2012 - All rights reserved 13
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Y
100
TN
L/ N
10 =
1 f
|
\ N\
; LN I/
—
|
0,1 L
0,01
10 100 1000 10 000
X

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

standard random test profile
P additional profile in case of f;; < 30 Hz

Figure 10 — PSD of acceleration versus frequency

Table 10 — Values for PSD and frequency

Frequency PSD
Hz [(m/s2)2/Hz]
10 14
20 28
30 28
180 0,75
300 0,75
600 20
2000 20
r.m.s. acceleration value = 177 m/s2

© ISO 2012 - All rights reserved
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Table 11 — Values for PSD and frequency, additional test in case of natural frequencies f; of

DUT below 30 Hz
Frequency PSD
Hz [(m/s2)2/Hz]
10 50
30 30
45 0,1

r.m.s. acceleration value = 28,6 m/s2

4.1
Bre

Fun
and|

4.1

4.1
Thi
Vib

2.6.3 Requirement

hkage shall not occur.

2.7.1 Purpose

2.7 Test VII — Commercial vehicle, sprung masses

identified by this test is breakage due to fatigue.

4.1)2.7.2 Test
Per

plame of the DUT.
The

5 test checks the DUT for malfunctions and breakage caused by vibration.

PSD versus frequency are referted to in Figure 11 and Tables 12 and 13.

ctional status A (see ISO 16750-1) is required during operating mode 3.2 as-defined in I40 16750-1,
functional status C during periods with other operating modes.

ation on sprung masses is random vibration induced By rough-road driving. The main fjilure to be

form the test according to IEC 60068-2(64, random vibration. Use a test duration of 32 h for each

© IS0 2012 - All rights reserved
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Y
100 —
1 1
~
10 D
AN
1 N\
0,1
0,01
10 100 1000 10 000
X
Key
Y PSD [(m/s2)2/Hz]
X frequency [Hz]

standard random test profile
—_— additional profile in case of f, < 30 Hz

Figure 11 — PSD of acceleration versus frequency

Table 12 — Values*fer PSD and frequency

Frequency PSD
Hz [(m/s2)2/Hz]
10 18
20 36
30 36
180 1
2000 1
r.m.s. acceleration value = 57,9 m/s2

Table 13 — Values for PSD and frequency, additional test in case of natural frequencies f;, gf
DUT below 30 Hz
Frequency PSD
Hz [(m/s2)2/Hz]
10 50
20 36
30 36
45 16
r.m.s. acceleration value = 33,7 m/s2

4.1.2.7.3 Requirement

Breakage shall not occur.

16 © IS0 2012 - All rights reserved
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Functional status A (see ISO 16750-1) is required during operating mode 3.2 as defined in ISO 16750-1,
and functional status C during periods with other operating modes.

4.1.2.8 Test VIII — Commercial vehicle, decoupled cab

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

Vibration on a decoupled commercial vehicle cab is random vibration induced by rough-road driving.

Th llldill fdl}ul < tU lIJC ldClltlf[Cd lUy t}lib tCDt ib lUl cq}\asc duc tU fatlsuc:.
4.112.8.2 Test
Perform the test according to IEC 60068-2, 64, random vibration.
Test duration: 32 h for each plane of the DUT.
The PSD versus frequency are referred to in Figure 12 and Table 14.
Y
100
10 == A
\\ \
— A
N
1 \-.
= AV
N, \
0,1
0,01
10 100 1000 10 000
X
Key
Y PSD [(m/s2)2/Hz]
X frequency [Hz]
—1 £ vertical
PR R lateral

—_— longitudinal

Figure 12 — PSD of acceleration versus frequency
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Table 14 — Values for PSD and frequency

Frequency PSD [(m/s2)2/Hz]
[Hz] vertical longitudinal lateral
10 20 3 10
13 - - 10
19 - 3 -
20 20 - -
50 - 01 01
100 0,1 - -
500 0,1 0,1 0,1
2000 0,01 0,01 0,01
r.m.s. accel¢ration value 21,3 m/s? 11,8 m/s? 13,1 m/s2
4.1.2.8.3 [Requirement
Breakage shall not occur.

Functional

status A (see ISO 16750-1) is required during operating mede 3.2 as defined in ISO 1675

and functignal status C during periods with other operating modes¢

4.1.29 1

4.1.2.9.1

est IX — Commercial vehicle, unsprung masses

Purpose

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

Vibration ¢n unsprung masses is vibration induced by rough-road driving. The main failure tq be
identified by this test is breakage due to fatigiie.

4.1.2.9.2 |Test

Perform the random vibration test) VII as in 4.1.2.7.2 and in addition the sinusoidal vibration fest
described below.

Carry out the sinusoidal vibration test at RT.

The sinusdjidal vibration test according to Table 15 describes the maximum amplitudes of accelerafion
on wheels and wheel suspension and the respective frequencies. If natural frequencies of the DUT below
40 Hz can be ruled-out, the test can be carried out with a test frequency of 35 Hz (see Figure 16) so that
it can be pg¢rfotnied on an electro-mechanical test stand.
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Table 15 — Values for max. acceleration and frequency in case of lowest natural frequency of

aDUT <40 Hz
Plane as mounted Frequency Amplitude of acceleration Duration No. of cycles
in vehicle [Hz] [m/s2] [min] (approx.)

longitudinal, 8to 16 150 4 2800
lateral 8t0 16 120 10 7000

8to 32 100 20 21000

vertical 8to 16 300 4 2800

8to 16 250 10 000

8to 32 200 20 2[1 000

Taple 16 — Values for max. acceleration and frequency in case of lowest natiiral frequency of

aDUT =240 Hz
Plane as mounted in vehicle Frequency Amplitude of acceleration No. of{cycles
[Hz] [m/s2] (apyrox.)
longitudinal, lateral 35 150 2 E|300
35 120 7 000
35 100 21000
vertical 35 300 2800
35 250 7 000
35 200 211000

4.1)2.9.3 Requirement
Brepkage shall not occur.

Furictional status A (see ISO 16750-1)is required during operating mode 3.2 as defined in I§0 16750-1,
and functional status C during perieds with other operating modes.

4.1]2.10 Test X — Passenger car, fuel rail (gasoline engine with GDI-system)

4.142.10.1 Purpose
Thi} test checksthe’DUT for malfunctions and breakage caused by vibration.

Vibration load)on rail-mounted components is mainly influenced by rail resonances. Dependinig on design
and mounting the rail resonance frequency will occur between approximately 700 Hz and 2400 Hz. The
ma1n failure to be identified by this test is breakage due to fatigue.

4.1.2.10.2 Test

4.1.2.10.2.1 General

[t is required to perform this test as a mixed mode vibration test according to I[EC 60068-2, 80.

4.1.2.10.2.2 Sinusoidal vibration

Perform the test according to IEC 60068-2, 6, but using a sweep rate of < 0,5 octave/minute. Use a test
duration of 40 h for each plane of the DUT. The amplitude versus frequency are referred to in Figure 13
and Table 17.
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Figure 13 — Acceleration versus frequency

Table 17 — Values for frequency-and acceleration

Frequency ‘Amplitude of acceleration

Hz m/s2
100 50

400 50
500 120
850 230

1500 230

2000 150

4.1.2.10.2J3 Random vibration
Perform thle test accerding to IEC 60068-2, 64. Use a test duration of 40 h for each plane of the DUT.

The r.m.s. gccéleration value shall be 331 m/s2.

The PSD versus frequency are referred to in Figure 14 and Table 18.
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Figure 14 — PSD of acceleration versus frequency

Table 18 — Values, for frequency and PSD

Frequency PSD
Hz [(m/s2)2/Hz]
10 10
100 10
900 75
1750 75
2000 18

4.1)2.10.2.4 Requirement
Brepkage shall not occur.

Functiendl status A (see ISO 16750-1) is required during operating mode 3.2 as defined in I40 16750-1,
and| functional status C during periods with other operating modes.

4.1.2.11 Test XI — Passenger car, solid intake manifold

4.1.2.11.1 Purpose
This test checks the DUT 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 engine and manifold.

This test is applicable for manifolds made of plastics and for those made of metal.

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

4.1.2.11.2.1 General

It is required to perform this test as a mixed mode vibration test according to [EC 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
(2 3/4 temperature cycles).

4.1.2.11.2.2 Sinusoidal vibration

Perform the test according to IEC 60068-2, 6, but using a sweep rate of < 0,5 octave/minute. Use"a

duration o

22 h for each plane of the DUT.

The amplitjude versus frequency are referred to in Figure 15 and Table 19.

Key
Y amplitI
X  freque

Y
175

150
125
100
75
50
25
0

de of acceleration [m/s2]

cy [Hz]

0 50 100 150 200, 250 300 350 400 450 500

Figure 15 — Acceleration versus frequency

Table 19 — Values for frequency and acceleration

X

test

Frequency Amplitude of acceleration
Hz (m/s2)
TOU 50
150 100
200 150
240 150
300 75
440 75

4.1.2.11.2.3 Random vibration

Perform the test according to IEC 60068-2, 64. Use a test duration of 22 h for each plane of the DUT.

22
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The r.m.s. acceleration value shall be 184,5 m/sZ2.
NOTE The PSD values (random vibration) are reduced in the frequency range of the sinusoidal vibration test.

The PSD versus frequency are referred to in Figure 16 and Table 20.

Y
100
10 /
\ y A
\ y A
AV
\
\_|/
\ |/
1
10 100 1000 10000 X

Key
Y |PSD [(m/s2)2/Hz]
X | frequency [Hz]

Figure 16 — PSD of acceleration versus frequency

Table 20.= Values for frequency and PSD

Frequency. PSD
Hz [(m/s2)2/Hz]
10 10
100 10
200 2
500 20
2000 20

4.1)2.14.3 Requirement

1 1 11 d
Bredndgc SITAIT ITOC OCCUTl.

Functional status A (see ISO 16750-1) is required during operating mode 3.2 as defined in ISO 16750-1,
and functional status C during periods with other operating modes.

4.1.2.12 Test XII — Passenger car, exhaust pipe

4.1.2.12.1 Purpose

This test checks the DUT for malfunctions and breakage caused by vibration.
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Vibration on exhaust pipe mounted components is influenced by resonances of the pipe and exhaust
pulsation. Out of this there may be a difference between the conditions on engine and exhaust pipe,
depending, for example, on the distance between the engine and application area.

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

There are three tests to be defined:

XIla valid for sensors with natural frequencies > 1 000 Hz;
XIIb valid for modules, mounted before the decoupling element;
XIlc valid for modules, mounted behind the decoupling element.

4.1.2.12.2|Test conditions
Test conthions XIIa: valid for sensors with natural frequencies > 1000 Hz

Perform the test according to IEC 60068-2, 6, but using a sweep rate of < 0,5 oCtave/minute. Use a fest
duration of 50 h for each plane of the DUT. This is equivalent to 5 x 106 cyeleS in resonance in case of
resonance pandwidth of 100 Hz or more. See Table A.2.

The amplitjude versus frequency are referred to in Figure 17 and Table21.

Ambient tgmperature: as measured in the car, e.g. 600 °C on the meunting position.

Y
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l
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100 /
50 ]
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Key
Y amplit@ide-of acceleration [m/s?]
X  frequency [HZ]

Figure 17 — Acceleration versus frequency

Table 21 — Frequency and amplitude

Frequency Amplitude
Hz
50 to 160 0,3 mm
160 to 2 000 300 m/s?2
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t conditions for XIIb: valid for modules, mounted before the decoupling element

The DUT has to be tested following to the conditions as defined for engine mounted components.

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

Tes

t conditions for XIIc: valid for modules, mounted behind the decoupling element

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

Tes

t - General, for XIlIc

Itis
Thd
Sin

Per
ate

The

Key

required to perform this test as a mixed mode vibration test according to IEC 60068-2; §
temperature in the chamber shall be defined between customer and supplier.
isoidal vibration for XlIlc

form the test according to IEC 60068-2, 6, but a sweep rate of < 0,5 octave/minute shall b
5t duration of 40 h for each plane of the DUT.

amplitude versus frequency are referred to Figure 18 and Table 22«
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Figure 18 — Acceleration versus frequency

0.

e used. Use

Table 22 — Values for frequency and acceleration

Frequency Amplitude of acceleration
Hz (m/s2)

125 to 250 60

250 to 500 40

Random vibration for XIIc

Perform the test according to IEC 60068-2, 64. Use a test duration of 40 h for each plane of the DUT.

© IS0 2012 - All rights reserved
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The r.m.s. acceleration value shall be 67,4 m/s2.

The PSD versus frequency are referred to Figure 19 and Table 23.
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Key
Y PSD [(II/SZ)Z/HZ]
X  frequency [Hz]

Figure 19 — PSD of acceleration versus frequency

Table 23 — Values for frequency and PSD

Frequency PSD
Hz [(m/s2)2/Hz]
10 14
20 28
30 28
180 0,75
300 0,75
500 2
2000 2

4.1.2.12.3 Requirement
Breakage shall not occur.

Functional status A (see ISO 16750-1) is required during operating mode 3.2 as defined in ISO 16750-1,
and functional status C during periods with other operating modes.
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4.2 Mechanical shock

4.2.1 Test for devices in or on doors and flaps

4.2

This test checks the DUT for malfunctions and breakage caused by shock of door slamming.

.1.1 Purpose

ISO 16750-3:2012(E)

Theload occurs on closures when slammed shut. Failure mode is mechanical damage (e.g.a detached capacitor
inside the housing of electronic control module due to the high accelerations caused by door slamming).

4.2

Cho

The
dire

Shock profile 1 Shock profile 2
500 mys2; 11 ms 300 m/s2; 6 ms
Driver’s door, cargo door 13 000 100 000
Passenger’s doors 6000 50000
Trunk lid, tailgate 2400 30000
Engine hood 720 3000
4.211.3 Requirement
Brepkage shall not occur. Furictional status shall be class C as defined in ISO 16750-1.
4.212 Test for devices.en rigid points on the body and on the frame
4.2]2.1 Purpose
Thip test cheCks the DUT for malfunctions and breakage caused by shock to body and frame

The
(e.g

1.2 Test

operating mode of the DUT: 1.2 (see ISO 16750-1);

shock form (pulse shapes): half-sinusoidal.

Table 24 — Number of shocks

DUT shall be fixed on the shaker in a direction to generate the. éffect of acceleration i
ction as it occurs in vehicle use.

load‘éccurs when driving over a curb stone at high speed, etc. Failure mode is mechani
adetached capacitor inside the housing of an electronic control module due to the occuilrring high

ose one of the profiles indicated in Table 24 and perform the test according to IEC 60068-2, 27:

h the same

fal damage

acc

1 e aY
ICT ALIUILS ).

4.2.2.2 Test

Perform the test according to IEC 60068-2, 27:

operating mode of the DUT: 3.2 (see ISO 16750-1);

pulse shape: half-sinusoidal;

acceleration: 500 m/s2;

duration: 6 ms;

© IS0 2012 - All rights reserved
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— numbe

r of shocks: 10 per test direction.

Acceleration due to the shock in the test shall be applied in the same direction in which the acceleration
of the shock occurs in the vehicle. If the direction of the effect is not known, the DUT shall be tested in

all six spati

al directions.

4.2.2.3 Requirement

Breakage shall not occur. Functional status shall be class A as defined in [SO 16750-1.

This test ¢
This test ig

The loads
damage (e

4.2.3.2 Test
Perform thle test according to IEC 60068-2, 27:
— operatling mode of the DUT: 3.2 (see ISO 16750-1);
— pulse ghape: half-sinusoidal;
— typical max. acceleration:
— for commercial vehicles: 3 000 m/s2 (in,single cases measured up to 50 000 m/s2),
— for passenger cars: to be agreed between customer and supplier;
— typical duration: < 1 ms;
temperature: to be agreed between customer and supplier;
numbdr of shocks: to bezagreed between customer and supplier.

The aforen
gear-shifti

The actual

ecks the DUT for malfunctions and breakage caused by shock of gear shifting:

applicable to DUT intended for mounting in or on the gearbox.

occur during pneumatic powered gear-shifting operations. Failurée) mode is mechan

hentioned vdlues for commercial vehicles occur primarily during pneumatically suppot
hg operations (150 000 gear-shifting operations are typical ifa range-change system is fitt]

shock-stresses depend both on the installation position of the gearbox and also on the desi

ical

g. a detached capacitor inside the housing of an electronic contrélmodule due to the high
accelerations caused by pneumatically powered gear-shifting operations),

features of
(recomme

thé'gearbox and shall in individual cases be ascertained by means of suitable measuremg
ded i C . C C

and the user.

The acceleration due to the shock in the test shall be applied in the same direction in which the
acceleration of the shock occurs in the vehicle. If the direction of the effect is not known, the DUT shall
be tested in all six spatial directions.

4.2.3.3 Requirement

Breakage s

28

hall not occur. Functional status shall be class A as defined in ISO 16750-1.
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4.3 Free fall

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

A system/component may drop down to the floor during handling (e.g. at the manufacturing line of
the car manufacturer). If a system/component is visibly damaged after a fall, it will be replaced. But if
it is not visibly damaged, it will be installed in the car and then it shall work correctly. Failure mode is

mechanical damage (e.g. a detached capacitor inside the housing of an electronic control module due to
the highaccelerationswhen the DUT hits the ground)-

4.3]2 Test

Parfs that obviously will be damaged by the fall shall not be checked (e.g. headlights). Par{s that may
withstand falling without visible damage shall be checked as follows:

Perform the test sequence according to IEC 60068-2, 31 using the followingtest parameters

number of DUT: 3;

falls per DUT: 2;

drop height: 1 m free fall or the heightef handling according to agrgement;
impact surface: concrete ground ot:steel plate;

orientation of the DUT: 1st fall of each<DUT at a different dimensional axis, 2nd| fall with

the given DUT at the same dimensional axis but on the ppposite
side of thethousing;

operating mode of the DUT: 1.1 (see’ISO 16750-1;)

temperature: has to be agreed between customer and supplier.

Theg DUT shall be visually examined after the falls.

4.3]3 Requirement

Hidden damage is-0t permitted. Minor damage of the housing is permitted as long as thjs does not
affdct the perfortance of the DUT. Proper performance shall be proven following the test.

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

4.4| Surface strength/scratch and abrasion resistance

Tests and requirements shall be agreed upon between manufacturer and customer (e.g. marking and
labelling on control elements and keys shall remain visible).

4.5 Gravel bombardment

This test checks the resistance against gravel bombardment (in exposed mounting locations, e.g. front end).

5 Code letters for mechanical loads

See Table 25.
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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)

Guideline for the development of test profiles for vibration tests

A.1 Scope

The aim offthis guideline is to make sure that the user of this part of ISO 16750 is able to develop
profiles frgm vibration measurements in a reproducible way thus avoiding errors.

A.2 Ge

The proces

The proces

Table A.11
a test prof
other valug

ral

s of creating test profiles should be clarified using the recommended-documentation.

s to create test profiles is described in Table A.1 and Table A.2.

Table A.1 — Test profile definition

Item

Description

Nominal speed

At nominal speed there is maximum output of the engine

Vehicle axis

X’ driving direction

Y’: perpendicular to driving;direction and vertical axis

7’ vertical axis

Engine axis

X: crankshaft direction

Y: perpendicularite’ crankshaft and piston direction

Z: piston direction

sts some basic definitions ised for assessment of a vehicle measurement in order to cre
le. The coordinate systems shown in Table A.1 are taken from DIN 70003, which also g
ible information regarding procedures for a vehicle measurement of vibrational loads.

Tablé A.2 — Development of test profiles for vibration tests

test

pate
ves

washboard, hip hop, ...)

Item Documentation Recommended documentation/ Comments
parameters
Déscription of the |Technical data (e.g. power, max.
vehicle min-1, nominal speed, displacement,
Kind of engine, number of cylinders ...
Engine Dynamometer and/or road Full load
mounted Note: there is some indication that
Gearbox higher values'rr_lay occur at trailing
throttle condition.
mounted
Bpundary condi- Proving ground/ test track descrip- |-
tions .
tion
Body Road surfaces (e.g. Belgian block -
mounted ’

Driving speed

32
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Item Documentation Recommended documentation/ Comments
parameters

Sampling fre- >2,5 times of fimax fmax = frequency limit for evaluation

quency

Block length b > 2k -

Resolution LSB <0,1 % of max. value LSB = least significant bit

Filtering tech- Anti-aliasing filter at fi,,x with >48 -

nir}npc and.meth- Hh,/nr‘f’ high pass filter (_,Ffﬂtu<f: ..... ) to

ods avoid offset

Engine speed engine speed increase rate, e.g. 3 000 |If the engine revolutioh indreases too

increase min-1/min fast, existing resonamnces njay not be
detected.

Velficle data |Frequency resolu- |make sure that the frequency resolu- |Delta f'= fsampling /b

gathering |[tion, Delta f tion is higher than the difference of |e.g. 12 5004Hz / 2 048 = 6,1 Hz
excitation frequency while ramping
engine speed. Otherwise the FFT
values will be wrong.
example: Delta f= 1 Hz leads to win-
dow length of 1 second. But: rampirg
engine speed with 1 000 min-1/min
during 1 sec even the 4th ordetwill
sweep more than 1 Hz

Temperature Cooling water temperatuge, oil tem- |Description of engine condjitions and

perature DUT conditions (esp. elastikc suspen-
DUT temperature (DUT measuring sioned DUT)
point and mountifig area)

Peak-hold FFT Peak-hold Reference for creating sing tests or
the sinusoidal part of a sin¢ on ran-
dom test.

Peak-hold and all  |Givelinformation: amplitude value or |-

other spectra RMS value shown?

Hanning for stationary signals (no -
) ] transient signal)

Windowing - - - -

No windowing for transient signals |-
Datp analy- (crest factor > 6)
sis

RMS versus speed/
time

Signal characteris-
tic (sinusoidal/ran-

Arithmetically averaged PSD from
the time windows with the highest
RMS-value

Reference for creating randlom tests
or the random part of a sinf on ran-
dom test.

Waterfall diagram

1 Pl 10
UUIT pdI't O SIgIidl)

Auto-correlation for stationary sig-
nals

© IS0 2012 - All rights reserved
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Table A.2 (continued)

Item Documentation Recommended documentation/ Comments
parameters
Methods and E.g. describe all key points including |-
processes used to |data reduction (averaging/envelop-
develop the test ing)
profile
Methods and Explain assumptions and models used | M-value = gradient of the S/N curve
procedures used to correlate field stress and service  |The calculation of the test dura-
todetermine or life with tost stross and r‘nv:\finn, e tion.shaould be daone :\r‘r‘r\rﬂing to-the
calculate the test |asin MIL-standard 810 with M-value |engine speed distribution as shéwh in
duration based on most critical material. principle in A.4.
If it is necessary to cover fdtigue
strength with sinusoidal ¥jbra-
tion load, the sinusoidaktest will
perform this by a tést.duration of
20 h per octave under the conditioh
of resonance bandwidth = 100 Hz.
Performing the test in mixed modg,
the test,duration has to be calculated
T . for random load separately. In casd
est profile
develop- of-a natural_ frequency = 500 Hz t_h S
ment willbe equivalent to atest duratlo_ h
of 70 h. The test duration of the miked
mode test will be the higher value pf
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 (e.g.) in 4.1.2.6.2.2.
For engine Take the engine speed distribution -
mounted compo- |into account,
nents
For body mounted |Take the mileage of bad road condi- |-
components tions(into account.
Rationale for the > -
methods — Pro-
cesses and engi-,
neering judgement
NOTE IIn some casés+it can be helpful to perform the excitation in so-called mixed mode with two or more
sine tones (jhigh intensity at single frequencies may fit better to the real stress than random excitation, e.g. to
simulate chpttering.effects of a rotor, but this method also allows simultaneous excitation of more than|one
natural frequencyy.

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. The reason is the different mounting rigidity and the different
dynamic feedback for both cases.

To be able to reproduce the vibration tests in the laboratory, it is required that the vibration fixture is as
stiff as possible and therefore normally much stiffer than in the car.

It should also be 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 situation in the vehicle.
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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.

To avoid over testing it might be necessary to apply the average control method according to
IEC 60068-2, 64 Fh,

NOTE Separate rigidly two ways of average control methods (multipoint control strategies):

wiaiaghitad auara oo i ] £ of Aottt and racikmarnca ofrb o NITT
jeavy lbOtJUllJ\, Ul LIIC U1

Recpommended weighting: Averaged control signal = 3 x excitation + 1 x response of the DUT.

— | (“unweighted”) average control out of several control point signals on the mounting of the¢ DUT, each
weighted with the same factor.

It shall be ensured that the DUT is not “undertested”; the stress in the lab.shall be high enough to cover
the|field conditions (e.g. by measuring the response of the DUT and-Spectra comparison| or fatigue
caldulation).

A.4 Engine rotational speed distribution

There is a general relation between the rotational speed-(min-1) and the vibration level. The vibration
levgl increases with higher rotational speed (see Figure A.1 and Table A.3).

Forlfatigue testing it is sufficient to consider thesspeed range with the highest acceleration leyels. This is
normally the range between 0,9nnominal and Amix-

To gssess the test duration it is necessary to take into account different engine speed distrijutions and
the|vehicle lifetime. All available enginé speed distributions show that the engine speed fange from
0,9%n0minal t0 Nmax. is normally not used very often.

For|this part of ISO 16750 threé&distributions were chosen:

a) |an engine speed distribution which has been published in SAE where 55 cars were ifjvestigated
(70 000 km; 10 008 trips);

b) |a“severe” enginespeed distribution that was recorded during temperature measurements with the aim
to reach very high temperatures. Therefore the vehicles were driven in a very high engine speed range;

c) |weighted distribution, consisting of: distribution a) SAE publication = 80 %, and distribution b)
severe= 20 %.

Thip leads to a relevant distribution of 0,5 % in the engine speed range from 0,9n,0minal fO Mmax. SO
testing 22 h along each axis is equal to approximately 4 400 h Tifetime in the car. With an average speed
of 40 km/h this represents a mileage of 176 000 km.

Taking into account other lifetimes/mileages/min-1 distributions the test engineer is allowed to change
the test duration proportionally.

NOTE Depending on the required lifetime and the required engine speed distribution, the result of the
calculation according to the shown method may lead to a very long test duration. The recommended maximum
test duration for practical reasons is 100 h per axis. For most vibration environments, equivalent fatigue damage
is easily accomplished within this duration. In general for commercial vehicle the fatigue limit has to be covered.

For passenger cars in most cases the shown method is usable.

A classification of car types and/or lifetime duration should follow up (t.b.d.).
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Y1 Y2
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40 4
30 3
20 2
10 1
0 . ol 0
1 1,1 1,2
X
Key
Y1 min-1 normalized to Npominal in %
Y2 min-1 probability (weighted engine speed distribution)
X RMS-level normalized
L RMS-level versus engine speed < 0,9n nominal
—}—  RMS-level versus engine speed > 0,9n nominal
Nnominal engine speed with maximum power
Ninax maximum safe engine speed

Figure A.1 — RMS-acceleration level and weightéd min-1 distribution versus engine speed

Table|A.3 — RMS-acceleration level andengine speed distribution versus engine speed

n/Nnomina RMS-level versus min-1 | min-1 probability | min-1probability | weighted min-1 probabiljty
(normalized) DPXsevere PXnormal (20 pxsevere + 80 pxnormal)/1002
0,050 - 0,56 % 2,14 % 1,82 %
0,075 - 0,56 % 2,14 % 1,82 %
0,100 - 0,02 % 5,69 % 4,56 %
0,125 r 0,02 % 5,69 % 4,56 %
0,150 7,0 % 8,00 % 5,09 % 5,67 %
0,175 6,3 % 8,00 % 5,09 % 5,67 %
0,200 6,1 % 575% 4,04 % 4,38 %
0,225 7.2 % 575 % 4,04 9% 4,38 %
0,250 7,4 % 3,06 % 4,73 % 4,40 %
0,275 8,4 % 3,06 % 4,73 % 4,40 %
0,300 10 % 4,70 % 531% 5,19 %
0,325 11% 4,70 % 531 % 519 %
0,350 12% 5,69 % 5,61 % 5,62 %
0,375 13 % 5,69 % 5,61 % 562 %
0,400 14 % 5,06 % 572% 5,59 %
0,425 15% 5,06 % 572% 5,59 %

a  The cumulative weighted min-1-distribution (n > 0,9npominal) is 0,5 %; a test duration of 22 h corresponds to 4 400 h in
car.
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Table A.3 (continued)

n/Nnominal RMS-level versus min-1 | min-1probability | min-1probability | weighted min-1 probability
(normalized) DPXsevere PXnormal (20 pxsevere + 80 pXnormal)/1002
0,450 17 % 3,95 % 3,85 % 3,87 %
0,475 18 % 3,95 % 3,85 % 3,87 %
0,500 20 % 3,23 % 3,48 % 3,43 %
0,525 22 % 3,23 % 3,48 % 3,43 %
0,550 24 % 2,26 % 1,71 % 1,82 %
0,575 26 % 2,26 % 1,71 % 1,829
0,600 29 % 1,56 % 1,39 % 2%
0,625 31% 1,56 % 1,39 % o Ma2 94
0,650 349% 1,34 % 0,55 % O 071%
0,675 36 % 1,34% 0,55 % N7 onw
0,700 399 1,20 % 039% N 0,55 %
0,725 42 % 1,20 % 0,39 %_ 5 0,55 %
0,750 46 % 1,00 % 019%. "~ 0,35 %
0,775 50 % 1,00 % 029 % 0,35 %
0,800 54 % 0,79 % 0,09 % 0,23 %
0,825 59 % 0,79 % | 009% 0,23 %
0,850 63 % 057% o 003% 0,14 %
0,875 67 % 057% *o 0,03 % 0,14 %
0,900 72 % 0409 0,01 % 0,08 %
0925 77 % 0,20 % 0,01 % 0,08 %4
0,950 84 % 031 % 0,00 % 0,06 %
0,975 90 % 18 0319 0,00 % 0,06 %
1,000 98 % WV 0229 0,00 % 0,04 %
1,025 9% S 0,22 % 0,00 % 0,04 %
1,050 100 o5~ 0,19 % 0,00 % 0,04 %
1,075 970 0,19 % 0,00 % 0,04 %
1,100 ~N\86 % 0,06 % 0,00 % 0,01 %
1,125 7 85% 0,06 % 0,00 % 0,01 %
1,150 X 799% 0,04 % 0,00 % 0,01 %
1175 ) 77 % 0,04 % 0,00 % 0,01 %
1,2000~ 79 % 0,02 % 0,00 % 0,00 %
fz25 79 % 0,02 % 0,00 % 0,00 %

a2 The cumulative weighted min-1-distribution (n > 0,9nnominal) is 0,5 %; a test duration of 22 h corresponds to 4 400 h in
car.

A.5 Fatigue calculation

A.5.1 Example for passenger cars, body mounted (sprung masses)

Verification whether an 8 h random vibration test is sufficient to cover the stress in car which occurs
during car lifetime.

NOTE The measurements and calculations were made on an electronic control unit (ECU). This is thought as
an example. The presented methods are neither restricted to ECUs nor to body mounted components.
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