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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.
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Annex A forms an integral part of this part of ISO 7637.

Annex B and Annex C are informative.
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Introduction

The fast transient pulse test uses bursts composed of a number of fast transient pulses, which are
coupled into lines (I/0 lines in particular) of electronic equipment. The fast rise time, the repetition
rate and the low energy of the fast transient bursts are significant to the test.

The slow transient pulse test applies a number of single pulses, as used for conducted transient pulse
test, to the DUT.

© ISO 2016 - All rights reserved v
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INTERNATIONAL STANDARD ISO 7637-3:2016(E)

Road vehicles — Electrical disturbances from conduction
and coupling —

Part 3:
Electrical transient transmission by capacitive and

induetive-ecoupling vialines-other-thansupply lines—

1 Bcope

This[part of ISO 7637 defines bench test methods to evaluate the immunity of-devices underjtest (DUTs)
to transient pulses coupled to lines other than supply lines. The test pulses’simulate both f3st and slow
trangient disturbances caused by the switching of inductive loads and relay contact bounce

The following three test methods are described in this part of ISO 7637:
— rapacitive coupling clamp (CCC) method;

— Hirect capacitive coupling (DCC) method;

— Inductive coupling clamp (ICC) method.

This|part of ISO 7637 applies to road vehicles fitted\with nominal 12 V or 24 V electrical systems.

For fransient pulses immunity, Annex B provides recommended test severity levels in line with the
fundtional performance status classification. (FPSC) principle described in ISO 7637-1.

2 Normative references

The [following documents, in whole or in part, are normatively referenced in this documgnt and are
indigpensable for its application. For dated references, only the edition cited applies. Hor undated
references, the latest edition of the referenced document (including any amendments) appligs.

[SO y637-1, Road vehicles — Electrical disturbances from conduction and coupling — Part 1} Definitions
and yjeneral considérgtions

ISO V637-2, Raad-vehicles — Electrical disturbances from conduction and coupling — Part P: Electrical
trankient conduction along supply lines only

ISO [11452-4, Road vehicles — Component test methods for electrical disturbances from narrowband
radiqted electromagnetic energy — Part 4: Harness excitation methods

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 7637-1 apply.

© IS0 2016 - All rights reserved 1
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4 Test methods

4.1 General

This Clause describes bench test methods for testing the immunity of electrical system components
or devices under test (DUTs) against coupled transient pulses. These tests shall be performed in the

laboratory.

The defined transient pulses represent the characteristics of most of the known transient pulses which

may occur in the vehicle.

Some transfent pulse tests may be omitted if a device, depending on its function or its configuraltion,

is not subjeicted to comparable transient pulses in the vehicle. It is part of the vehicle manufactu

responsibiljty to define the transient pulse tests needed for specific components.

A test plan $hall be written to define the following:

— the test methods to be used;

— the traIsient pulses tests to be applied;

— the trapsient pulses levels;

— the number of transient pulses to be applied;

— the DUT operating modes;

— the wirfing harness (test versus production);

— theleads to be included in the capacitive coupling clanip, if used;

— the leads to be tested using the direct couplingcapacitor method, if used;

— the cagacitance values to be used, if thecdirect coupling capacitor method is used for sp¢g

communication lines;

— theleads to be included in the inductive coupling clamp, if used; and

— the typg of inductive coupling ¢lamp, if the inductive coupling method is used.

Suggested fransient pulse test-severity levels for the evaluation of immunity of DUTs can be ch

from Table B.1 and Table B.Z.

The transignt pulse test severity levels should be mutually agreed upon between the ve

manufactuier and the\Supplier prior to the test.

The applicapility'of'the three different test methods is indicated in Table 1.
It is suffici i

transient pulses.

Table 1 — Test method applicability

rer’s

cific

psen

hicle

Transient pulses type CCC method DCC method ICC method
Slow transient pulses 2a Not applicable Applicable Applicable
(5.3.2)
Fast transient pulses 3a and Applicable Applicable Not applicable
3b (5.3.3)

fast

© ISO 2016 - All rights reserved
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4.2

ISO 7637-

Standard test conditions

Standard test conditions shall be according to ISO 7637-1 for the following:

test temperature;

supply voltage.

3:2016(E)

Unless otherwise defined in this part of ISO 7637, the tolerance on test severity levels is [+(1)OJ %.

4.3
The

Unld
or u

200

Unle

or u

Ground plnnp

pround plane shall be made of 0,5 mm thick (minimum) copper, brass or galvanized ste

nderneath the entire setup width (excluding power supply and transient\pulse gen
mm, whichever is larger.

nderneath the entire setup length (excluding power supply and transient pulse gen

ss otherwise specified in the test plan, the minimum width of the ground planeshall be

ss otherwise specified in the test plan, the minimum length of the griound plane shall be

1.

a)
-

21 000 mm,
brator) plus

p 2000 mm,
erator) plus

200 mm, whichever is larger.

4.4 | General test setup conditions

The DUT is arranged and connected according to its requirements. The DUT should be conngcted to the
origlnal operating devices (loads, sensors, etc.) using the test setup described in 4.5.4, 4.6|4 and 4.7.4,
unlefss otherwise agreed between the vehicle manufagturer and the supplier.

If the actual DUT operating signal sources are ndtavailable, they may be simulated.

The PUT shall be placed on a non-conductive,low relative permittivity material (e < 1,4), at (50 + 5) mm
above the ground plane. If the DUT is locally grounded (maximum length of 200 mm), thep the DUT’s
groynd supply line shall be connectedto the ground plane as defined in the test plan.

Grounding of the DUT case to thetground plane shall reflect the vehicle installation and shalll be defined
in the test plan.

All harnesses shall be placed on a non-conductive, low relative permittivity (dielectr]c-constant)

mat¢rial (gr < 1,4), at (50+5) mm above the ground plane.

Unlgss otherwise specified in the test plan, all loads, sensors, etc. grounds (lines, metalli
conrjected to the'ground plane using the shortest possible length.

To

inimize extraneous capacitive coupling to the DUT, it is advisable that the minimy

between the DUT and all other conductive structures, such as walls of a shielded enclosui

exc

4.5

tioh of the ground plane underneath the test setup), should be more than 0,5 m.

C cases) are

m distance
'e (with the

CCC method

4.5.1 General

The CCC method is suitable for coupling the fast transient pulses, particularly for DUTs with a moderate
or large number of leads to be tested. It will not couple the slow transient pulses.

4.5.2 Generator verification

The transient pulse parameters (see Figure 10 and Figure 11) shall be verified prior to the testaccording

to IS

0 7637-2. Verification shall be performed with the 50 Q load condition only.

© ISO 2016 - All rights reserved
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4.5.3 Transient pulses level adjustment
The transient pulse generator shall be connected as shown in Figure 1.

The transient pulse level is adjusted with a 50 Q input oscilloscope connected through a 50 Q coaxial
cable to a 50 Q attenuator which is directly connected to the output of the CCC (no intermediate cable
connections) as shown in Figure 1. There shall be no lines routed through the coupling clamp during
adjustment. Examples of test severity levels are listed in Annex B.

NOTE The open circuit voltage of the transient pulses generator is approximately twice the value of the
specific test voltage, due to 50 () loading of the attenuator and the oscilloscope.

1 3 4 5
2
Key
1 transienf pulses generator
2 50 Q cogxial cable (<1 m)
3 CCC
4 50 Q attpnuator
5 oscillosqope (50 £ input)
Figure 1 — Setup for transient pulses level adjustment — CCC method
4.5.4 DUT test

Ensure thaf the general test setup conditions defined in 4.4 are applied.

The test se
which lines
documente

tup using the CCC is shown in(Figure 2. The coupling circuit consists of a CCC thr
of the DUT are installed as agreed between the vehicle manufacturer and the supplier
] in the test plan. The coupling length is 1 m.

bugh
and

und
n the

The DUT 12/24 V supply lines (ground and supply) should not be included in the CCC. Any other gr
or supply life delivered by the DUT)to an auxiliary equipment (sensors, actuators) shall be included it

CCC. If the 4
the CCC. An

All lines w}
require mu

The hinged

uxiliary equipmentis locally grounded, this local ground connection shall be excluded
y exception abput-ground or supply lines included in the CCC shall be stated in the test pld

jich are plaeed in the CCC shall lie flat in single layer (typically 10 to 20 lines). This
tiple teststo be performed in order to test all the DUT lines.

lid<of the CCC shall be placed as flat as possible to ensure contact with the test har

'rom
.

may

ness

which should-be positioned as flat as possible.

Twisted and shielded wire configurations shall be maintained inside the CCC.

The test conditions for a DUT with multiple connectors (single test on all the branches or test on
individual branch) or for a harness with more than 10 to 20 lines shall be specified in the test plan.

The distance between the DUT and the CCC, and between peripheral devices and the CCC, shall be
greater than or equal to 300 mm. The portions of the lines being tested which are outside the CCC
shall be placed at a distance of (50 + 5) mm above the ground plane and oriented at 90° + 15° to the
longitudinal CCC axis.

The lines which are not under CCC test are routed outside the coupling clamp. They shall be placed on
a (50 = 5) mm height insulating support and shall be placed at a minimum distance of 100 mm to the
coupling clamp.

© ISO 2016 - All rights reserved
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It is not necessary for lines which are not under the CCC to be placed in a straight line as illustrated in
Figure 2. Arrangement due to additional length should be defined in test plan.

The DUT shall be placed on the same end of the CCC as the transient pulses generator.
The test shall be performed with a total harness length of 1 700 mm (+300 mm/0 mm).

Dimensions in millimetres

_A 5
:
. — 3 g 10 \ 3 .
S 2 s
" 1 1% 5 S e=s g |
] \\"{,\. /,/ \°§'// r.(b | ./7
)
=— %? \\
= = 9 8
A
A-AFr™90°
2 2300

1 3 10
Key
1 nsulation support 8 oscilloscope (50 Q input)
2 PUT (grounding as spec€ified in test plan) 9 50 Q attenuator
3 nsulating supports.fortest harness 10 ccC
4  ]oad simulator 11 transient pulses generator
5 pround plane 12 lines to be tested
6  power supply 13 lines not to be tested
7  pattery:

Figure Z — Testsetup ror CLC method — DUT Test

4.6 DCC method

4.6.1 General
The DCC method uses capacitors for transient coupling. The values of capacitors are defined in Table 2

except for coupling to communication lines (e.g. CAN BUS) for which specific values shall be defined in
the test plan.

© IS0 2016 - All rights reserved 5
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Table 2 — Capacitor values for DCC test method

Test pulse Capacitor value
Slow transient pulses 0,1 uF
Fast transient pulses 100 pF
NOTE The characteristics of the non-polarized capacitors are defined as tolerance of +10 %, rating
of at least twice the maximum applied voltage, and dissipation factor less than or equal to 1 %.

4.6.2 Generator verification

The transigntpulseparameters—{seetigure—8;Figure—9,Figure—t6—andFigure—ti—shattbe—verijfied
(according o ISO 7637-2) prior to performing the test. Verification shall include measurement.obppen
circuit and loaded conditions.
When veriflying fast transient pulse characteristics under open circuit conditions, it is tecommended
to use a 1 kQ to 50 Q adapter, with an oscilloscope configured for 50 Q input. This‘minimizeg the
oscillations|that can result when measuring a transient pulse with significantly shért transient gulse
rise time and duration into an open-circuit condition.
4.6.3 Transient pulses level adjustment
Prior to tesfting, the transient pulse level shall be adjusted at the output of the capacitor. Examplgs of
test severity levels are listed in Annex B.
— For slopv transient pulses, use the setup shown in Figure<3d. The transient pulse level shal]l be
measuiled using a high impedance passive probe whose.characteristics conform with those deflined
in ISO 1637-2, 5.5.
— For fasf transient pulses, use the setup shown in‘Figure 3b. The output of the capacitor shall be
connected to the 1 k() to 50 ) adapter. The adaptor is connected to an oscilloscope configurefl for
50 Q input. The measured peak pulse level is corrected for this adaptor. The capacitor shall be placed
in a shiglded box which shall be grounded..The 50 Q coaxial cable shall be connected to this boy.
The generator ground shall be bonded to‘the ground plane with a DC resistance <2,5 m( and a ond
length of legs than 100 mm.
"
| y 4 5 6
|1 | — e T
; 7
| 3
Key
1 transient pulses generator
2 high impedance input oscilloscope
3 ground plane
4 connecting wiring
5  coupling capacitor
6  high impedance passive voltage probe (see ISO 7637-2)
7  ground connection (maximum length of 100 mm)
Figure 3a — Setup for slow transient pulses level adjustment — DCC method
6 © IS0 2016 - All rights reserved
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—
| 5
1 <. I 6 ’ 2
| e :
| 8 °
| ;
L.

Key

1 ftransient pulses generator

2 b0 Q impedance oscilloscope

3 pround plane

4 B0 Q coaxial cable (maximum length of 500 mm)

5  foupling capacitor

6 [l kQto 50 Q adapter

7 b0 Q coaxial cable

8  pround connection (maximum length of 100 mm)

Figure 3b — Setup for fast transient pulses level adjustment — DCC method

4.6.4 DUT test
Ensyre that the general test setup conditions defined in 4.4 are applied.

The [DCC method is shown schematically in Figure 4a (for slow transient) and Figure #b (for fast
trangient). The length of the harness shdll'be 1 700 mm (+300 mm/0 mm).

For fast transient test, the generator shall be connected to the capacitor using a 50 Q) coaxiall cable with
a lerlgth not greater than 500 pm.

When using the DCC methed, each DUT line is tested individually. However, when testjng twisted
and [balanced symmetri¢al lines (e.g. bridge audio, CAN communications), the DCC metHod shall be
modjified to excite all.lines identically at the same time (see Figure 5a for slow transient and Figure 5b
for fhst transient)..€are shall be taken to ensure that intended DUT signals are not distort¢d by use of
the DCC methods

For glow and\ fast transient pulses test, the lines/harness shall be placed on a non-conductive, low
relative permittivity material (e < 1,4), at (50 = 5) mm above the ground plane.

The distance between the 1/0 line injection point and the DUT shall be lower or equal to 10 mm.

For fast transient, the distanc between the I/0 line injection point and the capacitor shielded box shall
be lower or equal to 100 mm.

The distance between the [/0O line and the edge of the ground plane shall be greater or equal to 100 mm.

© IS0 2016 - All rights reserved 7


https://standardsiso.com/api/?name=da374cf809b9d5ddfb5acec54b976f0c

ISO 7637-3:2016(E)

Dimensions in millimetres

3

2100

10
1 700 300

<100

2200

Key

DUT

1/0 lin

load si

O 0 N O U1 S W N -

10 insulatid

NOTE

high-vo

injectio

ground

e

F

transienlt pulses generator

wiring hfarness

blane
under test

power spipply

ulator
'}age non-polarized leaded capacitor (see Tablé2)

line

br the value of the capacitor, see Table 3.

n support with low relative permittivitymaterial (- < 1,4)

Figure 4a — Test setup for DCC method — Slow transients — DUT Test
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Dimensions in millimetres

—
I+
|
|
|
)l

2100

3 10 =100 2200

1700 *3%

Key
fransient pulses generator
pUT

wiring harness

bround plane

/0 line under test

bower supply

oad simulator

high-voltage non-polarized leaded capacitor (see Table 2)

O© 0 N O U1 o W N =

b0 () coaxial cable (length not greater than 500 mm)

Juny
o

nsulation support with low relative permiittivity material (g < 1,4)

NOTE For the value of the capacitor, see Table 3.

Figure 4b —(Test setup for DCC method — Fast transients — DUT test
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)
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o

10

Dimensions in millimetres

._

2100
0
&

o
0
o

~

5
T
6 7 2
"o
3 9 =100 2200
1700 3 '

transienjt pulses generator

DUT
wiring h
ground

arness
blane

balancedl symmetrical lines

power s

Lpply

load sirrlulator
|

high-vo
insulatid
For slow
The cap

age non-polarized leaded capacitor (see'Table 2)
n support with low relative permittivity material (- < 1,4)
transient pulses test, the recommended capacitor value is 470 pF.

transienjt pulses can still be coupled t6 these lines.

Figur

e 5a — Test setup.for balanced symmetrical lines — Slow transients — DUT test

hcitor values are selected tg ensure that the communication signals are not disturbed and thdt the
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Dimensions in millimetres

© N Ul A W N PR
o
<

[UnN
o

QO

=2

4.7

4.7.]

e =
| |
| 1 — |
| ) |
| H+ |
I Il
_‘ Il
Il
S J_I a,b
5 % - ——3 — 8
%
+
6 2
3
9 <100 >200
A\ !
1700 3

[ransient pulses generator
DUT

viring harness

bround plane

balanced symmetrical lines
bower supply

oad simulator

ICC method

| —_General

b0 () coaxial cable (length not greatér than 500 mm)

high-voltage non-polarized leaded capagitor (see Table 2)

nsulation support with low relative permittivity material (e < 1,4)
For fast transient pulses test{the recommended capacitor value is 100 pF.

[he capacitor values are selected to ensure that the communication signals are not disturbed |and that the
fransient pulses can still be coupled to these lines.

Figure 5b —< Test setup for balanced symmetrical lines — Fast transients — DUT test

The ICC method is suitable for coupling the slow transient pulses, particularly for DUTs with a moderate

or large number of lines to be tested.

4.7.2 Generator verification

The generator verification is not required because the transient pulse levels are adjusted as defined
in 4.7.3.

4.7.3 Transient pulses level adjustment

The transient pulses, described in Figure 8 and Figure 9, when applied to the injection probe are
measured with a high impedance oscilloscope according to the verification test setup defined in Figure 6.

© ISO 2016 - All rights reserved
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Using this configuration, the transient pulse timing characteristics shall fulfil the requirements listed
in Table 3.

An optional matching network may be necessary to achieve the pulse characteristics. Additionally,
pulse generator settings like pulse amplitude and R; may be changed to fulfil the requirements.

The generator output voltage shall be adjusted by using the calibration fixture described in Figure 6.
Examples of test severity levels are listed in Annex B. Information on the process used for estimating
the inductive coupling factor is described in Annex C.

Table 3 — ICC — Characteristics of the coupled transient pulses

Parameters 12 V system 24V system
ta 7 us +30 % 7 us +30 %
tr <1,2 ps <1,2 ps

-1
T
6—______/"'{
7
O
2 3
6___/_'1

Key
1 transienft pulses generator
2 high impedance oscilloscope
3 ICC
4 short cifcuit
5 calibration fixture
6 50 Q cogxial cable
7  matching network (optional)
Figure-6—Setup-for-transientpilsesievel adjustiment—IcEmethod

4.7.4 DUT test
Ensure that the general test setup conditions defined in 4.4 are applied.

The test method using the ICC is shown in Figure 7. The coupling circuit consists of an ICC which enfolds
all signal lines. The DUT 12/24 V power lines (ground and supply) should not be included in the ICC.
Any other ground or supply line delivered by the DUT to an auxiliary equipment (sensors, actuators)
shall be included in the ICC. If the auxiliary equipment is locally grounded, this local ground connection
shall be excluded from the ICC. Any exception about ground or supply lines included in the ICC shall be
stated in the test plan.

12 © IS0 2016 - All rights reserved


https://standardsiso.com/api/?name=da374cf809b9d5ddfb5acec54b976f0c

ISO 7637-3:2016(E)

The test can be performed either as shown in Figure 7 or with a straight harness as implemented in
[SO 11452-4.

The test conditions for a DUT with multiple connectors (single test on all the branches or test on
individual branch) shall be specified in the test plan.

The harness shall be placed on a non-conductive, low relative permittivity (dielectric-constant) material
(er<1,4),at (50 £ 5) mm above the ground plane.

The length of the harness shall be 1 700 mm (+300 mm/0 mm).

Cen

For the ICC method, negative transient pulse polarity may be achieved by reversing the'injection probe
on the wiring harnesses.

© IS0 2016 - All rights reserved 13
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Dimensions in millimetres
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Figure 7 — Test setup for ICC method — DUT test

5 Testinstrument description and specification

5.1 Power supply

The power supply defined in ISO 7637-2 shall be used for these tests.

14
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Oscilloscope

Unless otherwise specified, the oscilloscope and probes defined in ISO 7637-2 shall be used for these tests.

5.3

Transient pulses generator

5.3.1 General

The transient pulses generator of ISO 7637-2 shall be used and the wave shapes shall be verified
according to ISO 7637-2.

The fest voltage U of ISO 7637-2 shall be set to 0 V.

5.3.

Slow transient pulses test 2a

The [slow transient pulses are a simulation of transient pulses which occur asma result of bireaking the
circiiit to larger inductive loads, such as a radiator fan motor, air conditioninglcompressor c

The
The

Key

negative transient pulse may be realized by switching the generatpr'output connection

transient pulse shapes and parameters are given in Figure 8 and Figure 9.

.
If

90 %

10 % ¥

ov

[ime
oltage, inwolts

Figure 8 — Slow transient pulse — Positive 2a

lutch, etc.

Table 4 — Parameters for slow transient pulse — Positive 2a

Parameters
Us To be defined in test plan
0
tr (1 0.5 us
td 0,05 ms
t1 0,2sto5s
Rj 2Q

© ISO 2016 - All rights reserved
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ov

10 % i

Key
t time
U voltage,

NOTE P

D0 %

in volts

hrameters are given in Table 5.

Figure 9 — Slow transientpulse — Negative 2a

Table 5 — Parameters for.Slow transient pulse — Negative 2a

Parameters
Us To be defined in test plan
0
fi (1 05 Jus
td 0,05 ms
t1 0,2sto5s
R; 20

5.3.3 Fas

rtransient pulses 3a and 3b test

The fast transient pulses tests are a simulation of transient pulses which occur as a result of the
switching processes. The characteristics of these transient pulses are influenced by distributed
capacitance and inductance of the wiring harness.

The transient pulse shapes and parameters are given in Figure 10 and Figure 11.

16
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t ts
bt
ov 46 45
10 %
L X X J
ol | ! |-
Us 45 45
¢ t

Key
t [ime
U Yyoltage, in volts

NOTE

Parameters are given in Table 6.

Figure 10 — East transient pulse 3a

Table 6 — Parameters for fast transient pulse 3a

Parameéters 12 V system 24V system
Us See Table B.1 See Table B.2
tr (5+1,5)ns (5£1,5)ns
tq (0,15 +0,045) us | (0,15 % 0,045) us
t1 100 us 100 ps
ty 10 ms 10 ms
tg 90 ms 90 ms
R; 50 Q 50 Q

© ISO 2016 - All rights reserved
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U
tr
Us 55 4%
oo f | ﬂ ﬂ
[ X X J
10 %
ov 55 45
t; |ty t
ty ts
Key
t time
U voltage,[in volts
NOTE Parameters are given in Table 7.
Figure 11 — Fast transient pulse 3b
Table 7 — Parameters for fast transient pulse 3b
Parameters 12 V system 24V system
Us See Table B.1 See Table B.2
tr (5+1,5)ns (5+1,5)ns
td (0,15 0,045) pus | (0,15 £ 0,045) pus
t1 100 ps 100 ps
ta 10 ms 10 ms
tg 90 ms 90 ms
R; 50 Q 50 Q
5.4 CCC fixture

The CCC, as defined in Figure 12, can be made, for example, of brass, copper or galvanized steel.

The characteristics of the CCC are as follows:

— typical coupling capacitance between cable and clamp is approximately 100 pF;

— transient pulse voltage insulation strength: 2200 V;

— characteristic impedance (without wires in the clamp): (50 + 5) Q.

18
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