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1. SCOPE

This SAE Standard establishes test methods for the evaluation of devices and equipment in vehicles against transient
transmission by coupling via lines other than the power supply lines. The test methods demonstrates the immunity of the
instrument, device, or equipment to coupled fast transient disturbances, such as those caused by switching of inductive
loads, relay contact bouncing, etc. Four test methods are presented in SAE J1113-12:

e the capacitive coupling clamp (CCC) method

e the direct capacitive coupling (DCC) method

e the inductive qoupiing clamp (TCC) method

e the capacitivefinductive coupling (CIC) method
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2. REFERENCES

21

Applicable Documents

The following publications form a part of this specification to the extent specified herein. Unless otherwise indicated, the
latest issue of SAE publications shall apply.

211

ISO Publication

Copies of these documents are available online at http://webstore.ansi.org/.

ISO 7637-1
(o
ISO 7637-2 R
ISO 7637-3 R
tr
ISO 11452-4 R
e

3. TERMS AND
For the purposes
4. TEST METH(Q
4.1

General

This clause descr
(DUTSs) against co

The defined trans
vehicle.

Some transient p
to comparable tra
pulses tests needs

A test plan shall b

Rpad vehicles — Electrical disturbances from conduction and coupling — Part 1: Defin

conduction along supply lines only

nsiderations

pad vehicles — Electrical disturbances from conduction and coupling —.Part 2: H
pad vehicles — Electrical disturbances from conduction and coupling — Part 3: H
hnsmission by capacitive and inductive coupling via lines other thanjsupply lines

pad vehicles — Component test methods for electrical disturbances from nar
ectromagnetic energy — Part 4: Harness excitation methods.

DEFINITIONS
bf this document, the terms and definitions giventinlISO 7637-1 apply.

DS

bes bench test methods for testing the immunity of electrical system components or g
upled transient pulses. These tests shall be performed in the laboratory.

ent pulses represent the characteristics of most of the known transient pulses which
ilses tests may be’omitted if a device, depending on its function or its configuration
nsient pulsesfinithe vehicle. It is part of the vehicle manufacturer's responsibility to d

bd for spegific Components.

b written to define:

tions and general

lectrical transient

lectrical transient

rowband radiated

evices under test

may occur in the

, is not subjected
efine the transient

the test meth

dsto he ||cod;

the number of

the transient pulses tests to be applied;

the transient pulses levels;

transient pulses to be applied;

the DUT operating modes;
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e the wiring harness (test versus production);

e the wires to be included in the capacitive coupling clamp, if used;

e thewires to be tested using the direct coupling capacitor method, if used,;

e the capacitance values to be used, if the direct coupling capacitor method is used for specific communication lines;
e the wires to be included in the inductive coupling clamp, if used; and

e the type of inductive coupling clamp, if the inductive coupling method is used

For CCC, DCC and ICC methods, suggested values for the evaluation of immunity of DUTs\canl be chosen from
Tables E1, E2. [The transient pulses test severity levels should be mutually agreed upon“betyeen the vehicle
manufacturer and the supplier prior to the test.

The applicability af the four different test methods is indicated in Table 1. When considering use of CCC, DCC or ICC
methods, it is sufficient to select one test method for slow transient pulses and one test method for fagt transient pulses.
When considering use of the CIC method, test pulses A and B should both be selected

Table 1 - Test method applicability,

Transient Test Method
Type ccc pcc ICC ci¢

Slow transient pulses 2a of
5.3.2

Fast transient pulses 3a and 3b of

5.3.3

Pulses A and B of
543

v v

V4 v

4.2 Standard Te¢st Conditions

Standard test conglitions shall be according to ISO 7637-1 for the following:
e testtemperatyre;

e supply voltagdg.

Unless otherwise flefinéd in this part of ISO 7637, the tolerance on test severity levels is (-0 / +10) %

4.3 Ground Plake

The ground plane shall be made of 0.5 mm thick (minimum) copper, brass or galvanized steel.

Unless otherwise specified in the test plan, the minimum width of the ground plane shall be 1000 mm, or underneath
the entire set-up width (excluding power supply and transient pulse generator) plus 200 mm, whichever is larger.

Unless otherwise specified in the test plan, the minimum length of the ground plane shall be 2000 mm, or underneath
the entire set-up length (excluding power supply and transient pulse generator) plus 200 mm, whichever is larger.

4.4  General Test Set-Up Conditions
The DUT is arranged and connected according to its requirements. The DUT should be connected to the original

operating devices (loads, sensors, etc.) using the test setup described in 4.5.4, 4.6.4, 4.7.4 and 4.8.4 unless otherwise
agreed between the vehicle manufacturer and the supplier.
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If the actual DUT operating signal sources are not available they may be simulated.

The DUT shall be placed on a non-conductive, low relative permittivity (dielectric-constant) material (sr < 1,4), at (50 = 5)
mm above the ground plane, unless the DUT case is connected to the chassis and has its own ground connection.

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

Unless otherwise stated for a specific test method, all harnesses shall be placed on a non-conductive, low relative
permittivity (dielectric-constant) material (er < 1,4), at (50 + 5) mm above the ground plane.

Unless otherwise specified in the test plan, all loads, sensors, etc. are connected to the ground plane using the
shortest possible length.

NOTE: To minim
DUT and
ground pl

45 CCC Metho)

451 General

The CCC method is suitable for coupling the fast transient pulses, particularly for DUTs with a m

number of leads tq
45,2 Generato

The transient pul
Verification shall i

45.3 Transient
The transient puls

The transient pul
Q attenuator whic
coupling clamp du

NOTE: The open
voltage, d

ze extraneous capacitive coupling to the DUT, it is advisable that the minimumddist
all other conductive structures, such as walls of a shielded enclosure (withthe
bne underneath the test set-up), should be more than 0,5 m.

d

be tested. It will not couple the slow transient pulses.
Verification

5e parameters (of Figures 11 and 12) shall be’verified prior to the test accordin
e performed with the 50 Q load condition only:

Pulses Level Adjustment

b generator shall be connected as shown in Figure 1.

e level is adjusted with a 50_Q input oscilloscope connected through a 50 Q coa
ring adjustment. Examplés of test severity levels are listed in Appendix E.

circuit voltage of the transient pulses generator is approximately twice the value d
e to 50 Q loadingof the attenuator and the oscilloscope.

ance between the
exception of the

oderate or large

g to ISO 7637-2.

ial cable to a 50

h is mounted to the coupling clamp as shown in Figure 1. There shall be no lines rguted through the

f the specific test
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Key

50 Q coaxial
CCC

ga B~ W NP

oscilloscope

454 DUT Test

transient pulses generator

cable (1 m)

50 Q attenuat

or
50 Q input)

Figure 1 - Set-up for transient pulses level adjustment - CCC method

The test method

DUT are installed| as agreed between the vehicle manufacturer and the supplier and documented in
coupling length is fL m.

The DUT 12/ 24

delivered by the [DUT to an auxiliary equipment (sensors, actuaters) shall be included in the CCQ.

equipment is loc
ground or supply |

The lines which a
single layer in thq
DUT lines.

The hinged lid of

positioned as flat as possible.

Twisted and shielg

The test conditior]
for a harness with

NOTE: For specigl applications a flat harness with maximum 10-20 lines inside the CCC may be agreq

plan.

sing the CCC is shown in Figure 2. The coupling circuit consists of a CCC through

supply lines (ground and supply) should not be included in the CCC. Any other gro

lly grounded, this local ground connection shall be excluded from the CCC. An
nes included in the CCC shall be stated in thedtest plan.

Fe included in the CCC shall be limited to*the maximum number of lines which can b
CCC (typically 10 to 20 lines); this myay require multiple tests to be performed in ¢

the CCC shall be placed as_flat as possible to ensure contact with the test harness

ed wire configurations-shall be maintained inside the CCC.

s for a DUT wijth-multiple connectors (single test on all the branches or test on ind
more than 10%e 20 lines shall be specified in the test plan.

which lines of the
the test plan. The

und or supply line
If the auxiliary
y exception about

e placed flat in a
rder to test all the

which should be

ividual branch) or

d upon in the test

The distance bety

reen the DUT and the CCC_and hetween Im:%riphc:uml devices and the CCC_shall be

greater or equal

than 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 gro

und plane and oriented 90° + 15° to the longitudinal CCC axis.

The DUT shall be placed on a (50 + 5) mm height insulating support.

The case of the DUT shall not be grounded to the ground plane unless it is intended to simulate the actual vehicle

configuration.

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.

NOTE: 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.
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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 1700 mm (+300 mm /0 mm).

Dimensions in millimeters

100

>

A-AZN90°

2 2300

= :
[ VAL NI LN AL

50 £5

1 3 10
Key
1 insulation support
2 DUT (groundi{g as specified‘in‘test plan)
3 insulating supports for test-harness
4  load simulator
5 ground plane
6 power supply
7 Dbattery
8 oscilloscope (50 Q input)
9 50 Q attenuator
10 CcCcC
11 transient pulses generator
12 lines to be tested
13 lines not to be tested

Figure 2 - Test set-up for CCC method — DUT test
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4.6

46.1 General

DCC Method

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

Table 2 - Capacitor values for DCC test method

Test pulse Capacitor value
Slow transient pulses 0,1 uF
Fast transient pulses 100 pF

The ch
least t

hracteristics of the non-polarized capacitors are defined as follows: tolerance of + 10 %, rating of.at

ce the maximum applied voltage, and dissipation factor less or equal than 1%.

4.6.2 Generato

Verification

The transient p

performing the test. Verification shall include measurement of open circuit and loaded conditions.

NOTE: When velifying fast transient pulse characteristics under open gircuit conditions, it is recom

1 kQ to

result wheén measuring a transient pulse with significantly Short transient pulse rise time an

open-circ
4.6.3 Transient

Prior to testing, t
levels are listed in

For slow tran

a high impedance passive probe.

For fast transi
to 50 Q adap
level is correc
coaxial cable

The generator grg
100 mm.

Ise parameters (of Figures 9, 10, 11 and 12) shall be. verified (per ISO

Q adapter, with an oscilloscope configured for 50 Q\input. This minimizes the os
it condition.
Pulses Level Adjustment

ne transient pulse level shall be adjusted at the output of the capacitor. Example
Appendix E.

sient pulses use the setup shoewn in Figure 3a. The transient pulse level shall b
ent pulses use the set@ip shown in Figure 3b. The output of the capacitor shall be con
er. The adaptor isconnected to an oscilloscope configured for 50 Q input. The mez
ted for this adaptor; The capacitor shall be placed in a shielded box which shall be gr

hall be connected to this box.

und shall(be bonded to the ground plane with a DC resistance < 2,5 mQ and a bond |

plan.

7637-2) prior to

mended to use a
cillations that may
l duration into an

s of test severity

a)

measured using

nected to the 1 kQ
sured peak pulse
bunded. The 50 Q

bngth of less than
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Key

N o ok~ WODN PR

Key

0 N o ok~ WN P

transient puls
high impedan
ground plane
connecting w
coupling capg
high impedar
ground conng

transient pulse
50 Q impedan
ground plane

50 Q coaxial ¢
coupling capal
1kQto 50 Q 4

es generator
ce input oscilloscope

ring

citor

ce passive voltage probe

ction (maximum length of 200 mm)

Figure 3A - Set-up for slow transient pulses level ddjustment - DCC method

| 5
L 1
| 1 s = H— 6 ====— 2
H—e
|

s generator
Ce oscilloscope

pble (maximum length of 500 mm)
Citor
ldapter

50 Q coaxial c

pie

ground connection (maximum length of 100 mm)

Figure 3B - Set-up for fast transient pulses level adjustment - DCC method

Figure 3
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4.6.4 DUT Test

The DCC method is shown schematically in Figure 4a (for slow transient) and Figure 4b (for fast transient). The length of
the harness shall be 1700 mm (+300 mm/0 mm).

For fast transient test, the generator shall be connected to the capacitor using a 50 Q coaxial cable with a length not
greater than 500 mm.

When using the DCC method, each DUT line is tested individually. However, when testing twisted and balanced
symmetrical lines (e.g., bridge audio, CAN communications), the DCC method shall be modified to excite all lines
identically at the same time (see Figure 5a for slow transient and Figure 5b for fast transient). Care shall be taken to
ensure that intended DUT signals are not distorted by Use of the DCC method.

The DUT shall bg placed on a non-conductive, low relative permittivity material (& < 1,4), at) (50 £[5) mm above the
ground plane. If the DUT is locally grounded (maximum length of 200 mm), then the DUT's~ground sppply line shall be
connected to the ground plane as defined in the test plan.

The case of the PUT shall not be grounded to the ground plane unless it is intended to simulate the actual vehicle
configuration.

For slow and fasf transient pulses test, the lines/harness shall be placed onavnon-conductive, low r¢lative permittivity
material (¢; < 1,4)|at (50 £ 5) mm above the ground plane.

Dimensions in millimeters

3 10 50 >100

- - - -

+300
4 1700 0

Key
transient pulses generator
DUT
wiring harness

ground plane

I/0 line under test

power supply

load simulator

high-voltage non polarized leaded capacitor (see 4.6.1)
injection line

© 00 N O Ol WN P

10 Insulation support with low relative permittivity material (& <1,4)
NOTE: For the value of the capacitor, see Table 2

Figure 4A - Test set-up for DCC method — Slow transients - DUT test
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Dimensions in millimeters

Key

© 00 N O Ol WN P

[EnY
o

11

NOTE:

1 + 9

"6 5 '8

+ I LY i i # :

6 7 | /. - i 2
- . g ‘ .
10 [50] 21V
+300
4 B 1700 0 n

) |

transient pulges generator

DUT
wiring harnes
ground plane
I/O line unde
power supply
load simulato

[

test

high-voltage hon polarized leaded capacitor (see 4.6.1)
50Q coaxial gable (length not greater than 500 mm)
Insulation sulport with low relative permittivity mater

Insulation su

port with low relative permittivity material (€ <1,4)
For the Value of the capacitor, see Table,2.

Figure 4B - Test'set-up for DCC method — Fast transients - DUT test

Figure 4
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Dimensions in millimeters

Key

DO 00 NO O~ WN P

transient puls
DUT

wiring harnes
ground plane
Balanced syn
power supply
load simulato
high-voltage

es generator

[

hmetrical lines

hon polarized leaded capacitor

Insulation support with low relative permittivity material (€ < 1,4)

The capacito
can still be cd

Figuré

1
; 1 i |
[
o
5 ‘c_; 8! 8&
[—.
@\u?uu\,’vv'qu ot :
7 I - 1 | 2 i fl
I /2 | \
3 9 50 100
+300
4 1700 0

values are selected to ensure)that the communication signals are not disturbed and that the
upled to these lines. For slow transient pulses test, the recommended capacitor value is 470 pF.

b 5A - Example of-test setup for balanced symmetrical lines - Slow transients - DU

ransient pulses

T test
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Dimensions in millimeters

Key

© 00 N O Ol W N P

D
o

transient puls
DUT
wiring harnes
ground plane
Balanced syn
power supply
load simulato
high-voltage

50Q coaxial g

es generator

[

hmetrical lines

=

hon polarized leaded capacitor

1 4
9
_ | A
[
o .
8§ 2 e 8
ol
i N 1 Vi L —
-+ eesccccccccesnce ”
6 - 7 . e, 2
| AR &Y
L 3 |
10 50 ' 100
+300
4 1700 0

able (Ilength not greater than 500 mm)

Insulation sugport with low relative permittivity.material (& <1,4)

The capacito
can still be cq

Figurg 5B - Example of test setup for balanced symmetrical lines - Fast transients — DU

values are selected to ensure that the communication signals are not disturbed and that the
upled to these lines. Far fast transient pulses test, the recommended capacitor value is 100 pF.

Figure 5

ransient pulses

T test
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4.7 I1CC Method
47.1 General

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 Adjustiment

The transient pulses, as described in Figures 9 and 10, applied to the injection probe andymeagured with a high
impedance oscillpscope according to the verification test set-up defined in Figure 6 shall“fulfil [the requirements
stated in Table 3.

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

The generator oufput voltage shall be adjusted by using the calibration fixture“described in Figure 6. Examples of test
severity levels arg listed in Appendix E. Information on the process used(for estimating the inductiye coupling factor
is described in Appendix F.

Table 3 - ICC - Characteristics of the coupled transient pulses

Parameters 12 V system 24 V system

ty {Us£30% 7 ps £30 %

<1,2us <1,2us
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L
:
]
L
2 [N
6 I /7 s

Key
transient pulsgs generator
high impedange oscilloscope
ICC

short circuit
calibration fixtyire (see Appendix B)
50 Q coaxial cpble

matching network (optional)

~N o OB WN B

Figure 6 - Set-up for transient pulses level adjustment - ICC method
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4.7.4 DUT Test

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.

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

The test conditiofis Tor a With multiple connectors (single test on all the branches or test on individual branch)
shall be specified |n the test plan.

The DUT shall be|placed on a non-conductive, low relative permittivity (dielectric-constant) material (¢, £ 1,4), at (50 = 5)
mm above the graund plane.

The case of the PUT shall not be grounded to the ground plane unless it is intended to simulate the actual vehicle
configuration.

The harness shdll be placed on a non-conductive, low relative permittivity “(dielectric-constant) material (& < 1,4),
at (50 + 5) mm abgpve the ground plane."

The length of the fparness shall be 1700 mm (+300 mm /0 mm).
Centre of the ICC ghall be placed (150 + 50) mm from the connector of the DUT.

For the ICC metHod, negative transient pulse polarity may, be achieved by reversing the injection probe on the wiring
harnesses.
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« |
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3 5 6 7
/
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2 !
N
1 —
— : [
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™
Key
1 DUT
2 transient pulges generator
3 Icc
4 load simulato
5  test harness {except DUT power lines)
6 DUT power lipes
7 Insulation support with low relative permittivity material (Or <1,4)
8 ground planeg
9 power supply
10 50 Q coaxial fable
11  matching netyvork (Qptional)
Figure 7 - Test set-up for ICC method — DUT test
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4.8 CIC Method

48.1 General

The CIC method uses actual switched inductive loads to produce both fast and slow and transient pulses with combined
positive and negative polarities. This is the result of mechanical and electromechanical switch contact arcing and contact
bounce. Transients produced in this manner have non-linear source impedances which can induce transient voltages and
currents via both capacitive and inductive coupling. Unlike the other three methods, 1/O line source/load impedances can

affect the dominant coupling mechanism and ultimately the actual transient disturbance seen by the DUT.

CIC also produces transient events that are random in occurrence.

This random behavior has been found to have

significant impact
align with certain

48.2 General V
The CIC method U
4.8.3 Transient
Unlike the CCC, C
4.8.4 DUT Test
The test setup usi
The DUT and any
The battery or po
may be placed on

The DUT power
be terminated to t

The transient puld
simulator. The wi
of the transient pu
transient pulse ge
The DUT and all g

Wiring not being t

fO MICroprocessor based DUTS. This IS Decause the transient events uming nas a_ g
ritical points in the DUT software execution.

erification
tilizes the test generator described in Appendix C.
Pulse Level Adjustment

CC, and ICC methods, there is no adjustment of transient pulse level.

ng the CIC is shown in Figure 8.

electronic hardware in the load simulator shall,be powered from a vehicle battery an
ver supply negative terminal shall be connected to the ground plane bench. The ba
the floor below or adjacent to the test bench.

hall be connected to the battery/power supply via Artificial Networks (AN). The DUT
e ground plane at the Load Simulator.

e generator shall be powered from a vehicle battery, separate from that used for
e length between the transient pulse generator and battery shall be less than 500 m
Ise generator shall be.connected directly to the ground plane. See Appendix C rega
herator.

psted shall-be bundled together and lie directly on the ground plane. The distance bet

wires and the test

fixturesshall be greater than 200 mm.

Prior to performi

PUT testing, configure the transient pulse generator for the required test pulse an

arts of the test-setup shall be a minimum of 100 mm from the edge of the ground plang.

eater likelihood to

/or power supply.
ery/power supply

power return shall

. The metal case
ding details of the

r}he DUT and load

a)

veen the untested

d test mode (see

Appendix C).

Without any DUT wiring present in the test fixture, verify the magnitude of the test pulse waveform

measured at the test point (see Figure 8) is comparable to pulse characteristics illustrated in Figures 14 and 15.

Place an individual DUT circuit wire, wire pair, or wire trio in the test fixture in the appropriate test slots documented in the
test plan (see 5.8 for slot description and usage).

Expose each circuit wire, wire pair or wire trio for a time agreed to between the vehicle manufacturer and the supplier (60

second duration
performance is no

is recommended). This information shall be documented in the EMC test plan.
t affected.

Testing shall be repeated with all test pulses and test modes.

Verify that DUT
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12

11
«— <200 ——M—
6 +
9
— l_
R (]  |[C
>200 mm
10
+ —

7 5
DUT
DUT circuit wife to be tested
DUT wire harrjess
Load simulatof (e.g., sensors, load, accessories), mounted as in the vehicle

Artificial netwg
Automotive bg
Automotive bg
Support and
CIC test fixture

Transient puls
cables. Case

Ground plane
Digital oscillos
a) High img

rk
ttery or linear power supply (Powers DUT and Load Simulator)
ttery (used for power to transient pulse generator)
onitor equipment
(See Appendix F)

P generator (see Appendix C for details of this generator). Generator connected to CIC test fixtu
pf generator {Skelectrically connected to the ground plane.

cope (See section 5.2)
edance probe (100X). Ground reference connected to ground plane

Pralie

re via 50 Q coaxial

b) Current

Insulation support with low relative permittivity material (& < 1,4)

Figure 8 - Test setup for CIC method
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5. TEST INSTRUMENT DESCRIPTION AND SPECIFICATION

5.1
The power supply

5.2

Power Supply

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

Oscilloscope

Unless otherwise specified, the oscilloscope and probes defined in ISO 7637-2 shall be used for these tests. The CIC test
method requires a 100X passive probe in addition to a current probe with a bandwidth > 10 MHz with a peak current

measurement cap

ability of 30 amperes or greater.

5.3 Transient P
5.3.1 General

The transient pul
ISO 7637-2.

The test voltage U
5.3.2 Slow Tran

The slow transier]
inductive loads, sU

The negative tran
and parameters a

5.3.3 FastTran
The fast-transieg
processes. The

The transient puls

Llse Generator (CCC, DCC, ICC Methods)

ses generator of ISO 7637-2 shall be used and the wave shapes. 'shall be veri

L Of ISO 7637-2 shall be setto O V.
sient Pulses 2a (Positive and Negative)

t pulses are a simulation of transient pulses which~oecur as a result of breaking th
ch as a radiator fan motor, air conditioning compressor clutch, etc.

Sient pulse may be realized by switching the @enerator output connection. The trang
e given in Figures 9 and 10.

bient Pulses 3a and 3b

nt pulses tests are a simulation of transient pulses which occur as a result

bs shapes and parameters are given in Figures 11 and 12.

ied according to

e circuit to larger

ient pulse shapes

of the switching

Characteristics of these transient pulses are influenced by distributed capacitance and inductance of
the wiring harnesd.
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s

90 %

10 %

g e

bl Iy t

Key
t time
U voltage, in volts

Parameters
Ug To be defined in test plan
t, < 1lys
ty 0,05 ms
ty 05sto5s
R; 20

Figure 9+ Slow transient pulse - Positive 2a
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U
h 2
ov
10 % /——
90 % X
US
t, f
Key
t time
U voltage, in volts
Parameters
Usg To be defined in testyplan
t, < 1ps
ty 0;05 ms
ty 05sto5s
R 20

Figure 10 ¢Slow transient pulse - Negative 2a
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U o I3 Iy
f. ls
OV H
10% }
LY ¥
80% |
U -
- - lrr f
Key
t time
U voltage, in volts
Parameters 12 V system 24V system
Ug See Table B.1 See Table B.2
t (5+15)ns (5+1,5)ns
ty (0,15 £ 0,045) ps (0,15 £ 0,045) ps
ty 100 us 100 us
ty 10 ms 10 ms
t5 90 ms 90 ms
Ri 50 Q 50 Q

Figure 11 - Fast transient pulse 3a
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U i
l
U
20% |
see
10% L |
ov |\
4|t
fy ls
Key
t time
U voltage, in volts
Parameters 12 V system 24V system
Ug Sée Table B.1 See Table B.2
t, (5+1,5) ns (5+1,5)ns
ty (0,15 +0,045) us | (0,15 +0,045) ps
ty 100 ps 100 ps
ty 10 ms 10 ms
tg 90 ms 90 ms
Ri 50 Q 50 Q
Figure 12 - Fast transient pulse 3b

5.4 Transient Pulse Generator (CIC Method)

The transient pulses used for the CIC method are generated via electromechanical switching of an inductive load.
Transients created from this approach are unique because they are highly affected by a number of factors including but
not limited to resistive/capacitive loads sharing the same circuit as the switched inductive load. Also, consecutive
transient pulses produced in this manner can vary in both magnitude and event duration as compared to test pulses used
for CCC, DCC and ICC methods.
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5.4.1 General

Three types of transient pulses can be produced during the switching of the inductive load. Figure 13 illustrates a
simplified automotive circuit consisting of a mechanical switch (SW1) used to activate or deactivate the inductive load
(e.g., power door lock). Lwi and Lwz represent the series wiring inductance between the battery/SW1 and battery/DUT.
The load inductance "L" is significantly greater than the inductance of the wiring, which is typically 1 uH/meter. The
capacitance “C” represents an external capacitance due to the wiring and/or other reactive loads sharing the same circuit
as the inductive load. The capacitor may also represent the filter capacitor of the inductive load.

Lw<<L Coupled Length

< 1m >

v ! ' : h T
N p ! ! DUT
I RA
* I 1 .
* leatT Pulse A ! 1 Inductive
-l ]
- Pulse B1/B2" “7 % ¢  1-0%
]

I 1
[ Sp——
oo™ /d/////////#///////////////////////////////////////)’f///

*
See Figure 8 regarding measurement location for these transient pulses
Figure 13 - Simplified automotive circuit for transient immunity

Presence or absepce of this external capacitance can affect the characteristics of the transient wavefofms produced. In
general, these wapeforms can be represented by three transient pulses. They are:

Transient Pulse A

Occurs when therg is a switched inductive lgadwith no parallel external capacitance is present

Transient Pulses B1 and B2

Occurs when therg is a switched. inductive load in parallel with an external capacitance. The value of the capacitance is
100 nF.

5.4.2 Transient|Pulse A
Transient Pulse A is illustrated in Figure 14. The characteristics of this transient, which is due to arcing during contact
opening, consists ef high frequency repetitive pulses with peak positive voltages levels between +100 tp +300 volts and
peak negative valtage levels between —280 to —500 volts. Duration of individual pulses may vary between 100 nsec to
1 usec. Duration of the full transient event may vary between 100 — 500 usec. The variations in voltage magnitude
and pulse/event duration occur between consecutive transient events thus producing the random behavior exemplified
by this test method (see 4.8.1)

5.4.3 Transient Pulses B1 and B2

Transient Pulse B1 and B2 is illustrated in Figure 15. The characteristics of these transients, which is due to the external
capacitance, are dependent on the actions of the switch contacts.

Pulse B1 is produced when the switch opens and there is no contact arcing. This transient pulse is characterized by a
damped sinusoidal transient of approximately 2 kHz. The frequency is the result of the resonant circuit formed between
the load inductance “L” and the parallel 100 nF capacitor. The peak positive voltage level is approximately 150 volts and
the peak negative voltage level is approximately —250 volts. Associated peak current levels are less than 2 amperes.
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Pulse B2 is produced as the result of contact bounce when the switch is closed. This transient pulse is characterized

by higher frequency, damped sinusoidal transient of approximately 180 kHz.

The frequency is the result of the

resonant circuit formed between the wiring inductance “LW1” and the parallel 100 nF capacitor (see Figure 13). The
peak positive voltages level is approximately 150 volts and the peak negative voltage level approximately —200 volts.
Associated peak-peak current levels are approximately 30 amperes. Duration of the full transient event may vary
between 100 — 500 usec. The variations in voltage magnitude and pulse/event duration occur between consecutive
transient events thus producing the random behavior exemplified by this test method (see 4.8.1).

When attempting to measure Pulse B2, with an oscilloscope, it is recommended to trigger on the transient current.

5.4.4 Test Modes for Transient Pulses A, B1 and B2

Generation of tral

Mode 1: Tran

Mode 2: Tran

Figure 16 illustrat
the timing sequer

agreed between the vehicle manufacturer and the supplier.

5.45 Transient

The generator us

regarding the con

generator’s electri
bench.

50 Q coaxial cab

coupling fixture. A

5.4.6 Transient

The transient pulg
generator for high
the same steady §
switch technologyf
magnitudes may |

SIENT pPUISES A, B1 and B2 dUTNY CIT estNg are faciitated using two different test mo
sient pulses are applied as single events in a pseudo-random timing sequence:

sient pulses are applied as using pseudo- random bursts.

bs the pulse timing sequence and the resulting transient pulse events. The minimum
ce is 50 msec. Longer times may be selected in addition to different timing seque
Pulse Generator for Pulse A and B

bd to produce transient pulses A, B1 and B2 is illustrated in Appendix C. Informatio

figuration settings to produce each waveform in<addition to the test mode. Figure
cal circuit. All components shall be packaged in:@metal enclosure which is grounded

es (RG 225 or equivalent) less than 1.meter in length shall be used to connect thg
n external arbitrary signal generator is:tsed to generate the pseudo- random timing s¢

Pulse Generator Modifications for-Higher Voltage Systems

e generator design shown in" Appendix C is limited to testing of 12 volt systems. |
er voltage systems (e.qg., 24, 42 volt) is possible but requires modification or resistor
tate current as for thel'2-volt system. More critical, is knowledge of the mechanical/
used because that can have a significant impact on transient voltage characteristi
e two to three times greater depending on the switch technology used.

es.

time “T” shown in

hces, but shall be

h is also provided
C.2 illustrates the

directly to the test

generator to the

pquence.

Wodification of the

R2 so as to yield

electromechanical
CS.

Peak voltage
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usec

Pulse A

R R el sl

200
200 e------

0

200 1-------
200 4-------
-4

s)|op,

usec
A e L

FUIsSt A (DELAIT)

Transient pulse A characteristics

Figure 14
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T 5T T 2T T T T T 3T T TT
Pulse Timing
Sequence
T T 5T T T 3T T T T 5T T
T =50 msec
Modle 1
Modle 2

Figure\16 -Test mode characteristics
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5.5 CCC Fixture

The CCC, as defined in Appendix A, can be made, for example, of brass, copper or galvanized steel. The characteristics of
the CCC are as follows:

e typical couplin
[ )

g capacitance between cable and clamp is around 100 pF;

applicable diameter range of harness: 4 mm to 40 mm;
transient pulse voltage insulation strength: = 200 V;

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

5.6 DCC Fixture

The DCC fixture i

5.7 ICC Fixture
The ICC is a bul
transient pulses i
equipment.

5.8 CIC Fixture

The CIC method
dependent on the
fixture is to test i
shielded wiring in

The source wire,
DUT circuit wire i
source wire. Thi

a non-polarized capacitor with characteristics defined in Table 2 subclause 4.6)1.

K current injection (BCI) probe which is suitable for this test. It ‘provides the mean
to the circuit under test without any galvanic connection to, the*DUT, wiring harneg

Ises a special coupling fixture that facilitates both.eapacitive and inductive coupling d
impedance of the DUT and its attached peripheral electrical loads. Although the inte
ndividual DUT circuit wires, the fixture will also facilitate testing of wire pairs, twist
pddition to 3-wire circuits (e.g., sensors). Figure 17 illustrates how this fixture may be

ocated in Slot A, is connected to the\transient pulse generator detailed in Appendix
5 placed in Slot A for testing. However, Slots B and C may be selected to reduce t
5 approach may be desirable. if the DUT wiring spacing is controlled within the ac|

harness. Selection of which test slot to use shallbe agreed between the vehicle manufacturer and the su

Slots A, B and C
diameter is not gr
and B. SlotC is a

Details concerning

are also enough to accommodate tapped wire pairs or twisted wire pairs as long
bater than 6 millimetérs.” Wire pairs that are not taped or twisted may be individually
vailable to testing-3-wire DUTSs (e.g., sensors).

the physical,construction of the CIC test fixture are found in Appendix D.

5 of coupling the
s and/or auxiliary

f transient pulses
nded usage of the
bd wire pairs and
used.

~
-

Normally each
he coupling to the
tual vehicle cable

pplier.

as the maximum
located in Slots A
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] ) s
7 B | e =
. /
- -

.
b

Key
1.DUT 6.CIC Test Fixture: Slot B
2.Load Simulator {see section 4.3) 7.CIC Test Fixture: Slot C
3.CIC Test Fixturd 8.DUT Test Harness (wiring not-being tested)
4.CIC Test Fixturd: source wire 9.DUT Wire under test

5.CIC Test Fixturq: Slot A

Figure 17 - CIC coupling fixture
6. NOTES
6.1 Revision Inglicator
A change bar (I) Ipcated in the left margin is for the:convenience of the user in locating areas where téchnical revisions,
not editorial chan*es, have been made to the .prévious issue of this document. An (R) symbol to the left of the document

title indicates a cpmplete revision of the document, including technical revisions. Change bars and (R) are not used in
original publicatiofs, nor in documents that contain editorial changes only.

PREPARED BY.-THE SAE EMI TASK FORCE OF THE EMC STANDARDS COMMITTHE
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APPENDIX A
(normative)

CCC Test Fixture

1

PTANN

-t

1N

DN

N

1250 £1,2
1000 +0,8 4
/4
) i v
(=1 (=2
+b +
/ N L RS
l’ ra o ~ m
// 1200 £1,2
X? A V4
2 X® 1
-
2 A
+ +1
g S| @
27 £0,2 27 20,2
40 £0,3 1000 100 25 40203 1000 100 25
2 2
I [ A < I [ A
< |
m X
o b Y %\
: \ B2 - N
M-J )’— T = =
K \ <1
z \ L . L /
/ I ( 7 - \E ( y,
1 5 1 5
a) b)
Key
1.Insulating material 4.Ground plane
2.Hinge 5.Coaxial connector

3.Coupling plate
NOTE

The input and output of CCC structure are selectable as shown in a) and b).

Figure Al - Capacitive coupling clamp
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B.1

CALIBRATION FIXTURE USED FOR THE ICC TEST METHOD

APPENDIX B

(normative)

Figure A1 shows an example of a calibration fixture used for the ICC test method. The physical size of the calibration
fixture shall be compatible with the injection probe to be calibrated.

Key

2N S o

insulation
removable me
current injectig
coaxial conne
test fixture out]
test fixture inn

n probe

tor

er conductor
br conductor

fal cover (test fixture outer conductor)

2
i" > '-.'_'_'o' 5
4 | ) 4
AN
>
AAAAAAAA | L\
> .a ——— - _— ..N ........
[ { ! A \\_,
‘ 5
5 0 . 1

Figure B1 - Example of calibration fixture (jig)
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APPENDIX C
(normative)
C.l TRANSIENT PULSE GENERATOR FOR CIC TEST METHOD
The transient pulse generator used to produce test pulses for the CIC test method is shown in Figure C1. The transient
pulse generator is comprised of the test generator and attached arbitrary waveform generator. Also shown are the switch
configuration settings to select pulses A, B1 or B2 in addition to the test mode. Figure C2 illustrates the generator’s

electrical circuit. All components shall be packaged in a metal enclosure which is grounded directly to the test bench.

50 Q coaxial cables less than 1 meter in length shall be used to connect the generator to the coupling fixture. An external
arbitrary signal geperator Is used 10 generate the pseudo- random tming sequence.

The transient pulsg generator design is limited to testing of 12 volt systems. @

Coupling Fixture

Cables < 1 meter in length

\ Connect Generatorto
Fixture with 50 ohm Coaxial
B c
X 7

: BNC
| Connectors
A
) Connect test generator
’ ‘,;'eﬂ""e Test Generator Metal case di?ectly to
attery
- Metal Enclosure test setup ground plane

¢l 0.0 O (¥

L o .j
SWo SWi SwW2

G D

L<500mm ARB | | | | |

ARB: Arbitrary Signal Generator

Pulse Mode SW1 SW2
1 Closed Open
Pulse A
2 Open Open
Pulses B1 1 Closed Closed
and B2 2 Open Closed

* SWO is used to activate or deactivate the transient pulse generator operation

Figure C1 - CIC transient pulse generator
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