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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
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Road vehicles — Electrical disturbances from conduction and

co

upling —

Part 2:
Electrical transient conduction along supply lines only

1

Scope

This| part of 1ISO 7637 specifies test methods and procedures to ensure the'€ompatibility t

elec
elec
appl
engi

Iical transients of equipment installed on passenger cars and commercial-vehicles fitted with
ical systems. It describes bench tests for both the injection and /measurement of trar
cable to all types of road vehicles independent of the propulsion system (e.g. spark ignit
ne, electric motor).

Fungtion performance status classification for immunity to transienfs.is given in Annex A.

2

The

Normative references

references, only the edition cited applies. For wndated references, the latest edition of thg
docyment (including any amendments) applies;:

ISO

/637-1, Road vehicles — Electrical disturbances from conduction and coupling — Part 1: Dg

gengral considerations

3

Terms and definitions

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

4

4.1

[Test procedure

General

following referenced documents are indispensable for the application of this documeni.

b conducted
12 Vor24V
sients. It is
on or diesel

For dated
referenced

finitions and

MethHods' for measuring the transient emission on supply lines and test methods for the immunif
against such transients are given. These tests, called “bench tests”, are performed in the laboratory.

y of devices

The bench test methods, some of which require the use of the artificial network, will provide comparable
results between laboratories.

A bench test method for the evaluation of the immunity of a device against supply line transients may be
performed by means of a test pulse generator. This may not cover all types of transients which can occur in a

vehi

cle; therefore, the test pulses described in 5.6 are characteristic of typical pulses.

In special cases, it may be necessary to apply additional test pulses. However, some test pulses may be
omitted if a device, depending on its function or its connection, is not influenced by comparable transients in
the vehicle. It is part of the vehicle manufacturer's responsibility to define the test pulses required for a specific

devi

ce.
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4.2 Test temperature and supply voltages

The ambient temperature during the test shall be (23 = 5) °C.

The supply voltages shall be as shown in Table 1 unless other values are agreed upon by the users of this
part of ISO 7637, in which case such values shall be documented in the test reports.

U, is the supply voltage defined in Table 1, which shall be measured at the output of the pulse generator.

Nominal 12 V system | Nominal 24 V system
Supply voltage
\% \%
Un 13,5+ 0,5 27 +1
4.3 Voltage transient emissions test
4.3.1 Geng¢ral
This clause| defines a test procedure to evaluate automotive electricalyand electronic components for
conducted emissions of transients along battery fed or switched supply‘lines of a device under test (DUJT). A
DUT which jis considered a potential source of conducted disturbances should be tested according t¢ the
procedure described in this clause.
Care shall be taken to ensure that the surrounding electromagnetic environment does not interfere with the
measureme]vt set-up.
The test method applies to DUT with or without internal_ mechanical or electronic switch driving inductive Ipads.
Voltage transients from the disturbance source,-the DUT, are measured using the artificial netwofk to
standardize the impedance loading on the DUT(see 5.1).
All wiring cohnections between the artificial network, switch, and the DUT shall be spaced (50 + 5) mm apove
the metal grpund plane.
The cable s|zes shall be chosef-in accordance with the real situation in the vehicle, i.e. the wiring shall be
capable of handling the opefating current of the DUT, and as agreed between vehicle manufacturer and
supplier.
Grounding gf the DUT case to the ground plane shall reflect the vehicle installation and shall be defineq in a
test plan.
If no requiregments are specified in the test plan, then the DUT shall be placed on a non-conductive marterial
(50 + 5) mm above the ground plane.

Table 1 — Supply voltages

The supply voltage U, and the disturbance voltage shall be measured (see 4.3.2 and 4.3.3 for measurement
guidance) using a voltage probe (see 5.5) and an oscilloscope or waveform acquisition equipment.

For values, see Annex B.

DUT operating conditions of particular interest in the measurements are the switch-off and the exercising of
the various operating modes of the DUT. Exact operating conditions of the DUT shall be specified in the test

plan.

NOTE

Measurements at turn-on can be of interest in some instances.

© 1SO 2011 — All rights reserved
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The sampling rate and trigger level shall be selected to capture a waveform displaying the complete duration
of the transient, and with sufficient resolution to display the highest positive and negative portions of the
transient.

Utilising the proper sampling rate and trigger level, the voltage amplitude shall be recorded by actuating the
DUT according to the test plan. Other transient parameters, such as rise time, fall time, transient duration, etc.
may also be recorded. Unless otherwise specified, ten waveform acquisitions are necessary. It is necessary to
report only the waveforms with the highest positive and negative amplitude (with their associated parameters).

The measured transient shall be evaluated in accordance with Annex B. All pertinent information and test
results shall be reported. If required per test plan, include transient evaluation results with respect to the
perfgrmmance objective as specified i thetestptam:

The ftest applies to an inductive load (such as power window, power seat, relay, electric-firror) etc.) with a
largq inductance or a high load current, which connects to the vehicle power supply, or a DUT wHich switches
suchlan inductive load.

If anjinductive load has a small inductance or a low load current and is driven by\ar internal regulated voltage

(e.g.|5 V), which is isolated from the vehicle power supply, the test is not applieable unless specified in a test
plan

4.3.21 Test set-up for slow pulses
The fest set-up is described in Figure 1 a).

The disturbance source is connected via the artificial network™to the shunt resistor R (see 5.2), the switch S
(see[5.3) and the power supply (see 5.4).

The pwitch S represents the main switch (e.g. ignition switch, relay, etc.) which supplies the DUT and could be
located at several metres from the DUT.

In the case of a DUT having an internal mechanic and/or electronic switch driving inductive load,[the test set-
up described in Figure 1 a) is applicable.with the DUT internal switch closed (DUT inductive logads powered
when opening switch S).

Depg¢nding on the DUT internalrswitch type (relay, electronic switches, IGBT, etc.) it may not bg possible to
ensyre a controlled closure of the internal switch. The detail state of the internal switch(es) shall|be recorded
in th¢ test report.

Trangients generated®y*the supply disconnection of the DUT are measured at the moment of|opening the
switgh S (the switch'S)is operated in order to generate transient disturbance).

© 1SO 2011 — All rights reserved 3
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Dimensions in millimetres
Drawing not to scale

<500 o

N

42

<500 200 +50

p) Transient emission test set-up to measure slow,pulses (ms-range or slower)

Figure 1 — Transient emission test set-up to measure pulses (continued)

4.3.3 Test|set-up for fast pulses
The test set{up is described in Figure 1 b)for DUT without internal switch.

The disturbgnce source is connected\via the artificial network to the shunt resistor R (see 5.2), the swijch S
(see 5.3) angl the power supply (see 5.4).

Transients denerated by the~supply disconnection of the DUT are measured at the moment of opening the
switch S (thg switch S is aperated in order to generate transient disturbance).

4 © 1SO 2011 — All rights reserved
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Dimensions in millimetres

Drawing not to scale

The

b) Transient emission test set-up to measure fast pulses (ns to ys range)

Figure 1 — Transient emission-test set-up to measure pulses (continued)
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for DUT without.internal switch

est set-up is described in Figure.1°¢) for DUT with internal switch.

The Histurbance source is conngcted via the artificial network to the shunt resistor Ry (see 5.2) and the power
supply (see 5.4).

In th
for th

s case the internakswitch shall be operated in order to generate transient disturbance (therg is no need

e switch S).

Trangients generated by the supply disconnection of the DUT are measured at the moment of|opening the
interpal switch, (the switch is operated in order to generate transient disturbance), with the probe donnected as
to the"DUT terminals as possible.

closd
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Dimensions in millimetres
Drawing not to scale
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1 oscilloscq
2 voltage p
3 artificial n|
4 DUT (sol
5 ground pl
6 powersu
7 ground cq
Rs shuntres
S switch, ag
Up supply v
NOTE F
@  Optionally
b With inted

4p

200 +50

pe or equivalent

obe

etwork

rce of transient)

Bne

Dply

nnection; length <100 mm
stance, as specified in 502
specified in 5.3

bltage

br A, B, and Ry, See Figure 3.

hal Jload and switch.

4.4 Transient immunity test

441

Location of the DUT

c) Transient emission test set-up to measure fast-pulses (ns to ys range)
for DUT with internal switch

with internal switch driving inductive load.

o “ . L
Figure-t—Transient-emission-test-set-up-tomeasurepuises

200 +50

The DUT shall be placed on a non-conductive low relative permittivity (& < 1,4) support with a thickness of

(50 £ 5) mm.

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

test plan.

© 1SO 2011 — All rights reserved
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4.4.2 Location of the power supply lines
For test pulses 3a and 3b, the leads between the terminals of the test pulse generator and the DUT shall be

laid out in a straight parallel line on a low relative permittivity (& < 1,4) support with a thickness of (50 £ 5) mm
and shall have a length of (500 + 100) mm.

4.4.3 Location of the load simulator

Preferably, the load simulator shall be placed directly on the ground plane. If the load simulator has a metallic
case, this case shall be bonded to the ground plane.

Alterpatively, the load simulator may be located adjacent to the ground plane (with the case| of the load
simujator bonded to the ground plane).

444 Test set-up

Priorn to test with the DUT, the test pulse generator is set up [see Figure 2 a)] to-provide the specific pulse
polarity, amplitude, duration and resistance without DUT (see 5.6). The peak voltage U, shall bg adjusted to
be the required test level with the tolerances of +10 % and 0 %.

a) Pulse adjustment

P
®
<

('Q(‘i”nQr‘in Qr pnlui\/alpnf

voltage probe

test pulse generator

DUT disconnected

ground plane

DC power ground connection; maximum length for test pulse 3 is 100 mm

load simulator (connected to ground plane if required)

interconnect cable routed away from DUT power leads under test to avoid coupling
load simulator ground (if required)

O© 00 N O O b~ WON -~

Figure 2 — Transient immunity test set-up (continued)
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Next, the DUT is connected to the generator [see Figure 2 b)] while the oscilloscope is disconnected.

Depending on the real conditions, the function of the DUT may be evaluated during and/or after the
application of the test pulses.

For correct generation of the required test pulses it may be necessary to switch the power supply on and off.
The switching can be performed by the test pulse generator if the power supply is integral to it.

oscillosca
voltage p
test pulse
DUT

ground pl
DC powe
load simu
interconn
load simy

b) Pulse injection

pe or equivalent
obe disconnected
generator

Bne
ground connectionpmaximum length for test pulse 3 is 100 mm

lator (connected to ground plane if required)

bct cable routedvaway from DUT power leads under test to avoid coupling

lator ground (if required)

Figure 2 — Transient immunity test set-up

© 1SO 2011 — All rights reserved
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5 Test instrument description and specifications

5.1

Artificial network

The artificial network is used as a reference standard in the laboratory in place of the impedance of the vehicle
wiring harness in order to determine the behaviour of equipment and electrical and electronic devices. An
example of a schematic diagram is given in Figure 3.

Key

Q o

The
DUT]

The

are 9
realif
Figu

The

ower supply terminal
lommon terminal
apacitor

erminal for the DUT
bsistor

Figure 3 — Example of a schematicdiagram of artificial network

artificial network shall be able to withstand a*continuous load corresponding to the require

resulting values of impedance | Zpp , measured between the terminals P and B while termi
hort-circuited, are given in Figure4 as a function of frequency assuming ideal electric con
y, the impedance of an artificial network shall not deviate more than 10 % from the cu
e 4.

main characteristics of the components are as follows:

nductor: L = 5 yH<air-core winding);

nternal resistance between terminals P and A: <5 mQ;

Capacitor: C = 0,1 yF for working voltages of 200 V AC and 1 500 V DC;

ments of the

hals A and B
nponents. In
rve given in

resistor- R=500
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IZ PBI A
50 ///’
//
40 7
30 //
/|
/
20 v
10 //
0 >
10° 10° 10’ 108
s
Key
| ZpB | impefance (Q)
f freqyency (Hz)
Figure 4 — Impedance | Zpg | as a function of frequéncy from 100 kHz to 100 MHz
(AB short-circuited)
The artificial|network shall be placed on the ground plane. The common terminal on the power source end of
the artificial hetwork shall be connected to the greund plane as shown in Figures 1 a), 1 b) and 1 c).
5.2 Shunf resistor R,
The shunt rgsistor R [see Figures 1 &),,1’b) and 1 ¢)] simulates the impedance of other vehicle devices which
are connected in parallel to the DUT and are not disconnected from it by the ignition switch. R is selected to
correspond fo the mean impedanee on the wiring harness between the disconnected ignition switch terminal
and ground,| with the switch off,»and shall be specified by the vehicle manufacturer. In the absence of any
specification], a value of Rg< 40 Q shall be used. If a wire-wound resistor is used, the winding shall be bifilar
(i.e. with a mjinimum reactive component).
NOTE To simulate:tie worst case condition, Rg can be disconnected.
5.3 Switc|h S

The switching device S shall be located as shown in Figures 1 a), and 1 b). If the wiring between switch and
load is long in the vehicle application (several meters), then using the slow set-up is adequate. If this is not the
case, using the fast set-up is more appropriate. In either case, only the fast set-up is appropriate to measure
the fast transients that may be generated by an opening relay.

The switch on the DUT side of the artificial network shall be actuated for the measurement of fast transients
(t4 = ns to ys range).

The switch on the power supply side of the artificial network shall be actuated for the measurement of slow
transients (74 ~ ms range).

10
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As the switch S significantly influences the disturbance transient characteristics, the recommended switching
devices are outlined as follows.

a) For the measurement of high voltage transients (with amplitudes over 400 V), the switching device should
be a standard production switch that is used in the vehicle with the DUT. If such a device is not available,
an automotive relay with the following characteristics shall be used:

— contact rating: 7 = 30 A, continuous, resistive load;
— high purity silver contact material;

— no suppression across relay contact;

— Ppingle/double position contact electrically insulated from the coil circuit;
— poil with transient suppression (to minimize the effect on measured transient emissions):
NOTE This switching relay tends to degrade with use and needs to be replaced.

b) An unequivocal assessment of the disturbance is only possible if a switch with’ reproducible [properties is
Lised. For this purpose, an electronic switch is proposed. It is probable thatyamplitudes of disjurbance are
higher than those normally encountered with conventional switches (arcing). This shall be taken into
hccount when evaluating test results. The electronic switch is very appropriate for controlling| the function
pf suppressors used. For the measurement of lower voltage trapsients (with amplitudes less|than 400 V)
such as those produced by sources with transient suppressions; the switching device is recommended to
be an electronic switch with the following characteristics:

— Voltage rating: Umax. =400 V minimum at 25 A;

— purrent rating: Imax. = 25 A minimum continuously, 100 A for Ar < 1's;
— oltage drop: AU <2V at25A;

— pupply voltages: see Table 1;

— pwitching time: Atg = 300 ns £ 20; % at 13,5 V with reference load R = 0,6 Q, L = 50 yH (af 1 kHz);
— [rigger: internal and external;
— poltage probe: 1:100.

The pwitch shall withstand @ short-circuit condition.

Somg electronic switches may include an artificial network according to 5.1 and Figures 3 and 4. In this case it
shalllbe possible to.bypass it and use an external artificial network.

The pwitch selégted for the test shall be defined in a test plan and documented in the test report.

5.4 | Power supply

The continuous supply source shall have an internal resistance R, less than 0,01 Q DC and an internal
impedance Z; = R, for frequencies less than 400 Hz. The output voltage shall not deviate more than 1V from
minimum to maximum load (including inrush current) and shall recover 63 % of its maximum excursion within
100 ps. The superimposed ripple voltage, U,, shall not exceed 0,2 V peak-to-peak. If a standard power supply
(with sufficient current capacity) is used to simulate the battery, it is important that the low internal impedance
of the battery is also simulated.

When a battery is used, a charging source may be needed to achieve the supply voltage U, (see Table 1).

CAUTION — If a test is performed while the battery is being charged, care should be taken to minimize
the accumulation of hydrogen gas in order to avoid the risk of explosion.

© 1S0 2011 — All rights reserved 11
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5.5 Measurement instrumentation

A digitizing oscilloscope, or equivalent waveform acquisition equipment with voltage probes, shall be used as
measuring equipment along with the following parameters:

— bandwidth: DC to at least 400 MHz;

— sampling rate: at least 2 Gigasamples per second (single sampling mode).

Probe characteristics:

— attenuation: 10/1 (100/1, if needed);
— maximum input voltage: 500 V (1 000 V, if needed);
— bandwidth: DC to at least 400 MHz;
— input impedance: Z>1MQatDC.

5.6 Test pulse generator for immunity testing

The test pul$e generator shall be capable of producing the open circuit test pulses.described in 5.6.1 to p.6.4
at the maximpum value of |Ug|. Uy shall be adjustable within the limits given in Tables 2 to 6.

The timing () tolerances and internal resistance (R,;) tolerance shall be +20'%' unless otherwise specified.
A verification procedure for the generator performance and tolerances is described in Annex C.

Example values for the evaluation of immunity of devices can be‘chosen from Tables A.1, A. 2 and A.3.

5.6.1 Test|pulse 1
This test is @ simulation of transients due to supply disconnection from inductive loads; it applies to a DUT if,
as used in the vehicle, it remains connected directly in parallel with an inductive load (see Figure .1 in
Annex E).

The pulse shape is given in Figure 5.

The parameters are given in Table,2,

\Y t,
t3
Ua
=0
0.1 ”:»———7«(— ———————————— »————/5— ;

Us

09 Us|

Figure 5 — Test pulse 1

12 © 1SO 2011 — Al rights reserved
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5.6.2

Puls
DUT]

Puls
(see

The
resp

Parameters Nominal 12 V system | Nominal 24 V system
Us -75V to-150 V -300V to -600 V
R; 10Q 50 Q
tq 2ms 1ms
0 0
I (1 0s) bs (3 _5) bs
142 =>0,5s
£ 200
try 266-ms
15° <100 s
@ 4, shall be chosen such that it is the minimum time for the DUT to be correctly
initialized before the application of the next pulse and shall be >0,5 s.
b t3 is the smallest possible time necessary between the disconnection 6f-the
supply source and the application of the pulse.

Test pulses 2a and 2b

Figure E.2 b) in Annex E).

b 2b simulates transients from DC motors acting as: generators after the ignition is

b 2a simulates transients due to sudden interruption of currents in a device connected in parpllel with the
due to the inductance of the wiring harness (see Figure E.2d) in Annex E).

switched off

pulse shapes and parameters for these test pulses are given in Figures 6 and 7, and Tables 3 and 4,

pctively.
Vi t,
td
tr
0,9 Ug
(7
)
0,1 Ug
T U,
0
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Table 3 — Parameters for test pulse 2a

14

Parameters Nominal 12 V and 24 V system
Us +37 Vto+112V
Ri 20
lq 0,05 ms
I (1 95) s
2 0,2sto5s
a fits 4 b loavctal H 4l HPN Tl £
Fre—repetitiortime—rrean-be-shertdependingenthe-swiching—Fhetse-of 8
short repetition time reduces the test time.
V ty
t12
U
Ao U,
0,9 Ug—
()
)
0,1 Up
-—0
b t
Figure 7 — Test pulse 2b
Table 4 — Parameters for test pulse 2b
Parameters Nominal 12 V system | Nominal 24 V system
Us 10V 20V
R 0Qt0 0,050
tq 02sto2s
112 1ms+0,5ms
tr 1ms+0,5ms
ts 1ms+0,5ms
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These test pulses are a simulation of transients, which occur as a result of the switching processes. The

characteristics of these transients are influenced by distributed capacitance and inductance of the wiring
harness (see Figure E.3 in Annex E).

The pulse shapes and parameters for these test pulses are given in Figures 8 and 9, and Tables 5 and 6,

“TAAANANNS /17 )

Figure 8 — Test pulse 3a

Table 5 — Parameters for test pulse 3a

Parameters Nominal 12 V system | Nominal 24 V system
Us -112Vto-220V -150 V to -300 V
R, 50Q
tq 150 ns £ 45 ns

Iy

5ns+1,5ns

I

100 us

I4

10 ms

I5

90 ms

© 1SO 2011 — All rights reserved
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Vi
ty
(2
=)
Un B LRIV S N . L \ A\
O o
t, ts t

Table 6 — Parameters for test pulse 3b

Figure 9 — Test pulse3b

Parameters

Nominal 12 V system

Nominal 24 V system

Us

+75V to +150 V

+150 V to +300 V

R

50 Q

lq

150 ns +

45 ns

iy

5ns+1

,5ns

I

100 ps

I4

10 ms

I5

90 ms

5.6.4 Note on test pulses 4, 5a, and 5b

The test pulses 4, 5a, and 5b have been removed from this edition of this part of ISO 7637, since they are
specified in ISO 16750-2 and ISO 21848.

16
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(informative)

ISO 7637-2:2011(E)

Example of test pulse severity levels associated with function

A.1 General

performance status classification

This|annex gives examples of test pulse severity levels which should be used in line with:the

funclion performance status classification (FPSC) described in ISO 7637-1.

A.2| Classification of test pulse severity level

A2

The puggested minimum and maximum severity levels are given in column Il and IV in Tables A.1

A sdlected level and test time for testing at or in between thesewalues may be chosen accq

principle of

and A.2.

rding to the

agrepment between vehicle manufacturer and supplier. In cases' where no specific values are fefined, it is
recojmmended to use levels selected from columns Il throughhlV in Tables A.1 and A.2.
A.2.2 12V electrical system
The fecommended levels are given in Table A.1.
Table A.1 — Examples of test pulse severity levels for nominal 12 V system
Test pulse severity level,
y.cd Min. number Burst cycle/
Test pulse? Selectedb S of pulses pulse repetitign time
test level \Y; :
or test time
v 1] /1 min. max.
1 -150 -112 -75 500 pulses 0,5s €
2a +112 +55 +37 500 pulses 0,2s 5s
2b +10 +10 +10 10 pulses 0,5s 5s
3a -220 -165 -112 1h 90 ms 100 ms
3b +150 +112 +75 1h 90 ms 100 ms

a8 Testpulses asm5.0.

b values agreed between vehicle manufacturer and equipment supplier.

€ The amplitudes are the values of Uy as defined for each test pulse in 5.6.

d  The former levels | and Il are revised because they did not ensure sufficient immunity in subsequent road vehicles' design.

€  The maximum pulse repetition time shall be chosen such that it is the minimum time for the DUT to be correctly initialized before
the application of the next pulse and shall be >0,5 s.

© 1SO 2011 — All rights reserved
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A.2.3 24V electrical systems

The recommended values are given in Table A.2.

Table A.2 — Suggested test pulse severity levels for nominal 24 V system

Test pulse severity level,

Values ag
¢ The ampli
d  The forme

€ The maxi
the application

reed between vehicle manufacturer and equipment supplier.

udes are the values of Uy as defined for each test pulse in 5.6.

rlevels | and Il are revised because they did not ensure sufficient immunity in subsequent road vehicles' design.

num pulse repetition time shall be chosen such that it is the minimum time for the DUT to be correctly initialized b
of the next pulse and shall be >0,5 s.

Selected U Min. number Burst cycle/
Test pulse? e ecte b of pulses pulse repetition time
test level Vv .
or test time
v 1} 1/ n min. max.
1 -600 -450 -300 500 pulses 0,5s €
2a +112 +55 +37 500 pulses 0,2s 5s
2b +20 +20 +20 10 pulses 0,5s 5s
3a -300 -220 -150 1h 90 m's 100 mg
3b +300 +220 +150 1h 90-ms 100 ms
@  Testpulsgs asin 5.6.

efore

A.3 Exan

An example
12V and 24

ple of FPSC application using test pulse severity levels

of severity levels is given in Table A.3. This table can be different for each kind of pulse, an
V electrical systems (levelsArem Tables A.1 and A.2).

Table A.3 — Examples of test pulse severity levels

d for

18

Category 1 Category 2 Category 3
Ly Level IV Level IV Level IV
L3 Level /11711 Level IV Level IV
Ly; Level I/11/11 Level /11711 Level IV
Ly LCevel T/ Cevel T7TTTTH Cevel T/TT7TI
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Annex B
(normative)

Transient emissions evaluation — Voltage waveform

B.1 General

The ornoce—afthic _annay 1o to neavida o ponthod Af Avaliiation o chaorantarion trancoiant SSIonS from
PO P oSt O trioar T iCA 1o tO— PTrovIigC o TTiC ot O CvarootiorT O~ CraraCtCZzC—trar ISt TTt S

disturbance sources as tested in accordance with the test conditions specified in 4.2.

B.2| Essential elements of transient emissions waveform characteristics

The [following waveform parameters are to be taken into consideration for/the evaluation ¢f waveform
chargcteristics (see ISO 7637-1 for definitions).

Abbreviations have been assigned to the waveform parameters as given in Table B.1.

Table B.1 — Terms and abbreviations

Parameter ISO 72:.;'_?:t32use 3 Abbreviation
Peak amplitude 3.12 Us (Usq, Usp)
Pulse duration 3.13.1 tq
Pulse rise time 3.13.2 tr
Pulse fall time 3.13.3 ts

Pulse repetition time 3.14.4 1

Burst duration 3.14.1 ty

Time between pursts 3.14.2 I5
Burst cycle time 3.14.3 ty +tg

B.3| Classification of transient emissions

B.3.1 General

The suggested minimum and maximum limits for transient emissions are given in columns| to IV of
Tables B.2 and B.3, respectively, in B.3.7. The acceptable limit at or in between these values may be chosen
according to the agreement between vehicle manufacturer and supplier. The transient emissions may have to
meet either part of or all the parameters outlined in Table B.1, depending on this agreement. In cases where
no specific values are defined, it is recommended that levels selected from columns | to IV of Tables B.2 and
B.3, respectively, in B.3.7, be used.

Depending on the test set-up that is used in Figure 1 a) or 1 b) or 1 c), either slower pulses or fast transients
will be observed. All types of test set-up shall therefore be used.

The voltage waveforms illustrated in Figures B.1 and B.2 are typical waveforms on the bench top according to

the test conditions described in 4.3 of this part of ISO 7637. The application of the voltage emissions limit (Uy)
is as follows.
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B.3.2 Transient with both positive (U,) and negative pulses (U,)

Both positive and negative voltage limits shall apply.

B.3.3 Transient with positive pulses (U,,)

A positive voltage limit shall apply.

B.3.4 Transient with negative pulses (U,)

A negative V :tayc fimit-shatt app:y.
B.3.5 Transient with single or multiple bursts with positive (U,) or negative pulses-(U),)
The positive|and/or negative voltage limit(s) shall apply.
B.3.6 Typical transient waveforms
The essentigl parameters of single transient and bursts waveforms are illustrated in Figure B.1 and Figur¢ B.2,
respectively
u
td
t
tf
3
US2
Ua 4
0 / ~~
U { t; t; t
td
Usgn
=V
Key
10,1 (Us1 - Un)
2 0,9 (Us1—Up)
3 0,9 (USZ + UA)
4 0,1 (Uso+ Up)
Figure B.1 — Single transient waveform
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U
ty
Us2
Ua b —e 1 1 N | [ . I S .
. N7 1 8
Us1

B.3.

Figure B.2 — Burst transient waveform

7 Transient waveform classification table

First|determine the transient amplitude and waveform-measure with the test set-up according to Figure 1 a) for

the
Figu

The
respectively.

Classification of the transient amplitudes may be performed by applying the values in Tables

Table B.2 — Suggested limits for the classification of nominal 12 V equipment

maximum amplitude of the slower pulses._(ms-range). After that, use the test set-up according to
e 1 b) or 1 ¢) and determine the maximumcamplitude for the fast transients (ns to ms range).

B.2 and B.3,

Pulse Suggested limit for Ug for severity levels | to V
amplitude (Uy) (WAl n v va
Positiveislow pulses 125V 437V 75V

(ms.range or slower)

Negative slow pulses 50V _75V ~100 V

(ms range or slower)

POSHIvS st ulsas 150V 75V 00V

Negative fast pulses

(s o ns range) -75V 112V -150 V

@ Values to be determined by vehicle manufacturer and equipment supplier.

© 1SO 2011 — All rights reserved
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Table B.3 — Suggested limits for the classification of nominal 24 V equipment

Suggested limit for Ug for severity levels | to V

Pulse
amplitude (Us) 1/ ]l v va
Positive slow pulses 495V 437V 75V
(ms range or slower)
Negative slow pulses ~100 V 150V 200V
(ms range or slower)
Ej‘?ﬂ"ﬁ:ﬁ‘:ﬁﬁ;‘{ses 1100 V +150 V 1200 V
| g
Negl;atlve fast pulses ~100 V _150 V 200V

(us]to ns range)

@ [ values to be determined by vehicle manufacturer and equipment supplier.
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Annex C
(normative)

Test pulse generator verification procedure

General

6.5 for measurement instrumentation requirements.

verification measurements described in C.2 shall be performed under two different loading
mine the behaviour of the test pulse generator:

Linder no load condition;

inder matched load conditions.

Pulse verification

py of the actual used pulses shall be listed (see;Annex D for examples of methods for deter
DY)

[/, for this verification procedure is 0 volts.

shall be taken for the selection of'the resistors. They shall have sufficient power dissipa

igs of the test

conditions to

generator must be verified to ensure compliance to.the’ parameters listed below for both opgn circuit and
bd conditions. The energy content may influence\significantly the test results. Within the test report the

mining pulse

fion for both

puls¢ and DC supply rating. Additionally they shall be non-inductive. The tolerance of the matching resistor

shall

The

C.2

C.2.1

be +1%.

source impedance shall'be selected to be equal to the load resistance defined for each test p

[l Test pulseA

.1 Test-pulse 1 (Nominal 12 V system)

Table C.1 — Test pulse 1 (Nominal 12 V system)

ilse.

Testpulse 1 Us I A
No load 100V £ 10V (1.9 s 2 000 ps + 400 ps
10  load 50V 10V — 1500 ps + 300 ps

© 1SO 2011 — All rights reserved
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C.21.2 Test pulse 1 (Nominal 24 V system)

Table C.2 — Test pulse 1 (Nominal 24 V system)

Test pulse 1 Us t tq
No load -600V +60V (3 7?’5) us 1 000 ps + 200 ps
50 Q load -300V 60V — 1 000 ps + 200 ps

C.2.2 Test[pulse 2

C.2.21 T¢st pulse 2a (Nominal 12 V and nominal 24 V system)

Table C.3 — Test pulse 2a (Nominal 12 V and nominal 24 V system)

Test pulse 2a Us t tq
No load +75V+7,5V (195 bs 50ps + 10 ps
2 Qload +37,5V+75V — 12 uys £ 2,4 us

C.2.2.2 Test pulse 2b (Nominal 12 V and nominal 24 V system)

Table C.4 — Test pulse 2b (Nominal 12 V and nominal 24 V system)

Test pu|se 2b Ug [ ty 112
+10V+1V
(12 V system)
No Igad ms £0,5ms 2s+04s 1 ms £ 0,5 ms
+20V+2V
(24 V system)

For this verificgtion procedure, Uy shall be set as.defined in Table 1.

The wave shape shall be verified under no load condition in general.

easurements under load eondition shall be carried out by taking the maximum power (the maximum output current{ 7y of

Additionally, m
consideration). The  minimum usable test impedance is calculated as follows:

the DC dupply into
R, = Upl I\

C.2.3 Test|pulse-3

C.2.31 Te|st pulse 3a

Table C.5 — Test pulse 3a (Nominal 12 V and nominal 24 V system)

Test pulse 3a Ug [ ty
No load -200V+20V 5ns+1,5ns 150 ns + 45 ns
50 Q load -100V+20V 5ns+1,5ns 150 ns + 45 ns
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C.2.3.2 Test pulse 3b
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Table C.6 — Test pulse 3b (Nominal 12 V and nominal 24 V system)

Test pulse 3b Ug tr tq
No load +200V+20V 5ns+1,5ns 150 ns + 45 ns
50 Q load +100V+20V 5ns+1,5ns 150 ns + 45 ns

rarification of tact nulcac 240/ ~navial maaciirina davicnc ochall ha ioad Tha cnacte i o
CrmcotorT—oTr—teot T 4 g oo C—ooC o T e—opeoturT9

f the pulses

For

oot oo ooaxtarT

covers the frequency range up to 200 MHz. Within this range it is difficult to use high impedd
probes. The attached ground cable of the probe may cause significant ringing and may “re
measgurements. Coaxial measuring devices therefore are strictly recommended.

oo™

nce voltage
sult in false
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D.1 Calcu

Annex D
(informative)

Determination of pulse generator energy capability

lation method for determination of energy capability specification

This method

(resistive logd R, ) utilising the measured pulse parameters 1y and Uy,.

is to calculate the energy of the pulse as delivered by the generator to the matching, registor

The transier|t generator used for this part of ISO 7637 should generate double exponential transients, which

are a result
pulses 1 (12

Pulse 2b hag to be realized by programmable DC power sources.

Ri
1 O =
+
1(1) =2 3 4 5
O -

Key
1 power supply
2 capacitor) Cy
3 pulse shgping network with internatresistance, R;
4  pulse output
5 matching|load resistor, R

of capacitive discharges into a pulse shaping network. This type of generator\is used fof the
V), 1 (24 V), 2a, 3a and pulse 3b.

Figure D.1.— Example of a simplified circuit diagram of a transient generator

U |

0,9 Ug

0,1 Ug

Figure D.2 — Double exponential pulse shape generated by a transient generator

26
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The influence of the rise time is not taken into account (7, < ¢4), which is allowed for all pulses specified in this

part of ISO 7637.

Voltage function:

[2,3><t]
Uo x R -
U(t)=—0" "L xe | 1

CRi+R
where
/'u is-the open circuit-ol |flr_\| it \lnlfggo;
R, is the source resistance of the generator,

R is the load resistance for the generator;
q is the pulse width 10 % to 10 % of Ug;

[/(¢) is a function of the voltage wave shape.

Current function:

_(2,3><t)
I(t)— L x—UOXRLxe w ) Yo

RL RI+RL - RI+RL

(/o is the open circuit output voltage;

is the source resistance of the generateor;
R, is the load resistance for the generator;
4 is the pulse width 10 % to 10 %of Ug;

/() is a function of the curreént'wave shape.

Fungtion of the pulse powef:

23xt

t)=U\(1)x t:(
Pl-v (=" e

whevle

A

23 xt
!

2
2 - 2
Uo) XRLX o ( td j _(Uo) XRL

(Ri+R)>

A

46 xt
I

)

Ug s the open circuit output voltage;
R; s the source resistance of the generator;
R, s the load resistance for the generator;
tq is the pulse width 10 % to 10 % of Uj;
U(?) is a function of the voltage wave shape;

1(¢) is a function of the current wave shape;

P(t) is a function of the pulse power.

© 1SO 2011 — All rights reserved
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Integral of P(f) shows the energy content of a single pulse loaded with R, :

. RTI OO_(4,6xt]
X
We:jP(t)dt:(o)—z"xje a Jar

where

Uy is the open circuit output voltage;

i is the-seuree-resistance-of-the-generator
R, is the load resistance for the generator;
tq is the pulse width 10 % to 10 % of Ug;

is the energy content of a single pulse.

This results |n a short formula:

2
W ()R g

(Ri + RL )2 4’6

2
U t
We = (— s) -4 for R; = R the voltage Uy = 2U - Uy is the-peak voltage across R

Ug is the open circuit output voltage;

is the peak voltage;

is the source resistance of the generator;
R, s the load resistance for the generator;
tq s the pulse width 10¢%t0 10 % of Ug;

is the energy content of a single pulse.
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D.2 Measurement method to determine generator's energy capability

This method is to utilize the capability of the digital oscilloscope to determine the energy of the pulse as
delivered by the generator to the matching resistor (resistive load R| ) once the pulse parameters 1y and Uy are
measured.

EXAMPLE 1 Settings: CHA1 Voltage pulse across R using a voltage probe.

CH1 Choose the measurement function for energy. This measurement will typically be
in the units of (V*V*s). Divide this value by the value of R|_in Q. This result is the
energy delivered into R|.

EXANIPCE 2 Seftings: CHT Voltage pulse across R|_ using a voltage probe.
MATH1 Choose the waveform math function and multiply CH1*CH1.

Choose the measurement function for area. This measurement will be in the
units of (V*V*s). Divide this value by the value of R "in."Q. Thig result is the
energy delivered into R|.

EXAMPLE 3 Settings: CH1 Voltage pulse at R_ using a voltage probe.
CH2 Current pulse through R| using a current prebe:
CHA  Multiplication of CH 1 and CH 2.

Measurement function: area (CH A):

This result is the energy delivered into R, .
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Annex E
(informative)

Origin of transients in the electric system of road vehicles

E.1 Introduction

The test pulge d pa measdred-ay ystem
certain conditions and created by basi gurations in the electric circuits. The following schemmatic
diagrams shiow the origin of pulses 1 to 3b. For the evaluation of emitted pulses, see Annex B of this' ps
ISO 7637.

NOTE Different voltage and impedance values for 12V and 24 V systems result due to differences in hafness
structure and gwitching elements.

E.2 Characteristic pulses

E.2.1 Pulse 1

The schematic circuit diagram that can produce pulse 1 is shown in Figure E.1.

! !
5(%) 2 3 4
[ [

Key

1 ignition syitch

2 inductive Joad

3 load Rg (See 5.2)
4 DUT

5 power supply

Figure E.1 — Circuit diagram for pulse 1

Pulse 1 occurs due to supply disconnection from inductive loads. This includes blowing or pulling out fuses. It
influences devices which remain connected directly in parallel with this inductance. The pulse shape is
represented in Figure 5.

Due to the nature of this pulse (DUT power disconnection), events such as reset and/or re-initialization may
be accepted in some test plans.
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E.2.2 Pulse 2

The schematic circuit diagrams that can produce pulses2a and 2b are shown in Figure E.2 a) and
Figure E.2 b), respectively.

1 2
_t ~Y N °
8(*) 3 6
7
a) Pulse 2a
1 2
/|' Y'Y »
8(*) 3 4
5
b) Pulse 2b
Key
1 ignition switch
2 wiring harness (inductive)
3 DUt
4  IC motor with'internal inductance
5 motor switch
6 Ipad
7 Ipad-switch
8 power supply

Figure E.2 — Circuit diagrams for pulses 2a and 2b

Pulse 2a occurs when the load switch (7) is opened while the ignition switch (1) is closed. This pulse can also
occur during blowing or pulling out fuses as well as by bouncing switches.

Pulse 2b occurs when the motor is running and the ignition switch (1) is opened.

The pulse shapes are represented in Figures 6 and 7.
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E.2

.3 Pulse 3

The schematic circuit diagram of pulse 3 is shown in Figure E.3.

Key

a b WODN -

Pulse 3 ocd
characteristi

The

32

22—

L }_/r ]

b=t

5O [

A S U S

L1 L1

wiring hafness with distributed inductance and capacitance

switch
DUT

inductive Joad
power supply

Figure E.3 — Circuit diagram for test pulse 3

pulse shapes are represented by combinations of pulses/in Figures 8 and 9.

urs as the result of switching processes. Thisifcludes blowing or pulling out fuses.| The
Cs of this pulse are influenced by distributed capacitance and inductance of the wiring harpess.
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Annex F
(informative)

Alternative transient testing technique using electromechanically

switched inductive loads

General

Voltg

electromechanical switching of an inductive load. The arching phenomena produce‘\com

wave
reac

ge transient events are often the result of contact arching that occurs duringhme

forms, whose characteristics (i.e. voltage, pulse duration) are significantly affected by the
ive loads that share the same circuit as the inductive load.

Cha

wavegforms on DUT power circuits having impedances less than 100 Q whichis largely due to th
capdcitances associated with these circuits. However, many microprocessor-based electronic d

pow
indu
char
This

Tos
an €
trang

guidance for what to expect from the transient generator. All waveforms shown are measured

circu

The [choice of components used for the transient generator may result in minor differences (e.
amplitude, timing) between the wavefartns' illustrated in this annex and the actual transien
produced. However, those differences_should not significantly alter the resulting DUT perforn
testing.

F.2 | Transient waveform description

F.2.1 General

Therg are three main types of transient waveforms, which have been assigned the designations o

F.2.]

acteristics for selected test pulses depicted in this part of ISO 7637 (e.g/\pulse 1) repres

r and input circuits with higher impedances. These higher impedances; when placed across
ttive load can result in significantly different voltage transient characteristics. Also, actual tran
bcteristics are not repetitive by nature and can vary significantly- between consecutive tran
pseudo-random behaviour can often cause malfunction of DUT ‘software execution.

mulate these complex waveforms, this annex presents an’alternative approach for testing, m
lectromechanically switched inductive load. The waveforms depicted in this annex repr
ients produced by a transient generator circuit .also defined in this annex. The wavefor

t conditions unless otherwise stated.

P Waveforms A1, A2

tchanical or
blex voltage
esistive and

ent transient
e input filter
evices have
the switched
sient voltage
sient events.

aking use of
sent typical
S serve as
under open

g. waveform
waveforms
ance during

A, BandC.

4 gnd- A2 cimrdata vualtaaa tranaianta nea oo Al e o

Wav

fAarna A DD HZ-AR1 P-¢ 3 waliaa ni - = I P~ - | A UHWPSE 1PN £ Ao ol
CIUITTTO AT Aliu M4 oimiuialtc VUILGHU Udrioivinoe  pruuucvcyu \.‘UIIIIH utavuvauultl Ul puweor  vid

mechanical

(or electromechanical) switching to an inductive load connected in parallel to the DUT (see Figure F.1). The
impedance Z represents other electrical loads that share the same circuit.
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5
R
R . |

3
1

T

|

—
()
\_/
o
3
_m_ —
w
N

I
1

T

L,

—

1 vehicle battery
2 inductive Joad
3 DUT
4  switch
5 switched |nductive load

6 shunt resjstor according to 5.2

Figure F.1 — Circuit configuration for waveforms A1'and A2

Waveform Al is produced when switching higher-current (>1 A) inductive loads. The waveform is comppsed
of a long dufration component produced by the initial arc dischargé’ across the switch contacts. Note thgt the
timing for the long duration component is directly proportional te the product of the load inductance and the
steady state| current. The second, shorter duration component'is produced by the inductive “fly-back” voltage
produced by|the remaining stored energy in the inductor after the arc discharge is extinguished.

Waveform Al1's open circuit voltage (Z not present)_is’illustrated in Figure F.2 using the transient gengrator
circuit detailed in F.4. Peak negative open circuit.voltage levels may range between —280 V to —500 V. Peak
positive open circuit voltage levels are typically\bétween 80 V to 100 V.
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