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1.

Scaope

This part pf SAE J1113 specifies test methods and procedures for testing electromagnetic im
vehicle rddiation sources) of electronic components for¢passenger cars and commercial veh
perform this test method, the electronic module along with the wiring harness (prototype or sta
harness) and peripheral devices will be subjected to'the electromagnetic disturbance generated

absorber-lined chamber. The electromagnetic disturbances considered in this part of SAE |
limited to pontinuous narrowband electromagnetic¢/fields.

Immunity [measurements of complete vehicles are generally only performed at the vehicle mar
The reasgns, for example, are high costs of a large absorber-lined chamber, preserving the §
prototypes, or the large number of (different vehicle models. Therefore, for research, develop
quality coptrol, a laboratory measuring method shall be applied by the manufacturers.

Part 1 of|SAE J1113 specifies the general, definitions, practical use, and basic principles g

procedurs

1.1

Ratjonale

The JAN|1988<version of this standard has been revised to incorporate the latest chang

Internatiopal~Standards ISO 11452-2. A new section has also been added to incorporatg

procedures for performing the O a non-meta be Op Oding @ New Tequireme
uniformity).

2. References

2.1 Applicable Publications
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........... 14
........... 14
........... 14
........... 14
........... 14
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........... 15
........... 15
........... 17
........... 17
........... 18
........... 19
munity (of
icles. To
ndard test
inside an
1113 are
ufacturer.
ecrecy of
ment and
f the test
es in the

the test
nt for field

The following publications form a part of this specification to the extent specified herein. The latest issue
of SAE publications shall apply.
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2.1.1  SAE PUBLICATIONS

Available

from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

SAE J1113-1—Electromagnetic Compatibility Measurement Procedures and Limits for Components of
Vehicles, Boats (up to 15 m), and Machines (Except Aircraft) (50 Hz to 18 GHz)
SAE J1812—Function Performance Status Classification for EMC Immunity Testing

2.1.2 1§0 PUBLICATIONS

Available

ISO 1145

from parrowband radiated electromagnetic energy—Part 1: General and definitions

ISO 1145

electrpmagnetic energy—Component test methods—Part 2: Absorbertlined chamber
3. Measurement Philosophy
The objegtive of an absorber-lined chamber is to create an indoor electromagnetic compatibi
facility. The shielded chamber is lined with absorbing material on as many surfaces in the ch
possible tb minimize reflections and resonance. The design objective is to reduce the reflecti
test area {o -10 dB or less.

Typical agplication for this test method is recommended for frequency range of 30 MHz to 18 G

4. Tedt Conditions

Standard

supply

dwell t
freque
definiti

test se

test temperature;

modulation;

test signal quality;

from ANSI, 25 West 43rd Street, New York, NY 10036-8002.
p-1:3" Edition 2/2005—Road vehicles—Component test methods for relectrical dis

p-2:2™ Edition 10/2004—Road vehicles—Electrical disturbances’ “by” narrowband

fest conditions are given in SAE'J1113-1 for the following:

voltage;

me;

ncy step sizes;

bn of test(severity levels;

verity-level.

turbances

radiated

ity testing
amber as

vity in the

Hz.

5. Test Location

The tests shall be performed in an absorber-lined shielded enclosure. The objective of an absorber-lined
shielded enclosure is to create an isolated electromagnetic compatibility test facility. Basically, an
absorber-lined shielded enclosure consists of a shielded room with absorbing material on its internal
reflective surfaces, optionally excluding the floor. The design objective is to attenuate the reflected energy

in the test

area by at least 10 dB compared to the direct energy.
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6. Test Instrumentation

Radiated electromagnetic fields are generated using antenna with radio frequency (RF) energy source
capable of producing the desired field strengths. A set of antennas and multiple RF amplifiers may be
required to cover the range of test frequencies. The field is monitored electrically with small probes to
ensure proper test levels. To reduce test error, the operation of the DUT is usually monitored by fiber
optic couplers.

The follow

field ge
isotrop)
AN(s);

High p
Power

6.1 Field Generating Device

The field
appropria
may be us

HF generator with internal (or external) modulation capabilities;

ing measuring equipment is used:

nerating device(s) : antenna(s);
c field probe;

bwer amplifier;
meter (or equivalent measuring instrument) to measure forward pewer and reflected p

generating device shall be an antenna. Any availablesantenna (including high powe
e) which is capable of radiating the specified fieldstrength at the DUT with the availa
bed.

The cons
be polari

6.2 Fie

Field prok
either fibe

6.3 Stimulation and Monitoring of the DUT

The DUT
electroma
tubes.

Connectig

ruction and orientation of any field generating device shall be such that the generate
d in the mode specified in the test plan;

d Probes

es should be electrically small-and isotropic. The transmission lines from the probes
r optic links or very high resistance.

shall be operated as required in the test plan by actuators which have a minimum eff
gnetic charagcteristics, e.g. plastic blocks on the push-buttons, pneumatic actuators w

ns sfo¥equipment monitoring electromagnetic interference reactions of the DUT

pwer.

baluns if
ble power

i field can

should be

ect on the
ith plastic

may be

accomplis

hed by using fiber optics, or high resistance leads. Other type of leads may be used h

ut require

extreme care to minimize interactions. The orientation, length and location of such leads shall be carefully
documented to ensure repeatability of test results.

Any electrical connection of monitoring equipment to the DUT may cause malfunctions of the DUT.
Extreme care shall be taken to avoid such an effect.
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7. Test Set-Up — Test Performed with a Ground Plane

7.1 Ground Plane

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

The minimum width of the ground plane shall be 1000 mm. The minimum length of the ground plane shall

be 2000

The heigh
shall be |

addition, the bond straps shall be placed at a distance no greater than 0.3 m apart.

7.2 Power Supply and Artificial Network

Each DUT

Power su
ups show
50 Q artif
installatio

e DUTT
requirg
e DUT Ig
for the

The AN(s

ground plane.

The powe
AN(s)

The meas
7.3 Lod

The DUT

nm__or underneath the-entire-eauinment nlus 200 mm whicheveris laraer
HA—o—HRaeeat-tA S GRS RAPHHS—=< FRHR-WRHGREV-eHS—+aFgel-

t of the ground plane (test bench) shall be (900 = 100) mm above the floor. The,gro
onded to the shielded enclosure such that the D.C. resistance shall not exceed 2

[ power supply lead shall be connected to the power supply through'an artificial netwo
bply is assumed to be negative ground. If the DUT utilizesa* positive ground then th
h in the figures need to be adapted accordingly. Powershall be applied to the DUT
cial network (see annex A for artificial network schematic). Depending on the inter
h in the vehicle:

bmotely grounded (vehicle power return linedonger than 200 mm): two artificial net
d, one for the positive supply line and one for the power return line (see Appendix B);
cally grounded (vehicle power return [in€:200 mm or shorter): one artificial network ig
positive supply (see Appendix B).

shall be mounted directly on the ground plane. The case(s) of the AN(s) shall be bon

r supply return shall be connected to the ground plane (between the power suppl

uring port of eaeh AN shall be terminated with a 50 Q load.
ation of the DUT

shall.be placed on a non-conductive, low relative permittivity (dielectric constant) mateg

(e, £ 1.4),

und plane
L5 mQ. In

k.

b test set-
via 5 pH /
ded DUT

works are

required,

ded to the

y and the

rial

pt<(50 + 5) mm above the ground plane.

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

— The face of the DUT shall be located at a distance of (200 + 10) mm from the edge of the ground

plane.

7.4 Location of the Test Harness

The length of test harness parallel to the front edge of the ground plane shall be (1500 + 75) mm.
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The total length of the test harness between the DUT and the AN (or the RF boundary) shall n
2000 mm. The wiring type is defined by the actual system application and requirement.

The test harness shall be placed on a non-conductive, low relative permittivity (dielectric
material (g, < 1.4), at (50 + 5) mm above the ground plane.

ot exceed

constant)

The length of test harness parallel to the front edge of the ground plane shall be located at a distance of

(100 + 10p-mm-rom-the-edgeoftheground-plane

T TreT

7.5 Logation 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.
Alternatively, the load simulator may be located adjacent to the ground plane) (with the case g
simulator ponded to the ground plane) or outside of the test chamber, provided the test harnes
DUT pasges through an RF boundary bonded to the ground plane.

When thefload simulator is located on the ground plane, the DC_power supply lines of the load
shall be cpnnected through the AN(s).

7.6 Logation of the Field Generating Device (Antenna)

The height of the phase center of the antenna shall be\(100 + 10) mm above the ground plane.
No part of any antenna radiating element shall bé-closer than 250 mm to the floor. The radiating
of the antenna shall not be closer than 500~-mm to any absorber material, and shall not be ¢

1500 mm {to the walls or ceiling of the shielded enclosure.

The distahce between the wiring harness and the antenna shall be (1000 + 10) mm. This d
measured from:

o the phase center (mid-point) of the biconical antenna; or
e the nearest part of the\log-periodic antenna; or
o the nearest part ofthe horn antenna.

The phas¢ centerof the antenna for frequencies from 80 MHz to 1000 MHz shall be in line with
of the longitudinal part (1500 mm length) of the wiring harness.

f the load
5 from the

simulator

elements
oser than

istance is

the center

The phase center of the antenna for frequencies above 1000 MHz shall be in Tine with the DUT.

Examples of test configurations are shown in Figures 1 to 3.
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Upper view (horizontal polarization) Dimensions in millimeters

12
1500 min
v
1000 + 10
- y
3 100+ 10
See clause 7.1
- »
b 1
3 3
p— \
|
9004100 mm £
| 2
A
e
Front vigw Side view

Key
T DUT (grounded locally if required in test plan) 8  Biconical antenna
2~ Test harness 9  Stimulation and monitoring system
3 Load simulator (placement and ground 10 High quality double-shielded coaxial cable

connection according to 7.5) B00)

Power supply (location optional) 11 Bulkhead connector

Artificial network (AN) 12 RF signal generator and amplifier

Ground plane (bonded to shielded enclosure) 13 RF absorber material
Low relative permittivity support (¢.< 1.4)

~NOoO O

FIGURE 1—EXAMPLE OF TEST SET-UP — BICONICAL ANTENNA
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Upper view (horizontal polarization) Dimensions in millimeters

12
2000 min
uwn
N~
H
[ o]
3
]
9 M
100 + 10
See clause 7.1 ) vertical
P polarization
w0 1 o
+ :
3 3 o
b e § o ™ B
k4
I
x
i
900 +100 mm £ |
. 2 |
O d
= *&

Flont view Side view

Key
DUT (grounded locally if required in test plan) 8  Log-periodic antenna

3 Load simulator (placement and ground 10 High quality double-shielded coaxial cable
connection according to 7.5) (50 Q)

4  Power supply (location optional) 11 Bulkhead connector

5 Artificial network (AN) 12 RF signal generator and amplifier

6 Ground plane (bonded to shielded enclosure) 13 RF absorber material

7  Low relative permittivity support (< 1.4)

FIGURE 2—EXAMPLE OF TEST SET-UP — LOG-PERIODIC-ANTENNA
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Upper View (horizontal polarization)

Dimensions in Miflimeters

12
] 1000+« ﬂn
1 10
1500 mi
10 500/min
l‘u-v
8
B
13
9 _ e ————
See Clause 7.1 Vertical
< Polarization
o] &5
I 1 =
Tt p—
<
2 i . : e * = -
' i A
' i
= 1
900 +100 mm E |
o
e
o
T
Front View Side View
ey
1 DUT (grounded locally if required in testplan) 8  Horn antenna
2 Testharness 9  Stimulation and monitoring system
3 Load simulator (placement and ground 10 High quality double-shielded coaxial cable
connection according to 7.5) (50
Power supply (location optional) 11 Bulkhead connector
Artificial network (AN) 12 RF signal generator and amplifier

~N oo

Ground plane (bonded to shielded enclosure) 13 RF absorber material
Low relative permittivity support (er< 1.4)

FIGURE 3—EXAMPLE OF TEST SET-UP FOR FREQUENCIES

ABOVE 1 GHz — HORN ANTENNA
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8. Test Setup — Test Performed without Ground Plane

8.1 Test Configuration

The DUT shall be subjected to radiated immunity testing using an antenna for field generation without
ground plane. For a schematic diagram of the test setup refer to Figure 4.

Optional Auto Monitoring

* Filter Connector
(Example: Tusonix 4201-001 or
equivalent)

A

Mod
Turnt]

ule
able

* NOTE—The DUT exerciseronrload simulator can be located either inside or outside of the Al
located outside af the ALSE, lines must be filtered as shown in Figure 4.

o AR AV YA
| Data \ DUT TT
| Acfuisition Exerciser I__l___l

1

= Caontroller Power Meter
i HE

Lt Ht

i i

n RF o o
—  Gdgnerator ik Ak
o ik 1k

ik - Dual -

R Directional 2=====1%
P Couplers

Use subsfitution methiod-with forward power and specified field uniformity.

The anterjna shallbe sighted on the DUT

DUT to pgint*A” is an unshielded wiring harness of 600 + 50 mm in length.

FIGURE 4—RADIATED IMMUNITY TEST IN AN ALSE WITHOUT A GROUND PLANIK

SE. If itis

From point “A”, the harness goes vertically 1 meter to the floor and along the floor to the wall bulkhead

feed-through filter.

The DUT shall be 1 meter above the floor.

The DUT shall be a minimum of 1 meter from the antenna and any other conductive surface and a

minimum of 1 meter from any absorber.

-10 -
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Vertical polarization shall be used.

The DUT shall be tested in three mutually perpendicular orientations (principal planes): (i) with the main
circuit board in the DUT parallel to the chamber floor (vehicle mounting surface down), (ii) with the main
circuit board perpendicular to the chamber floor edge on to the antenna and (iii) with the main circuit
board perpendicular to the chamber floor and broadside to the antenna. These three orientations shall be
chosen from the six possible orthogonal orientations, to allow visibility of the DUT, if required, and to

maintain

consistent-and—+epeatable—touting-of-the-DUT harmess-and-direct-exposure-of-DUT

apertures

to the ant

e Form
antenn
o Wiring

8.2 Field Uniformity Measurement

Define a
calculatio
perpendig
calculateq

Where:

test

ref

The calcu

corner arg@as. The reference RF field probe shall be placed at its isotropic angle toward to th

antenna.

Enna.
bdules in a metal case, the DUT connector(s) should be orientated upward or t

.
harness routing shall be controlled and documented.

0.5x1.0 meter rectangle area on the vertical plane as shewn in Figure 5. The
s are based on measured electric field strength (V/m) at each point (e.g. a1, b1, c1
ular to the active antenna. The reference point is at peint ¢3. The uniformity (in dB
by using the following equation:

20 *log (Etest point /Eref)

. = Measured electric field strength-in*(V/m) at the test point
= Measured electric field strength«in)(V/m) at the reference point c3

lated uniformity shall be within' +3 /-6 dB to point c3. There is no requirement for th

All specified physical dimensions in Figure 5 shall have a tolerance of + 10%.

pward the

uniformity
) which is
) shall be

Eq. 1)

e two top
e transmit

-11 -
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25cm

Transmit
Antenna

FIGURE 5—FIELD UNIEORMITY MEASUREMENT FOR TEST
PERFORMED ON BENCH TOP WITHOUT GROUND PLANE

9. Tesgt Procedure

The gengral arrangement of«the disturbance source and connecting harnesses etc. represents a
standardized test condition.'Any deviations from the standard test harness length etc. shall be agreed
upon prior to testing and recerded in the test report.

The DUT [shall be mdde to operate under typical loading and other conditions as in the vehigle. These
operating| conditions” must be clearly defined in the test plan to ensure supplier and cusfomer are
performing identical tests.

The orientation{s)-otthe-BUTferradiatedimmunitytes
For measurements performed with the ground plane, the following polarizations are recommended:

— From 400 MHz to 18 GHz measurements shall be performed in horizontal polarization.
— From 30 MHz to 18 GHz measurements shall be performed in vertical polarization.

For measurements performed without the ground plane, see clause 8.1.

-12-
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9.1 TestPlan
Prior to performing the tests, a test plan shall be generated which shall include:

test set-up;

frequency range;

DUT mode of operation;
DUT a‘ UU'JtCl.I LA\YA>*ZA ]| ;tUI ;(2,
test seperity levels;

DUT monitoring conditions;
antenna location;

test report content;

and any special instructions and changes from the standard test.

Every DUT shall be tested under the most significant conditions, i.e at,least in stand-by mod¢ and in a
mode whgre all the actuators can be excited

9.2 Tedt Method

CAUTION—Hazardous voltages and fields may exist within the test area. Take care to erjsure that
the requirements for limiting the exposure of humans to RF energy are met.

The substitution method is based upon the use of forward power as the reference parametef used for
field calibfation and test.

The test ghall be performed with the substitution method.
This methiod is performed in two phasés:

o field cglibration (without the DUT present);
o test of the DUT.

The RF gower required_ toe-achieve the required field strength is determined during the field ¢alibration
phase.

9.2.1 F|ELD CHARACTERIIZATION

The specffic’test level (field) shall be characterized periodically by recording the correspondirlg forward
power (reversed power shall also be recorded for documentation purposes) required to produce a
specific field strength (measured with a field probe) for each test frequency

This characterization shall be performed with an un-modulated sinusoidal wave.

The electrical phase center of the field probe should be placed (150 + 10) mm above the ground plane
and at a distance of (100 = 10) mm from the front edge of the ground plane.

For frequencies from 30 MHz to 1000 MHz the phase center of the field probe shall be in line with the
center of the longitudinal part (1500 mm length) of the wiring harness position.

-13-
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For frequencies above 1000 MHz the phase center of the field probe shall be in line with the DUT

position.

The field generating device (antenna) shall be placed at a distance of (1000 + 10) mm from the electrical
phase center of the field probe.

The field strength shall be characterized for vertical and horizontal polarizations.

When req
descriptio

922 D
The DUT,

The test
predetern

If possiblg
interferen

NOTE—A

The tests

uested, the values of forward and reverse power recorded in the data file and
n of the associated position of the field probe shall be included in the test report.
UT TEST

harness and associated equipment are installed on the test bench as described in cla|
s conducted by subjecting the DUT to the test signal based 'en"the characterized
ined in the test plan.

Ce. All supply lines between the load box/simulator anchthe DUT shall be filtered.

field probe may be placed above the wiring harness during the test.

shall be performed for horizontal and vertical polarization in the appropriate frequency

9.3 Te

As required in the test plan, a test report-shall be submitted detailing information regardin

equipment, test area, systems tested{ frequencies, power levels, system interactions and
relevant information regarding the test;

10. Notes

10.1 Marginal Indicia

The chanpe bar (I)(Iocated in the left margin is for the convenience of the user in locating arg

technical
document

t Report

revisions-have been made to the previous issue of the report. An (R) symbol to the
title.indicates a complete revision of the report.

a precise

use 7.

value as

, load box and simulator should be placed outside of the’chamber during test to avoid potential

ranges.

j the test

any other

bas where
left of the

PREPARED BY THE SAE EMI STANDARDS COMMITTEE

-14 -
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APPENDIX A
(INFORMATIVE)
ARTIFICIAL NETWORK (AN)

A.1 General
The AN is used as a reference standard in the laboratory in place of the impedance of the vehicle wiring

in—orderto-determine-thae-behaviorof eaui t and alactrical and electronic-deni |
harness in-orderto-determine-the behavior of equipment-and-electrical-and-electronic-devices|t shall be

able to withstand a continuous load corresponding to the requirements of the DUT.

The AN s¢hematic is shown in Figure A1.

5uH
4 so—o—T—e o <
—— 0,1uF
2 — 1yuF 1
1 000,63 3 50 Q
J
BC @ OB <4

FIGURE)A1—EXAMPLE OF AN SCHEMATIC
A.2 AN Impedance

The AN impedance 1Z. QI (tolerance + 20 %) in the measurement frequency range of 0. MHz to
100 MHz |assuming ideal electrical components is shown in Figure D2. It is measured befween the
terminals P and B.(17 of Figure A1) with a 50 Q load on the measurement port (“3” of Figure A1f) and with
terminals A and’'B(“2” of Figure A1) short circuited.

-15-
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50 -
P
g 40 ///
g ] /
5 30 4
g— 20 - y d
g 10 //
So1 2 5 5 40 2 5 5 g0 2 5 5 000

Frequency (MHz)

FIGURE A2—CHARACTERISTICS OF THE) AN IMPEDANCE
|Z PB | FROM 0.1 MHz TO 100 MHz

-16 -
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