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1.1 Vehicle electrical/electronic systems may be affected when immersed in an electroma
gengrated by sources such as radio and TV broadcast stations, radar and communic
mobjle transmitters, cellular phones, etc. This part of SAE J551 specifies off-vehic
source test methods and procedures for testing passenger cars and_commercial vehicl
Revegrberation Chamber. The method is used to evaluate the.-immunity of vehicle
elecfronic devices in the frequency range of 80 MHz to 2 GHz, With possible extensions
10 GHz, depending upon chamber size and construction{ Three methods for calibj
applying electromagnetic fields are described in the document: 1) Mode Tuned Re
Chamber method, 2) Mode Stir (Standard) Reverberation Chamber method and 3)
(HyQrid) Reverberation Chamber method. Optional pulse modulation testing at HIRF (Hig
Radlated Fields) test levels, based upon currentlyknown environmental threats, has bee
in tHis revision of the standard. Each method‘has its advantages and disadvantages
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J11183-28 and J1113-27 respectively. Chamber characterization procedures for the
rid) method are described\in' 6.3 of this document.
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1.3 Rationale and Application

Vehicle electrical/electronic systems may be affected when immersed in an electromagnetic field
generated by sources such as radio and TV broadcast stations, radar and communication sites, mobile
transmitters, cellular phones, etc. This part of SAE J551 specifies off-vehicle radiated source test
methods and procedures for testing passenger cars and commercial vehicles within a Reverberation
Chamber. The method is used to evaluate the immunity of vehicle mounted electronic devices in the
frequency range of 80 MHz to 2 GHz, with possible extensions 20 MHz to 10 GHz, depending upon
chamber gize and construction. Three methods for calibrating and applying electromagnetig fields are
described [in the document: 1) Mode Tuned Reverberation Chamber method, 2) Mode ‘Stir |(Standard)
Reverberation Chamber method and 3) Mode Stir (Hybrid) Reverberation Chamber(method. Optional
pulse modulation testing at HIRF (High Intensity Radiated Fields) test levels, based apon currently known
environmeptal threats, has been included in this revision of the standard-Each method has its
advantagep and disadvantages which are discussed in each individual test section. All methods have
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bn to be effective at finding potential field issues at the vehicleNevel. SAE J551-
ation procedures, formulas and calibration procedures for. the Mode Tuned and
5 for the Mode Stir (Hybrid) method are described in 6,3-0f this document.

ment provides vehicle manufacturers with a test\procedure and performance re

to evaluate the immunity of vehicles early in the-design stage as well as pilot and
s method is an alternative to testing in an absorber lined chamber.
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2.2 Related Publications

The following publications are provided for information purposes only and are not a required
document.

part of this

NBS Information Report 81-1638—Evaluation of a Reverberation Chamber Facility for Performing EM
Radiated Fields Susceptibility Measurements. Available from NIST, U.S. Department of Commerce,

Gaithersburg, MD 20899.

Phillips Lgboratory Report PL-TR-91-1036—Frequency Stirring: An Alternate Approach toyl
Mode-ftirring for the Conduct of EM Susceptibility Testing

Commissign Directive 2004/104/EC

IEC 61000r-4-3—Electromagnetic  Compatibility (EMC)—Part 4-3: Testing cand Me
Techn|ques—Radiated, Radio-Frequency, Electromagnetic Field Immunity Test

IEC 61000r-4-21—Electromagnetic Compatibility (EMC) —Part 4-21: Testing Méasurement Teq
Reverlperation Chamber Test Method

ES-XW7T{1A278-AC (Ford Motor Company), “Component, and Subsystem Elect
Compatibility, Worldwide Requirements and Test Procedures”
NBS Technical Note 1092, “Design, Evaluation, and Use of<a Reverberating Chamber for

3. Def
Definitions|specific to this test method are.included.
3.1 Reverberation Chamber

A high Q [shielded room (cayity)° whose boundary conditions are changed via a rotating tu
stepped off continuous). This fesults in a time-averaged uniform electromagnetic field. The ch

Nechanical

asurement
hniques—
hents and
omagnetic

Performing

Chamber

ner (either
hmber size

and constijuction determines the type of tests to be performed, the size of the vehicle to be tested, and

the usable|frequency rahge. See Appendix A for additional information.
3.2 Tuner

A large matallic reflector capable of changing the electromagnetic boundary conditions in a re

erberation

chamber as it rotates or moves. As the tuner moves, the nulls (Emin) and maximums (Emax)

of the field

change location, ensuring the vehicle is exposed to a time-averaged uniform field. Several examples of

tuner designs are shown in Appendix B.
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3.3 Mode Tuned Reverberation Chamber Method

During Mode Tuned Reverberation testing, the tuner is operated in a step/stop/step/stop fashion (instead
of a continuous rotation). The field generating antenna is pointed into a corner of the chamber to
eliminate direct coupling to the vehicle. A constant field can be applied to the vehicle for a specified dwell
time at each tuner position, frequency, and modulation tested. Multiple test positions about the vehicle
are no longer required since the entire vehicle is immersed in the applied field. This method requires
characterization of the chamber (per IEC 61000-4-21 also described in SAE J1113-28) with and without

the vehicld.

3.4 Mode Stir (Standard) Reverberation Chamber Method

During Mofle Stir (Standard) Reverberation testing, the tuner is operated in a continuous rotati

(Typically 10-20 seconds/revolution). The field generating antenna is pointed into.a corner of th

to elimina

typically the time it takes for one full rotation of the tuner. Multiple test positions about the veh

direct coupling to the vehicle. The dwell time at each frequency and modulatio

ng manner
e chamber
n tested is
icle are no

longer required since the entire vehicle is immersed in the applied field. €haracterization of the¢ chamber,

with and wjthout the vehicle (per SAE J1113-27), is required for this method.

3.5 Mode Stirred (Hybrid) Reverberation Chamber Method

During Mode Stir (Hybrid) Reverberation testing, the tuner-is operated in a continuous rotating fashion
(Typically [10-20 seconds/revolution). Unlike the methods described in 3.3 and 3.4, a compination of
direct illumlination of the vehicle by the RF generating antenna and mode stirring are utilized. This method
is typically] used to evaluate larger vehicles (ie,~€lass 8 trucks, Agriculture Equipment, Eafth Moving
Equipmeni, etc.) in large chambers where the-other indirect illumination methods are not practical.
Multiple test positions about the vehicle should be utilized, since direct illumination of the vehigle is being
utilized. The dwell time at each frequencgy.tested is typically the time it takes for one full rotgtion of the
tuner. Field uniformity characterization’ of the chamber without the vehicle, using methods and
requirements derived from IEC-61000-4-3 is required to show the useful frequency range and the
performange of the chamber.

3.6 Em3x

The peak level (maximum) RF field being generated and moved about the chamber.

3.7 Emin

The minimpunilevel (null) RF field being generated and moved about the chamber.

4. Test Conditions

The following test conditions should be condidered during the testing. See SAE J551-1 Section 6 for
additional guidance on test conditions.



https://saenorm.com/api/?name=7c957794dbbf9d7fb24673718b2c0323

SAE J551-16 Issued SEP2005

41 Test

Temperature and Supply Voltage

(See SAE J551-1) In addition, heat is generated in the test facility when the vehicle is operated during the
performance of the test. Sufficient cooling must be provided to ensure that the engine does not overheat.
The ambient temperature in the test facility shall be recorded if it is outside the 23 °C + 5 °C range. The
electrical charging system shall be functional for tests that require the vehicle engine to be running. For
tests where the vehicle engine is not required to be running, the battery voltage shall be maintained
above 12.2 V and 24.4 V for 12 V and 24 V systems, respectively.

4.2 Fred

(See SAE
this test m
done at th
performed
required f
frequency

and the méthod being utilized.

4.3 Modulation

(See SAE
frequency
shall be us
Modulatiorn
suggested
associated

4.4 Dwell Time

(See SAE

minimum fesponse time needed to control the subsystems of the vehicle. The dwell time W

dependent
test proced

4.5 Fred

(See SAE
in Table 1.

uency Range

J551-1) In addition, to test automotive electronic systems, the applicable frequeng
bthod is 20 MHz to 10 GHz. Testing over the full frequency range is not required ang
e engineering judgment of the vehicle manufacturer. At a minimun; the testing

br testing over the full frequency range. This does not imply) that testing of @
ranges is required. Ultimately, the frequency range will be limited to the chamber pé

J551-1) In addition, the characteristics of the systems of the vehicle determine th
pf modulation. If no values are agreed upon-between the users of this document, th
ed: a) No modulation (CW), b) 1 kHz sine wave amplitude modulation (AM) 80% an
should also be considered at frequencies above 800 MHz (See Table C2 of Apps
Pulse Modulations, test severity .levels and Function Performance Status ClI
with those pulse modulations).

J551-1) In addition, at.each frequency the vehicle shall be exposed to the test I¢

upon the method being utilized. The minimum dwell times are discussed in more d
ure for each method (See 6.1, 6.2 or 6.3).

uency Steps

U551-1) In addition, the tests will be conducted with the maximum frequency step si
Alternatively, logarithmic frequency steps (shown in Table 2), with the same minimy

y range of
should be
should be

over the frequency range of 80 MHz to 2 GHz. Different field~generating devicés may be

verlapping
brformance

b type and
e following
d c) Pulse
endix C for
hssification

vel for the
ill also be
etail in the

zes shown
m number

of frequency steps in each frequency band, can be used. The values, as agreed upon by the users of this

document,

shall be documented in the test report.

NOTE—If it appears that the susceptibility thresholds of the vehicle are very near the chosen test level,
these frequency step sizes should be reduced in the concerned frequency range in order to find
the minimum susceptibility thresholds. (Refer to SAE J551-1.)



https://saenorm.com/api/?name=7c957794dbbf9d7fb24673718b2c0323

SAE J551-16 Issued SEP2005

TABLE 1—LINEAR FREQUENCY STEPS

Frequency Band Maximum Frequency Step Size
20 MHz to 200 MHz 2 MHz
200 MHz to 1 GHz 5 MHz
1 GHz t0 2.0 GHz 10 MHz
2.0 GHz to 10 GHz 50 MHz

4.6 Test

(See SAE

4.7 Threshold of Response

(See SAE
thresholde
allowed to
threshold

TABLE 2—LOGARITHMIC TEST FREQUENCY CALCULATION

[5) Frequency
f _ f xQ\n Range fo
test — JO (MHz2) (MHz2) n

where: 1...<30 1 7
Jois base frequency 30...<400 30 25
k is Frequency index number (1,2,3,...) 400...<1000 400 o5
n is Number of steps per octave 1000...<10 000 1000 50

Signal Quality

J551-1).

J551-1) In addition, for continuously -stitred test methods; as a responding frequen
d, the amplitude shall slowly be increased to allow time for tuner rotation so that
be subjected to the high point<of the field. The peak field point shall be recorg
amplitude level. During mode'tuned testing, if deviations are observed, the fiel

Cy is being
the unit is
ed as the
d shall be

reduced until the vehicle functions nermally. The field shall then be increased in 1 dB increments and the

tuner rotat
This level

4.8 Test

(See SAE
frequency
document.
Test Seve

bd to all positions for a full'rotation. This process would be repeated until the deviat
bhall be reported as deviation threshold.

Severity Levels

J551-1) Iawaddition, the vehicle manufacturer shall specify the test severity level(
bands_to-be tested. Suggested test severity levels are included in Appendix
A fulldescription and discussion of the Function Performance Status Classificatio
ity-Levels are given in SAE J1113-1 Appendix A. Please review it prior to using the

on Ooccurs.

5) over the
C of this
n including
suggested

Function H

Porformance Status Classification nhjnr\ﬁ\lnc prncnnfnd in Appnndiv C.—These t

t severity

levels are expressed in terms of equivalent root-mean-square (RMS) value of an unmodulated wave.
Peak conservation shall be used during amplitude and pulse modulated tests.
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5. Test Instrument Description and Specification

5.1 TestPlan

Prior to performing the tests, a test plan shall be generated which shall include, vehicle mode of
operation, vehicle acceptance criteria, vehicle test positions (if applicable) and any other special
instructions and/or changes from the standard test. Every vehicle shall be verified under the most
significant situations, e.g., at least in stand-by and in a mode where all the actuators can be excited.

5.2 Reverberation Radiated Immunity System

Reverberation Radiated Immunity is a method of carrying out immunity tests by applying @
signals onfo the vehicle by means of a radiated RF electric field. An appropriate RF field

device is Used in conjunction with an RF amplifier and signal source. Depending upon the me
RF electric field intensity level is established from either a previous echamber charg
loop leveling system. If the mode stirred method is being utilized, a field monitoring
with a spectrum analyzer, should be used to measure the.generated RF field. If e
used for mode stirred tests, they should be capable of making measurements g
50Hz or greater. The immunity tests are then carried out by varying the test severity level and
of the distyrbance. The radiated electric field shall be applied tg the entire vehicle either simulta
at multiple [test positions, depending upon the method being utilized.

5.3 Tes{ Setup and Instrumentation

A sample get-up for each test method is shown in~Appendix A. All equipment used, shall be
operating pver the test frequency range required: The field generating device (antenna) shall

of withstarlding a continuous input power ovenhthe test frequency range regardless of the systs
The RF measurement equipment shall be_capable of operating over the test frequency rang
testing, the RF measurement devices.shall be characterized per manufacturers instructio
testing, the RF measurement devices shall be operated in the same manner as duri
characterization. Any variations shall be documented and noted in the test report.

5.4 Vehjcle Set-Up

The vehiclp should be tested as built and no additional grounding connections are allowed bg

the chamber. Tests should be performed inside a shielded room. The distanc

isturbance
generating
thod being
cterization
antenna in
ectric field
t a rate of
frequency
neously or

capable of
be capable
m loading.
e. Prior to
ns. During
ng pretest

btween the
e between
tion of the

5.5 Vehicle Monitoring Equipment

Steps shall be taken to prevent RF energy from coupling into control and monitoring equipment to prevent

erroneous readings.
equipment. The monitoring equipment shall be placed outside the room. Either filtering or

This may require RF hardening of the simulator and the control/monitoring

fiber optic

cables may be required. If filters are used, care should be taken to ensure that the filters do not present

additional loading or affect the immunity of the vehicle.
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5.6 Measurement Approach (Tuned vs Stirred)

The mode tuned approach (described in detail in SAE J1113-28 and IEC 61000-4-21) steps the tuner at
selected, uniform increments, permitting measurements of the forward and reflected input power,
received power, field measuring probe response, and the DUT response at each tuner position. This
allows for corrections and normalization of the received power, field measurements, and DUT response
due to variations in the net transmit power. The mode tuned approach also allows the operator to select

long test f

eld exposure times as needed to accommodate long DUT response times. The

number of

tuner step
uncertainti
determine
amplitudes
size is toQ
recorded.

5 per revolution that should be used is a function of frequency, chamber Q,a
bs.  Typically, at least 20 steps are required to provide sufficient sampling\fo
the statistical parameters of the test field and DUT response (maximum’  an
). Additional steps (samples) will reduce the uncertainty in the measurements. If 1
small, the accuracy of the measurements suffers and true maximum; minimum, ¢
Refer to IEC 61000-4-21.

Mode stir

d approach (described in detail in SAE J1113-27) rotates'ithe tuner continug

complete revolution while sampling the received power, field probe response, and DUT respon
much faster than the tuner revolution rate. The mode stirred approach allows large data

samples

r more is recommended) for a single tuner revolution. Tuner revolution rates

instrumentation sampling rates are adjusted to meet DUT response time and output monito

time requi
test instrur
values of 1
the measu
correct for
and the co

6. Tes

CAUTION

ments. The optimum settings result in a nearly identical number of samples for th
hentation (see A.5.4). Revolution periods can range from 2 seconds - 10 minutes,
0 - 20 seconds. A larger sample set can impfove the accuracy in determining the ¢
red parameters. However, this techniquesmay have increased uncertainty due t
transmit power variations, unknown DU response times, or the interactions betwes
htinuously changing fields in the chamber.

Methods and Procedures
—The high RF field level’generated inside the test chamber during this te

hazardous to human ‘health. Safety precautions shall be taken to preve
exposure to high RF field levels.

6.1 Mode Tuned Reverberation Chamber Method

6.1.1 Gt

During Mo

NERAL

He Tuned Reverberation testing, the tuner is operated in a step/stop/step/ stop fashi

nd desired
easonably
d average
he sample
tc. are not

usly for a
se at rates
sets (400
5 and test
r response
e DUT and
ith typical
statistics of
b failure to
n the DUT

t may be
t human

bn (instead

of continud

us_rotation). The number of tuner steps is dependant upon the uncertainty requirem

ents. Field

uncertainty can be increased or decreased dependant upon the number of tuner steps. The tuner is
stopped at each position for the dwell time required and one complete tuner rotation is required for each
frequency and modulation tested.
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The main beam of the field-generating antenna and field-monitoring antenna (usually in the horizontal
polarization and pointed upwards at a 20 degree angle) are aimed into a corner of the chamber or at the
tuner to eliminate direct coupling to the vehicle. A constant field, with the modulation required, can be
applied to the vehicle for the dwell time required. Multiple test positions about the vehicle are no longer
required since the entire vehicle is immersed in the applied field. Multiple antenna polarizations
(horizontal and vertical) are no longer required due to loss of field polarity. During reverberation chamber
immunity testing, the RF field is simultaneously bombarding the vehicle from all directions, reducing the
chance of

missing a response area of the vehicle due to antenna positioning.

The tuner
position in
RF test eq
software s
will then b
shall be c3

The cham
frequency
required and will verify the usable frequency range of the chamber. See IEC 61000-4-21
J1113-28
performan

6.1.2 CH

Prior to tg
described
61000-4-2
chambers
chamber w

6.1.3 TEH

The vehicl
carried out

a.

b.

se ™o

Setup
shown
Prior t
6.1.2 3

positioning device must be a computer controlled stepper motor which can ‘step
fine increments (2 degrees). Specialized software used in conjunction with alcompu

nould store the characterization information for use during testing. The.computer an
b used to control the RF test equipment and tuner positioning during'the testing. Th
pable of performing the tests as described in 6.1.3 of this document.

per size, and the fact that indirect illumination is being utilizéd; will dictate the low
pf the chamber for this method. Characterization of the chamber with and without th

Ce.
AMBER CHARACTERIZATION

st, the empty and vehicle loaded test-chamber shall be characterized using th
EC 61000-4-21 (also described in SAE J1113-28). The frequency ranges discussed
I and SAE J1113-28 standards can be expanded as discussed in this standard, sif
are typically larger than the eomponent test chambers. The usable frequency ra
ill be determined during theschamber characterization process.

ST PROCEDURE

b shall be operatedin the mode(s) that are delineated in the EMC test plan. The te
per SAE J1113-28 with the following exceptions:

the vehicle in the chamber as shown in Figure A-1 of Appendix A. The instrumentati
in SAE\J1113-28.
b coflecting data, the Characterization and vehicle Loading Check procedures di
hallbe performed.

the tuner
ter and the

uipment should be utilized to characterize the chamber performance prior'to any testing. The

d software
e software

est usable
b vehicle is
and SAE

or additional information in regards to chamber dgsign, chamber characterization, and test

b methods
in the IEC
ce vehicle
nge of the

st shall be

bn setup is

scussed in

The field generating antenna and field monitoring antenna shall be in the same location as used for
characterization.
Step the test frequencies across the desired frequency range according to Table 1 using the
modulations specified in 4.3. (or as otherwise specified in the test plan).
The vehicle shall be exposed to the field level at each frequency for one full rotation of the tuner.

The dwell time at each tuner position, frequency and modulation tested shall be at least 2 s.

Electric field probes can be used during the test, however, shall not be used for field leveling.

If deviations are observed, the field shall be reduced until the vehicle functions normally. Then the
field shall be increased in 1 dB increments and the tuner rotated to all positions for a full rotation. This
process is repeated until the deviation occurs. This level shall be reported as deviation threshold.
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6.2 Mode Stir (Standard) Reverberation Chamber Method

6.2.1 GENERAL

During Mode Stir (Standard) Reverberation testing, the tuner is operated in a continuous rotating manner
(typically 10 — 20 s). The field being applied to the vehicle will be fluctuating from Emax to Emin at a rate
much faster than the tuner rotation rate. At each frequency, the DUT shall be exposed to the test level for
at least one rotation of the tuner. If multiple tuners are used, the dwell time shall be at least one rotation of

the slowe

be slow enough to ensure that the field remains relatively constant for the duration of the dwe

assumed
dwell time.
the fields

!

tuner. Regardless of the number of tuners used, the rotation rate of the tuner or tun

at, during any measurement, the DUT is exposed to a constant field for the-durg
Since, in a mode-stirred measurement, the tuner is constantly turning, it is not poss
berfectly constant. Therefore, care must be taken to ensure that the tuner is tur

ers should
| time. ltis
tion of the
ble to hold
ned slowly

enough that the fields remain approximately constant for the duration of the dwell-time. This may require

a tuner rot
frequency.

The rotatid
be docume

The main
polarizatio
tuner to el
required 9
(horizontal
immunity t
chance of

Although
positioning
a computel
to any tes
computer
during the
of this doc

The cham
frequency

pation period that is several hundred times longer than the dwell time, and will be a

n rate used at each frequency, as well as the method used.to determine the rotation|
nted in the test report.

beam of the field-generating antenna and field-menitoring antenna (usually in the
n and pointed upwards at a 20 degree angle) are-aimed into a corner of the chamb
minate direct coupling to the vehicle. Multiple’ test positions about the vehicle arg
ince the entire vehicle is immersed in“the applied field. Multiple antenna pq
and vertical) are no longer required due-to loss of field polarity. During reverberatioj
bsting, the RF field is simultaneously\bombarding the vehicle from all directions, re
missing a response area of the vehicle due to antenna positioning.

h computer controlled stepper motor (similar to Mode Tuning) is preferred for|
device a low speed motor.can be used instead. Specialized software used in conju

ting. The softwaresshould store the characterization information for use during te
hnd software will(then be used to control the RF test equipment and tuner rotatior
testing. The software shall be capable of performing the tests as described in 6.2.3
iment.

per size; and the fact that indirect illumination is being utilized, will dictate the low
of the-chamber and this method. Characterization of the chamber with and without

function of

rate, must

horizontal
br or at the
no longer
larizations
n chamber
ducing the

the tuner
nction with

r and the RF test equipment should be utilized to characterize the chamber perfornpance prior

sting. The
(optional)
and 6.2.4

est usable
he vehicle

is required

and will verify the usable frequency range of the chamber. See SAE J1113-27 fo

additional

information in regards to chamber design, chamber characterization, and test performance.

6.2.2 CHAMBER CHARACTERIZATION

Prior to test, the empty and vehicle loaded test chamber shall be characterized using the methods
described in SAE J1113-27. The frequency ranges discussed in the SAE J1113-27 standard can be
expanded as discussed in this standard since vehicle chambers are typically larger than the component
test chambers. The usable frequency range of the chamber will be determined during the chamber
characterization process.

-10 -
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6.2.3 TEST PROCEDURE (PREFERRED)

The vehicle shall be operated in the mode(s) that are delineated in the EMC test plan. The test shall be

carried out per SAE J1113-27 with the following exceptions:

a. Setup the vehicle in the chamber as shown in Figure A-1 of Appendix A. The instrumentatio
shown in SAE J1113-27.

b. Prior to collecting data, the Characterization and vehicle Loading Check procedures
performed.

n setup is

shall be

c. The figld generating antenna and field monitoring antenna shall be in the same location as used for

charadterization.

d. Step the test frequencies across the desired frequency range according to)Table 1
modulations specified in 4.3. (or as otherwise specified in the test plan).

e. The dwell time at each frequency and modulation tested shall be at least one tuner |r

using the

otation. If

multiple tuners are utilized, the minimum dwell time at each frequency should be the time it takes for

the sldwest tuner to make one rotation. Regardless of the number of/tliners used, the rotafi

on rate of

the tunjer or tuners should be slow enough to ensure that the field.rémains relatively constant for the
duratign of the dwell time. Care must be taken to ensure that the tuner is turned slowly enough that
the fie|ds remain approximately constant for the duration of the dwell time. This may reqdire a tuner
rotatioh period that is several hundred times longer than the dwell time, and will be a function of
frequepcy. The rotation rate used at each frequency, as\well as the method used to determine the

rotatiop rate, must be documented in the test report.

f.  Electrig¢ field probes can be used during the test, however, shall not be used for field leveling

g. If devigtions are observed, the field shall be reduced until the vehicle functions normallyf

'Then the

field should be slowly increased in 1 dB increments per tuner rotation until the deviation ogcurs. This

level shall be reported as deviation threshold:

6.2.4 TEST PROCEDURE (ALTERNATE)

A closed lpop leveling test may be utilized as an alternate method. Prior to test, the empty tegt chamber
shall be dharacterized using the_methods described in SAE J1113-27. The characterizafion of the

chamber with the vehicle will yerify the usable frequency range of the chamber.

Multiple (tyvo or more) elegtric field probes or a field monitoring antenna in conjunction with &

spectrum

analyzer cpn be used{o-measure the field at the vehicle location(s) being tested. If electric field probes
are used fpr mode stirred tests, they should be capable of making measurements at a rate pf 50Hz or

intensity dpplied*to the vehicle is leveled from the Emax meter reading. Care should be [t
adequate stirrihg (A ' ' ' '

understand that much higher levels of uncertainty can oceur if adequate field stirrig is not achieved and

special considerations are required in these instances. If multiple electric field probes are
highest Emax meter reading of all the electric field probes will be used to determine compliance.

used, the

a. Setup the vehicle in the chamber as shown in Figure A-1 of Appendix A. The instrumentation setup is

shown in SAE J1113-27 with the exception that the RF field monitoring equipment (ant

enna and

spectrum analyzer) or multiple electric field probes will be used to control the field leveling. The field
monitoring antenna may be located at the center point or the perimeter of the vehicle. The highest

Emax meter reading displayed will be used to determine compliance.
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b. Step the test frequencies across the desired frequency range according to Table 1
modulations specified in 4.3. (or as otherwise specified in the test plan)

c. The dwell time at each frequency and modulation tested shall be at least one tuner
multiple tuners are utilized, the minimum dwell time at each frequency should be the time

using the

rotation. If
it takes for

the slowest tuner to make one rotation. Care must be taken to ensure that the tuner is turned slowly

enough that the fields remain approximately constant for the duration of the dwell time.

This may

require a tuner rotation period that is several hundred times longer than the dwell time, and will be a
function_of frequency. The rotation rate used at each frequency, as well as the method used to

deternjine the rotation rate, must be documented in the test report.

d. If devigtions are observed, the field shall be reduced until the vehicle functions normally
field should be slowly increased in 1 dB increments per tuner rotation until the deviation o
Emax field level shall be reported as deviation threshold.

6.3 Mode Stir (Hybrid) Reverberation Chamber Method

6.3.1 GHNERAL

This methgd is typically used in very large chambers where large vehicles (ie. Class 8 trucks,
Equipmen{, Earth Moving Equipment, etc.) are being tested and-the other indirect illuminatio
are not prdctical.

During Mode Stir (Hybrid) Reverberation testing, the tuner-is operated in a continuous rotati
typically 1¢ — 20 s. The field being applied to the vehicléwill be fluctuating from Emax to Emin
of the tuner rotation. At each frequency, the DUT, shall be exposed to the test level for af
rotation of the tuner. If multiple tuners are used, the:dwell time shall be at least one rotation of
tuner. Redardless of the number of tuners used) the rotation rate of the tuner or tuners shou
enough to lensure that the field remains relatively constant for the duration of the dwell time. It i
that, during any measurement, the DUT ‘is_exposed to a constant field for the duration of the
Since, in 8 mode-stirred measurement,\the tuner is constantly turning, it is not possible to hol
perfectly cpnstant. Therefore, care must be taken to ensure that the tuner is turned slowly e
the fields femain approximately tconstant for the duration of the dwell time. This may requ
rotation pgriod that is several\hundred times longer than the dwell time, and will be a

frequency.

The rotatidn rate used{at-each frequency, as well as the method used to determine the rotation
be documented in the test report.

Unlike the Imetheds described in 6.1 and 6.2, a combination of direct illumination of the vehiclg

. Then the
ccurs. This

Agriculture
h methods

hg manner
at the rate
least one
he slowest
Id be slow
5 assumed
dwell time.
J the fields
nough that
re a tuner
unction of

rate, must

by the RF

generating antenna and mode stirring is utilized. This is a closed loop type of test where th

e RF field

being applied to the vehicle is monitored and leveled. Tests should be performed with the field

generating

antenna placed at multiple test positions about the vehicle perimeter, since direct illumination of the
vehicle is being utilized. Multiple field generating antenna polarizations (horizontal and vertical) are
optional if field uniformity for both field monitoring antenna polarizations can be shown with the field
generating antenna in a single polarization (see 6.3.2). During reverberation chamber immunity testing,

the RF field is simultaneously bombarding the vehicle from all directions, reducing the chance
a response area of the vehicle due to antenna positioning.

of missing

The continuous stirred chamber only requires a low speed motor for the tuner positioning device instead

of a computer controlled stepper motor which is required for Mode Tuning.
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The chamber size will dictate the lowest usable frequency of the chamber. Utilization of the chamber at

lower frequencies may be possible since direct illumination is being utilized. A field

uniformity

characterization of the chamber without the vehicle, as described in 6.3.2, is required to show the useful

frequency range and the performance of the chamber.

Multiple (two or more) electric field probes or a field monitoring antenna in conjunction with a spectrum

analyzer can be used to measure the field at the vehicle location(s) being tested. If electric fi

eld probes

are used for_mode stirred tests, they should be capable of reading three orthogonal axes and making

measure
from Emax to Emin. The RF field intensity applied to the vehicle is leveled from the Emax'mét

Care should be taken that adequate stirring (A Emax and Emin > 20 dB) is occurring.ab the f
being tested. Users should understand that much higher levels of uncertainty can occur if adg
stirring is ot achieved and special considerations are required in these instances-If multiple e
probes arg used, the highest Emax meter reading of all the electric field probes will be used to

volume

described pelow. Thedfield uniformity characterization of the chamber without the vehicle, usin
and requirements_derived from IEC-61000-4-3 is required to show the useful frequency ran
performange ofdhe chamber. The usable frequency range of the chamber will be determined
chamber characterization process.

nts at a rate of 50Hz or greater. As the RF field is stirred, the electric field displaygd will vary

er reading.
fequencies
quate field
lectric field
determine

I's working

e (at least
ner should
r.
and should

specified.
coverage

uired field

e methods
g methods
je and the
during the

6.3.2.1  Field Uniformity Characterization

1.

The field generating antenna shall be placed in a location typically used during testing, at a

predetermined height (1.75 m suggested), and shall not be moved during the characterization

process.

be established where the vehicle perimeter will be typically located. The grid shall be paral

A 1.5 m x 1.5m planer grid consisting of sixteen (16) equally spaced points (0.5 m separation) shall

lel with the

face of the field generating antenna and perpendicular with the chamber floor. The lowest four (4)

grid points should be 1 meter above the chamber floor. The center point of the field

monitoring

antenna, with the same antenna polarization as the field generating antenna, will be placed at the first

point in the grid.
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With the tuner(s) continuously rotating and at the first frequency of test, a pre-determined reference
field strength (eg Emax Level = 10V/m) shall be established. The forward power (in dBm) required to
generate the reference field shall be recorded. The Emax and Emin meter readings at this frequency

shall also be recorded. This process shall be repeated at all frequencies of test.

The field monitoring antenna shall be moved to the second point on the grid. At each frequency, the
reference field strength shall be re-established. The forward power (in dBm) required to generate the
reference field shall be recorded. The field intensity measured (Emax and Emin), at the reference

field strength, shall be recorded.

Step (4) shall be repeated at the remaining grid points.

After the data is obtained at all sixteen (16) points of the grid, it shall be processed to dete
empty [chamber field uniformity and chamber performance in that frequency range_is accep
minimdim, 75% (12 of 16 points) of the power levels recorded at the 16 points)for each
shall hiave a difference of less than or equal to 6 dB. In addition, adequate stirring (A Ema
> 20 ¢B) shall be occurring at the frequencies being tested. If the 75%"minimum field
requirgments of 12 points/frequency are met, go to Step (7). If the field\uniformity requirg
not met, analyze the data to determine the usable frequency range of the chamber. If corrg
be mafe to the chamber configuration to improve performance, make the changes and ¢
chamber characterization again.

um, 75% (24 of 32 points) of the power levels recorded at the 32 points for each
ave a difference of less than or equal to*6-dB. If the 75% minimum field

ity requirements of the 24 points/frequency do not meet the requirements, then go t
the field generating antenna so that'it is in the same polarization as the field

antenrja. Perform Steps (3) through (5)..After the data is obtained at all sixteen (16) points
it shallfbe processed to determine if the empty chamber field uniformity and chamber perf
that frequency range is acceptabler’ As a minimum, 75% (12 of 16 points) of the pg
recorded at the 16 points for each/frequency shall have a difference of less than or equal
additign, adequate stirring (A\Emax and Emin > 20 dB) shall be occurring at the frequer
tested] If the 75% minimumyfield uniformity requirements of 12 points/frequency are met, t
on the|vehicle must be(done with the transmitting antenna in two polarizations. If the field

mine if the
table. As a
frequency
and Emin
uniformity
ments are
ctions can
erform the

nna in the
tep (6). As
frequency
uniformity
Testing of
75% field
D step (8).

monitoring
of the grid,
brmance in
wer levels
to 6 dB. In
cies being
hen testing
uniformity

requirgments are not met, analyze the data to determine the usable frequency range of th¢ chamber.

If corrgctions canbe-made to the chamber configuration to improve performance, make th
and pgrform the\chamber characterization again.

e changes

6.3.3 THST.PRROCEDURE

A closed loop leveling test is utilized for this method. Multiple (two or more) electric field probes or a field
monitoring antenna in conjunction with a spectrum analyzer can be used to measure the field at the
vehicle location(s) being tested. If electric field probes are used for mode stirred tests, they should be
capable of making measurements at a rate of 50Hz or greater. As the RF field is stirred the electric field
displayed will vary from Emax to Emin. The RF field intensity applied to the vehicle is leveled from the
Emax meter reading. Care should be taken that adequate stirring (A Emax and Emin > 20 dB) is
occurring at the frequencies being tested. Users should understand that much higher levels of uncertainty
can occur if adequate field stirring is not achieved and special considerations are required in these
instances. If multiple electric field probes are used, the highest Emax meter reading of all the electric field
probes will be used to determine compliance.
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Setup the vehicle in the chamber as shown in Figure A-2 of Appendix A. The instrumentation setup is

shown in SAE J1113-27 with the exception that the field monitoring equipment will be used to control
the field leveling.

Based upon the vehicle system(s) being tested and their locations, determine the positions where the

field generating antenna will be located during the testing. The test positions should be selected to
best illuminate areas where electronic modules and their interconnecting cables are located.

If the field is monitored with an antenna and spectrum analyzer, the field monitoring antenna shall be

placed _at the location of the vehicle being tested. It shall be positioned so that it can accurately

measyre the field being generated during the test without effecting the area being testeg
monitgring antenna may also be placed in the area(s) about the vehicle where the)sy
concein are located. If electric field probes are used., at least two electric field probes shou
to levdl the applied RF electric field during the test. The probes should be capable of rez
orthogpnal axes and making measurements at a rate of 50Hz or greater; One probe
located at the perimeter of the vehicle where the transmitting antenna is directed. The oth
shall be located in the area(s) about the vehicle where the system(s) of concern are locateq

Step

modul
The d
multipl
the slg
the tun
duratig
the fie
rotatio
freque
rotatio
If devi

field should be slowly increased in 1-dB increments per tuner rotation until the deviation o

Emax

7. Tes
When req
equipment
relevant in

Part Nu
Vehicle

e test frequencies across the desired frequency range according to Table 1
tions specified in 3.3. (or as otherwise specified in the test plan).
vell time at each frequency and modulation tested shall_be at least one tuner
E tuners are utilized, the minimum dwell time at each_frequency should be the time
west tuner to make one rotation. Regardless of theqdumber of tuners used, the rota|
er or tuners should be slow enough to ensure that.the field remains relatively cons
n of the dwell time. Care must be taken to ensure that the tuner is turned slowly €
ds remain approximately constant for the dufation of the dwell time. This may reqy
n period that is several hundred times longer than the dwell time, and will be a
ncy. The rotation rate used at each frequency, as well as the method used to det
n rate, must be documented in the testreport.
ptions are observed, the field shall)be reduced until the vehicle functions normally

ield level shall be reported as:deviation threshold.
Report

ired in the test plan; a test report should be submitted detailing information regardir
test site, systems tested, frequencies, power levels, system interactions, and

ormation regarding the test. The following information shall be included in the test re

Imber.and/or the Description of the Vehicle
Operating Conditions (i.e., test plan)

. The field
stem(s) of
Id be used
1ding three
should be
Br probe(s)
.
using the

rotation. If
it takes for

fion rate of

ant for the
nough that
ire a tuner
function of
ermine the

. Then the
ccurs. This

g The test
any other
port.

Descrip

tion of the Deviations Monitored

Date of
Facility

Equipm

Test
Name

Modulation Status
Maximum Field vehicle Exposed to at Each Frequency

ent Limits, if reached Requesting Engineer

Requesting Company
Data Summary Sheet for Each Deviation
Indicate frequencies where L has increased by more than 6 dB and/or receive power max/min ratio is

less than 20 dB.

PREPARED BY THE SAE EMI STANDARDS COMMITTEE
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APPENDIX A
(INFORMATIVE)
TEST SETUP DRAWINGS FOR VEHICLE REVERBERATION TESTING

SHIELDED TEST
ENCLOSURE

PADDLE

Test Vehicle

RN

0.5, ANTENNA ANTENNA (3,

/ (Tx) (Rx) \I

PADDLE SPECTRUM
COMPUTER PRINTER
CQNTROLLER ANALYZER

r ATTENUAT OR

Interface Bus |

PN 1 1

SIGNAL DUAL POWER
[ AMPLIFIER GENERATOR METER
BUAL
IRECTIONAL
TOUPTER i » POWERSENSORS

o L

SHIELDED MONITOR ENCLOSURE

FIGURE 1—TYPICAL REVERBERATION CHAMBER LAYOUT
(MODE TUNED AND MODE STIR STANDARD)

-16 -



https://saenorm.com/api/?name=7c957794dbbf9d7fb24673718b2c0323

SAE J551-16 Issued SEP2005

WHOLE VEHICLE
TEST FACILITY
Tx
Large MIL-STD- Small MIL-STD-
1344A Paddle 1344A Paddle
| Z1m !
MQNITORING 1
ROOM
-—>1m —p
SPECTRUM To Rx Tx
ANALYZER
TEST
VEHICLE
SIGNAL
GENERATORS
I Rx = Field Monitoring Antgnna
T Tx = Field Generating Antgnna
RF o
AMPLIFIERS
[ —— —— ]
Small MIL-STD-
1344A Paddle
\
Large MIL-STD- 7
1344A Paddle
Note: Tx and Rx locations determined by system(s) being evaluated during test
[ [ VaSElnYmila) T/ DI AL D/ DD ATIOMN - COLIAMIODCD L AV/AOLIT/ MO OTID LINV/hDLE
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