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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 size and construction. Three methods for calibrating and applying electromagnetic 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 upon currently known environmental threats, has been included in this revision of the

standard. Each m¢thod has its advantages and disadvantages which are discussed in each individy
methods have beg¢n proven to be effective at finding potential field issues at the vehicle level.(SA
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2.2 Related Publications

The following publications are provided for information purposes only and are not a required part of this SAE Technical

Report.

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 Laboratory Report PL-TR-91-1036 - Frequency Stirring: An Alternate Approach to Mechanical Mode-Stirring for

the Conduct of EM
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3.2 TUNER

A large metallic reflector capable of changing the electromagnetic boundary conditions in a reverberation 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 vehicle.

3.4 MODE STIR (STANDARD) REVERBERATION CHAMBER METHOD

During Mode Stir (Standard) Reverberation testing, the tuner is operated in a continuous rotating ma
20 s/revolution). The field generating antenna is pointed into a corner of the chamber to eliminate dir
vehicle. The dwell|[time at each frequency and modulation tested is typically the time it takes for.ong
tuner. Multiple tesf positions about the vehicle are no longer required since the entire vehicle.is imme]
field. Characterizatjon of the chamber, with and without the vehicle (per SAE J1113-27), is required for
3.5 MODE STIRRED (HYBRID) REVERBERATION CHAMBER METHOD
During Mode Stir (Hybrid) Reverberation testing, the tuner is operated in a continuous rotating fashid
s/revolution). Unlike the methods described in 3.3 and 3.4, a combination of-direct illumination of the
generating antenn@ and mode stirring are utilized. This method is typically_used to evaluate larger ve
trucks, Agriculture| Equipment, Earth Moving Equipment, etc.) in largei.chambers where the other i
methods are not practical. Multiple test positions about the vehicle should be utilized, since direct
vehicle is being ut|lized. The dwell time at each frequency tested is typically the time it takes for ong
tuner. Field uniforn
IEC-61000-4-3 is required to show the useful frequency rangerand the performance of the chamber.
3.6 EMAX

The peak level (mgximum) RF field being generatedcand moved about the chamber.

3.7 EMIN

The minimum leve| (null) RF field being generated and moved about the chamber.
4. TEST CONDITIONS
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4.1 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 Frequency Range

(See SAE J551-1) In addition, to test automotive electronic systems, the applicable frequency range of this test method is

20 MHz to 10 GHZ
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GHz. Different fielg
testing of overlap
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modulation. If no
modulation (CW),
considered at freq
severity levels and

4.4 Dwell Time

(See SAE J551-1)
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ntrol the subsystems of the vehicle: The dwell time will also be dependent upon

teps

In addition, the tests‘will be conducted with the maximum frequency step sizes
thmic frequency steps (shown in Table 2), with the same minimum number of frequ
n be used. The Values, as agreed upon by the users of this document, shall be doc

s that the._susceptibility thresholds of the vehicle are very near the chosen test levg
should\be reduced in the concerned frequency range in order to find the mini
(Refer'to SAE J551-1.)
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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 to 2.0 GHz 10 MHz
2.0 GHzto 10 GHz 50 MHz

TABLE 2 - LOGARITHMIC TEST FREQUENCY CALCULATION

46 Test Signal (
(See SAE J551-1),
4.7 Threshold off
(See SAE J551-1)
amplitude shall slo
point of the field.
deviations are obs
1 dB increments a
occurs. This level {

4.8 Test Severity

(See SAE J551-1)

Duality

[ij l:rn::11| T=YatalVi fo

= f xQ\" Range (MHz

f‘test fO (MHZ) ) n
where: 1...<30 1 7

Jo is base frequency

k is Frequency index number
(1,2,3,...)

n is Number of steps per octave

30...<400 30 25

400...<1000 400 ™ 25
1000...<10
000 1000 50

Response

In addition, for continuously stirred test methods; as a responding frequency is being thresholded, the
wly be increased to allow time for tunef rotation so that the unit is allowed to be supjected to the high
he peak field point shall be recorded as the threshold amplitude level. During mogle tuned testing, if
prved, the field shall be reduced unitil the vehicle functions normally. The field shall then be increased in
nd the tuner rotated to all positions for a full rotation. This process would be repeated until the deviation
hall be reported as deviationthreshold.

Levels

In addition, the vehiecle manufacturer shall specify the test severity level(s) over the

be tested. Exampl

s of test severity.levels are included in Appendix C of this document. A full descrip

]requency bands to
ion and discussion

of the Function Pegrformance Status Classification including Test Severity Levels are given in SAE J1[113-1 Appendix A.
rior to using the suggested Function Performance Status Classification objecfives presented in
Appendix C. Thege test<severity levels are expressed in terms of equivalent root-mean-square (RMS) value of an

Please review it

unmodulated waveg. PeakK 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 actua

tors can be excited.

5.2 Reverberation Radiated Immunity System

Reverberation Rag
vehicle by means
RF amplifier and
established from e
is being utilized, &
generated RF fie

measurements at a rate of 50Hz or greater. The immunity tests are then carried out,by varying the tes|

frequency of the d
multiple test positid

5.3 Test Setup 3

A sample set-up g
test frequency ran
power over the tes
of operating over
manufacturer’s ins
pretest characteriz

5.4 Vehicle Set-

The vehicle should

chamber. Tests should be performed inside~a shielded room. The distance between vehicle and a

structures, such ag
minimum of 0.5 m.

5.5 Vehicle Mon

Steps shall be tak
readings. This m
equipment shall bg
should be taken to

iated Immunity is a method of carrying out immunity tests by applying disturbang
bf a radiated RF electric field. An appropriate RF field generating device is used in

signal source. Depending upon the method being utilized, the RF electriciAield
ther a previous chamber characterization or a closed loop leveling system:.If the m
field monitoring antenna in conjunction with a spectrum analyzer, should be us
d. If electric field probes are used for mode stirred tests, they ‘should be ¢

sturbance. The radiated electric field shall be applied to the entire’ vehicle either s
ns, depending upon the method being utilized.

nd Instrumentation

r each test method is shown in Appendix A. All equipment used, shall be capable off
e required. The field generating device (antenpa)'shall be capable of withstanding
t frequency range regardless of the system loading. The RF measurement equipme
the test frequency range. Prior to testing,,the RF measurement devices shall be
btion. Any variations shall be documented and noted in the test report.

Up

be tested as built and no-additional grounding connections are allowed between f

walls of a shielded réem (with the exception of the ground plane underneath the

toring Equipment
en to prevent RF energy from coupling into control and monitoring equipment to

placed outside the room. Either filtering or fiber optic cables may be required. If fil
ensure that the filters do not present additional loading or affect the immunity of the

ay require RF hardening of the simulator and the control/monitoring equipment.

e signals onto the
tonjunction with an
intensity level is
bde stirred method
bd to measure the
apable of making
t severity level and
multaneously or at

operating over the
a continuous input
nt shall be capable
characterized per

ructions. During testing, the RF measurement devices shall be operated in the samg manner as during

he vehicle and the
| other conductive
vehicle), shall be a

prevent erroneous
The monitoring
ters are used, care
ehicle.



https://saenorm.com/api/?name=ba96bb7a1581dfaee36e7a78f2bb0cb1

SAE J551-16 Revised MAY2012 Page 8 of 24

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 field exposure times as needed to accommodate long DUT response times.
The number of tuner steps per revolution that should be used is a function of frequency, chamber Q, and desired
uncertainties. Typically, at least 20 steps are required to provide sufficient sampling to reasonably determine the
statistical parameters of the test field and DUT response (maximum and average amplitudes). Additional steps (samples)
will reduce the uncertainty in the measurements. [f the sample size is too small, the accuracy of the measurements
suffers and true maximum, minimum, etc. are not recorded. Refer to I[EC 61000-4-21.

Mode stirred apprpach (described in detail in SAE J1113-27) rotates the tuner continuously jfotra gomplete revolution
while sampling the received power, field probe response, and DUT response at rates much fasfer than the tuner
revolution rate. The mode stirred approach allows large data sets (400 samples or more issfecommégnded) for a single

tuner revolution. T
and output monito
the DUT and test i
20's. Alarger sa

this technique ma
response times, or|

6. TEST METHO

CAUTION The hi

Safety
6.1 Mode Tuned
6.1.1 General

During Mode Tune
rotation). The num
or decreased depe
and one complete

iner revolution rates and test instrumentation sampling rates are adjusted’'to meet
response time requirements. The optimum settings result in a nearly identical nu
nstrumentation (see A.5.4). Revolution periods can range from2.s*-"10 min, with ty|
ple set can improve the accuracy in determining the statistics \0f the measured par3
have increased uncertainty due to failure to correct for-transmit power variatio
the interactions between the DUT and the continuously.changing fields in the chaml

DS AND PROCEDURES

ph RF field level generated inside the test chamber during this test may be hazardou
precautions shall be taken to prevent humanexposure to high RF field levels.

Reverberation Chamber Method

d Reverberation testing, thetuner is operated in a step/stop/step/ stop fashion (ing
ber of tuner steps is dependant upon the uncertainty requirements. Field uncertaint
ndant upon the number. of tuner steps. The tuner is stopped at each position for the
uner rotation is required for each frequency and modulation tested.

UT response time
ber of samples for
bical values of 10 -
meters. However,
ns, unknown DUT
er.

s to human health.

tead of continuous

can be increased
dwell time required
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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 positioning device must be a computer controlled stepper motor which can step the tuner position in fine
increments (2 degrees). Specialized software used in conjunction with a computer and the RF test equipment should be
utilized to characterize the chamber performance prior to any testing. The software should store the characterization

information for usq
tuner positioning d
document.

The chamber size
chamber for this 1

usable frequency ange of the chamber. See IEC 61000-4-21 and SAE J1113-28 for additional inform

chamber design, ¢

6.1.2 Chamber (

Prior to test, the empty and vehicle loaded test chamber shall be characterized using the methods des

4-21 (also describ
standards can be
component test G
characterization pr

6.1.3 Test Procs

The vehicle shall
SAE J1113-28 with

a. Setup the veh
J1113-28.
b. Prior to collec

performed.

The field gene

during testing. The computer and software will then be used to control the RE tgst equipment and

uring the testing. The software shall be capable of performing the tests as descri
and the fact that indirect illumination is being utilized, will dictate the lowest usab

nethod. Characterization of the chamber with and without the vehiclé€is” required

hamber characterization, and test performance.

Characterization

ed in SAE J1113-28). The frequency ranges discussed in the IEC 61000-4-21 3
expanded as discussed in this standard, since vehicle chambers are typical

hambers. The usable frequency range of the chamber will be determined du

bcess.

dure

e operated in the mode(s) that are’ delineated in the EMC test plan. The test shall
the following exceptions:

cle in the chamber as shown in Figure A1 of Appendix A. The instrumentation setu

ling data, the Characterization and vehicle Loading Check procedures discusseq

ating antennha and field monitoring antenna shall be in the same location as used for

Step the test
4.3. (or as oth

f;equencies across the desired frequency range according to Table 1 using the modu

rwise specified in the test plan).

ed in 6.1.3 of this

e frequency of the
and will verify the
ation in regards to

cribed IEC 61000-
nd SAE J1113-28
y larger than the
ring the chamber
be carried out per
p is shown in SAE

in 6.1.2 shall be

characterization.

lations specified in

The dwell time

The vehicle shall be exposed to the field level at each frequency for one full rotation of the tuner.

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 slowest tuner. Regardless of the number of tuners
used, the rotation rate of the tuner or tuners should be slow enough to ensure that the field remains relatively constant for
the duration of the dwell time. It is assumed that, during any measurement, the DUT is exposed to a constant field for the
duration of the dwell time. Since, in a mode-stirred measurement, the tuner is constantly turning, it is not possible to hold

the fields perfectly
remain approximat
hundred times long

The rotation rate u
in the test report.

The main beam o
pointed upwards a
to the vehicle. Mul
applied field. Multi

During reverberation chamber immunity testing, the RF field is simultangously bombarding the vehicle

reducing the chang

Although a compu
speed motor can §
should be utilized
characterization in
equipment and tu
described in 6.2.3

The chamber size
chamber and this
usable frequency

chamber charactetization, and test performance.

6.2.2 Chamber (

Prior to test, the 4
J1113-27. The frg

constant. Therefore, care must be taken to ensure that the tuner is turned slowly en
ely constant for the duration of the dwell time. This may require a tuner rotatiofpe
er than the dwell time, and will be a function of frequency.

5ed at each frequency, as well as the method used to determine the rotation rate, m

iple test positions about the vehicle are no longer required-since the entire vehicle
ble antenna polarizations (horizontal and vertical) are no [onger required due to lo

e of missing a response area of the vehicle due to_antenna positioning.

er controlled stepper motor (similar to Mode Tuning) is preferred for the tuner positi
e used instead. Specialized software used\n-Conjunction with a computer and the

to characterize the chamber performance prior to any testing. The software
formation for use during testing. The computer and software will then be used to
ner rotation (optional) during the testing. The software shall be capable of perfo
bnd 6.2.4 of this document.

and the fact that indirect illamination is being utilized, will dictate the lowest usab
method. Characterization‘oef the chamber with and without the vehicle is required
range of the chamberi\See SAE J1113-27 for additional information in regards t

Characterization

mpty and_vehicle loaded test chamber shall be characterized using the methods
quengy-ranges discussed in the SAE J1113-27 standard can be expanded as

standard since veli

the chamber will beF determined during the chamber characterization process.

iclerchambers are typically larger than the component test chambers. The usable

bugh that the fields
riod that is several

st be documented

the field-generating antenna and field-monitoring antenna (ustally’in the horizonfal polarization and
I a 20 degree angle) are aimed into a corner of the chamber or.at the tuner to elimir

ate direct coupling
is immersed in the
ss of field polarity.
from all directions,

oning device a low
RF test equipment
should store the
control the RF test
'ming the tests as

e frequency of the
and will verify the
b chamber design,

described in SAE
discussed in this
requency range of
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6.2.3 Test Proce

dure (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.
J1113-27.

b.

C.

d.
4.3. (or as othe

e. The dwell timg
utilized, the m
rotation. Rega
ensure that the
the tuner is tur
may require a
frequency. Thq
be documente

f.

g. If deviations a

slowly increas
deviation thres|

6.2.4 Test Procs

A closed loop lev
characterized usin
verify the usable fr

Multiple (two or m
used to measure
they should be ca
displayed will vary

reading. Care sholild b& taken that adequate stirring (A Emax and Emin > 20 dB) is occurring at thel

tested. Users shou

Step the test ﬂlequencies across the desired frequency range according to Table 1 using the modu

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

8

rwise specified in the test plan).

at each frequency and modulation tested shall be at least one tuner rotation. If

nimum dwell time at each frequency should be the time it takes for‘the slowest

dless of the number of tuners used, the rotation rate of the tuner_or tuners should

field remains relatively constant for the duration of the dwell time.” Care must be té
hed slowly enough that the fields remain approximately constant for the duration of {
tuner rotation period that is several hundred times longer than the dwell time, and v
rotation rate used at each frequency, as well as the méthod used to determine the
i in the test report.

‘e observed, the field shall be reduced until‘the vehicle functions normally. Then
bd in 1 dB increments per tuner rotation until the deviation occurs. This level sh
hold.

dure (Alternate)

eling test may be utilized-as an alternate method. Prior to test, the empty test
g the methods described in” SAE J1113-27. The characterization of the chamber v
bquency range of the.chamber.

bre) electric field (probes or a field monitoring antenna in conjunction with a spectru
e field at the.vehicle location(s) being tested. If electric field probes are used for
ble of making measurements at a rate of 50Hz or greater. As the RF field is stirr
from Emax to Emin. The RF field intensity applied to the vehicle is leveled fror

Id-understand that much higher levels of uncertainty can occur if adequate field stirq

and special consi

erations are required in these instances. If multiple electric field probes are used

meter reading of al

a.

| the electric field probes will be used to determine compliance.

Setup the vehicle in the chamber as shown in Figure A1 of Appendix A. The instrumentation setup is shown in SAE

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

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

lations specified in

multiple tuners are
uner to make one
be slow enough to
ken to ensure that
he dwell time. This
vill be a function of
rotation rate, must

he field should be
all be reported as

chamber shall be
ith the vehicle will

m analyzer can be
mode stirred tests,
bd the electric field
n the Emax meter
frequencies being
ng is not achieved
the highest Emax

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 (antenna 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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4.3. (or as otherwise specified in the test plan)

Step the test frequencies across the desired frequency range according to Table 1 using the modulations specified in

The dwell time at each frequency and modulation tested shall be at least one tuner rotation. If multiple tuners are

utilized, the minimum dwell time at each frequency should be the time 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 determine the rotation rate, must be documented in the test report.

If deviations are observed, the field shall be reduced until the vehicle functions normally. Then the field should be

slowly increas
reported as de

6.3 Mode Stir (H

6.3.1  General
This method is tyq
Earth Moving Equi

During Mode Stir (
The field being ap
frequency, the DU
dwell time shall be
the tuner or tuners
time. It is assume

ed in 1 dB increments per tuner rotation until the deviation occurs. This Emax
viation threshold.

ybrid) Reverberation Chamber Method

ically used in very large chambers where large vehicles (i.e., Class 8 trucks, Agri
bment, etc.) are being tested and the other indirect illumination'methods are not prac

Hybrid) Reverberation testing, the tuner is operated in adcontinuous rotating manner
plied to the vehicle will be fluctuating from Emax to.Emin at the rate of the tune
[ shall be exposed to the test level for at least ong rotation of the tuner. If multiple tu
at least one rotation of the slowest tuner. Regardiess of the number of tuners used,
should be slow enough to ensure that the field remains relatively constant for the d

time. Since, in a

constant. Therefofe, care must be taken to ensure that' the tuner is turned slowly enough that
approximately congtant for the duration of the dwell time. This may require a tuner rotation period that
times longer than the dwell time, and will be a functien’of frequency.

The rotation rate uged at each frequency, as well-as the method used to determine the rotation rate, m

in the test report.

Unlike the metho

j that, during any measurement, the DUT.jiS\exposed to a constant field for the du
ode-stirred measurement, the tuner is constantly turning, it is not possible to hold

described in 6.1¢and 6.2, a combination of direct illumination of the vehicle by

antenna and modg stirring is utilized. yThis is a closed loop type of test where the RF field being appli
monitored and leveled. Tests should be performed with the field generating antenna placed at mu
about the vehicle [perimeter, since direct illumination of the vehicle is being utilized. Multiple field g
polarizations (horizontal and. vertical) are optional if field uniformity for both field monitoring antenna p
shown with the figld generating antenna in a single polarization (see 6.3.2). During reverberation
testing, the RF figld is,.simultaneously bombarding the vehicle from all directions, reducing the ch

ield level shall be

culture Equipment,
tical.

typically 10 — 20 s.
r rotation. At each
ners are used, the
the rotation rate of
Lration of the dwell
ration of the dwell
the fields perfectly
the fields remain
is several hundred

st be documented

the RF generating
bd to the vehicle is
tiple test positions
enerating antenna
blarizations can be
chamber immunity
ance of missing a

response area of the-vehicle due to antenna positioning.

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 field probes are used for mode stirred tests,
they should be capable of reading three orthogonal axes and 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 stir

ring is not achieved and special considerations are required in these instances. If m
probes are used, the highest Emax meter reading of all the electric field probes will be used to determir

The following shou
The reverberat

The mechanic
smallest cham|
repetitive field

The electric fie
making measu

The RF signal
The transmit a
e The power am
6.3.2 Chamber (
Prior to testing, thg

field uniformity chg
61000-4-3 is requi

|d be considered when utilizing this test method:
ion chamber shall be sized large enough to test a vehicle within the chamber’s worki

bl tuner should be as large as possible with respect to overall chamber size (at lea

ultiple electric field
e compliance.

ng volume.

st two-thirds of the

ber dimension) and working volume considerations. Each tuner’should be shaped such that a non-

battern is obtained over one revolution of the tuner.

Id probes should be capable of reading and reporting:three orthogonal axes and sh
rements at a rate of 50Hz or greater.

generator shall be capable of covering the frequency bands and modulations specifig

htenna shall be linearly polarized and capable of satisfying the frequency coverage r

ould be capable of

pd.

bquirements.

plifiers shall be capable of amplifying the RF signal to produce the required field stremgths.

Characterization

field uniformity of the empty chamber shall be characterized using the methods de
racterization of the ehamber without the vehicle, using methods and requirements
red to show the useful frequency range and the performance of the chamber. The

range of the chamber will be determined during the chamber characterization process.

6.3.2.1 Field Un

1. The field gendg

(1.75 m sugge

formity Characterization

rating antenna shall be placed in a location typically used during testing, at a pre
sted);-and shall not be moved during the characterization process.

scribed below. The
derived from IEC-
e usable frequency

determined height

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

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


https://saenorm.com/api/?name=ba96bb7a1581dfaee36e7a78f2bb0cb1

SAE

J551-16 Revised MAY2012

Page 14 of 24

6.3.3

With the tuner(s) continuously rotating and at the first frequency of test, a pre-determined reference field strength

(e.g., Emax Level = 10V/m) shall be established. The forward power (in dBm) required to generate
shall be recorded. The Emax and Emin meter readings at this frequency shall also be recorded. Th
repeated at all frequencies of test.

the reference field
is process shall be

The field monitoring antenna shall be moved to the s 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 shal
field intensity measured (Emax and Emin), at the reference field strength, shall be recorded.

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

| be recorded. The

After the data
field uniformityland chamber performance in that frequency range is acceptable. As a minimum, /5
of the power Igvels recorded at the 16 points for each frequency shall have a difference of less’tha
In addition, adequate stirring (A Emax and Emin > 20 dB) shall be occurring at the frequéencies

75% minimum)| field uniformity requirements of 12 points/frequency are met, go to_Step (7). If

requirements gre not met, analyze the data to determine the usable frequency range’ of the char
can be made fo the chamber configuration to improve performance, make the changes and pe
characterization again.

Rotate the field monitoring antenna 90 degrees while keeping the field generating antenna in the o
Perform Steps|(3) through (5). Process the data of all 32 points per Stép (6). As a minimum, 75%
the power levdls recorded at the 32 points for each frequency shall.have a difference of less than
the 75% minimum field uniformity requirements of 24 points/freqdency are met, then adequate
occurring. Tesling of the vehicle can performed with a single field generating antenna polarizatiq
uniformity reqyirements of the 24 points/frequency do not meet'the requirements, then go to step (8

generating antenna so that it is in the\same polarization as the field monitoring
Steps (3) throdgh (5). After the data is obtained at all Sixteen (16) points of the grid, it shall be proc
if the empty chhamber field uniformity and chamber performance in that frequency range is accepta
75% (12 of 16|points) of the power levels recorded at the 16 points for each frequency shall have

than or equal tpo 6 dB. In addition, adequate stirring (A Emax and Emin > 20 dB) shall be occurring
being tested. If the 75% minimum field uniformity requirements of 12 points/frequency are met, {
vehicle must e done with the transmitting antenna in two polarizations. If the field uniformity re
met, analyze the data to determine_the usable frequency range of the chamber. If corrections ¢
chamber configuration to improve(performance, make the changes and perform the chamber chara

Test Procqdure

A closed loop levgling test is/utilized for this method. Multiple (two or more) electric field probes of

antenna in conjund
If electric field proj

tion with'a spectrum analyzer can be used to measure the field at the vehicle locati
es are’used for mode stirred tests, they should be capable of making measurement

obtained at all sixteen (16) points of the grid, it shall be processed to determine_if the empty chamber

% (12 of 16 points)
n or equal to 6 dB.
being tested. If the
he field uniformity
hber. If corrections
form the chamber

riginal polarization.
24 of 32 points) of
or equal to 6 dB. If
loss of polarity is
n. If the 75% field

).

antenna. Perform
bssed to determine
ble. As a minimum,
A difference of less
at the frequencies
hen testing on the
quirements are not
bn be made to the
cterization again.

a field monitoring
on(s) being tested.
s at a rate of 50Hz

or greater. As the

RField is stirred the electric field displayed will vary from Emax to Emin. The RF fie

Id 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.


https://saenorm.com/api/?name=ba96bb7a1581dfaee36e7a78f2bb0cb1

SAE

J551-16 Revised MAY2012

Page 15 of 24

Setup the vehicle in the chamber as shown in Figure A2 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 mod

ules 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 measure the field being generated
during the test without effecting the area being tested. The field monitoring antenna may also be placed in the area(s)
about the vehicle where the system(s) of concern are located. If electric field probes are used., at least two electric

field probes should be used to level the applied RF electric field during the test. The probes sh
reading three ¢rthogonal axes and making measurements at a rate of 50Hz or greater. One probsg
at the perimetgr of the vehicle where the transmitting antenna is directed. The other probe(s)/sha

area(s) about

3.3. (or as othg

The dwell timq
utilized, the m
rotation. Rega
ensure that thg
the tuner is tur
may require a
frequency. Thd
be documente

If deviations a
slowly increas
reported as de

7. TEST REPOR

e vehicle where the system(s) of concern are located.

Step the test fiequencies across the desired frequency range according to Table 1 using the modu

rwise specified in the test plan).

at each frequency and modulation tested shall be at least-one tuner rotation. If
nimum dwell time at each frequency should be the time if\takes for the slowest
dless of the number of tuners used, the rotation rate of the tuner or tuners should
field remains relatively constant for the duration of the Jdwell time. Care must be té

buld be capable of
should be located
Il be located in the

lations specified in

multiple tuners are
uner to make one
be slow enough to
ken to ensure that

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

tuner rotation period that is several hundred times\longer than the dwell time, and v
rotation rate used at each frequency, as well.as the method used to determine the
i in the test report.

e observed, the field shall be reduced,until the vehicle functions normally. Then
ed in 1 dB increments per tuner rotation until the deviation occurs. This Emax
viation threshold.

-

When required in
site, systems teste
The following infor

Part Number a

, frequencies, power levels, system interactions, and any other relevant information
ation shall be inclyded in the test report.

Ee test plan, a test repoert'should be submitted detailing information regarding The t

hd/or the Deseription of the Vehicle

Vehicle Operaling Conditions (i.e., test plan)

heDeviations Monitored

vill be a function of
rotation rate, must

he field should be

ield level shall be

bst equipment, test
regarding the test.

Description of

Date of Test

Facility Name

Modulation Status
Maximum Field vehicle Exposed to at Each Frequency
Equipment Limits, if reached Requesting Engineer

Requesting Company
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e Data Summary Sheet for Each Deviation
e Indicate frequencies where L has increased by more than 6 dB and/or receive power max/min ratio is less than 20 dB.

e Tuner rotation rate used at each frequency, as well as the method used to determine the rotation rate

8. NOTES

8.1 Marginal Indicia

A change bar (l) located in the left margin is for the convenience of the user in locating areas where technical revisions,
not editorial changps—have-been-made-to-the-previcus-issue-of this-document—An{(R)-symbolto-theleft of the document

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

PREPARED BY THE SAE ELECTROMAGNETIC COMPATIBILITY (EMC) STANDARDS
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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 41, .

/ (Tx) (Rx) \

ox
(o]
<
2
o
<
PADDLE SPECTRUM
COMPUTER PRINTER
CQNTROLLER ANALYZER
Interface Bus
I | ]
— | |
SIGNAL DUAL POWER
AMPLIFIER GENERATOR METER
[ I I
DUAL
BIRECTIONAL
COUPLER POWER SENSORS
SHIELDED MONITOR ENGLOSURE

FIGURE A1 - TYPICAL REVERBERATION CHAMBER LAYOUT
(MODE TUNED AND MODE STIR STANDARD)
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WHOLE VEHICLE
TEST FACILITY

Tx
Large MIL-STD- Small MIL-STD-
1344A Paddle 1344A Paddle

>1m
MONITORING I )
ROOM V Rx
<}<—>1m -—>1m —p
- Rx RX
SPECTRUM To Rx Tx IX
ANALYZER
TEST
VEHICLE
SIGNAL
GENERATORS
T Rx = Field Monitoring Antgnna
T J = Field Generating Antgnna
RF Ti
ANIPLIFIERS

Small MIL-STD-
1344A Paddle

~_
Large MIL-STD-
1344A Paddle

Note: Tx and Rx locations determined by system(s) being evaluated during test

FIGUREA2 - TYPICAL REVERBERATION CHAMBER LAYOUT(MODE STIR HYBRI
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APPENDIX B
(INFORMATIVE)
SAMPLES OF TUNER DESIGNS

B.1 TUNER DESIGN
The criterion for tuner design is to ensure its effectiveness in redistributing the energy inside the enclosure. To achieve

this, the tuner should be electrically large (= A at the lowest frequency of operation) and be shaped or oriented to achieve
a receive power maximum/minimum ratio >20 dB for all test frequencies. The tuner mounting should include provisions to

prevent RF leakage from the chamber via the tuner shaft to the motor.

The tuner controller and motor should allow

continuous or stepped tuner rotation depending upon method being utilized. For mode stir (continuous) testing, the stirr

rotation rate shall
definable within 2
The tuner shall be
tuner design provg
Figures B3 and B
described above is
larger in a vehicle
chamber will allow

Figure B5 shows a
plate cut and bent
facilitate the scalir
described above i
vehicle chamber ¢
allow testing to mu

be from 3 to 15 s per revolution (4-20 RPM) with the option to stop at an elecitrig
degree accuracy. The tuner shall be made of a conductive material, and shoulg
at least A/6 away from the vehicle and its harness. Figures B1 and B2 show.an ex
n to work effectively in a room with dimensions of 4.88 m x 3.66 m x 3:05 m (16
l show an example of the Z-Fold tuner design. The typical size of a Z-Fold tune
approximately 2.44 m x 0.76 m x 0.76 m (8 ft x 2.5 ft x 2.5 ft). These tuners wo
chamber configuration (at least two-thirds of the smallest chamber dimension). Th
testing to much lower frequencies than component test chambefs:

n example of the MIL-STD-1344A, Notice 5, Appendix C tuner design. This mode tu
to design parameters of the MIL-STD-1344A standard.,The dimensions shown ar
g of the mode tuner to different sizes. The typical size of a MIL-STD-1344A tune
approximately 2.44 m x 1.22 m (8 ft x 4 ft). Onge ‘again, these tuner can be mad
bnfiguration (at least two-thirds of the smallest chamber dimension). The larger tune
ch lower frequencies than component test chambers.

al "home position"
| be asymmetrical.
ample of a specific
ft x 10 ft x 10 ft).
- for the test room
Lld be made much
e larger tuner and

her is a large metal
e general ratios to
r for the test room
e much larger in a
r and chamber will
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