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(R) Electromagnetic Compatibility Measurements Procedure for Vehicle Components—
Part 27—Immunity To Radiated Electromagnetic Fields—Mode Stir Reverberation Method

1. Scaope

1.1 Veljicle 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,
molbile transmitters, cellular phones, etc. Reverberation method is used to evaluate thg immunity
of glectronic devices in the frequency range of 500 MHz to 2.0 GHz,*with possible ext¢nsions to
200 MHz and 10 GHz, depending upon chamber size and construction. Optional pulse modulation
testing at HIRF (High Intensity Radiated Fields) test levels,’ based upon currenfly known
envjronmental threats, has been added to this revision of the standard. This document addresses
the|Mode Stir (Continous Stirring) Reverberation testing)method which has been successfully
utilized as a design and production stage development tool for many years. The Mode Tuned
(Stgpped Tuner) Reverberation testing method is covered in the SAE J1113-28 document.

1.2 Thig document provides the component design.and test engineers with a test procedune and the
performance requirements necessary to quickly evaluate the immunity of electronic devices to
radiated electromagnetic fields early in the design stage as well as pilot and productign stages.
Thig method is an alternative to testing in an absorber lined chamber. Ensuring electromagnetic
compatibility early in the development stage will minimize costly changes later in the prqgram and
will prevent excessive componentievel hardening during full-vehicle level testing.

1.3 Thqg reverberation test method performs a dual function:

1.3.1 The primary function’of the method is to provide a bench test procedure correlative to
vehicle-level radiated immunity testing in the anechoic chamber and at mobile transmitter sites.

1.3.2 The method\can quickly evaluate the relative performance of different designs of the same
device.
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1.4 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. Reverberation method is used to evaluate the immunity of electronic
devices in the frequency range of 500 MHz to 2.0 GHz, with possible extensions to 200 MHz to 10 GHz,
depending upon chamber size and construchon Pulse modulation testlng at HIRF (H|gh Intensity
Radiated Fields)testlevels-has-bee s docy dresses the
Mode Sti (Contmous St|rr|ng) Reverberahon testlng method which has been successfully utl ized as a
design apd production stage development tool for many years. The Mode Tuned-(Stgp Dwell)
Reverberation testing method is covered in the SAE J1113-28 document

This docyment provides the component design and test engineers with an_test procedurg and the
performarnce requirements necessary to quickly evaluate the immunity of electronic devices tp radiated
electromagnetic fields early in the design stage as well as pilot and production stages. This method is an
alternative to testing in an absorber lined chamber. Ensuring electromagnetic compatibility egrly in the
development stage will minimize costly changes later in the program and will prevent excessive
componet level hardening during full-vehicle level testing.

The primx}ry function of the method is to provide a bench test/procedure correlatable to vehicle-level
radiated immunity testing in the anechoic chamber and at mabile transmitter sites.

The methpd can be used to quickly evaluate the relative performance of different designs of (the same
device.

2. References
2.1 Applicable Publications

The following publications form a partof this specification to the extent specified herein. The Igtest issue
of SAE pyblications shall apply.

General information regarding-this test, including general definitions, and safety considerations|are found
in SAE J1/113-1.

2.1.1  SAE PUBLICATION

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

SAE J111 Vehicle

Components (Except Aircraft)

2.1.2 NBS PUBLICATION
Available from NIST, U.S. Department of Commerce, Gaithersburg, MD 20899.

NBS Technical Note 1092—Design, Evaluation, and Use of a Reverberating Chamber for Performing
Electromagnetic Susceptibility / Vulnerability Measurements
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2.1.3  NIST PUBLICATIONS
Available from NIST, U.S. Department of Commerce, Gaithersburg, MD 20899.
NIST Technical Note 1506—Electromagnetic Theory of Reverberation Chambers

NIST Technical Note 1508—Evaluation of the NASA Langley Research Center Mode-Stirred Chamber
Facility

3. De){initions
Definitions specific to this test method are included.
3.1 RevVerberation Chamber

A high Q $hielded room (cavity) whose boundary conditions are changed via' ayrotating tuner. This results
in a time-averaged uniform electromagnetic field. See Appendix A for additional information.

3.2 Tuner
A rotating|metallic reflector that changes the boundary conditions.in a reverberation chamber agit rotates.
As the tuaTer rotates, the nulls and maximums in the field change location, ensuring the DUT Ind wiring
harness are exposed to a time-averaged uniform field. See. Appendix A for additional information.

3.3 Moge Stir
A reverbgration method that rotates the tunet’ continuously while sampling the reference antenna
received power, field probe response, and BUT response at rates much faster than the tuner [revolution
rate.
3.4 Chamber Quality Factor (Q)

(Referenge: IEEE Standard Dictionary of Electrical and Electronic Terms, Fourth edition 1988)

Q is two pi times the ratio of the maximum stored energy to the energy dissipated per cycle at a given
frequency|. A measure-ofia cavity's ability to reverberate (see A.1.2).

Q, for a cavity, istdefined as shown in Equation 1:

o* Energy Stored
Average Power Dissipated

Q= Eq. 1)

where:

wis 21 * f (radians/sec)
fis frequency (Hz)

An approximate equivalent definition for Q is the ratio of the resonance frequency to the bandwidth
between the frequencies on opposite sides of the resonance frequency (known as half-power points)
where the response of the resonant structure differs by 3 dB from that at resonance.
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f
Q= m& (Eq. 2)
3dB

where:

f is Resonance frequency (Hz)

resonance

BW,,, is 3 dB bandwidth of the resonance frequency (Hz)

For transients or pulsed signals, the rise or decay time constant 1 is related to the Q of the-éhgmber and
frequency| by the equation

Q=or Eq. 3)
35 Q,
Theoretical Q with losses of walls included.
36 Q,
Theoretic@l Q with losses of antennas included.
3.7 Q_
Theoretical Q with losses of antennas and walls included.

3.8 Q

Empirical |Q, which is the measured cumulative Q of the cavity. This value takes into accouni chamber
loading effects such as the DUT and ménitoring equipment (see A.1.2).

39 F,

The cutoff frequency aboye;which cavity losses are primarily due to wall losses instead of antenna
losses.

310 L

Chamber[loss;,~The ratio (in dB) of the maximum received power (in watts) to the average tfansmitted
forward ppwer' (in watts).

3.11 DUT

Device Under Test.

4. Test Equipment

4.1 RF Signal Generator

500 MHz to 2.0 GHz (200 MHz to 10 GHz optional). Pulse modulation capability optional.
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4.2 Broadband Power Amplifier(s)

500 MHz to 2.0 GHz (200 MHz to 10 GHz optional). Power requirements: 50 W minimum below 1 GHz,

250 W above 1 GHz (pulse capibility optional).

impedance mismatch for at least 15 s without damage to itself.

4.3 Antennas

Two antevlmas are needed, one for transmission and one for reception.

4.3.1

a. 500 (200 optional) MHz to 1 GHz - Log periodic
b. 1 GHzto 2 (10 optional) GHz Double ridged guide

4.4 Spectrum Analyzer
500 MHz o 2.0 GHz (200 MHz to 10 GHz optional).
4.5 Directional Couplers

500 MHz fo 2.0 GHz (200 MHz to 10 GHz optional). Average power 500 W, peak power 10 kW
factor 20 gB minimum, and directivity 20 dB minimum.

4.51

a. Trangmit forward power
b. Trangmit reflected power

452

a. 0.5(0[2 optional) to 1 GHz
b. 1to2|GHz
c. 2to 1P GHz (optional)

4.6

500 MHz fo 2:0°'GHz (200 MHz to 10 GHz optional), power rating 50 W average, 1 kW peak.

4.7 Powereter

10 ¢dB Attenuator

Spggested antennas:

Two directional couplers are needed for thefollowing uses:

TYPICAL BANDS

The amplifier should be able to drive a load of any

, coupling

500 MHz to 2.0 GHz (200 MHz to 10 GHz optional), including power sensor heads (peak power sensor
heads optional).

4.71

4.7.2

Two power meters are needed, one for transmit forward power and one for transmit reflected

power.

The power meters should have a sample rate sufficient to capture at least 400 samples
revolution.

per tuner
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4.8 Computer Control (recommended)

Specialized software used in conjunction with a computer and the RF test equipment should be utilized to
characterize the chamber performance per Appendix B, prior to any testing. The software should store
the characterization information for use during testing. The computer and software will then be used to
control the RF test equipment and tuner during the testing. The software shall be capable of performing
the tests as described in Para 7 of this document.

4.9 Mode Stir Chamber

Reverberation chamber with a tuner (see Appendix A). The room shall be constructed of steel
(preferably galvanized, but cold rolled steel is allowed). Minimum recommended room dimensions are
488 mx B.66 mx3.05m (16'L x 12' W x 10' H). Key characteristics of the chamber shall be verified to
ensure ar] accurate and valid test (see Appendix B).

4.10 RF Field Monitoring
Two broafdband electric field probes. The probes should be a single. linear axis or, if isotroplic, should
allow accgss to each individual axis. An isotropic probe with onlydhe root-sum-squares (total figld) output
may be used but will generally indicate a higher electric field.than the receive power calculations. The
probes should have a sample rate sufficient to capture at least400 samples per tuner revolution.
4.11 Tuner
A three-dimensional, asymmetrical tuner is recommended. See Paragraph A.1.4. of Appendix A for
design cdnsiderations. The tuner shall be made’ of conductive material (e.g., aluminum or galvanized
steel). Tyner examples are shown in Figures A1 through A4.

5. Tegt Conditions

See SAE J1113-1 section 6 for additional guidance on test conditions.

5.1 Tesdt Temperature and_Supply Voltage

The ambignt temperaturetin the test facility shall be recorded. A battery with an electrical chargipg system
shall be uged to provide 13.5 VDC +/-0.5 VDC to the DUT.

5.2 Frefjuency'Range

To test altomotive—etectronic oyatclllo, the app“uabic flcquclluy rarge of-thistestmethodis500 MHz to
2 GHz (200 MHz to 10 GHz optional). Testing over the full frequency range is not required and is should
be done at the engineering judgment of the component manufacturer. At a minimum the testing should
be performed over the frequency range of 500 MHz to 2.0 GHz. Different field-generating devices may be
required for testing over the full frequency range. This does not imply that testing of overlapping
frequency ranges is required. Ultimately, the frequency range may be limited to the chamber performance
and the method being utilized.
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5.3 Modulation

See SAE J1113-1. In addition, the characteristics of the DUT shall be used to determine the

type and

frequency of modulation. If no values are agreed between the users of this document, the following shall
be used: a) No modulation (CW), b) 1 kHz sine wave amplitude modulation (AM) 80%, and c) Pulse
Modulation should also be considered at frequencies above 800 MHz (See Table C1 of Appendix C for

suggested Pulse Modulations and test severity levels associated with those pulse modulations).

5.4 Dwell Time

See SAE|J1113-1. In addition, at each frequency, the DUT shall be exposed to the testevel f
one rotatipn of the tuner. If multiple tuners are used, the dwell time shall be at least| one rota
slowest tyner. It is assumed that, during any measurement, the DUT is exposed t0\a constant fi
duration df the dwell time. Since, in a mode-stirred measurement, the tuner is constantly turnin
possible to hold the fields perfectly constant. Therefore, care must be taken_to“ensure that th
turned slgwly enough that the fields remain approximately constant for the*duration of the dwell
may require a tuner rotation period that is several hundred times longer.than the dwell time, an
function of frequency.

The rotatipn rate used at each frequency, as well as the methodused to determine the rotation
nted in the test report.

uency Steps

See SAE J1113-1. The tests will be conducted with-the maximum frequency step sizes shown i
Alternatively, logarithmic frequency steps, withntHe same minimum number of frequency steq
frequency| band, can be determined using the formula and Table 2 below. The values, as agrg
users of this document, shall be documented in the test report. In either case, if it appear
susceptibflity thresholds of the DUT -ate' very near the chosen test level, these frequency ¢
should b¢ reduced in the concerned frequency range in order to find the minimum su
thresholds. (Refer to SAE J1113-17)

TABLE 1—LINEAR FREQUENCY STEPS

Frequency Band Maximum Frequency Step Size
200 MHz to 1 GHz 20 MHz
1 GHz to 10 GHz 200 MHz

br at least
ion of the
eld for the
g, it is not
e tuner is
time. This
d will be a

rate, must

h Table 1.
s in each
ed by the
5 that the
step sizes
sceptibility

- FABLE 2—LOGARITHME TEST FREQUENCY-CALCUEATION ———

[k) Frequency

n Range fo

= * n

ffﬂ” f 0 2 (MHz) (MHz) n
where: 1...<30 1

fo is 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
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5.6

Test Signal Quality

(See SAE J1113-1).

5.7

Threshold of Response

See SAE J1113-1. In addltlon for th|s contrnuously stirred test method as a responding fre

being thrgshe oW ;
the unit is aIIowed to be subjected to the hrgh point of the field. The peak f|eId pomt shaII be re
the thresHold amplitude level.

5.8

The DUT|[manufacturer shall specify the test severity level(s) over the frequency bands to

Suggestefl test severity levels are included in Appendix C of this document. A full descr
discussion of the Function Performance Status Classification including Tést Severity Levels an
SAE J1113-1 Appendix A. Please review it prior to using the suggested Test Severity Levels

Tedt Severity Levels

guency is
jon so that
corded as

be tested.
ption and
e given in
presented

in Appendix C. These test severity levels are expressed in terms ofequivalent root-mean-squI]re (RMS)

value of gn unmodulated wave. Peak conservation shall be used.during amplitude and pulse
tests. (Refer to SAE J1113-1).

6.

6.1

6.2

6.3

6.4

6.5

6.5.1

Test Setup
A general layouts of various types of reverberation chambers are shown in Figure 1 and R
Thg DUT shall be operated in its designed’modes. Appropriate control signals shall be

Actyal loads should be used for a, subsystem test and simulated loads may be u
conmponent test.

DUT nominal condition and deviation criteria shall be clearly defined in the test plan. A
instfumentation for monitoring and actuating the DUT shall be provided by the component

Steps shall be taken-to-prevent RF energy from coupling into control and monitoring equ
preyent erroneous, readings. This may require RF hardening of the simulator
control/monitoringsequipment. The simulator may be placed outside the room. Either
fiber optic cables may be required. If filters are used, care should be taken to ensure that
do not present additional loading or affect the immunity of the DUT.

odulated

igure 2.

provided.
sed for a

bpropriate
supplier.

ipment to
and the
iltering or
the filters

the DUT

If the outer case of the DUT is mtended to be grounded to the veh|cIe metal structure

distance not less than A\/4 (at the lowest frequency) above the floor level (preferably ona
"TM" block). Large DUTs may be placed directly on the floor. The ground plane shall be

placed at a
styrofoam
placed at

least A/4 from any wall at the lowest frequency of use. If the DUT is not grounded to the vehicle

metal structure, the DUT and harness shall be placed directly on a styrofoam block.

The ground plane shall be constructed from either copper, brass or galvanized steel.
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6.5.2

6.5.3

6.6

6.7

6.8

6.9

6.10

6.11

Antennas, probes, and the DUT shall be placed at distances not less than A/4 (atlowest f
from the chamber walls and corners. The DUT shall be at least A/6 away from the tuner.

Thg main beam of the field-generating antenna and field-monitoring antenna are aim
cormer of the chamber or at the tuner to minimize direct coupling to the-DUT. Antenna
aimed at different corners of the room. An upward tilt of 20 degrees or more should
Antenna polarization is not critical, but for standardization, horizontal polarization is sugge

Antennas and probes should be placed on styrofoam supports, at least A/4 (at lowest f
abagve the floor.
carpeting, extra equipment, etc.).

Tuner revolution rate is typically 10 to 20 s/rgv (3 to 6 rpm). This rate shall be adjusted a
for probe and DUT response time.

The minimum ground plane size is defined in SAE J1113-1. The minimum size of the ground
plane depends upon the size of the system under test and shall allow for complete harness and

system component placement.

The ground plane shall be bonded to the chamber wall with a bonding strap with a
width of 7.6 cm.

unnecessary RF absorbing material shall be ‘temoved from the room (e.g., wood

minimum

he length

requency)

ed into a
5 shall be
be used.
sted.

requency)

bn tables,

ccordingly
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Tuner/stirrer
Maon-conductive assembly
support
. Wolume of
|I"|C':.':|'I"II?|Q[ b uniform field Alternate position
mains filters
for tuner/stirrer
Dirive maotor \ 2
\ be. o }
{ ‘:
Tuner/stirrer -~ I""- I
assembly - - ~

useabla frequenc

Receive antenna at an
arbitrary position and
orientation within working

5 volume:
)“ Field generating
antenna pointed into
z *‘-"”fl—l carner with tuner
3 Chamber
! penetration

Field generation Iaterconnection
eguipment filter

EUT measurement
insfrumentation

IEC 210[/03

FIGURE 1—TYPICAL'REVERBERATION CHAMBER LAYOUT (Z-FOLD TUNER)

-10 -
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STYROFOAM BLOCKS (3) imx imx0.5m  SHIELDED TEST

ENCLOSURE
— DUT
TUNER
The battéries are placed or] top

The T{ and Rx antennas are setup with Suonort o——e || Ofthe testbench with the |

a 30 d¢gree angle. The center point of quizﬁfem support equipment, cables|fiber

the anfenna is 1m above the chamber *—1—@ optic gear, etc.

floor.

0.5m ANTENNA ANTENNA 5 5m
/ (Tx) (Rx) \
[\
o
=
<C
2
z
w
=
<
TUNER SPECTRUM| | COMPUTER| | pRINTER
CONTROLLER ANALYZER
COMMPUTER
INTERFACE |
SIGNAL DUAL POWER
E AMPLIFIER GENERATOR METER
DUAL
RIRECTIONAIL
COUPLER POWER SENSORS

SHIELDED MONITOR ENCLOSURE

FIGURE 2—TYPICAL REVERBERATION CHAMBER LAYOUT (TOP VIEW)

-11 -



https://saenorm.com/api/?name=9aed77efffdb555fceaa97798e9d4504

SAE J1113-27 Revised SEP2005

7.1

7.2

7.3

Test Procedure

CAUTION—The high RF field level generated inside the test chamber during this test may be
hazardous to human health. Safety precautions shall be taken to prevent human exposure
to high RF field levels.

Setup the DUT in the reverberation chamber according to Section 6.

Preliminary System Check

Perform {he following procedure to verify test chamber operation for the particular.combjnation of
antennas/ test equipment, and DUT. This preliminary check need only be executed énce for each set-up.
Perform the system check at the lowest test frequency in the operating band of\the’set-up. |Additional
higher freguencies may be tested if necessary. These data are equivalent to that required in section 7.5
(Chambet Field Calibration) and may be used to satisfy 7.5 at the frequencies tested. However, section
7.5 does pot require reflected transmit power measurements. The test report shall note all frequencies

tested andl corresponding results.

7.3.1

7.3.2

7.3.3

7.4

Set the signal generator to the test frequency at _acslow amplitude adequate for stable
measurements but which does not overshoot the desired field strength in the chamber.

Perform the procedure defined in Appendix B sections B.3 through B.10. Replace the empty
chamber loss L, in B.8 with L, the chamber, loss with all test equipment and DUT ip place.

unloaded

Repeat 7.3.1 and 7.3.2 at higher test frequencies, if necessary, to check the test system and
chamber operation.

Chamber Field Calibration

The calibration is necessary because the electric field depends on the total loading of the champer by the
antennas/ test equipment, and DUT. The calibration shall be performed at least once for each setup at

every tesflfrequency.

7.41

7.4.2

7.4.3

Spt the signal tgenerator to the test frequency at a low amplitude adequate for stable
measurements but which does not overshoot the desired field strength in the chamber.

Set the, spectrum analyzer to zero span at the selected frequency, in sample modeg, with the
sWweep.rate equal to the tuner revolution rate. The resolution bandwidth should be wide enough
tq compensate for frequency uncertainties.

Use a power meter and directional coupler to measure the transmit forward power (P,), use the
spectrum analyzer to measure the receive power (P), and if necessary according to 7.4.7, the
probes to measure field over a complete tuner rotation. The receive power should be attenuated
as necessary to protect the spectrum analyzer. If the sample rate of the power meter is too slow,
the transmit forward and receive power may be measured consecutively with the spectrum
analyzer over two tuner rotations. Apply corrections due to coupler, attenuator and coax losses
to the data in the same manner as in Appendix B.

-12-
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Typically, with a stable signal generator and amplifier the transmit forward power (P,) is nearly constant
during a complete tuner revolution. Subsequently, at frequencies where the variability of P, is acceptably
small, it can be measured at a fixed tuner position and assumed constant. Receive power, P, and the
field probes shall be measured for the entire revolution

7.4.4

7.4.5

7.4.6

7.4.7

7.4.8

7.5

7.5.1

7.5.2

7.5.3

DUT Test

Rotate the tuner at 10-20 seconds per revolution (slower if using electric field probes or power
meters with long response times). Capture at least 400 samples for each revolution. P, and
5!: :_e-e- SHoUHa—e4 6+ fe—HHe—SaeHHHRPe—o——Sa R pPtee—adsS—s :“ 5: G ng empty
chamber evaluation. The starting position of the tuner is not critical. The test is_fAotl complete
until the tuner has moved through all possible positions.

Cplculate the chamber loss with the DUT present, L,,,, over one complete tuher revolition as in
paragraph B.8 (L,,..... iN €quation B1 is replaced with L,,;). If L, is 6 dB-r higher than the value
of L, ... found in B.8 with the chamber empty, check the setup and thensrecord the value in the
tast report. At frequencies not in compliance, testing with this méthod is not valid and these
frequencies shall be recorded in the test report.

Determine the receive power maximum to minimum ratio. Itshould be 20 dB or greater. If the
rdtio is less than 20 dB, check the setup. If the setup iSsacceptable, note the receivgé max/min
rdtio in the test report.

Determine the maximum electric field as in Appendix B, paragraph B.9 using the jmaximum
rgceive power or maximum probe data. Above00 MHz, use receive power; below 500 MHz use
probe data.

Bhsed on comparison of the results \of’steps 7.4.3 and 7.4.7, establish the correspondence
between forward power and maximum field strength. The relationship is linear (|.e., 1 dB
increase in forward power corresponds to a 1 dB increase in field strength).

Afjust the signal generator output to the forward power necessary to obtain the desired electric
field strength as predieted in 7.4.8. This should result in the desired electric field strength. (See
section 5.8 for suggested test severity levels.) Measure the field strength to verify that the
intended levehis.reached within + 1 dB. Measure the same number of data points as|in section
714.4. If the)'desired field is not obtained, adjust the signal generator until the degired field
strength is-reached.

onitor the DUT functions (as defined in the test plan) continuously for the duratipn of one
revolution of the tuner. Rotate the tuner as aelmea i o. 1 1. o deviation occurs, continue to
the next frequency. If a deviation does occur, decrease the forward power (and maximum field
strength) and repeat the test. Continue this process until no deviation occurs. The lowest level
at which a deviation occurs is recorded as the immunity threshold. Immunity threshold
determination shall be for an entire tuner revolution to ensure that the DUT is exposed to the
peak field.

Repeat 7.4 and 7.5 for all required test frequencies.

-13-
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8. Test Report

The following information shall be included in the test report.

8.1 Part Number and/or the Description of the DUT

8.2 DUT Operating Conditions (i.e., test plan)

8.3 Deq

8.4 Datg of Test

8.5 Fad

8.6 Modlulation Status

8.7 Ma
8.8 Equ
8.9 Indi

is Ig

8.10 Req

8.11 Req

8.12 Dat

8.13 Thdg
rate

9. Notes

9.1 Ma

The chan
technical
document

cription of the Deviations Monitored

ility Name

imum Field DUT Exposed to at Each Frequency
ipment Limits, if reached

cate frequencies where L has increased by more.than 6 dB and/or receive power ma
ss than 20 dB.

uesting Engineer
uesting Company
h Summary Sheet for Each Deyjation

rotation rate used at each)frequency, as well as the method used to determine th
, must be documented.in the test report.

ginal Indicia

pe bar(hlocated in the left margin is for the convenience of the user in locating ard
Fevisions have been made to the previous issue of the report. An (R) symbol to the
title‘indicates a complete revision of the report.

K/min ratio

e rotation

bas where
left of the

PREPARED BY THE SAE EMI STANDARDS COMMITTEE
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APPENDIX A
REVERBERATION CHAMBER DESIGN CONSIDERATIONS
(NORMATIVE)

NOTE—This appendix uses excerpts from NBS Technical Note 1092, "Design, Evaluation, and Use of a
Reverberation Chamber for Performing  Electromagnetic  Susceptibility/Vulnerability
Measurements."

Spme omissions and modifications of text were made. For additional information on thg theory of
rgverberation chambers, refer to NBS Technical Note 1092.

A.1 Phygical Design Considerations

The critefia which should be considered in designing a radiated immunity reverberation chgmber are
addressed under the following categories:

Chanber physical shape and volume

Chamber quality factor (Q)

Chanber auxiliary needs (venting, electrical power, DUT monitoring requirements)
Tunel design

Chanber excitation and field monitoring

caooTw

A.1.1  Chamber Physical Shape and Volume

For optimum chamber performance (i.e., spatialffield uniformity and accuracy in determining the test
field), especially at low frequencies, the volume<ef the chamber should be as large as possible and the
room dimgnsions should not be integer multiples of one another. Rooms with integer multiple dmensions
will have [degenerative modes (i.e., the room may not reverberate at all test frequencies). [Choice of
chamber gize will be dictated by test volume size requirements, lowest test frequency requirement, and
budget considerations. The usable(frequency range of the chamber will be determined mainply by the
chamber kize and construction., The room shall be constructed of steel (preferably galvanized, but cold
rolled ste¢l is allowed). Minimtm recommended room dimensions are 4.88 m x 3.66 m x 3.05|m (16 ft L
x 12 ft W|x 10 ft H). Key characteristics of the chamber shall be verified to ensure an accuratd and valid
test (see Appendix B). Thetuner size and construction will also have an effect on the usable frequency
range of |the chamber.xSmaller shielded rooms may be used but only at higher frequercies (see
Appendix(B)

A.1.2 Chamber Quality Factor (Q)

Q factor Is—a measure of a chamber's apiiity 1o reverberate.  The Q factor 15 affected by chamber
dimensions and material as can be seen from the formula for Theoretical Composite quality factor Qnet
for an unloaded chamber (with no DUT, antennas or probes present) (see Equation A1):

1

Qpet = ]
7+Na -
Q, Q,

(Eq. A1)
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where:
N, is number of receiving antennas
Q, is theoretical Q including wall losses
Q, is theoretical Q including antennas losses

The cut off frequency for the chamber is shown in Equation A2:

2. 6 5
For :i* In“pgoc N2a Eq. A2)
2n 3252

where:

¢ is| conductivity, (Siemens/m)

S ig surface area (m®)

c is|speed of light (m/sec)

L, i$ free space permeability (H/m)

Above F_| lossy walls dominate cavity losses and Q,, is dominated by Q, as shown in Equation A3:

net

Q=S+ Y . L Eq. A3)

2 SSSMr |:1+3?\'(1+1+1]:|

i6la b d

where:

V ig chamber volume (m°)

S iginternal surface area (m?)

d, i skin depth (m)

A is|wavelength (m)

a,bfd is chamber internal dimensions(m)
L, ig relative permeability

Below F_,|antenna-iosses dominate cavity losses and Q,, is dominated by Q, Equation A4:

net

3

O ")0‘)

o —a[@)
= le)

Eq. Ad)

Vv
T

where:

o is 2nf (rad/sec)
fis frequency (Hz)
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The empirical quality factor Q°, which takes the chamber loading into consideration, is given by
Equation A5:

where:

2 VI:)r

Q' =16n
23pt

(Eq. A5)

P, ig
P id
The higheé
immunity
of 2to 6

approximately 1 ps without distortion. It is anticipated that future pulse ‘modulation require

coincide |

It should
RF absorl

A13 C

Chamber
of use. V
cutoff at t
to outlets
be used t
the shield
require th
ports is us

A14 T

The crite
enclosure
operation
test frequ
via the tu

net transmitted power (watts)
received power (watts)

festing. The recommended galvanized steel chamber will typically allow ‘minimum pu
s, while a cold-rolled steel chamber (which has a lower Q) will typically allow pulse]

ith galvanized steel chamber capabilities.

be standard practice to keep the chamber clear of lossy’material such as wood, carp
pers (e.g., windows).

hamber Auxiliary Needs

auxiliary needs shall be established based-on-the intended upper amplitude and test
enting panels should use screens with apertures equal to or smaller than waveguig
ne maximum intended test frequency. (honeycomb is recommended). Electrical powe)

D access the transmit and receive\antennas, and the DUT. Care shall be taken to e
ing integrity of the enclosure is-not compromised by access holes or cables, etc.
b use of fiber-optic cables formonitoring the DUT. In addition, waveguide beyond cut
eful.

iner Design

ion for tuner.design is to ensure its effectiveness in redistributing the energy

To achieve this, the tuner should be electrically large (= A at the lowest fre
and be‘shaped or oriented to achieve a receive power maximum/minimum ratio >20
bnciess , The tuner mounting should include provisions to prevent RF leakage from thg

rates from-2=s to 10 min per revolution and to stop at an electrical "home pasition" definablel

r the Q the longer the setting time which results in greater pulse distortion” during pulsed RF

se widths
widths of
ments will

eting, and

frequency

e beyond
r supplied

inside the chamber should meet shielded enclosures requirements. A bulkhead pamel should

hsure that
This may
bff access

nside the
nuency of
dB for all
chamber
rotation at

ner shaft to the motor. The tuner controller and motor should allow continuous tuner

within +1

degree accuracy. The tuner shall be made of a conductive material, and should be asymmetrical. The
tuner shall be at least A/6 away from the DUT and its harness. Figures A1 and A2 show an example of a
specific foam board tuner design proven to work effectively in a room with dimensions of 4.88 m x 3.66 m
x 3.05 m (16 ft x 10 ft x 10 ft). Figures A3 and A4 show an example of the Z-Fold tuner design. The
typical size of a Z-Fold tuner for the test room described above is approximately 2.44 m x 0.76 m x

0.76 m (8

ft x 2.5 ft x 2.5 ft).
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25mm U-BOLTS |
™~

— Y

; 12
-— Y

;'\1 m THREADED ROD

1.65m |

FIGURE A1—FRONT VIEW OF FOAM BOARD TUNER

T—— \¢—— 0.825m

04m 69 ¢

' N
0.825m ——————— > __L

25 mm THICK STYROFOAM SUPPORTS
“ (2 PER SIDE, 4 TOTAL )

FIGURE A2—TOP VIEW OF FOAM BOARD TUNER
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FIGURE A3—=-ISOMETRIC VIEW OF A Z-FOLD TUNER

FIGURE A4—SIDE VIEW OF A Z-FOLD TUNER
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A.1.5 Antennas and Field Monitoring
The following parameters are used in selecting the antennas (both transmit and receive):

Frequency range of interest
Input power rating
Bandwidth

Minimum-V.SWR (low as possible)

Efficigncy
Maxirmum allowable size
Durability

@ 0Qo0oT

The frequency range specific to this procedure is from 500 MHz to 2.0 GHz, and’canbe exten
to 200 Mz and up to 10 GHz or higher. A number of candidate antennas could be used in t

ded down
his range.

No singlg antenna has sufficient bandwidth to cover the full range. ,Thefollowing antgnnas are

recommended:

a. Log pgriodic 200 MHz to 1 GHz
b. Double ridged guide 1.0 GHz to 10.0 GHz

A key factor in selecting antennas is the voltage standing.wave ratio (VSWR) of the antenna
impedance match between the RF source and the transmitting antenna or between the receivin
and receiper). In addition, rotating the tuner changes>the chamber boundary conditions whi
affects th¢ VSWR of the antennas. The average VSWR'over a complete tuner rotation is equival
free-space value.

Another factor is the radiation efficiency of the antennas. Inefficient antennas and/or VSWR
can result in a receive power maximum/minimum ratio less than 20 dB. This can resul
uncertainfies in determining the input.and received power. Poor efficiency (large ohmic los
antenna gtructure) will cause underéstimates of the received power and the electric field.

The placément and orientation 'of the transmitting and receiving antennas can also infly
operation|of the chamber. ~Two positions or orientations are recommended: (a) position the tr.
and receiying antenna in.different corners of the chamber, pointed toward the corners (prefer
position the receiving)antenna in a corner pointed toward the corner, with the transmitting
sufficiently far away‘from it and pointed toward the tuner. No direct path should exist be
transmitting antenna and the receiving antenna; the transmitting antenna and the DUT and h
the receiving antenna and the DUT and harness.

5 (i.e., the
0 antenna
ch in turn
ent to the

problems
l in large
5es in the

ence the
hnsmitting
ed) or (b)
) antenna
ween the
brness; or

A.2 Test PlamConsiderations
A.2.1 Planning the Measurements

A number of issues should be considered when planning the measurements, writing the test
documenting the test results.

plan, and

One consideration is the test equipment immunity to RF. All simulators and monitoring equipment, which

are located inside of the chamber, shall be RF hardened.
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A second consideration is the RF dwell time versus reaction time of the DUT. Some DUTs have
components with relatively long time constants and may require a few seconds to generate meaningful
readings. The DUT should be exposed to test fields with sufficient duration to allow reaction and
interaction, otherwise the test may not be a true indicator of the DUT's performance. DUT response time
requirements determine the revolution rate of the tuner .

During mode-stirred operatlon the number of samples (the number of response intervals of the EUT)
response
maximum
barameter

Very often, no prior information is available related to the response time or cycle’times of the ¢quipment
under test. Due to this lack of information, the mode-stirred measurement must be applied|only with
careful consideration of the equipment response time and the speed of the tuner/If in fact, the ¢quipment
response/cycle time is fast, relative to the rate of change of the field, the'mode-stirred technique can be
more thorough because all intermediate tuner states are also coveredln addition, stirring can be faster
than the mode-tuned technique. The definition of a fast responding EUT is one able to obtain af least one
sample per 1 dB change in the field when within 3 dB of the miaximum field. For equipment|with slow
response/cycle times, where it is necessary to dwell for some pre-defined time at each tunef step, the
mode-tungd technique is usually faster and more accurate.

Some deyices are more sensitive to the average field ¢ghan the maximum field (e.g., thermal gffects). In
cases where the EUT is capable of averaging or integrating the field to which it is being exposed, rapidly
turning tupers may be advantageous. In such cases the test is no longer to the maximum chamber field
but to thel average chamber field. The maximunypermitted speed of the tuner is not defined within this
technique

Determination of the appropriate tuner(rotation rate is the key to using the mode-stirred techrfique. The
speed of fotation shall allow sufficiént time for the EUT to respond and any upset to be detected. Often
the EUT must exhibit upset in order to determine if the selected tuner rotation rate is appropripte. Once
an upset [has occurred the rotation rate can be adjusted, increased or decreased, to determfine if any
change ir] the upset threshold’ occurs. Any significant change in the equipment upset threshold would
indicate a|problem with the original tuner rotation rate. The mode-stirred technique is most apprppriate for
EUTs thaf have a very short (i.e., fast) response time.

It is not within the~scope of this test procedure to provide limits on the tuner speed and defailed test
procedurgs forensuring the tuner speed is adequately slow (or fast) for equipment to respond. The
technique| (trode- stlrred or mode -tuned) shaII be hrghlrghted and agreed W|th|n the |nd|V|duaI ¢quipment
test plan. f ' ] ‘
mode-tuned) shaII be recorded within the test report for the equrpment berng tested.

Another important consideration is the need to simulate as closely as possible "real world" operating
conditions. Ideally, immunity tests should be performed with the DUT connected and operated in its
intended environment. Since this is not always possible, these conditions should be carefully simulated.
This includes testing the DUT and harness in its intended configuration. One advantage of the
reverberation method is that the test results are independent of DUT wiring harness orientation. All
connecting leads shall be terminated with equivalent impedances as in actual use.
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