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1.

1.1

2.1

211

2.1.2 ANSI PuBLICATION—Available from ANSI,

Scope—Th
transmissio

be protecte

This public
reception a

a. Vel

def

e limits in this SAE Standard are designed to provide protection for receivers_of a
hs when used in buildings. As a result, receivers of radio transmissions used out-o
H by the limits specified.

| types of radio
f-doors may not

btion applies to the emission of electromagnetic energy which- may cause interference to radio

hd which is emitted from:

icles propelled by an internal combustion engine, electrical means or both (see
nition)

SAE J551-1 for

b. Motorboats propelled by an internal combustion enginejelectrical means or both

NOTE—Fof the purposes of this publication, motorboats are.considered to be a subset of vehicles unless
spqcifically mentioned to the contrary.

c. Deyices equipped with spark-ignited internal combustion engines (see SAE J551-1 for|definition)
This publication does not apply to aircraft, traction systems (railway, tramway, and trolley bus), ¢r to incomplete
vehicles.
Rationale—-This document is being cancelled in favor of using the technically identical intrnafional standards
CISPR 12 and CISPR 25. The linkage\to these documents is included in the revised SAE Jb51-1 and SAE
J1113-1.
Reference$
Applicable| Publications=—=The following publications form a part of this specification to the pxtent specified

herein. The latest issuelof SAE publications shall apply.

SAE PuB
877-606-

| ICATION~—Available from SAE, 400 Commonwealth Drive, Warrendale, PA 1]
r323((inside USA and Canada) or 724-776-4970 (outside USA), www.sae.org.

096-0001, Tel:

SAE J551-1—Performance Levels and Methods of Measurement of Electromagnetic Compatibility of
Vehicles and Devices (60 to 18 GHz)

25 West 43rd Street, New York, NY 10036-8002, Tel:

212-642-4900, www.ansi.org.

ANSI C63.5—Electromagnetic Compatibility—Radiated Emission Measurements in Electromagnetic
Interference (EMI) Control—Calibration of Antennas
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2.1.3 CISPR PuBLICATIONS—AVvailable from ANSI, 25 West 43rd Street, New York, NY 10036-8002, Tel:

5.

212-642-4900, www.ansi.org.

CISPR 16 (1987)—CISPR specification for radio interference measuring apparatus and measurement
methods

CISPR Report 37/2—Measurement of the insertion loss of ignition noise suppressors

CISPR Report 56—Antenna and transmission line calibration

CISPR Report 65Construction features of motor vehicles affecting the radiation of ignition noise

Definitions—See SAE J551-1.

Limits of Oisturbance—The imits for emissSIons are given In the table of Figure 1 and sﬁoﬂn graphically in
Figure 1. Qnly one of the bandwidths listed needs to be chosen for testing. For more accuratg¢ determination,
the table giyen in Figure 1 shall be used.
' Vim| M)
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E‘ Spot frequencies (see 8.4) i
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Eracuancy — Megahertr-laganthe

NoOTES
1 For vehicles equipped with electric propulsion motors, see 4.3.2.2.
2 For peak type measurements, see 4.5.3.

3 The correlation factor between quasi-peak and peak measurements is +20 dB at 120 kHz bandwidth.
4  Limits from 1 to 22 GHz are under consideration.

FIGURE 1—LIMITS OF DISTURBANCE
Methods of Measurement

NOTE—Methods of measurement from 1 to 22 GHz are under development.
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5.1 Measuring Instrument Requirements

5.1.1

5.1.1.1

5.1.1.2

5.1.1.3

MEASURING INSTRUMENT
Type—The measuring instrument shall comply with the requirements of CISPR 16.

NOTE—Manual or automatic frequency scanning may be used. Spectrum analyzers and scanning
receivers are particularly useful for interference measurements. Special consideration shall be
given to overload, linearity, selectivity, and the normal response to pulses. The peak detection
mode of spectrum analyzers and scanning receivers provides a display indication which is never
less than the quasi-peak indication for the same bandwidth. It may be convenient to measure
EmISSIONs UsIiNg peak detection because of the faster scan possible than. with quasi-peak
detection.

When quasi-peak limits are being used, any peak measurements close to the\limit shgll be measured
using the quasi-peak detector.

Minimum Scan Time—The scan rate of a spectrum analyzer or scanning receiver shall be jadjusted for the
CISPR|frequency band and detection mode used. The minimum sweep time/frequency [i.e., most rapid
scan rate) is listed in Table 1:

TABLE 1—MINIMUM SCAN TIME

Band Peak Detection Quasi-Peak Detection
A 9-150 kHz Does not apply Does not apply
B 0, 15-30 MHz Does notapply Does not apply
C,D 30-1000 MHz 1 ms/100°ms/MHz(" 20 s/MHz

Band definition from CISPR 16 Part 1.
Certain signals (e.g., low repetition rate enintérmittent signals) may require slower scan rates or multiple
sdans to ensure that the maximum amplitude has been measured.

1.  When 9 kHz bandwidth is used,the 100 ms/MHz value shall be used.

Measufing Instrument Bandwidth—The bandwidth of the measuring instrument shall be chosen such that
the noige floor is at least(6 ,dB lower than the limit curve. The bandwidths in Table 2 are recommended.

NOTE—-When the bandwidth of the measuring instrument exceeds the bandwidth of a narfowband signal,
the measured signal amplitude will not be affected. The indicated value of impulsive broadband
noise’ will be lower when the measuring instrument bandwidth is reduced.

TABLE 2—NEASURING INS TRUMENT BANDWIDTH (o DB)

Frequency Band Broadband Broadband Narrowband Narrowband
MHz Peak q-Peak Peak Average
0.15-30 Does not apply Does not apply Does not apply Does not apply
30-1000 FM broadcast 120 kHz 120 kHz 120 kHz 120 kHz
Mobile service 120 kHz 120 kHz 9 kHz 9 kHz

If a spectrum analyzer is used for peak measurements, the video bandwidth shall be at least three times
the resolution bandwidth.

For the narrowband/broadband discrimination according to Figure 1, both bandwidths (with peak and
average detectors) shall be identical.
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5.1.2  ANTENNA TYPES

5.1.2.1

5.1.22

Reference Antenna—The reference antenna shall be a balanced half-wave resonant dipole (see
CISPR 16).

Broadband Antennas—Any linearly polarized receiving antenna is permitted, provided that it can be
normalized to the reference antenna.

A broadband antenna is required when making measurements with an automated receiving system using
a scanning measuring instrument. Such a broadband antenna is usable for measuring emission levels
(over the frequency spectrum covered by this document), provided that its output can be normalized to the

output

NOTE-

Thd
Thd
Thd
sp§

o3

CALIBRAT

ACCURAC
frequency
less than

NOTE—
C

—

c

REPEATAH
to detect
intervals

51.5

NOTE—I
(9

(¢

[o ensure that the measurements defined in this document are within the st3

flequency and amplitude stability, image rejection, cross-modulation, overload levels,

DT the reference antenna In the actual test environment at the actual test site.

given in CISPR 16. Examples of factors to be considered include:
effective aperture area of the antenna, including its polar response (horizontal and
effect of a phase center which moves with frequency
effect of ground reflection characteristics (including multiplesray reflections whic
cific frequencies at about 500 MHz vertical polarization and 900"MHz horizontal po
ON—See Appendix A.
y—The measurement system, excluding sourcej. shall measure electric field st
range of 30 to 1000 MHz with a maximum uncettainty of £5 dB. The frequency to
+1%.
bnsideration should be given to all“pertinent characteristics of measuring e
bnstants, and signal/noise ratio),.as well as those affecting the antenna and transm
ILITY—The repeatability of.fhie measurement system shall be established and perig
f time.
is reasonable te expect variations of as much as +3 dB in measurements made of

ee A.16) within the range of 30 to 1000 MHz.
bnductivity and other factors influencing repeatability.

5.2 Measuring

Location Requirements

-When broadband antennas are used, they should meet the requirements~fér complex antennas

vertical planes)

h may arise at
arization).

ength over the
erance shall be

ted tolerances,
uipment (e.g.,
selectivity, time
ssion line.

dically checked

variability; the input/output characteristics of the measuring instrument shall be chgcked at shorter

an electric field

These are caused by variafions in ground

5.2.1

5.2.1.1

OPEN AREA TEST SITE (OATS) REQUIREMENTS

The test site shall be a clear area free from electromagnetic reflecting surfaces within a circle of minimum

radius 30 m measured from a point midway between the vehicle or device and the antenna.

NOTE—The site requirements defined in 4.2.1.1 are the application of CISPR 16 to large automotive

52.1.2

objects.

only in the permitted region indicated by the crosshatched area of Figure 2.

The measuring set, test hut, or vehicle in which the measuring set is located may be within the test site, but
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5.2.1.3 Ambient Requirements—To ensure that there is no extraneous noise or signal of a magnitude sufficient to
affect materially the measurement, measurements shall be taken before and after the main test, but
without the engine under test running. In both of these measurements, the ambient noise (exclusive of
known radio transmissions) shall be as low as possible, but at least 6 dB below the limits of disturbance
given in Section 3. This requirement also applies to the reduced limit for testing wet vehicles.

5.2.2 ABSORBER-LINED SHIELDED ENCLOSURE (ALSE) REQUIREMENTS

5.2.2.1 Correlation—Anechoic chambers may be used provided that the results obtained can be correlated with

those o

btained using the OATS described in 4.2.1.

NOTE-

5222 Ambien
limits o
indicats

5.2.3 ANTENNA
Horizontq

Electrical

Theoretic]
interact ¢
antenna i
descendi

measurernents, or if the effects can be included in,equipment calibration.

-Such chambers have the advantages of all-weather testing, controlled environmen
repeatability because of stable chamber electrical characteristics.

t Requirements—The ambient noise level shall be as low as possible, but at’'least
disturbance given in Section 3. The ambient level shall be verified periodically or w
the possibility of noncompliance.

POSITION REQUIREMENTS—At Each Measuring Frequency, Measurements Shall
| And Vertical Polarization Figure 3 And Figure 4.

interaction between the antenna elements and the anténna support/guy system sh

al considerations of antenna and transmission-line;geometry demand that the trang
lectrically with the antenna elements. One aceeptable transmission-line geomg
5 to route the transmission line horizontally rearward for a distance of 6 m at a heig
ng to ground level or below. Other geometries are acceptable if they can be shown

t, and improved

6 dB below the
hen test results

Be Taken For

all be avoided.

mission line not
try for a dipole
ht of 3 m before
not to affect the
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Engine midooint
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E Vehicls or device

! Center of 30 m radius
/ clear area

Antenna

A et % RN
X

LK

15 m rvin radius .

y. 2

&
.
0
O AN NRRXS measunng &
KX 0055055 in hut or vehicle)

All dimegnsions $0.2 m

FIGURE 2—MEASURING SITE
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FIGURE 3—ANTENNA POSITION TO MEASURE EMISSIONS: VERTICAL POLARIZATION
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Plan
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]

FIGUR
5.2.3.1 Height{

Distand
10.0 m

5232

5.2.3.3 Auxilian

The tegt site clear area requirement of 4.2.1.4-shall be applied also to the point midwi
vehicle [or device and the auxiliary antenna(s).

5.3 Test Object Conditions

5.3.1  WEATHER| CONDITIONS

5.3.1.1  Dry Measurements—Certification measurements made while the vehicle or device is dry
than 1 min after the rain has stopped falling shall use the limit curve shown in Figure 1.
For outboard enginés-and devices, all surfaces other than those normally in contact with w4

5.3.1.2 Wet Mgasurements—If circumstances dictate that certification measurements be made wh

is fallin
require

—The center of the antenna shall be 3.00 m + 0.05 m above the.ground or water su

e—The horizontal distance of the antenna to the nearest'netal part of the vehicle o
+ 0.2 m.

y (Multiple) Antennas—Auxiliary antennas are permitted, but if two antennas are fa
one shall be vertically polarized while the other is horizontally polarized.

—
[

100m+02m 100m+£0.02m

E 4—ANTENNA POSITION TO MEASURE EMISSIONS: HORIZOGNTAL POLARIZ

j, otywithin 10 min after it has stopped, the vehicle or boat shall be deemed to

ATION
face.

device shall be

Cing each other,

by between the

or made more

ter shall be dry.

ile precipitation
comply with the

ments of this document if the measured levels do not exceed a level of 10 dB belo|

W that shown in

Figure 1.

In the event of any dispute concerning compliance, it shall be resolved by carrying out measurements

under d

ry conditions.

Compliance based on good faith wet measurements (and with the performance penalty mentioned in
4.3.1.2) shall remain valid until such time as it may be contested and dry measurements prove
noncompliance. In such cases retrofitting of vehicle, devices, or boats sold during the period when there
was deemed compliance shall not be required.
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When compliance is deemed on the basis of wet measurements, then particular attention shall be paid to
the surveillance of series production.

NOTE—Dew or light moisture may seriously affect readings obtained on devices having plastic enclosures.
5.3.2 VEHICLES—Measurements shall be made on the left and right sides of the vehicle Figure 3 and Figure 4.

Only the ancillary electrical equipment necessary to run the engine shall be operating. The engine shall be
at normal operating temperature.

For vehicles or devices over 6 m in length, a measurement shall be made every 6 m or fraction thereof.

Different propulsion systems in the same vehicle (hybrid vehicle) shall be tested separately:

5.3.2.1 For vehicles equipped with an internal combustion engine, the engine shall beyoperated during each
measurement as shown in Table 3:

TABLE 3—INTERNAL COMBUSTION ENGINE OPERATING SPEEDS

Method of Measurement Method of Measurement

Number of Quasi-Peak Peak

Cylinders Engine Speed Engine Speed
One 2500 rev/min Above idling
More than one 1500 rev/min Above idling

5.3.2.2 For velpicles equipped with an electric propulsion motor, the vehicle shall be operat¢d during each
measufement as follows:

a. The vehicle shall be driven on a dynamometer without a load, or on axle stands, with a|constant speed
of 20 km/h, or the maximum speed,-if less than 20 km/h.

NOTE--Regenerative braking under consideration.

b. Mepsurements shall be taken with peak detector only

5.3.2.3 Auxiliary engines shall\be operated in their normal intended manner and tested separately from the main
engine,|if possible.

Dependent upon the location of auxiliary engines, this requirement may dictate multiple tests of the vehicle
with thg sevieral engines successively positioned in front of the antenna on successive tests.

5.3.3 DevicEs—Measurements shall be made in normal operation position(s) and height(s) and without load at idle
speed and in the direction of the maximum interference emission. Where practical, the device under test
shall be measured in three orthogonal planes.

As the case may be, the following conditions shall additionally be taken into account:

a. If the operating position and height are variable, the device to be tested shall be so positioned that the
spark plug is 1.0 m + 0.2 m above the ground.

b. No operator shall be present, but, if necessary, a mechanical arrangement shall be made, using
nonmetallic material as far as possible, to keep the device in normal position(s) and at the specified
engine speed.
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5.3.4

5.3.4.1

5.34.2

MOTORBOATS—Inboard motorboats shall be tested in salt or fresh water as shown in Figure 5. The engine
shall operate under the conditions specified in 4.3.2.

The test site shall be a clear area free from electromagnetic reflecting surfaces within a circle of minimum
radius 30 m measured from a point midway between the engine under test and the antenna. The center of
the antenna shall be 3.00 m £ 0.05 m above water level.

When tested separately, inboard, stern drive, and outboard engines shall be attached to a nonmetallic board
or nonmetallic test fixture and tested in a similar way to that prescribed for inboard motorboats.

Ergme
posiioned on normai
from antenns midpont

Nan-metaiiic boat or

non-metaliic 1est piattorm

ifor tasung engines separatervi
— Outhoard instailation

¥ N
L}
y \_——— inbosrd instailation
NOTE - The honzontal distance is from
the center of the cipoie 10 the Nesrest
peripherai part of the manne installation
{or engine If tes1ed separstely}
P = Canter of 30 m radius ciesr ares
nom ’ Non-mataliic bost or
. non-matsilic testplstform
i/ (weter-osseditest site)

\ e

Antenna

Ly
1smm///2.;/?m/“e/':'/wh‘:./ : 0

All dimensions = 0,2 m

FIGURE 5—MOTORBOAT MEASURING SITE

Land-Based Jesting Set=—\When the test equipment is on land the test hut or vehicle in which the
measuring set is located may be within the test site, but only in the permitted region indicated by the cross-
hatched area of Figure 5. If the measuring set is not in a hut or vehicle, it may be located within the test
site in either the shaded or cross-hatched area of Figure 5.

Water-Based Testing Set—The measuring set shall be installed in a nonmetallic boat or nonmetallic test
fixture which may be within the test site, but only within the permitted region indicated by the shaded area
of Figure 5.

-10-
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5.4

5.4.1

5.5

5.5.1

5.5.2

5.5.3

6.

6.1

6.1.1

6.1.2

Test Frequencies—The limits shall apply throughout the frequency range of 30 to 1000 MHz and therefore the
disturbance characteristics shall be assessed throughout this frequency range.

FREQUENCY SuB-BANDS FOR ANALYSIS—For analysis, the frequency range of 30 to 1000 MHz shall be
divided into a minimum of 14 bands with approximately three bands in each octave (2:1 frequency ratio). For
bands that include the frequency range of 75 to 400 MHz (that is where the recommended limit is not
constant), the ratio of the highest frequency to lowest frequency in each band shall be no greater than 1.33
(See Table 4.)

TABLE 4—EXAMPLE FREQUENCY-SUB-BANDS————

Frequency Sub-Band Characteristic Frequency

MHz MHz
30to 34 32
34 to 45 40
45 to 60 55
60 to 80 70
80 to 100 90
100 to 130 115
130 to 170 150
170 to 225 200
225 to 300 270
300 to 400 350
400 to 525 460
525 to 700 600
700 to 850 750
850 to 1000 900

Data Colleg¢tion

Each subtband shall be scanned to(determine its characteristic level. The characteristic levdls for each sub-
band shajl be compared to the limit at the characteristic frequency for that sub-band, as defermined by the
methods pf Section 5.

The results of measurements shall be expressed in accordance with one of the bandwidths shown in
Figure 1.| For statistical*evaluation, the logarithmic unit dB (uV/m) shall be used.

For peak detector-measurements, the limits given in Figure 1 may be related to bandwidths gther than 1 kHz
or 1 MHz|by adding a correction factor of 20 log [bandwidth (kHz)/1 kHz] or 20 log {bandwidth (MHz)/1 MHZz].
For exampléxto relate the limit to 120 kHz bandwidth, the correction is 20 log(120 kHz/1 kHz) = 42 dB.

Methods of Checking for Compliance With CISPR Requirements
Evaluation (General)

For evaluation of single vehicles or devices, either the complete data from a scan or the characteristic levels
may be used.

For statistical analysis of multiple vehicles or devices, the characteristic levels shall be used. The levels shall
be compared to the limit at the characteristic frequency for the appropriate sub-band.

-11-
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6.2 Type Test

Compliance with the requirements given in Section 3 shall be checked as follows:

ion series. The results shall be at least 2 dB below the limits specified in Section 3.

Single Sample—Measurements may be made on a prototype vehicle or a prototype device of a later

Multiple Samples (Optional)—Five or more additional samples shall be tested and the results combined

with the first test (see 5.1.2). The data for each frequency sub-band shall be evaluated statistically as
defined in Appendix B; the result for each frequency sub-band shall be below the specified limits of Section

characteristic frequency for that sub-band.

6.2.1
6.2.1.1

product
6.2.1.2

3 at the
6.2.2 Some diff

6.3 Surveillanc

6.3.1

6.3.2

6.4

noise em

SINGLE S
above the

MULTIPLE
combineg
defined in
at the cha

Quick Prot
approximat
sub-band a
4.4 are sug

PREPARED BY THE'SAE ELECTROMAGNETIC COMPATIBILITY (EMC) STANDARDS COM

ssions. For road vehicles, examples of such differences are given in AppendixC.

te of Series Production

specified limits of Section 3.

SAMPLES (OPTIONAL)—Five or more additional vehicles or devices shall be tested
with the test in 5.3.1. The data for each frequency{sub-band shall be evaluateq

racteristic frequency for that sub-band.
ptype Check for Development Testing—An--optional test may be made to

re likely to meet the limit of Section 3. (Specific measurements at the characteristi
pested.

erences in the construction of vehicles or devices are unlikely to have a significant lffect on ignition

AMPLE—The results of the measurements on one vehicle or device shall be a mgximum of 2 dB

and the results
statistically as

Appendix B; the result for each frequency sub-bandshall fall below the specified limit of Section 3

determine the

b levels of emission of the vehicle or deviceto determine whether the characteristic levels in each
C frequencies in

MITTEE
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APPENDIX A

(INFORMATIVE)
ANTENNA AND TRANSMISSION LINE MAINTENANCE AND CALIBRATION

1

This appendix contains, for guidance, an example of an antenna and transmission-line calibration procedure
that complies with the intent of 4.1.3. Proper antenna and transmission-line calibration is essential to account
for transmission-line loss and mismatch errors, and to characterize a broadband antenna, if used. Because
coaxial cables used for transmission lines are subject to much wear and possible abuse, a suggested

procedure i

This report

narrowband signal sources may be equally satisfactory and nothing in this appendix should b
precluding their use.
A.1 Maintenanpe—Calibration of antennas and cables as a combination or individually is at the op
It is highly recommended, however, that they be calibrated separately because:
a. Frepguently, antennas are supplied without cables.
b. Any cable may be used with any antenna without need for recalibration of the combina
c. Cables are easier to recalibrate than antennas and almost any test facility can recalibra
labpratories may not be able to calibrate complex anténnas with their associated tra
eadily.
d. Either the antenna or cable can be modified or replaced without need to recalibrate the

A.1.1 Periodic C

A.1.1.1 CABLES—
frequently

NOTE—H

A.1.1.2 ANTENNA
possibly g

A.1.1.3 PHYSICAL
A.1.1.3.1 Cables

braid,
recalibrn

s included to be used when cables require replacement.

IS Intende

necks Required

Checks should be made monthly, ‘eontingent upon whether the cables are hal
, or if they are exposed to sun andweather for long periods.

ven cables in conduits can-develop problems, if temperature and humidity are uncq

b—Because they are.subject to less wear than cables, antennas can be checked
nly once or twice per)year.

EXAMINATION
—Serious kinks (very sharp bends), flat spots, abrasions, stretched spots, damag

contatpination of the inner insulation, or aging of the cable shall require re
ation:

th antenna and
rk analyzers, or
b interpreted as

tion of the user.

tion.
te them. Some
nsmission lines

other.

hdled or flexed

ntrolled.

less frequently,

ed connectors/
placement and

A.1.1.3.2 Antennas—Broken elements or other obvious mechanical problems shall be corrected or parts replaced.
Recalibration shall be required.

A.1.1.4 ELECTRICAL EXAMINATION

A.1.1.4.1 Antennas and cables shall be checked for higher loss and other problems periodically. If a characteristic
such as loss has changed, the antenna, the cable, or the combination shall be recalibrated. Severe

change

s in characteristics may require replacement and recalibration.

1.

This appendix is based upon CISPR Report 56.

-13-
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A.1.2 Recalibration—The following requirements apply when the transmission-line cable or antenna is replaced:

A.1.2.1 If the antenna calibration contains the loss and other characteristics of a specific cable in combination with

the antenna, they shall be considered a matched pair.

If either is replaced, the combi

recalibrated.

nation shall be

A.1.2.2 If the antenna and cable have been calibrated separately with separate losses, etc., replacement of either
shall require recalibration only of that portion replaced.

A.2 Calibration/Recalibration

A.2.1 Impulse EIl

A3

A4

A5

A.6

relationship

where:

F = Ele
R=Ins
AF=A
T=Tra

Reference
resonant di
elements.

Antenna Factor—The factor relating the field .strength to the loaded antenna terminal vi
oint of the antenna is called the antenna factor, designated AF, expressed in dB.

reference p
factor shall
the resonarj

NOTE—Th

ctric Fie rength—FEIlectric Tield strengih shall be expressed In unis o 10
expressing electric field strength to the measurement system is shown in Equation

F=R+AF+T

ctric field strength dB (uV/m/kHz)
rument reading dB (uV/kHz)
htenna factor, defined in A.4 or A.5
hsmission-line factor, defined in A.6

pole tuned to the measurement frequency. The reference point is the center of

nclude the effects of baluns, impedance matching devices, any mismatch losses, a
t frequency of the antenna.

Kn
for

pa
fac

Alternate
antenna (r

Transmiss

s factor is a function of frequency and is usually provided by manufacturers of rg
wledge of the antenna‘factor for free space operation for resonant dipoles is suffi
urposes of this report. Greater accuracy can be obtained by knowing the anten
icular resonant dipole being used in the test environment. A method for deter
or is describedin ANSI C63.5.

ntennas—The antenna factor for the alternate antenna is the antenna factor fg
onant dipole) minus the gain (dB) of the alternate antenna relative to the referencq

V/m/kHz). The
Al:

(Eq. A1)

Antenna—The reference antenna for these measurements is the balanced half wavelength

the two dipole

bltage 2 at the
The antenna
hd operation off

sonant dipoles.
Ciently accurate
ha factor for the
mining antenna

r the reference
antenna.

is designated T and is shown in Equation A2:

T - 20><Iog( input voltage )d

output voltage

pwn. The factor

(Eq. A2)

NOTE—It is recommended that the transmission line be double-braided or solid-shielded coaxial cable to

achieve proper shielding.

It is permissible that transmission-line loss and mismatch errors be

accounted for by including the cable in the measuring instrument calibration. When this is done T is

dro

pped from the equation for F in A.1.

2. Asthis is a voltage ratio, the calculations to convert to decibels shouuld be made using the factor of 20 log of the ratio of the parameters.

-14-
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A.7 Calibration Instrumentation—The prime function of the calibration instrumentation is to provide a repeatable

RF field for the comparison of an alternate antenna to the dipole antenna.

A.7.1 Reference Impulse Generator—The impulse generator output level (dB (uV)/unit bandwidth)
to within 1.0 dB.

shall be known

NOTE 1—For convenience of testing, the reference instrument should be a broadband impulse generator
capable of producing a uniform spectrum to within +3.0 dB in the frequency range 30 to 1000 MHz.

NOTE 2—Experience indicates that an impulse generator that meets the requirements of this

paragraph and

has a nominal 100 dB (uV/kHz) level can produce a field of approximately 10 dB (uV/m/kHz) at the

IS USed a
This field strength varies depending on calibration antenna losses
characteristics and on propagation anomalies. This approximate value is-provig
tenna factor determination can be performed. It is then possible to \estima
sensitivities and the tolerable losses in the measuring system.

generator.

A.7.2 Calibration Antenna—For ease in measurement and to assure freedom from ~ariation cau
adjustment] it is recommended that broadband antennas be used. Typicakantennas are the bi
200 MHz amd the log periodic for 200 to 1000 MHz.

Antenna Factor Determination—If an alternate antennay(see A.5) is used, the antg
ed by a substitution technique in the intended test énvironment. The reference sh
radiated field to be measured for the substitution technique is generated by the cali
ulse generator as specified in A.7.

A.8 Alternate /
be determir
(A.3). The
and the img

NOTE—A't
trag
fiel
(se

king generator is known within £1 dBgand (b) the calibration electric field cause
b A.12).

A.9 Test Geometry—The alternate antepna-shall be located at its intended test position.
occurs, the [dipole shall be placed so.that its reference point is at the same place that the refere
alternate aptenna normally occupies. The calibration antenna shall be 10 m in horizontal di

alternate antenna reference paintin Figure A1 (taking the place of the nearest vehicle periphe
1 m high.

e output of the

and radiation
ed so that the
e the required

5ed by antenna
conical for up to

nna factor shall
bll be the dipole
bration antenna

racking generator may be used in place of\the impulse generator provided that (a) the output of the

5 the measured

| strength to be at least 6 dB above the least measurable field strength of the measuiring instrument

When substitution

nce point for the
stance from the
ry) and shall be

-15-
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A.10 Reference

A.11

A.12

A.13

impulse ele
of at least 1

A.9 to obt
reading is t

Test ProcTure—The procedure is to measure the reference field with the reference antenna

The antenn
conducted
required fon

NOTE—Th

Frequencieés—The number of frequencies at which antenna factor values are required d

alternate ar
the function

Complete :
cable, mea
established
made on a

e 100m+02m ~
|
i |
J
I
]
Reference Antenna :
or Altemate Antenna |
e e e - 1
1 Calibration Antenna
(Section A.7)
! |
3.00m+0.05m T _____
1.00m=+0.05m [
Ground Level ‘

FIGURE A1—ALTERNATE ANTENNA FACTOR DETERMINAFION

Impulse Electric Field Amplitude—For accurate measureménts to be made,
ctric field shall be at least 3 dB above the least measurable field of the measuring g
0 dB is preferred.

in a meter reading Then the“alternate antenna is substituted

ken.

(usually voltage).

a factor for the alternate antenna is caleulated as discussed in A.5. This proce
for both horizontal and vertical polarizations to determine whether different ante
each of the two cases.

b antenna factor of the reference antenna may be assumed to be the same for both

adequately.

Bystem Verification—The complete measurement system comprised of antenn
suring instrument, and readout devices shall be verified by measuring an impul

beriodic-basis so that any change in system performance can be detected Figure A

the calibration
ystem. A value

positioned as in
and a second

dure should be
hna factors are

polarizations.

epends on the

tenna being evaluated:*A sufficiently large number of frequencies shall be considgred to describe

A, transmission
e electric field

with awwideband impulse generator and antenna(s) described in A.7. This verification shall be

1.
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APPENDIX B

(NORMATIVE)

STATISTICAL ANALYSIS OF THE RESULTS OF MEASUREMENTS

The following condition shall be fulfilled in order to ensure, with an 80% degree of confidence, that 80% of

mass-produced vehicles/devices conform to a specified limit L as shown in Equation B1:

X +kS, <L

where:
X = Arithmetical mean of the results on n vehicles/devices
k = Statistical factor dependent on n, as given by Table B1:
TABLE B1—VARIATION OF K WITH N
n=6 7 8 9 10 1
k=1.42 1.35 1.30 1.27 1.24 1.21
82 = 2(x-%)°/(n-1)
where:
S, = Standard deviation of results on n assembly line units
x = Indiyvidual result
L = Sp4cified limit
S..x,x and L are expressed in identical units (e:g., dB (uV/m), dB (uV), etc.).
If a first sample of n vehicles/devices does not meet the specifications, a second sample of N
shall be tested and all results assessed as coming from a sample of n + N vehicles/devices.
NOTE—Se¢g CISPR 16 for a more comprehensive discussion of statistical theory and applicatipn.

(Eq. B1)

(Eq. B2)

ehicles/devices
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APPENDIX C

(INFORMATIVE)

CONSTRUCTION FEATURES OF MOTOR VEHICLES AFFECTING THE EMISSION OF IGNITION NOISE®

For guidance in testing and approval, it should be noted that some differences in vehicle construction are

unlikely to have a significant affect on the ignition noise emission. For this reason, measur

ements on one

variant may be considered as being typical and such a variant may be used as the basis for the assessment of

the design characteristics of road vehicles insofar as they affect the ignition noise emission.

C.1 The following construction differences* have little affect on ignition noise emission:

-door or four-door vehicles or station wagons of similar overall length.
rences in radiator grille construction provided that grilles are of metal, offer-ap

e. Ordinary nonresistive spark plugs of different makes, provided they  have equi
chgracteristics (capacitance, inductance, resistance).

f. Coils and distributors of different makes, provided they have ‘equivalent electrical

(capacitance, inductance, resistance).

Decgorative ornamentations, heaters, or air conditioners, oecdpying the same location.

Ordginary resistive spark plugs of different heat rang€s;,”provided they have equi

chgracteristics (capacitance, inductance, resistance).

i. Sizp, shape, and location of the ancillary electrical ‘equipment (including its harness),
to nun the propulsion motor.

JQ

C.2 The following construction differences* can be expected to have a significant affect on ignition

Sighificant differences in compression ratio.
Usg¢ of plastic or metallic fenders, roofs] or body panels.
Siz, shape, and location of metallic-air cleaners and use of plastic rather than metalli

oo

Logation of distributor and coil*on the engine or in the engine compartment.
Sizp and shape of the engine compartment and location of the high-voltage harness.
Sighificant differences(in)the clear opening of engine compartment around the wheels.

s@ oo

Vehicles having auXxiliary engine(s) for purposes other than propulsion.

proximately the

alent electrical

characteristics

alent electrical

vhich is needed

Noise emission:

air cleaners or

Right- or left-hand steering as it may affect the position of the other components or paits.

3. This appendix is based upon CISPR Report 65.
4. This is not all-inclusive, it is a set of examples only.
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D.1

D.1.1

APPENDIX D

(INFORMATIVE)

MEASUREMENT OF THE INSERTION LOSS OF IGNITION NOISE SUPPRESSORS®

Introduction—Two methods of measurement of the insertion loss of ignition noise suppressors are used:

"CISPR Box Method" (50/75 Q2 Laboratory Method)—Described in D.3.

D.1.2 Field Comparison Method—In this method, the insertion loss of the suppressor (or set of suppressors) is
determined from the measurement of interference field intensity caused by the vehicle or device on the open

D.2

D.2.1

test site. ItjS évaluated according t0 Equation DT:
A=E -E,
where:
Ei= Inlensity of the field caused by the ignition system without suppressors, .€xpressed in
E5 = Infensity of the field caused by the same ignition system but with<suppressors (or set
exgressed in dB (uV/m)

NOTE—Fidld intensity is to be measured in accordance with Section4.

Comparisqan of Test Methods

CISPR Box Method—With the help of the "CISPR\box method," it is possible to con
characterisfics of single suppressors of the same kind under standard laboratory conditions.
method is ysed in the frequency range from 30 10300 MHz. Results obtained have no signif

(Eq. D1)

dB (uV/m)
of suppressors)

npare only the
At present, this
cant correlation

with the efficiency of suppressors observed in practice (see D.5). This method does not allow neasurement of

a set of suppressors consisting, for example; of four resistors and five cables with distribu

ed attenuation.

Neverthelegs, it provides a means of quick control, for instance of suppressors during manufacture after

previous verification of their effectiveness in actual conditions.

D.2.2 Field Comparison Method—The field comparison method may be considered the reference n

D.3

D.3.1

results obtdined give the insertion loss of suppressors observed in practice. It automatically tal
all the factors influencing the.insertion loss and it has no limitations in frequency range. Its ma
is the need|to perform measurements on an open test-site (or in a large building of special c¢
the need to|test the complete vehicle or device.

CISPR Box Method (50/75 Q0 Laboratory Method of Measurement of Insertion Loss of
Suppressqars)

ethod since the
es into account
n disadvantage
nstruction) and

Ignition Noise

General Conditions and Limitations of Measurement—The insertion loss of an ignition noise suppressor is
measured with the test circuit shown in Figure D1. This method is intended to be used only as a comparative
method for suppression devices of the same type and is not intended to give direct correlation with emission
measurements. The word "type" is understood to mean all suppression devices belonging to the same case of

Figure D1.

5. Based on CISPR Report 37/2.
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D.3.2 Test Procedure—In Figure D1, the coaxial switches (2) are adjusted so that the signal from the signal

generator (1) is passed through the test box (4) and the specimen under test (5) giving an in
output indicator of the measuring instrument (7). Fixed "T" attenuators (3) have a loss of 10 dB

The coaxial switches (2) are then turned so that the signal passes through the calibrated vari

dication on the

able attenuator

(6), which is adjusted to give the same indication on the output indicator of the measuring instrument (7). The

insertion loss of the ignition noise suppressor is then given by the attenuation read on the cali
attenuator (6) minus the attenuation of the fixed attenuators (3).

D.3.3 Test Box Construction—Details of the usual test box are shown in Figures D2 to D4. For

brated variable

the majority of

applications, this box is applicable; however, hole positions and box size may require modification for some

applicationg. € SUppressors in
noncoaxial [connecting leads within the CISPR box to the suppressors under measurement-s
short as pogsible, or of specified length where shown. In all arrangements, the spark plug(is md
a coaxial input and is constructed from a standard spark plug assembly having a direct.connect
spark plug {erminal and the central electrode.

D.3.4 Results—Hor ignition noise suppressors having a high impedance, the insertion’loss a4 in a

5 to D11. All
hall be kept as
dified to accept
on between the

circuit having a

characterisfic impedanze z; can be converted to the insertion loss a,fin-a circuit having | characteristic

impedance [z,; Equation D2 applies:

a, = a;+20 log(z4/25)

T —T—T ST
T siemai generator (® specimen under test
P \soaxial swich ® calibrated variable attenuator
@~ fixed "T~ attenuator (10 dB) (@ measuring instrument

test box

o

(Eq. D2)

NOTE — ltems @, @. @, ® and (9 must have the same characteristic impedance.

FIGURE D1—TEST CIRCUIT
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