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2.1 Applicable Publications—The following publications form a part of this specification to the extent specified

herein. The

latest issue of SAE publications shall apply.

2.1.1 SAE PusLIcATIONS—Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.
SAE J551-1—Performance Levels and Methods of Measurement of Electromagnetic Compatibility of
Vehicles and Devices (60 Hz to 18 GHz)
SAE J551-2—Test Limits and Methods of Measurement of Radio Disturbance Characteristics of Vehicles,
Motorboats, and Spark-Ignited Engine-Driven Devices, Broadband, 30 to 1000 MHz
2.1.2 CISPR PuBLICATIONS—AVvailable from ANSI, 11 West 42nd Street, New York, NY 10036-8002.
CISPR[16-1 (1993-08)—CISPR Specification for radio disturbance measuring. \apparatus and
mepsurement methods; Part 1: Radio disturbance and immunity measuring apparatus
CISPR 22 (1997-11)—Information Technology Equipment—Radio Disturbance Characjeristics—Limits
and Methods of Measurement
2.1.3 ANSI PugLicaTioNs—Available from ANSI, 11 West 42nd Street, New York,"NY 10036-8004, or from IEEE,
445 Hoeq Lane, PO Box 1331, Piscataway, NJ 08855-1331.
ANSI J63.4-1992—American National Standard for Methods of Measurement of Radio-Noise Emissions
fromh Low-Voltage Electrical and Electronic Equipment in the Range of 9 kHz to 40 GHg
ANSI (063.12-1987—American  National Standard for{ Electromagnetic Compatipility Limits—
Re¢ommended Practice
2.1.4 UNITED STATES GOVERNMENT OFFICE OF THE FEDERALREGISTER PUBLICATIONS—AVvailable frgqm US Govern-
ment Printing Office, P.O. Box 371954, Pittsburgh, RA” 15250-7954.
Code of Federal Regulations Title 47—Telecemmunications; Part 15—Radio Frequency Degvices
2.2 Related Publication—The following publication is provided for information purposes only and is not a required
part of this locument.
2.2.1 |IEEE PugLIcATION—AVvailable from IEEE, 445 Hoes Lane, P.O. Box 1331, Piscataway, NJ 08$55-1331.
IEEE S}d. 291-1991—IEEE Standard Methods for Measuring Electromagnetic Field Strendth of Sinusoidal
Continuous Wayes; 30 Hz to 30 GHz
3. Definitiong—For génefal definitions see SAE J551-1.
4, Limits of Disturbance

4.1

Radiated Emissions—The recommended performance level for electric field strength is given in Figure 1 and

for magnetic field strength in Figure 2. A derivation that re-establishes these limits from the original electric
vehicle limits, based on a change of measurement distance, is included in Appendix B.

TABLE 1—ELECTRIC FIELD EMISISON LIMITS

Frequency
9 kHz to 4.77 MHz
4.77 MHz to 15.92 MHz
15.92 MHz to 20 MHz
20 MHz to 30 MHz

Level dB(nV/m/kHz)
99.9 — 20log, o(Freq(MHz)/.009)
154.4 — 40log,o(Freq(MHz)/.009)
89.4 — 20log,o(Freq(MHz)/.009)
22.5
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51

511

5111

51.1.2

TABLE 2—MAGNETIC FIELD EMISSION LIMITS

Frequency
9 kHz to 4.77 MHz
4.77 MHz to 15.92 MHz
15.92 MHz to 20 MHz
20 MHz to 30 MHz

Level dB(mA/m/kHz)

48.4 — 20log, o(Freq(MHz)/.009)
102.9 — 40log,o(Freq(MHz)/.009)
37.9 — 20log, oFreq(MHz)/.009)
-29.0
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TABLE 4—MINIMUM SCAN TIME

Band Peak Detection
A 9to 150 kHz 100 ms/kHz
B 0.15 to 30 MHz 100 ms/MHz

NOTE 1—Band definition from CISPR 16-1.
NOTE 2—-Certain signals (e.g., low repetition rate or intermittent signals) may require slower scan
rates or multiple scans to insure that the maximum amplitude has been measured.

5.1.1.3 Measuring 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 5 are re¢ommended.

NOTE—When the bandwidth of the measuring instrument exceeds the bandwidthyof a parrowband
signal, the measured signal amplitude will not be affected. The indicated)value ¢f impulsive
broadband noise will be lower when the measuring instrument bandwidth, is reduced.

TABLE 5—MEASURING INSTRUMENT BANDWIDTHH(6 dB)

Instrument

Frequency Band Bandwidth
9 to 150 kHz 200 Hz
0.15 to 30 MHz 9 kHz

If a spgctrum analyzer is used for peak measurements, the video bandwidth shall be at Ig¢ast three times
the resolution bandwidth.

5.1.2 ANTENNA|[SYSTEMS—The test limits shown in Figures 1 and 2 are listed in dB(mA/m/kHz) an¢l dB(nV/m/kHz)
and thus| theoretically, any antenna can be, used, provided that it has adequate sensitivity, the antenna
correctior) factor is applied, and the antenna-provides a 50 Wmatch to the measuring receivef. The following
antennas|shall be used for this test method:

a. 0.0p9 to 30 MHz—1 m vertical monopole with a suitable antenna matching unit. The counterpoise
shdll be as recommended: by the antenna manufacturer.
b. 0.0P9 to 30 MHz—The 60 cm electrostatically shielded loop antenna of CISPR 16-1.

Commerdgially availablésrod and loop antennas with known antenna correction factors may be used. A
calibration procedurefor the 1 m monopole (rod) antenna and its associated matching unjt is provided in
Appendix] A. Thexcable loss factor can be determined in accordance with the SAE J55112 Antenna and
Transmisgion_Line Calibration Appendix.

5.1.3  ANTENNA MAteHine-UMiT—Correct—impedance—matehing—between—the—matehing—unit—and the measuring
receiver must be maintained at all frequencies. The maximum SWR shall be 2:1. Appropriate correction
shall be made for any attenuation/gain of the antenna system from the antenna to the receiver.

NOTE—Care should be taken to ensure input voltages do not exceed the pulse input rating of the unit or
overloading may occur. This is particularly important when active matching units are used.

5.1.4  LINE IMPEDANCE STABILIZATION NETWORK(S) (LISN) [ARTIFICIAL NETWORK(S)]—The 50 nH, 50 WLISN defined
in ANSI C63.4 shall be used in each power lead. The current rating of the LISN’s shall be greater than the
peak current draw of the vehicle being charged. The voltage rating shall be compatible with the power line
voltage and frequency being used. The LISN’s shall meet the impedance requirement over the frequency
range of 450 kHz to 30 MHz.
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6.1

6.2

6.3

6.4

6.5

6.6

Radiated Emission Measuring Location Requirements—The site shall conform to the Open Area Test Site
(OATS) Requirements, or the Absorber-Lined Shielded Enclosure (ALSE) Requirements, of SAE J551-2.

The base of the rod antenna shall be at ground level and 3 m = 0.1 m away from the nearest part of the

vehicle.

The center of the loop antenna shall be 1 m + 0.05 m above the ground level and 3 m + 0.2 m away from the

nearest p

art of the vehicle.

NOTE—The loop antenna orientation for maximum sensitivity to a magnetic field is such that an axis
perpendicular to the plane of the loop is also parallel to the direction of the magnetic field. The
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emission

Emission Measuring Location Requirements—The conducted

n accordance with ANSI C63.4.

b test should be run in a shielded enclosure to preclude ambient emission from infl
results.

drive wheels using insulated jack stands as supports.

pperation of the vehicle in the unloaded state would cause damage to the propulsio
LIt in lower radiated emissions levels, a dynamometer may be used.

Establish sfeady-state-conditions of 40 km/h (25 mph) in high gear.

Record the

data for the vertical electric field and all three orthogonal planes for the magnetic fie

Df cable between the LISN(s) and the connection to the vehicle shall be 1.5 £ 0.05 .

b antennas.
C field; for a
ctric field is

est  shall

Liencing the

N system or

h

d.

Repeat for

he-other three sides of the vehicle

be

shall be bonded to the ground plane under the vehicle with straps that are as slort as possible

e a maximum length to width ratio of 7.
than one LISN is used, each 50 W port;shall be terminated with a measuring insfrument or 50 W
d.

Scan Procedure (not applicable to AC power line battery charger emissions [neasurement).

Determine the direction of maximum emission based upon the results of 6.3 and 6.4. This determination

should be based on the highest level obtained from the four sides of the vehicle.

If the highest levels are

approximately equal for two different sides of the vehicle, either of these sides may be selected as the direction
of maximum radiation.

With the antenna positioned and oriented for maximum received signal, i.e., the side determined in 6.5, repeat
6.3 for steady-state conditions of 16 km/h (10 mph) and 64 km/h (40 mph) in order to determine the speed that
produces maximum radiation.
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7.1

7.2

7.3

9.1

Vehicle Measurement (except for power line battery-charging system)—9 kHz to 30 MHz

Frequency Range—Measurements shall be performed over the frequency range of 9 kHz to 30 MHz. This
range shall be divided into a minimum of 11 bands with approximately one band per frequency octave. Each
band shall be scanned either manually or automatically to determine the radiated field strength as a function of
frequency. As an example, one possible set of bands would be:

9to 30kHz
30to 60kHz
60 to 150 kHz
150 to 250 kHz

0.5t0 1.1 MHz
1.1to 2.4 MHz
2410 5.0 MHz
5.0to 10.0 MHz

Spot frequg
minimum o
1.6.

Operating
constant sp

NOTE—If o
res
loa

The vehiclg

Vehicle Me
the appropr

On-Board
made at m3
voltage, the

swept and the data recorded.

If a digital ¢
using the n

Notes

22010 500 KHz

10.010 20.0 MHz

20.0 to 30.0 MHz

ncy measurements, although not recommended, shall be considered sufficient
two frequencies is measured per octave and the ratio of successive frequéncies d

Conditions—The vehicle shall be driven on a dynamometer with_no load, or on ax|
eed.

peration of the vehicle in the unloaded state would causeldamage to the propulsior
LIt in lower radiated emissions levels, measurements may be made using a dyna
shall be operated at the speed determined.in‘®.6 during all of the testing.

asurements—The data shall be normalized to dB(nA/m/kHz) or dB(nmv/m/kHz) |
ate bandwidth and antenna factors. .(See 4.5.3 of SAE J551-2 for bandwidth corre

Charger Measurements (Vehicle propulsion system de-energized)—Measurem

ximum and trickle charge rates! If the vehicle is designed for charging at more thar]
emissions shall be measured at each line voltage. The required test frequency

rrowband radiated emissions limit in the frequency range of 30 to 1000 MHz.

Marginal Inj

] the vehicles at the zero-grade road load for the particular speed determined in 6.4.

provided that a
oes not exceed

e stands with a

system, or
mometer to

y incorporating
Ction.)

ents  shall  be
one power line
range shall be

bntrol or switching circuit utilizes a frequency that exceeds 1.705 MHz, then radiateql emission tests
of the chariing system arevalso required. The measurements shall be made in accordance W

ith SAE J551-2

diCia—The change bar () located in the left margin is for the convenience of the

user in locating

areas where technical revisions have been made to the previous issue of the report. An (R) symbol to the left
of the document title indicates a complete revision of the report.

PREPARED BY THE SAE EMR STANDARDS COMMITTEE
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Al

APPENDIX A

(Normative)
ROD ANTENNA CALIBRATION—
THE EQUIVALENT CAPACITANCE SUBSTITUTION METHOD

Calibration Method—The equivalent capacitance substitution method uses a dummy antenna in place of the
actual rod element. The primary component of the dummy antenna is a capacitor equal to the self-capacitance
of the rod or monopole. This dummy antenna is fed by a signal source and the output from the coupler or base
unit of the antenna is measured using the test configuration shown in Figure Al. The antenna factor in dB(1/m)
is given by Equation A1l.

where:

VD is th
V|_ is th
Ch is th

Forthe 1 m
factor (Cy) i

NOTE—Se
ant

Either of tw
meter meth
dummy ant
of antenna
smaller.

NOTE—Th
pro

a. Net

wn e

g
S
S
C

NOTE—ALt

AF = Vp -V, -C,

e measured output of the signal generator in dB(nV)
E measured output of the coupler in dB(nV)
e correction factor for the effective height in dB(m)

(Eq. Al)

rod commonly used in EMC measurements, the effective height (hg) is 0.5 m, the Height correction

s —6 dB(m) and the self-capacitance (C,) is 10 pF.

b A.3 to calculate the effective height, height cotrection factor, and self-capacit@ance of rod

bnnas of unusual dimensions.

o procedures shall be used: (a) the network analyzer, or (b) the signal generator

and radio-noise

od. The same dummy antenna is usediin both procedures. See A.2 for guidar]ce in making a

bnna. Measurements shall be made.ata sufficient number of frequencies to obtain
factor versus frequency over the operating range of the antenna or 9 kHz to 30 MH

b network analyzer procedure is preferable to the radio-noise meter and signdl
cedure, due to lower overall measurement uncertainty.

work Analyzer Precedure

alibrate the network analyzer with the cables to be used in the measurements.
et up the antenna to be calibrated and the test equipment as shown in Figure Ala.
ubtract_the/signal level (in dB) in the reference channel from the signal level (in

cha

hanneland subtract Cy, (—6 dB for the 1 m rod) to obtain the antenna factor (in dB)
bnuator pads are not needed with the network analyzer because the impeda
meww i

a smooth curve

z, whichever is

generator

dB) in the test
f the antenna.
ces of the

ng network

analyzer calibration. Attenuator pads may be used, if desired, but including them complicates the
network analyzer calibration.

b. Radio-Noise Meter and Signal Generator Procedure

1. Set up the antenna to be calibrated and the test equipment as shown in Figure Alb.
2. With the equipment connected as shown and a 50 W termination on the T-connector (A), measure
the received signal voltage V| in dB(nV) at the RF port (B).

Leaving the RF output of the signal generator unchanged, transfer the 50 W termination to the RF

port (B) and transfer the receiver input cable to the T-connector (A). Measure the drive signal voltage
Vp in dB(nV).
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Subtract V| from Vp and subtract Cy, (-6 dB for the 1 m rod) to obtain the antenna factor (in dB) of
the antenna.

Network Analyzer
Matching Network osdillator
Under channel reference b

(output) channel channel

? ? ?

Calibration

L— 50 Q T-connector (A)

NOTES:
1. Place the dummy antenna as ciose to the EUT port as possible. Piacs the T-connector as Ciose to the dummy antenna
as possibie. Use the same length and type of Cabies between the T-CoNNector and the reference channel input, and the

T-connector and the 500 Measunng port test channel.
2. AUSNUAIOr Pads ane NGt NEECed With the NEtwork analyzer and a/e nNat recommended.

(a) Method using Network Analyzer

RF Matching Network RF
signal Under recener
generator Calibration
Antenna :
- . [ pt.,:l
50 Q

t
o AT
4 Du /l

4
e

Dummy
antenna

ool

50 QT-connector (A)

Ir\ ca—0) €
lu[ YU adUdU

E] = 10 dB attenuator pad

Notes:
1. Place the dummy antenna as close to the EUT port as possible. Place the T-connector

as close to the dummy antenna as possible.
2. If VSWR of receiver and signal generator is low, pads may not be needed or may be

reduced to 6 dB or 3 dB.
3. The dummy antenna may incorporate other matching components to control VSWR at

its input and signal generator level measuring ports.

(b) Method using Radio-Noise Meter and Signal Generator
FIGURE A1—MEASUREMENT OF 1 m MONOPOLE ANTENNA FACTOR
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The 50 Wtermination shall have very low VSWR (less than 1.05:1). The radio-noise meter shall be calibrated
and have low VSWR (less than 2:1). The output of the signal generator shall be frequency and amplitude

stable.

NOTE—The signal generator need not be calibrated, since it is used as a transfer standard.

A.2 Dummy An

tenna Considerations

NOTE—The capacitor used as the dummy antenna should be mounted in a small metal box or on a small
metal frame. The leads must be kept as short as possible and spaced 5 to 10 mm from the
surface of the metal box or frame.

The

antenna box. The resistor pad to provide matching to the generator, may alse'\be b
durhmy antenna box.

A.3 Rod (Mond

T-connector used in the antenna factor measurement setup, may be built into

Connector, e.g., BNC Capacitor Leads.L(both ends)

LewCapacitance
o Ve =

I/ Connector to mate with
S
ZI\
|

rod input port

C: 10 pF 5 %, Silver Mica. /L Metal mounting frame
S: Lead Spacing, 5 to 10 mm (10 mm from-all surfaces if enclosed in box).

L: Lead length, as short as possible bat not greater than 12 mm.
(Total lead length not greater than 40 mm including both capacitor
leads and length of rod port_connector.)

FIGURE A2—EXAMPLE OF MOUNTING OF CAPACITOR IN DUMMY ANTENNA

pole) Performanceé Equations—Equations A2, A3, and A4 are used to determi

the dummy
uilt into the

ne the effective

height, selficapacitance, and_height correction factor of rod or monopole antennas of unuspal dimensions.
They are valid only for rod-antennas shorter than | /4.
= 1 tanPD
he = 2ptan i (Eq. A2)
00.6N tszlph
C, = - (Eq. A3)
. 2ph
inghe_; =E0
€ao I
Cy, = 20 xlogh, (Eq. Ad)

-10-
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where:

he is the effective height of the antenna in meters

h is the actual height of the rod element in meters

| is the wavelength in meters

C, is the self-capacitance of the rod antenna in pF
a is the average radius of the rod element in meters
C,, is the height correction factor in dB(m)

-11-
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