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the National Institute of Justice: (N1}), U.S. Departiment of Justice. The- pregram responds to the mandate of the
Justice System lmprovement Act of 1979, which created NIJ and directed it to enciurage research and development
to improve the criminal justice systent and to disseminate the results to Federal, State, and local agencies.
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justice system agencies, sets minimum  performance standards for specific devices, tests commercially available
equipment against those standards, and disseminates the standards and the test ,r'esul/ts to criminal justice agencies
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nationwide and internationally. o

The program operates through:
“The Technology Assessment Program Advisory Council (TAPAC) consisting of natlonally recognized criminal justice

practitioners from Federal, State, and local agencnes, which assesses technologlcal needs and: sets priorities for

research programs and items to be evaluated and tested.”
The -Law Enforcement " Standards Laboratory (LESL) at ‘the Natlonal Bureau of Standards, which develops’

voluntary national performance standards for compliance testing to ensure that individual items of equipment are
sujtable for use by criminal justice agencies. The standards are*based upon laboratory testing and evaluation of
representative samples of each item of equipment to determine the key attributes, develop test methods, and establish
minimum performance requirements for each essential attribute. In addition to the highly technical standards, LESL
also produces user guides that explain in nontechnical terms the capabilities of available equipment. ,
The Technology Assessment Program [nformation Center (TAPIC) operated by the International Association of
Chiefs of Police (IACP), which supervises a national ¢ompliance testing program conducted by independent agencxes
The standards developed by LESL serve as performance benchmarks against which commercial equipment is
measured. The facilities, personnel, and testing. capabilities of the independent laboratories are evaluated by LESL
prior to testing each item of equipment, and LESL helps the Information Center staff review and analyze data. Test
results are published in Consumer Product Reports deSIgned to help Jjustice system procurement officials ‘make

informed purchasing decisions.
All pubhcanons issued by the National Instltute of Justice, including those of the Technology Assessment

Program, are available from the National Criminal Justice Reference Service {NCJRS), ‘which serves as a central
information and reference source for the Nation’s criminal justice community. For further 1nformatlon or to register
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\ FOREWORD
‘Thé Law Enforcement Standards Laboratory (LESL) of the National Bureau of Standafds
(NBS) farnishes technical support to the National Institute of Justice (NIJ) program to strengthen

that will assist law enforcement and criminal justice agencies in the selection and procurement of
quality equipment: : : I

s

conducting research leading to the development of several series of documents, including national
voluntary equipment standards, user guides, and technical reports. e
This document ‘is a law enforcement equipment report developed by LESL under the
sponsorship of NIJ as part of the Technology Assessment Program, which is described on the
inside front cover of this report. Additional reports as well as other documents are being issued
under ‘the LESL program in the areas of protective equipment, communications -equipment,
" security systems, weapons, emergency equipment, investigative aids, vehicles, afid clothing.
‘ Technical comments: and suggéﬁi\\c\i/ns concerning thisreport are invited from all interested
parties. They may be addressed tqrgthe Liw Enforcément Standards Laboratory, National Bureau of
Standards, Washington, DC 20234. : R
o o Lawrence K. Eliason, Chief
' Law Enforcement Standards Laboratory

i -

law enforcement and’ criminal justice in the United States. LESL’s function is to conduct research

LESL is: (1) Subjecting existing equipment to laboratory testing and evaluation ancil(2) ’

3]
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EXECUTIVE SUMMARY

o
P .

g automotiv_e :

| METHODS OF SUPPRESSING AUTOMOTIVE, INTERFERENCE
view previously developed techniques for suppressin k ‘ ’

The effort to re thods of accomplishing this

Harol -E. Taggart* . : / |
. . me = f/
] _to investigate mnewer s cations » . s . . : s
electromagnetic interference (EMI) atnd L e of riquests from users of mobile co‘mmu(;lxcz‘at: " 0 National Burésus of Standards, Boulder, CO 80303 -
: initiated in response to 3 . king for assistance in re ucin, 5 :
suppression was ntia : nature, i.€., asKIng : ‘ . )
eqfl)ll':Pment. Most of the requests were of a general : ; installed in vehicles, whatever ythe

icat equipmen :
iminating the loss of range by communications eP; ting degradation known to be due to
ehmmas : 1 users asked specifically for help in ehmmah; gh e o dio was installe 4
. a ! sole i ; ! L
B e tic interference, primarily from the vghxcle e work in this field, visited 2
electr;mag“e ll involved in this project reviewed the glrekusd partiél solution, and initiated
ersonne d : L. em and a : . .
interference pro ' . ible solutions
sriedioti i _severe electromagnetic in 5 investigate possible S0l
Jumdwmnw“ht afi’ort to (1) simulate a typical EMI problem, and (2) investigate P :
a laboratory test €lfo :

. » ¥ d
' i ression techniques an
to thirsrli:fob.lem;t discusses previous pertinent work in the ﬁelci‘ of EM:;:;;I; e O wnding
ot ‘ d cables, the use of capact ters,
i and cables ‘ z e
e sock s reters e plugs' ped with t’his equipment as a routine procedure, an
‘ pped ¥

‘ - . f
i tomcbiles are equi i meet the requirements 0
straps. qufM“‘;W o ression obtained almost always allows the Veh,ldet;:; use of sili c?)ne grease in
amcl)gurét ode d ]Ssllgf)g [17*. Moré recent suppression efforts}; such “sd tire static-charge reduction
SAE Standar ’ ive fan belt discharge an - . he
the - distributor and the use of conductiv t.. These techniques aré mot normally applied to t

: included in this repor . ; rchased for law
techniques, & :l'slo ml::htl may be encountered in vehicles specxficallyv pu

) u )
average automohile,

i ' Ily implemented in \
i ‘1ed in the literature but not usual ‘ .
‘ jon techniques detailed in - i e e
g use-hS“PPl?;SI‘)Z‘;s ﬁlter;1 built into the distributor, ferrite beads, me al-plating,
any vehicle, suc ?’s -pass g | ’
i also included. o  pased on the
“three point effect,. 1a-‘r ° to ‘reduce EMI shiould select those techniques ofh u-m; " ;re o at
. , i
The reader Wl; ';2?1 ffe‘l“ency' range of operation. Most of these }t,ec‘f‘i% ’qhver B e, A
o o SYSte'fn useSO to. 1000 MHz, having a greater effect at-the ‘Hig
= frequencies 1irom

"[easll[e[[[e]l eC. 1([ e y typ
LA ( h]] ue 18 (lescr]he(l whe €. ”[ a"[()"]ll Ul lle adatl()" to a a
T b € gl' 1C 1 narrow band

‘ e"lent agencles, can be l“easuxed- Ihe ENII fIO"'l

L . . forc iB below the
“ : iver, such as the type used b)’.%fw en uch as 10 to 15 dB belo
= ~ . FM receive duced by as m is report 1% employed.

2

’ The purpose of this report.is to (1) review the sources of electromagnetic interference (EMI) within a
: .vehicle so that the reader will have a basic understanding of the EMI problem; (2) discuss the techniques that

haye been used successfully by the auto industry to suppress EMI, and (3) suggest some newer techniques for
suppressing EMI within an automobile.

‘ mot, uce EMI emanating from the vehicié. The
techniques include resistor spark plugs, resistor spark plig cables, use of.silicone lubricant in the distributor,

“use of capacitors as filters, placement of grounding straps at key locations, conductive fan belt discharge, ard
fire static-charge reduction. If even further reduction of EMI is needed to obtain the maximum capability of a

. specific mobile communication system,there are additional suppression techniques discussed herein that can !
- be employed to achieve this goal. These techniques are effective at frequencies from approximately 30 to 1000 j
“ MHz. Measurement results show that the EMI fr("?f(ﬂ new production-line automobile, measured inaccordance
with SAE Standard J551g; can be reduced as muvlép{ as 10 to 15 dB by employing these new suppression tech-

- niques. The amount of degradation to a mobile narrow-band FM receiver, such as the type used by law enforce-

‘mentﬁagencies, can be measured using the measurement technique described. This sametechnique can then be
used as a tool to further reduce EMI from the vehicle components.

The automotive manufacturers utilize several techiques to red

7

¢

Key words: automotive; electromagnetic interference; ignition; interference reduction; suppressioi; tecluiiques.

1. INTRODUCTION :

The automobile with an internal combustion engine generates a large amount of
electromagnetic interference. The engine utilizes a high voltage ignition system to ignite the fuel. ‘ S
The ignition system produces short impulses that geneiate a broad spectrum of frequencies. Other : e
sources of EMI located within vehicles include motors. that are used for blowers, windshield P .
wipers, buzzers used for ignition and seat belt warnings, and voltage regulators that utilize points : ‘
that open and close frequently. All of these devices generate interference in a frequency spectrum
from the kilohertz range up to the gigahertz range. The fact that vehicles generate EMI has been
known since the advent of AM radio in the 1930’s, when.noise generated by the engine was ‘
readily detectable by the automobile radio. . - ' 1~ ’

An electromagnetic compatibility problem has arisen: between the EMI generated by the
automobile and the electronic systems used in the automobile. The auto industry has been
incorporating various EMI reduction techniques in the design and construction of their vehicles for
many years. The purpose of this report is to review all known sources of EMI within a vehicle,
discuss. techniques that are being used by the auto industry to suppress this EMI, and suggest
' some newer techniques for suppressing EMI within an automobile. Although the EMI spectrum
emanating from the automobile is from a few kilohertz to frequencies in the gigahertz range, this
report will concentrate on radio systems utilizing narrow-band FM communications in the
frequency ba@ds'commonly used for public-safety communications, 25 MHz to 900 MHz.

i tomobile ¢an usually be re ' much
o N rrr’ll;a(:xdtzg;;'ogA%uSOtTnﬂard J551g when the techniques described in th
e require S _ ] »

e iR

a

S

| * mber brf T rences in section 8.
‘ ‘ ackets efer to refe {v
: Nu S 1

B

‘Eleclromugnetic Fields Division, Center for Electronics and Electric:

al Engineeﬁng. National Engineering Laboratory.
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2. BASIC IGNITION SYSTEM, -

S

ici ive di igniti i iles is showsn in figure 1."
A basic inductive discharge ignition system used in automobiles is s !
The system conisists of a low voltage de power supply (the battery), a high voltage generator

(the coil and distributor breaker points), a switching mechanism to supply voltage to the proper

istri ‘ ‘provide k to each cylinder of the engine.
ark plugs (the distributor), and spark plugs to ‘provide a spar . : er of the &
g;causl:: ogf the high vo‘ltageﬁ the opening and closing of the various points and the firing of the

-spark plugs, this system generates radio frequency interference over a broad frequency range. The

rise times of these high voltage pulses are usually only a few nan?seconds, whlch result in abl');roa(}
spectrum of frequencies. The number of impulses generz}ted is a.functlonr of the nurfln e}:‘ o

cylinders and the engine RPM. For instance, an eight czlmder engine at 4000 RPM ;:n ; 1\?‘?’
approximately 267 spark plug firings per second. The s&ark plug firings are NR/ 120’w ere 1s

the number of cylinders and R is engine RPM. L

!

0

IGNITION
SWITCH

i

— BATTERY

|
ml

. . POINTS
N |
CONDENSER} .

Oy
i

[N

Ficung 1. Typical inductive discharge ignition system.
. , SR
@ I

The generzation of a high voltage pciﬂse for the spark plug occurs when the .di?tributor ppqlflts
open and the collapsing field in the primary winding of the high voltage con'l: mduce§ a high
‘voltage in the secondary winding, which is connected to the sparli plug gap via the dftrlbumr
rotor switch and the spark-plug wires. : &

There are three events that oqcur during the firing of each plug that cause the generation of

EMI. These a;ez: ; o e

(1) the air gap betweencthe distributor r
=k voltage to the spark plug; - .

(2) the air gap of the spark plug breaks down and the plug fires; and .

(3) the distributor breaker points close to pass current through the primiry winding of the :

high voltage coil.

@ 2

otef and stator breaks down, éxtending the high *

o

o

Ny

-the operation of mobile radios.

& ’ <]
o, RN g < g )
) ) P hde e ) R . D P
- These three distinct events produce independent sources of EMI, and their respectivé spectra
can be jsolated and measured with special instrumentation. However, the three sources will appear

. .- . v D . 1.
to. ghe moblleﬁradlo as. only-one source of interference because they occur within a few ms of each

», Other. The prbcé«juxe‘bf identifying all three as separate events will enable the investigator to take
the proper steps to reduce the EMI at each’ source. : )

Same of zhe newer ignition.. systems use_an electronic switching network »to'replace the
distributor breaker points {see fig. 2). There are several variations in design, but edch employs
solid state devices to control the Primary current in the high voltuge transformer. Although there
are several types of electronic ignit,ion,;syster;n"s now available, they all appear similar as far as

" ‘interference generating capability is concerned because the electronic networks essentially replac:eI

 the distributor breaker points. The bréaker points are the least significant EMI contributor of the
three, so no significant reduction in EMI over the ‘conventional ignition system is realized when an
electronic switching network is used. - N '

Do . R @

O S
IGNITION
- SWITCH

P
o w

SOLID-STATE o B
T h | switching [ : 1

DISTRIBUTOR

-

o - FYGURE 2, Typical electronic stt"z'[cliing iguition system.

s A

[

* 3. ADDITIONAL SOURCES OF EMI

In addition to the.ignition system, there are other sources of EMI in a vehicle, especially a
law enforcement or emergency vehicle. Electric motors are used to operate many devices such as

* windshield wipers, heater and air-conditioning fans, and rotating warning lights,. just to mention a

few. In-addition to the motors, there are warning buzzers of various types and turn indicators that
are basically switching networks. All of these devices are sources of EMI that can interfere with
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4. FACTORS THAT INFLUENCE EMI

Assuming that all sources of EMI in the vehicle : can be identified, how do these sources
interfere with the operation of a mobile receiver? First, the EMI can be passed to the mobile
receiver via the wiring within the vehicle as conducted interférence. Next, the EMI can radiate

from the sources and wiring within-the vehicle to the receiver antenna via free-space as radiated
. iy .

i

intetference.

~ Conducted interference can be controlled rather easily. By the proper use of line filters «
and/or bypass capacitors, most conducted interference in mobile radios can be reduced to the

point that its effects are Hot detectable. - :
Radiated interference is more complex, The magnitude of the EMI radiating from a vehicle is

a functien of the size and shape of the yehicle, the material used.to build the vehicle, and the
design of the. wiring system. The wiring within a vehicle serves as antennas that launch the
radiated EMI into free-space. When wires in a harness approach one-fourth wavelength or more,
they often serve as good':' antennas at these fl}fequencies. For this reason, one type of vehicle may
“radiate strongly at certain frequencies while another style vehicle may have a completely different, g
radiation spectrum. The radiation from vehicles of the same style may also have different radiation © -
spectra if the vehicles are equipped with accessories that change the wiring harness configuration

[

or length. v ‘ B
A metal enclosure will usually attenuate radiated EMI. Vehicles that are constructed of metal

provide a natural shield to EMI. However, for a metal enclosure to function properly as an EMI
shield, it is. essential that the.metal be electrically bonded together (metal-to-metal contact). A
vehicle body may not be an ideally shielded enclosure. For instance, the hood may fTot be
electrically connected to the rest ‘of the vehicle because of paint or other substances. In cases such -
as this, it is possible for the hood to act as an antenna at certain frequencies and actually increase
the EMI rather than attenuate it. This same analogy applies to other parts of the vehicle such as
its bumpers, tail pipes, and trunk lid. ' ,
Other factors that may influence the magnitude of EMI emanating from a vehicle include
humidity, temperature, and the location of the vehicle. The temperature and humidity can.affect
the magnitude .of breakdown voltages within the distributor and spark plug, thereby influencing
the radiated EML It is possible that a vehicle traveling or parked on & metallic surface such as a 4
bridge or near a large metallic surface may generate an EMI-spectrum quite different from that i

‘generated in another environment,
It becomes readily apparent that radiated EMI is a -complex subject. and must be treated

kac{gordingly. However, by understanding some of the principal causes of radiated EMI, one is
better prepared to undertake the task of suppressing EML ‘

5. EMI SUPPRESSION EQUIPMENT -AND TECHNIQUES

Within an automobile, the ignition system generates the most EMI, ati\f‘},automobiles coming

off the assembly line usually have some EMI reduction devices as standard equipment. These
devicas are necessary to satisfy the voluntary standard used by the auto industry, which is SAE
Standard - J551g, . Limits and Methods of Measurement of Radio Interference Characteristfcs of
Vehicles and Devices (20-1000 MHz) [1]'. However, if maximum performance of communication
transceivers is needed, this reduction in EMI may not be adequate. A discussion of presently used

and proposed suppression equipment and techl'l"iclues‘ follows.

4

5.1 Ignition Suppression - : s
The resistor spark plug technique employs the use of an internal resistor built into the body
of the spark plug and is usually standard equipment on automobiles. The resistor attenuates EMI

that is generated when the spark plug fires.

! Numbers in brackets refer to references in section 8. o

a

e g gt e e

#4

nsis f magnet C m Tl y wire. Both t]le "laguetl(: "late]lal alld ”[
consists 01 a 1 ate al Sullounded b a COlI Of ]
. N . v
l“ductance Of the cOll Suppxess the lg"ltlo" EMI '

5.2 Stanford Research Institute S'ilppressidn Sysferﬁ

th . n ) (e )
e rafiu;ted EMI by an a(.ldltlonal 10 dB at 100 MHz and 20 dB at 500 MHz. However, th
. er, there was

A method of modifyi istri i
st othod o deséﬁfl})’:;gii d[lzs]ml')rl;]t?r by (l;}_lglding a low-pass filter into the distributor ignition
: . - ‘Lhis modification, wlhich ides itios 1i
b ed . ’ provides additional
dis}zl}; s » consists of adding a resistor to the rotor conductor and metallizing th mdl%ted e
dis " bo’l" c;p to form a coaxial capacitor at each plug tower 16 fho exteror of the
reaxer-point filter'was built into the djsty: e
leading 1 e e r o the distributor base by adding ferrite beads to the wi
’ g eaker points and also adding a feed-through capacitor at thig poinf 'I(‘)httzh; wj':e
: . errite

bead ies ifd;
| s act as a series mducgor, thus attenuating the higher frequencies
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peak voltage 50 EQUIPPED
dB > 1 yv
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, ; . WITH SRI
SUPPRESSION
30 b } - | | ’» SYSTEM
i :
f
20"
SUPPRESSION
SUPPRESSION . _‘_‘—‘—r.'—'\ OBTAINED
peak voltage 10 = e e :
_ ratio — dB A “ 77T  suppRessioN
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. 20 60 100 400
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FiGune, 3, Summarized EM/ s . *,
< suppression results usi; N
L 1V per MHz of receiver bandwidth, Rutising the SR suppression system 2], The unit of measurement is dB ahgve

Measured ; : '
e dis;ribu::r :Zzultt;euilllga Izt:, i(l:fl tSllP};}ﬂms:«;n system, which included filters for the spark plug
frequencies from 30 1, FA1000 01S, show that radiated EMI is reduced from 10 to 20 dB ;
system. % MHz. Figure 3 summarizes the results using the SRI su;pressioa:l
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5.3 Distributor Suppression Systems

w
Wey-Chaung Kuo [3] describes in his paper a method of suppressing the EMI from the
distributor by modifying the distributor rotor. This techr(\fque utilizes an, old thicory called the
“three point effect” which is accomplished by placing an additional {third) electrode near the main
gap of the rotor. The presence of the third electrode, either floating or grounded, reduces the gap
breakdown voltage, which results in lower EMI. The presence of this electrode has produced
measured results that show that distributor EMI is suppressed by as much as 10 dB at frequencies
from about 50 to 800 MHz. However, there was very little suppression at frequencies from 20 to
40 MHz. SR
Another method of reducing the breakdown voltage in the distributor (thus reducing radiated
EMI) by simply applying a dielectric material to the rotor segment of the distributor was also
* described in [3). Various dielectric materials can be used, such as silicon oxide, ‘zin¢ oxide or
various ceramics. Silicon oxides, in bulk form, can be applied directly to the rotor. A rather
commonly used dielectric material ie silicone lubricant. Two important features of this technique
are: (1) the dielectric must be applied to the negative electrode; for megative-polarized ignition
systems the dielectric is applied to the rotor, and (2) the dielectric material used should have a
dielectric constant of three or greater in order to provide adequate radiated EMI suppression.

The dielectric material is usually dpplied to the top of the rotor with a minimum of material
in the gap between the rotor and the stator. An excess of material in the gap will occasionally have
the opposite effect and produce more radiated EMI at certain frequencies. In cases like this,

removal of the,_excgss material will usually reduce the EMI emitted. Silico\}}e products are quite
difficult to remoyé. To remove silicone grease from a surface, it is essentjal to use a cleaning
her commonly used

solution that will dissolve the silicone, such as methyl-ethyl ketone. Ot
solvents, such as alcohol or acetone, will not remove the silicone but will merely move it around.

As discussed earlier in this report, the EMI emanating from a vehicle is very complex, and
certain vehicles will radiate more EMI than others; For example, if a vehicle has an excessively
noisy ignition system, the application of the dielectric material to the distributor rotor may have
little or no effect on suppressing the total ignition EMI, because the distributor is not the major
EMI contributor. ~ ‘

In order to determine the effectiveness of the dielectric material in suppressing ignition EMI,
tests can be conducted using each transceiver in the vehicle. A suggested equipment setup and
mq{:sgremqnt technique is discussed in the section on measuring receiver degradation. By
performing the measurement first with and then without the dielectric material, the effectiveness
of the dielectric can be readily determined.

The amount of expected suppression of ignition interference by certain of these suppression
techniques is summarized in table 1 for each of the four public-safety frequency bands.

v

=

5.4 Grounding

The metal+in an automobile can be utilized effectively to attenuate the EMI generated within
the vehicle. However, when automobiles are assembled, and the hood, trunk lids, fenders, and
other automobile components are bolted together, there is usually a coat of paint between the
surfaces that prevents a good electrical contact. An ungronnded metallic surface, such as a hood or
trunk lid, can be a very efficient antenna at certain frequencies. Using a metallic strap to grounc
the various parts of a vehicle can be a very effective way of reducing EMI.

~ An ungrounded muffler system can be an excellent antenna when it is a fractional
wivelength, such as a one-quarter or one-half wavelength, and becomes resonant. Proper
grounding of the muffler system to the automobile chassis will eliminate this effect. More than one
ground strap may be required.

‘ Other parts-af the automobile that may-have this “antenna effect’” include the hood, trunk
lid, firewall, engine and fenders. The type of grounding required will vary depending on the make
and model of the automobile. Multiple ground straps from the engine to the firewall may be
necessary on one model and not necessary on another. Placement of the ground straps is
sometimes critical, requiring more than one. With the prolific use of plastics in the newer
automobiles, the shielding produced by the automobile chassis becomes less effective. The
increased use of plastic material in automobiles.will create new EMI problems; however, they are
problems solvable by the proper-application of good engineering techniques.

5.5 Other EMI Sources

In addition to the ignition system, which is usually the largest source, there are many other
EMI generating components in an automobile. Any time there is an intermittent contact, such as
that exhibited by motor brushes or relays, the resulting impulse can generate a broadband
interference signal that will degrade communications operations.

The EMI generated by devices such as motors, relays, thermal controls, and buzzers can
vsually be suppressed by the placement of capacitors at critical locations. For example, the EMI
from a windshield wiper motor can be reduced sigrificantly by placing a coaxial capacitor-in the
power leads to the motor. Sometimes it is also necessary to place a capacitor between the brushes
and the vehicle ground. Other sources of EMI that are normally suppressed by the automotive
manufacturer are fan belt static and static chargé}build-up due to the tire contact on the roadway
during periods of low humidity. The former is discharged through the use of conductor rubber
insulators and the latter is reduced by the use of collector springs in the wheel bearing caps.

It is difficuit to give explicit methods of reducing EMI for all automobile components because
the interference is a function of physical location, geometry, size and shape of the automobile, and
the ¢omposition of parts, This presents a very complex problem. Often trial and error techniques
are necessary to find the best solution to the problem,
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6. MEASURING RECEIVER DEGRADATION

e S N3 y S
e S b i e S i o S i g et

Tauik- 1. Expected interference suppression per lechnigie

Many law enforcement vehicles operate in close proximity to. their base stations or other -
mobile units‘; thus, they have a good signal-to-noise ratio at their receivers and do not experience
any significant degradation due to ignition or other types of EMI. Law enforcement officers that
must operate vehicles in remote areas, where the signal-to-noise ratio at their receivers is marginal,

3

Freqliency band {(MHz) E

Suppression

technique 25-50 © 150-174 400-512 806-896
SRI — , may not realize that EMI from their own vehicle .is reducing the effectiveness of their entire
e ‘ ’ system 19_12 dB 15-20 dB 10-12 QB~ ‘ commumca.tlon system. Upon discovery, this type of receiver degradation can be measured and
N R Tlhlrtd . L di . i - 1o d 4 . reduced using the suppression techniques discussed in this report.
[ ectro: -~ - — -5 3 v . .
. ; u;:k e ] 5 1-2 dB To measure receiver degradation, connect the tést equipment to the receiver under test; as i
e 12 de; S0 s 5.10dB s shown in figure 4. The antenna and receiver must be installed in the vehicle being tested in their
| o » ] i " normal places. The coupler should be placed adjacent to the receiver input terminals so that the
“ r\ ~mobile antenna is. coupled directly to the receiver. The signal generator should/he loosely coupled
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FIGURE 4. Test setup for measuring receiver degradation with equipment mounted in the vehicle.

(20 to 30. dB) to both the antenna and receiver. It is not necessary to know the exact coupling of

the generator: The audio voltmeter should be connected across the audio load, whlch can be either

the receiver speaker or a dummy load.

With the engine of the vehicle turned “off,” and all electrical equipment in the vehicle
turned “off” except the mobile recsiver under test, tune the frequency of the unmodulated signal
generator to the frequency of the receiver, and adjust the voltage output of the signal generator so
that the signal-to-noise ratio of the receiver is 10:1 (20 dB quieting), as indicated by the audio
voltmeter. The squelch control should be adjusted so there’is no squelch, and the receiver volume
control should be used to set the voltmeter level to a convenient reading. Record the generator
output in dB above 1 uV. Start engine and/or turn on individual electrical devices; again adjust

the signal generator for a signal-to-noise ratio of 10:1 (20 dB quieting). Again record the generator

output in dB above 1 pV. If both signal generator readings are identical, there is no receiver
degradation The difference between the second and first readings of the signal generator-is the
receiver degradation in decibels due to the EML.

When using this method to measure receiver degradation, it is important that the vehicle be
placed in an EMI quiet area during the measurement. If the vehicle is near sources of EMI such as
power lines, electrical motors or heavy traffic, the high ambient noise background may mask the
EMI emanating from within the vehicle, and you will be unable to perform the measurements

“successfully. To determine if the ambient noisy background is too high, measure the unsquelched

audio output from the receiver with the mobile antenna disconnected from the receiver input.
Connect the antenna to the receiver input and measure the audio output again. If the audio output

increased significantly when the antenna was connected the amblent background noise level is too.-

high. : :

Some FM mobile communication receivers used by law enforcement agencies have blankmg
circuits that are designed to réduce the effect of impulsive noise; Different techniques are
employed, but usually the blanking circuit of a receiver detects a series of impulses entering the
receiver input and by proper timing sequences, the receiver is périodically silenced so that the
effect of the impulses is reduced. This basic technique, although effer‘tlve under some conditions,

Sy V]

is not always effectlve for all types of interference. e

7. SUMMARY -

Automotwe manufacturers presently utilize several techmques to reduce EMI emanatmg from

“a vehicle. These techniques include resistor spark plugs, resistor spark plug cables, use of silicone
lubncant in the distributor, use of capacitors as filters, placement of ‘grounding straps at key‘
locations, conductive fan ‘belt discharge, and tire static-charge reduction, The auto industry tses

SAE Standard J551g as a voluntary- standard utxhzmg both the measurement. methods ‘and

"radiation limits descubed therein.

o 8 y ,/
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If even further reduction of EMI is needed to obtain the maximum capability of a specific }

‘mobile communication system, there are additional suppression techniques that can be employed
to achieve this goal. These are described in paragraphs 5.2 and 5.3 and include modification of
the distributor. For example, a low pass filter can be built into the distributor utilizing coaxial
capacitors, ferrite beads, and metal-plating techniques. Another approach is to apply a dielectric
material to the rotor segment of the distributor, while a third method involves placing a
additional electrode near the main gap of the rotor. These techniques are most effective .
frequencies from approximately 30 to 1000 MHz. Measurement results show that the EMI from a
new production-line automobile, measured in accordance with SAE J551g, can be reduced as much
as 10 to 15 dB by employing these new suppression techniques. Table 1 illustrates the ignition
suppression that can be expected if these additional suppression techniques are added to a
production-line automobile that satisfies the limits of SAE J551g.

- The amount of degradation to a mobile narrow-band FM receiver, such as the typs used by
law enforcement agencies, can be measured using the measurement technique described. This
same technique can then be used as a'tool to further reduce EMI from vehicle components.

It is evident that suppression of the higher frequency components of the EMI emanating from
an automobile is easier to accomplish than suppression of the lower frequencies (below 50 MHz).
Therefore, the suppression techniques employed should be selected only after a thorough analysis
of the band or bands of frequencies being used for mobile communications.
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