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An Experimental Study on the Reducing Method of
Spurious Emission at the Spark Plug Cable

AT A F AT SR
Sang-Won Kang™", Gwang-Je Choe”, Jung Hur"

Abstract

This paper, we analyzed that the measured data of the radiated power spectrum of electromagnetic waves
of the normal spark ignition system and the spark ignition system with feed through type ceramic condenser.
The results show that the strength of power spectrum radiated from the system with feed through type
ceramic condenser is weaker than the normal system, and the density of power spectrum radiated from the
system with feed through type ceramic condenser is smaller than the normal system. From these results, the
feed through type ceramic condenser can reduce the electromagnetic waves radiating from the spark ignition
system which is the spurious emission, and it can be concluded that the ignition coil of the spark ignition
system generating high voltage pulse is equivalent to the radio frequency oscillator which is oscillating high
frequency from a electronic point of view.

of

A4H B ek Asud HEY Aoty 2AAE $he B3 sk AsdelA BaEe Adste Y

e 24 dolHE PN A3 BEY AdY TANE PG 22 A8 Axgeld BAEE Adde

A B2 AS Asgeld BAEE A3 woh oksln, 2MEy 9E w9 sk olie 2% A

Azdel A BAEE R AshE BEG Ay ZAAds gaAzls deldn @ 4 Qo nge WA
F

Key words . Electromagnetic wave(A+3}),  Spark ignition system(&3 3} A]2~®) Power spectrum(7 g
2#E#). Feed through type ceramic condenser(¥%3 Agt®] Z¢4), Spurious emission
(B2 dxa} BAL), Ignition coil( 3 =)

. M2
* Dept. of Electronics and Information &
Communication Engineering, Konkuk University 2AExte] A 53 AExbe] AulE FdE= 2Eg
(kangsan7@hanmail.net )031-450-6796 22 oEHolA 2 YEYI o FHopsl bk 9
**Dept. of Electrical and Electronics Engineering, 9le] EAl 58 93 Ropr} Hulz Uy o] tlEo]x
Halla University. 2o A ejfete] AL A%E ol A
)

E3
Dept. of Electronics and Information &

]
f Blectronics an - g 528 Aol AuAL Wyelay & + 9
Communication Engineering, Konkuk University.

T

H
. tf. WA B8 AR HAK(spurious radiation) 9]
* Corresponding author -

% Acknowledgment
Manuscript received Feb. 8, 2013; revised Mar. 7, 2013 ae o
; accepted Mar 8. 2013 = e

= 2% 73} A (spark ignition engine)S
gA AsAd Aole AR g Az A
30;]ok 621— Zio 1:‘|. o] Hlnl ;<4§]. }\]/RE'H



An Experimental Study on the Reducing Method of Spurious Emission at the Spark Plug Cable 11

oA zuta Fa AolES AMEsE WAl A
Ex Azt ANzds 74 e 3 2dd 293 &
B Aols F ~uta Fey A FER9 1
of me VIR T BEA Fol 9ste x¥=a
Z8 1 Aol oA 4 vzl A= o]ide] Mty
Z ExekA AnY. &, ana Eea AolEe A
s} ZdoA AR kel MdUAE ~9a F
2l Agete AL 7BV SoR st dAEdRo
7] W&ol ~na Fea Alolbe EAUIY A9
*ﬁ}i Fele] dudxrt BT Ageds 20

F21 AolE2 AAT StHUR SASA o

ﬁx}ﬁ}g BapabA g

B st Alz"dA BamE BAete 2T F

g1 AelEs AAT HAH A

ignition system)& ©]&3}o] 23}

gt Zan HA FAE AT & UA i}

Al A3k mAdel g ZAE AAT A ofY
o
&

o

LR, ?ﬂzHE 32 FAD AL A9
AT Qe APy 293 Tajo AolES Ab
sl Msﬂ Aol Aol detelE At Felo
Aoz dlste] BaHe Ba AA4TE gAY

T A el dist Aot A BFasiel 9l
F433 (RFradio frequency)d &S A7 =
st ZAF #HP A HI o] Fojxef H ”3-7}
Arta Azt

B E=RdAE 233 FY AolEoA EBEAEHE
ERE AATIE WRte® iy FAHAFA7]9
FAFI BRI dhA %% Fote] HAME =
Eo9E A7 fste] #Ed Ak 24

(feed through type ceramic condenser)Z A}-&3:=
WYe B HE Alxde] i 2d3 A 2
g AolEe HEsArk 1 Ay #EY Ay
ZHAE A3t ZAdH 253 FYa AolEe HE
Sl XS W HAY ~#HEHLS AAFAA
ARt HAL AApshe] HAL A e] 3[dB]~7[dB1A

il r

DC+(LF+RF)

o—HqpF} oscillator

RF e . circuit _0 Power T -—
output supply

X Chassis = cable

Fig. 1. Schematic diagram of RF oscillator unit
% 1. RF 2E7|e] #MHE

o
= E
o r
[
to |>
2
N
2
o
N
ol
_\‘L o
o &
i)
A A o

Kot
[RIRCTEN
e,
2
R

¥ o 30 &
o
19
z,

do = R 2
o 4N 7

Lo
=)
_O|L
i
N
o
©
&

2. 8& o[ &

M

il

438 a9 PAsE 48 2de nge
SN = WA GA ol 7
H

R
e
A
2
i3

ox
Hr
i)
AN
i
fo
2
4
o
BN
i
_TY_,
) o
O
ol
e
o

off 1o mo W & du o > e
o
=3
N
<l
52
il
_);]_14
o
=

>

3] &olE A&atH 7]%@ <k HHZ‘_EJrE 7
Flow frequency), iLx}e] a1z}
171 w&ol FAFaets o=
ko] mzxI e ojste] EA
%k =AY et AA gl %% st A et
A7) 710 A JAZ]SH7] wj&ell & e dets o
A sto] ARRE = vk kA B3 xuﬁ]r /\]i%‘
oA st Y} 2u=a FH AlolEe] AH] T
£/4& Fig. 1o Yebd oy F$4171¢] lgr”ﬂ—rqu il
ol A71A A4 fFAstek L 3 4 Qlth

Fig. 1¢] Yebdl wpel 3ro] X3 Re] npo]oji
Ars FF37] A% AU d(power supply cable)
o= ZF(DCidirect current)’d & o FA53 vt
AfAgA A AFFHOLR)ZE 2 F45F3RF)
Aol EAEHA "k o] AL Ml Y] 245
AR F2rh 253 9 AolEe FddE A
frAabel Aoz B 4 vy 53] AdMd EAlste
FAFId RS Fig 1014 9% % ZE (HPF: high
pass filter)E T3 AFHA FAFH ZZHRF
output)»} z 9

)
[

m

H‘drlfi-‘iﬁi

)

Eio}”* ”ﬂ Y J*} Fig. 19| ‘EI"HT'L]' X138 Z(RF
oscillator circuit), 22343 FH 1 AolEH Fig. 19
A9 FF M (power supply cable) ¥ 3 :mde] A
o] ~(case)9t Fig. 12] M Al(chassis)= #7122 5=
E40o] S7teta & 5 Stk

Fig. 19] 7§} Zo] d4dE T3] FAFIHE

o] FEHE AL HAA7I7] Y3 Wete® Fig. 2
9} o] HAXM(power supply cable)s E3A7]7)



12 Journal of IKEEE.Vol.17,No.1,010~015March 2013

Agk A Al(chassis)®] FH&F Fe #FFH At Aol ol A5 Fig. 29 A%< AVHqoz2 57t
Fdl A (feed through type ceramic condenser)E A3 g & 4 gk wEka  Hsl ZdolA ~Ta F
Fla= g Y Aol ER FFEE FAFAAES A U9
Feed through type 7o) 2= 2k X}xﬂ‘ Fom mpolsss s S
ceramic condenser Aol el FAFHYELE ad o] wdel 25
3 Fea AelsolA EAEE AT AVl
2E Aolgh
I Fig. 32 ahuel Hsh mol 1] sna Eeln
ROF_-HPF osc.1lla'.£or (No.l spark plug): 233 Zej1 AolEd <o siA
output cireutt QA e 292 Ze2(Nod spark plug)t 4
H ddHE FxoH, #53 Ay WA= 25
\ Chassis J=‘ 3 EFea AolEelvt AAFE A=ty Aste] A
|3k Aot
Fig. 2. Schematic diagram of RF oscillator unit with feed
through type condenser
a2 2 BEH ZUME JIE BF LAY|o 2ME . £y % 22 =24

%Eﬁﬂ X =i o= ;ﬂ.e ?_]THE—]/\% 7+ 2~ A 71
BEE AEE 2dAe AR A9 it 31 4% FA 4A 2 27 Py
Tzl A7) ZUAZ vo] 52 (by pass) & Ow AL

71 flete] A" dAaAolw, 5 E (feed

through type)olehs ol Adiolt Fa4l 54 A9e A% FAE Fig 49 gon, ot ¥
(feeder)& E7HAI717] 917 TS 244 54170 2 QoA 2gol A BabE s ARske] Ao 23a
HH 2] mge] J1QsE Aol ol @ B et VA Gl BF EH AT AHE
g Aee ZAAE Fig 20 Uehdl whsh o] wa @ 24 Axgn S FAsAR, AW oy
F3bowAsg RAFESE FE79 AR S A A% wd 5AF Agon sdn

A

v, ZuAel wolsia Bl lste] FAFA

wol AN Bow B2 H7] gEd A =

FAFS GRS F2ATAL PAT & ok meb

A BEG Al Zdde 2F H2d $a)
4 o AHgEp.

EEDE PP Bl CER

o] &2 Fig. 19 FAF3 wxRel A7AQ 5%
EMol St & 5 v WEe #EFH Agd
ZHAME Fig. 3o vebd wiel o] ~uta Fe

Fig. 4. Layout of measurement equipments

EgU Primary Secondary Spark pIu'g cable a8 4. &8 Fd|E9| #yolotR
No.lsmrkplugi 2vta Be)a AolBe 4 AHEEHE AFoRE W)
= 71%Fe] 1300[ccl?] T&xHX 2hHE i A A}
Feed through type g8, 2ua Sga AolBe 2/ Agshe 2
o— gL - ceramic condenser Fozz w7)7ko] 2000[ccld S82HY AHE 21U
Batiery| _ gnition coil Qg AESA oS BB AHAAHN B
A }LN0.4 spark plug AEE Aol A7le] swa Zeash nAE o
Case = Foll g 2AH AFelME A7) FAo] e
Fig. 3. Configuraton of spark igniton system with T A dste 2tz A4 A¥yE vjn BT
feed through type condenser Ao, B AFqA= EFAA F2E WIAA A
O 3 HEYH ZUAME JIT 2R Hsh Al2d" 7Y 714 §AS tEA g F A3 dste FAS



An Experimental Study on the Reducing Method of Spurious Emission at the Spark Plug Cable 13

A3 wm BASE Aoly] W B FsAs
Wol A BALHE Agste] Aol sz et
WAL gl dE 4FH ATA AT 49
9 54 P TiE Agete A Ao Ao
We A B Aue W QAAw, 2939
24 gl skl B Anz 283 ¢ A A
ol7] welt}.

webd 4% Age F5 A £ 10000rpm] ol
S 394 ga2 dida & sHEY

[dBm]** A}%o}oﬂw% A Axg g BAbse o
o] Xxt& Wi 150MHz-350MHzol i, YA& 250
MHz-450MHz 4557918 7helste] ~slET 547
o] FA4 ddEs 747 dAsh
3 XAHE EAF Adzbgke] A

o] -65[dBm] 4

%olm, YA -520dBm] AETYS gerate] 2
EY Bavle 274 due ARk oleh 2ol
Ao Aol Aol e AL XA F§ W7ol

1300[cclol 3L Y= 7] o] 2000[cc]® X3he] 23}
3 FY Aol Ed FHEE Hstel YA Aen
o} e Ao 719Ey] witelth tiwtk, ~"EY W
Wato] gk digAQl vl #8357 9138k
&S 500[MHz] %+ 200[MHz]= °] 1 3}s}
A o3 200[MHz]Z <9 3tak3ie).

ol AFRE TWEFY Age ZdAE= AL AEo
=2} Fube o] 100[lMHz] ~500[MHz]o] 12 5
o] L= 140[Q1~400

SRR

ALtk

3}

[Q

B5E Agy ZEAE Fig. 3o Yehd mleh 7o)
Azt ZY Aol x(case)d] Y5 ~3a F21 Ao
B9 H&H Fol AdAEATh

ey Ay ZUAME dAEA e FAAD A
Bl Exlw e HAmte] Hy ~HERS SA
b2 Fig. 3% o] #%3 A= ZdAs dX%
e A BALEE dAxge] dE ~HERS 77
=43kt

w

253 247 24
4 Aol tistels Ao AEH 2¥3a Fela
o]Zo] 4702 w71 1300[ccle &= XA
(automobile X)& ¥7|st3, =33 Feja Flo]Eo]
27091 wj71= 2000[ccl?l SEAZ
Y)&E 3#7|slo] FEs7] 2 ),

233 Z# g Aol B BEF Age ZdAE
2 817 AR e el XAatelA BAly =
Zig 57438 A3 Fig. 5@t 2ow, 3=

SO

Y #}automobile

(o]
i

‘N' 5
o rlo
R e

|
d

2l AolEel BEE Aty ZHAME AAT A
o XA A Hatse= AzsteE FA4Y AdeE Fig
5(h)<k .
~-62 @8dBm 25@MHz2 20811+
MK ZB3HMHz | q

64 =63 00dBm

-6t
-68

-7t

150 170 190 210 230 250 270 290

0 330 350

(@) normal
-62.800dBm 258MHz 288MHz
MK 2 7MHz M eg.i:h/
64 781 3548 3 w
-6t
B
=70
74
% |
73 t
-8
82

150 170 190 2100 2300 250 270 2900 310 330 350

(b) feed through type ceramic condenser

Fig. 5. Measured results of electromagnetic waves
radiated from automobile X
a2 5 ASAE XERE SAME s Ao £

Fig. 59 &4 AdgeA Hd EA Adgx9e
-63.00[dBm]o] i1, ®A} ~#HEY Rxi= 150[MHz]~
350[MHz]e] A9l BE el AXA Fxsta Jrh
Wl Fig. 5(b)9] 54 AdelA o EAF g &
1o -70.35[dBm]o] iz, A} 190[MHZ]
<+, 270[MHz] <+, 300 [MHz]~350[MHz] tf < el
FHA &3 9tk E3 Fig. 59 ()9 (b9 A
Hlaste] B, (@) (b)e] Hul HAF =gy
ol 7[dBleFE (a)¢] A=EDS 7FaAE T
FHoz (b ~9ER] Fxo RAe &
T Atk
2} A

-

J'E_(—H Moy =

=

O

z

~dHEH o
— Tl — 71 -

Ir -lEm

mlm H "

_\VUAQ,_,\

DR RS

#EY Ay =N AXz XAe



14 Journal of IKEEE.Vol.17,No.1,010~015March 2013

g3 ZEa Aol EolA BAEE B8 dAxivie & Y 2x% A AE & F Atk HAF 2FHEH
AL g s 7[dBI(SF 158 = FaAA o F 2 (a9 (b) EF 250[MHz]~ 450[MHZ]EH°1 A
AT xEo] UA T -80[dBm]e] #HWoA HER] WL
233 Fe1 AolEd #FH Ay EZWAE A £ Hluste] BY) (@R (b)o] UWE7 vEes &
At g2 BAAA AFEY YakelA HEAbEE A F A b, ol B # olste] Fukg Aol
29kE &4 A7E Fig 6(a)et 2on, 233 & tete] AR BAEE A #EF Ay 29
g2 AelEed #Ed Ay ZHAE HXT GH A 7F wke] s 2A7)171E el &g Aelgta & F
o] YabelA FAHE HdA#RE 543 ZAIE= Fig stk mEA #EE AT ZWA e AR YAk
6(b)} 2t 233 Fela AolEddA BAEE EQTte] Ei}
Fig. 6@ 34 AdelA Ho A ddede Agus 4dBIeF 1/25)8 % #ZaAATL & F
-574[dBml], Fig. 6(b)8] 374 Aol A EA A Atk
9 Yile -6l4dBm]e® H HAF dAHwde] zb Xk 7ldB,] YA 4[dBIZ HAF dE gl 7ha
+ 4ldBle]t}. AE7} & 2L XAe 19 233 E81 Aol
16dBm 35@MHz B Agste ApaFol7] wEol Aeols with 1714 4
K 3EIHz [ 7hel HEY Aebel ZaAE Age L, YA 27
20 |=57_4dBm of ~vta EYa AeES AMEdhe AEFelv] Wi
30 of AelE with /1% 2709 #HEF A ZdAAE
w _ AR A A8k Aoletn @ 4 owr. = YA
| A Aol 93] vEhd whsh 2ol AstmYe] 2
" Aol BHA T4 T 4EE Suel EY A
: B 2AA R dtelsla A7l Aol XA A4
At WY Adw ¥ e HEY Ao ZuAw
dpolgj2 A7l Hol7] wEel Xael zzamwl
% T Aol & 4 A
250 270 200 310 330 50 370 390 410 430 450
(a) normal v 2=
-1@dBm 358MHz 200MHz
MK 2BSMHz | | waj/ 2 A8 Aawe Agshs Aol g Ule Axuke
I 30pkitgw Iy PR i g
a0 | ! Hemoll ¥3hy azpe] aFvpgato] ~uka o Aels
o) f—at— 1 olghe HAMAE Fdlo] WASE BAMEE Zlo® djAst
| Grb?. 2tz Eela Aol oA BalEE dAxivhe
w Ex A3 Az"dA FBAlEE Bage]r] wEol
) HaAZNAY BASE Aol HEAsH7] Wi 2
Aol AE HEY Ay 2UAE BE A8 A
w0 g 23a Feja AelEel AXEw A¥a £y
90 2 Ao Eel A HA}QL Eo%E AN F Ads
250 270 260 il 330 350 3’.“0- 360 410 430 450 % /%]_%—5'}-"—‘:— O‘j Ego]—o}af_)_]ﬁ 1 ﬁi]—-—— q_ i}- ]_‘:]_'
(b) feed through type ceramic condenser LI i%‘iﬂr stz melo AolBe Ha =
ol BEY ATE 2UAE AR o Bad
Fig. 6. Measured results of electromagnetic waves 9 smeda s e GaHel Aoe Bab A
radia_ted from automobile Y ) 8 smEdS 717 24she] ww HAE Axp v
T2 6. AtsA YERE SALE = Ao ™AL 2 =eo AR BEW Aoty Zuds AHS
Re W FAL AApste] B A= el Al717F 3[dBl~

El

T3 Fig. 6(a)9 (b)e] #A ~FE™Y EZE H|
st B, Ho A dgdde] bl 4[dBIwE (a)
HEHS 7FAA7|H gy oz (h)eo] AHE

TNBIAE AN12~1645 7288 Selg
o, Al A AMEY AR T 7

gostgith ol BEY ALY Tz} BE



An Experimental Study on the Reducing Method of Spurious Emission at the Spark Plug Cable 15

iy

A| 2E

[>

T;
N

o] HALEE dAjshe] AZ1eh AL dAjste) thel

W} 2HER UEE QNS bt 98 He

ME =

:

g

PRUREY!
o

o ©°

® oo
0
o
o
d

Mo lo @ X
Y
N
W
i)
m
o o i
g,
=
NSy
N
N
%
p‘L

S
=

2
o
=
y H
]
o
N X2
of &,
o
ks
ol
o
o
)
[>
119
=3
o
N

[ % o o o I A M ok I
E J
- e
el
2
o
i)
>
2
1_,

i)
)
el
2l
lo,

References

[1] S. B. Yu, "Standardization Activities on EV-SG
PLC and Electric Two-wheeled Motor Vehicles”
Journal of KSAE, Vol.34, No.4, pp. 25-31, 2012.

[2] G. J. Choe, S. G. Jho, W. L. Jeung, S. K Jang,
S. H. Kang,
Wave Radiating from an Ignition Plug and
High-voltage Cable inside an Engine Room”
Transactions of KSAE, Vol.12, No.l, pp. 201-
215, 2004.

[3] G. J. Choe, "An Experimental Study on Relation
ship of the Engine rpm and the Strength of

"Analysis of Electro-magnetic

Electro-magnetic Waves in the Engine Room”
Transactions of KSAE, Vol.14, No.3, pp. 112-
118, 2006.

[4] S. A. Balanis, Antenna Theory, John Wiley &

Inc., New York, pp. 133-194, 1997.

[5] Yoshida, Know how of High-frequency circuit

Sons,

design know-how, CQ Publisher,
30-93, 199.

[6] G. J. Choe, S. G. Jho, W. L. Jeung, S. K Jang,
S. H. Kang, "Analysis on the Power Spectrum

Tokyo, pp.

of Electro-magnetic Waves Radiating from the
Distributorless Spark Ignition System”
Transactions of KSAE, Vol.16, No.l, pp. 45-51,
2008.

[7] G. J. Choe, S. G. Jho, S. K Jang, "An
Experimental Study on the Effects of Spark
Plug on the Strength of Electromagnetic Waves
Radiating at the Spark Ignition System”
Transactions of KSAE, Vol.15, No.6, pp. 94-101,
2007.

[8] T. Denton, Automobile electrical and electronic
systems, Arnold, London, pp.110-129, 1997.

BIOGRAPHY

Kang Sang-Won (Member)

1999 : BS degree in Electrical
Engineering, Semyung
University.

2003 : MS degree in Electronics
and Information &

communication Engineering,

Konkuk University.
Present : PhD course in electronics and
information & communication Engineering,

Konkuk University.

Choe Gwang-Je (Life Member)
1979 BS degree

Communication

in Wireless
Engineering,
Kwamgwoon University.

1989 : MS degree in Electronics
and Information &

Communication Engineering,

Konkuk University.

1997 : PhD in electronics and information &
communication Engineering, Konkuk University.
Present @ Professor, Electrical and Electronics

Engineering, Halla University.

Hur Jung (Member)

1981 : BS degree in Electronics
Engineering, Seoul National
University.

1983 : MS degree in Electronics
Engineering, Seoul National
University.

1991 : PhD in Electronics

Engineering, Seoul National University.

Present @ Professor, Electronics and Information
& Communication Engineering, Konkuk
University.



