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To investigate the effect of spark discharge characteristics on ignition
stability under retarded ignition timing during catalyst warm-up condition and ignition with the
diluted mixture and enhanced in-cylinder flow condition, combustion analysis and the visualization
of gnition and combustion were conducted using three types of ignition coils with different
discharge characteristics. It was found that under diluted conditions, the lean limit can be
extended using the ignition coil with the increased discharge current and energy because the
blow-off of the discharge channel is suppressed. On the other hand, under the catalyst warm-up
condition, the combustion stability deteriorated with the ignition coil with a short discharge
period, and the ignition stability can not be improved even if the ignition current and energy were
increased. This implies that a longer discharge duration is effective for improving the ignition
stability with the retard ignition timing.



¥ X C—19,. F—19—1, 2—19 (58

1. WHEBHARS I DTS 5=

TR F PN B ORI HESANIR S RO SN TR Y, SHET 1L — 2B 2R O B R
] EAHED BTN D, KIS, PEH IR B RFREIT 5O 2B K 2l - RAFF )G 0
PEHEAIEIE, PR R L RFE R EOERBICRE SHBRT 2. Zhztims LT, BRETRLF
— Z 4 2 B O RIE 22 BUgh =R 1) LSk 5TV D, fERIT 30%FRE T » 7o g =R(Z
XUT, —ETERREGDRDN 40% 22 2 BEBENTTIIRIL SN DICE->TEY, RIERIZH
TR 50% &8 2 % BB & F2HLS 5 12D ORRBERIHBAIR OBAR A RO BN D . £z, 1EkRIT
OBy o —JHe L TEaRERRH Sh T 72h, SRITFE T RV F—
MOIEY I KFZRNAA AR O L3 FREIND. @R RN F—LMAEFTH L, 7o
SRRIREHI IS ATRE 22 Bl & L C, FIRA R & M A L, AULd 287 T RE e~
DOHIFFR @, TIRE K & BRI 2 EDATENE/2 T A THRRT UL, BRBERED T30 BdR %k &
ERMPPEH BRI TE 5. & 612, MHRRETIIRERIES L2 RO Z & THLAR D
TEWRET = o2 F A T, MRz, Prithl A d D BRET B B R L 2 # i
HOZERU EIZEFLTE S, L L, fRREZHEICED D LAEKLEEMET L, REEDO
A7 NVEBPERT DT DICHRERHIRS TS, —TJ7, ZERERIR 2 50 L A R EE T
PRBEIR AR T2 & 2 BMR LIRS N 2, TEBH 2 DB 57280, & SICmWEhRN
Wrsc& . 2L, Zoofiic X 2=R MY (NOx) OHHLBAHIfFTE 9, @k To
NOx ERRAMH TE 2 EFTRIERE LR TS ELILERH Y, 2EX0EREFR 2.0 L LE THHEl
D DN DD, @R HACITIRBED YA 7 NVES) DR Z L T2 2B R %
FH LT, FHIZE> TRV, bbb, EmOER)ER & PERIEEIE L & I N T 2 A
IRBEECANT 2 B 5720120, A 2 AVEBOME RN R KOBRETH 5.

2. WHEOHB

ABATE TIRAIREE B T D94 7 )VEBE K O FEAN R BRI, BItREEEE O T & K&/ s
KEFUX—DOWKTH D, £z, BRE BB R, BRI /NG KT R L F—n
AT 5. JEHBRBEEE O FIokt LT, ARRORERF CRREEZ 58 S8, BRBET A 7 L& RRoL
SHBOIL, BONENE S X TEIMRESHREZ S5 2 L TRINEIND. Lo T, M, MR
PRBEIZR W T, 3RO R IREY & ELILD T CHEERE K ERBTHZ ENTREIND. WERIZD
DMK LT, BERKOEZOOBBE RN X =2 KT L L THIGENTEZ, 79 A<V =
v M1-DTIE, P—F KREZBREENICE S HT Z L THRZ RV —, K, il zss{b LT
W5, L—L 75 71-2)TiE, MWEbEET A 7IROEBMEICHERZFRL, n—L Y
NEFA L CHERZERT DL TEAKT XL —EEHEEHAAKL TS, LrL, TRAR
DFTFAN LD HR/NERKT RV —OHERIZINZ T, OO T CTlidi/hE KT R F—0
FREBIEICHER T2 Z L b ME SN TR Y, BRI EICE O 3L — 5 133 E o KAEHE
N EEMOMAMAL T2, EF EORRITESNCWE. BHEH I E Clo, FEHREE
HENO B R ZEE O PGB & IRBERAT 2 e L, &) - MRS F L, KIERER ST
AFENZBREL 2N HHMEL, MEBKMBET I L THEAKEZREL, =X X —%2@mHd I L
IR BREER B 2N CTE 2 2 L 2R LT 7. £z, KIEEOHIER - TH 5 IEEREE
IZE > THEROMER SO EROORAFENZEN L, RNEEINERS, AERAIITVS
3 &, HCERERE KENRFFCEHE KO A 7 NV EBEOEINIHR EEL E2 52 Enboro
7. X1 I3EEREE 224 (Base, HC, HE, SHE, 120mA) 7T, Z2kit (A/F) (2%t
B KAE KRB DIRBELE) (COV of IMEP) Zii_7=fiRThD. ERNTIEMESMNET, T
ITEHESRME D 5 EDORED T AREN &2 52 7256 Th 5. ERILEZED D (FiElT5) It~
TRBEEB KT DA, MEEREIZIC L > TEBORE SRR D Z L, MIKEIE D 705k
BEMEEOZENRRKENZ ERDND. ZNOLOMEEND, KEEBEREIE R EORIEIZL Y,
RBERIN COINEREE 2 b L, EEH~OMB TR LT —2EmD 5 2 7L, BRER
HETEDAREMEDNRIB SN D . B KIEEIH 272 OB E) & 2 O 728 O KAE BRI E: %
DD, ERD O KRR Z B S22 U, K28 % B3 2 HeE s A 1
EAMEICT DV ENRD D, £, BVEHT AR AT, BWilhve 5z, ol EICAE
b3 2% &, MERMET IR, KEK L EMINCHN A IE LR N BRI 2 L v
WMETIHHH 0, FEIE, SLAVRE e ENKIEREN DB KEFRC ED X ) 2B %2 KIFT O
WEHRTAZ ELEETHD.

BN EIC K 28 KMEtE L ZENLD A B =X A0%, OMEKE»SREARHE~D T L —(x
EEORM E, OME L MERIC X D2MEBYAREOH K (KREZREKFEOIK) B2 TN,
F 72, QFRFEE) FIZHIT DB ORETROLEK Z I L, HEKE2 R HME ST 57201203,
W R RS 2 m x L X — 2T T L <, BAMEEER S Z Lt xrX—%



e/ MBS % Bl 72 BB DMFAES D &%Z’Cb\é ARHGERE TIL, ZH S ORGER ORRGE % it
0, KK DT & ik 2 et 5720 ﬁfjjfafﬁf(a}?tk*@’a’fﬁﬁﬁﬁﬂzb BRI 720K
BB 2 RIS L0 OERBEOEMZ WA TS L2 BN ET S, RO RV
F—HRIC & DA ket & TR0, BBEENO KIEMERZEENICAEH LT, TRAKIM~DT
RN F—AREDNRIE 2RO D Z LR TH D.

15 T T T —
Base (TR=0.8)
I 4
—e—Base
10 H —a—HC ]

HE
—e—SHE /
—o—120mA
- /
Stable (COV of IMEP < 5%) /
[
0 P P P Y Y PP P Y Y P P

14 15 16 17 18 19 20 21 22 23 24 25 26

h

IMEP-COV[%]

A/F[-]
20
T T 1T 171 l
Enhanced tumble flow
15 (TR=4.0)
¥ L1 1 .
— —e—Base
% —a—HC r
(_I) 10 H HE
oy —a—5HE / /
—a—120mA p
s | e i
Stable (COV of IMEP < 5%) w
I A S T —"
o ettt L
14 15 16 17 18 19 20 21 22 23 24 25 26 27

A/F[-]
B 1 JEH T A S & R R AN RBEAS B M T
(b o BEMESRAE, T @ RiRENS)

3. WDk

FLICEREROE LA TT. Ry P XENO 7 VRN A2 a5 7= 0% 7 7 4 7 il
DBRBEMA TRV MEKFB S ERY 5 2 LN TE 5. R MERZSEE & ERE
BLORBELEN L OBREFAET 5720, a4 L RBAIOE KL OELEZFHH L7z,

Table 1 Engine specifications

Engine type 4-stroke single cylinder
Bore x stroke D80 x 81 [mm]
Displacement volume 400 [cm]
Compression ratio 11.2
Fuel supply Port fuel injection
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Table 2 Experimental conditions

Condition 1/2
Engine speed 2000/ 1200 [rpm]
IMEP 600 /200 [kPa]
AIF 14.4~Lean limit/ 14.4
Ignition timing MBT / MBT~Retard limit
Start of injection 180 [deg.BTDC]

4. WFIERLE

4. 1. EFMENAEEIRIR RIS S5 2 55

B 21z, 3FEDaA ik HNTGE0ZER E IMEP OZBROBFRZ R, X2 0561%
BT F—a ()LD — R J@‘H:ﬁ)ﬁ%<iﬁo“(b‘é Embhs. K312 AIF25 128
F DIERE A T 5, X 3 225 High current =4 V(LA N HC 224 /L) TlE, mERLIZ &
STYVARARNTA TROREEZDORAEMENBDL»T L2 EBbNb. ZORE, HEKITK L,
Lo x TGN TE D EE X 55, High energy = A /L(LLF HE =21 L) Tl
mFERAL e EMROEMLIC I 2A TR AF—OHEKRIZEI D U — RN & S5 I2HE
KTHZ ERnbns.

% = Base
160 12
Base High cureent
20 High current 120 High energy .
High energy

=
o

N
o
w

H
[}

Discharge current [mA]
/Discharge energy [mJ]
@

o
[}

Restrike frequency [-/ms]
Discharge duration [ms]

COV of IMEP [%]

1k

S Avergae  Discharge  Restrike Dlscharge
U—
ot L L L current [mA] energy [mJ] frequency [-  duration

12 15 18 21 24 27 Ims] [ms]
AF[]

o
o
o

o

Fig.2 Relationship between A/F and COV of IMEP Fig.3 Discharge characteristics at lean
condition
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Fig.4 Relationship between IG and COV of IMEP Fig.4 Discharge characteristics at retard
condition
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Fig.6 Relationship between energy input efficiency

and discharge energy
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