1

X /- B EET# e/ Vol. 1. No. 5 1989/55

dals Ama gaiviae) FHnde B 47

A Study on the Effect of Discharge in a Multiple Spark Ignition Engine

of 4 @, @ 3 B
S. Y. Le ., B.H. Han
ABSTRACT

The effect of discharge have been investigated for condition of spark in a multiple spark
ignition engine, as the spark duration, capacitive and inductive discharge energy were calculated
for condition of spark by ignition wave and energy formula.

The useful portion of spark discharge is divided into capacitance portion and inductance
portion,

It was found that capacitive discharge energy and spark duration were increased according
to increasing number of spark, and inductive discharge energy was increased according to increas-
ing spark interval.

Therefore engine torque was increased and lean misfire limit was extended comparing with
the standard isnition system.

It found that spark energy was discharged within ignition delay period availability acted
on the formation and growth of flame kernel, and total spark energy was increased according
to increasing number of spark times, but discharged spark energy after ignition delay became
unavailable energy. And the capacitive discharge energy has the dominant effect for stoichio-
meric or not very rich air-fuel mixture but inductive discharge energy has the dominant effect
for lean air-fue] mixture,

G I

233 Fa71gA A HesHg Avjste
29022 ~3tm oug 2 WEaw
23k7 A|£AZleln, An3 i &3
B ol A9} FegA ouiRle Folo),

A7 &3 A e gy HAure

o
=

o steig @43 Bl Zgaal HQY
Aol aRHo 2gad, FERd ol

A Furre @HgAY Agotal 5

8] A Aubge] a#A o= FEFch, wEkA
E¥)9 MAsgdel Astd A s

Cx YR, AFRYYgn THA G
 FI Y, IR o



06 / B x wﬁ#ﬂﬁ#ﬁﬂ#ﬂﬂﬁ—ﬁf N S S

AT 2 md BEY L FANA 71BEY
2 Z7H917) Seid & WX 713E vl 3
49 A4 2 4R aRHo= gy £
e 233 Z7o] aTEd o9 Ze g
Tol £EF & e FaAAE gals 29
= A8 olnh,

B dTE AAEC 2% AR gEs
A2 BHFAVNN 2z S5 B v
2 wislel weh 13 2 24be) Walnye
Zxeled AP AL Avjaie o

T oA, otz gz dEad L 25
2 AHANE FHoH oF FHAL A
+ -
MS :
) . . 1C SP
bcn‘teiy t"rg (:Lm'l

ALP

XY 05

HP

WEhs AAEe] AL WwElm £9 293
B R == 714 wsle] ojsted f-geihd
A% T AE TFE ARAA 7 ol
Bese oiAst Ade A ada xd
stozmM ©wEg Az HEEE e

2AHTA T}

2 HMEuntge SHAA & SHLY

2.1

HElg Atk JEAAAe HieEg e 23
371 g A= Fie. 13 2o}

HEtuld =E &R

. MS : multispark ignition
system
1C: ignition coil
SP: spark plug
XY ! x-y recorder
0S : oscilloscope
CB: contact breaker
HP : high voltage probe

L P : low voltage probe
B : battery
C : camera

Fig.1 Schematic diagram of experimental apparatus
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Table1 Specification of ignition coil used
Source voltage 12 volt
Primary resistance L5Q
Secondary resistance 10. 3k &
Primary inductance 5. 6 mH
Jecondary inductance 50. 4 H
Coil turps ratio 90
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{a) :

primary voltage

vertical axis ; 50 v/div
horizontal axis : 0. 20ms/div
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(b) : secondary voltage
(multiple sweep)
vertical axis : 2000 v/div
horizontal axis : 0.20ms/Adiv
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(c) :secondary voltage
[single sweep)
vertical axis : 2000 v/div
horizontal axis : 0.20ms/div

Fig.2 Wave form of primary and secondary voltage
(spark interval :0.20ms, number of spark:6)
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Table2 Spark duration, spark energy and discharge pattern of spork energy

» N Item | T2 | T:/No.s | ESc | ES¢/No.s| ESi |ESi/No.s | ES |ESi/ESe
'S ms mdJ mdJ mJ %
2 |055| 0275 |[254| 127 |027| 0135 |[281| 106
4 (081 0203 |281( 070 |o031]| 0078 |312| 110
0lsms | 6 |1 09| o182 |334] 056 |o03s8| 0063 |372] 114
8 [138| 0173 [410| 051 [042]| 0053 [452| 102
2 1061 0305 |25 | 128 |05 0260 [308] 203
4 | 100| 0.25 |302| 076 |0.69] 0173 |371] 228
020ms |\ o |y 38| 0230 342 057 |o085| 0142 |427| 2409
8 |L72| 0215 [402] 050 |12 0151 |523| 301
2 1079 0395 [256| 128 |095| 0475 [351] 380
4 | 120 0300 |311] 078 |12 0300 |431]| 386
025ms | ¢ |1 70| o283 [348| 058 |155| 0258 |5 03| 44.5
8 |218| 0273 [425| 0.53 |187] 023 |612| 440
T spark duration ESi inductive discharge energy
ES spark energy No. § : number of spark
ESec capacitive discharge ensrgy Si spark interval
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Table3 Spark duration, eorly combustion period ond ignition delay period at air-fuel
ratio 19:1
Item T, a+b a Ty-a ES ESa ESu
51 No.g§ ms ms ms ms md md mJ
2 0. 55 4. 48 2. 08 — 153 2.81 2. 81 —
0.15 ms 4 0. 81 4.17 1 98 — 117 312 312 —
6 1. 09 4. 06 1. 56 — 0. 47 372 3.72 -
8 1. 38 4. 27 1. 67 —0.29 4. 52 4, 52 —
2 0. 61 4. 48 1. 67 —1.06 3 08 3. 08 —
0.20 ms 4 L. 00 4. 48 1. 77 —0 77 371 37 —
6 1. 38 3. 80 L. 35 + 0. 03 4. 27 418 0. 09
8 1. 72 4. 00 L 35 + 0. 37 5. 23 4.10 .13
2 0.79 453 1. 88 — 1. 09 3.51 3.51 —
4 1. 20 4, 38 1. 88 — 0. 68 4. 31 4. 31 —
0.25 ms
. 6 1 70 4.17 L 46 +0. 24 5 03 4. 32 0. 71
8 2. 18 4.17 1. 67 + 0. 68 6. 12 4. 30 1 82
a- ignition delay period ESa available spark energy
b flame development period ESu : unavailable spark energy
T, spark duration No.S: number of spark
ES spark energy Si : spark interval
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