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TESTING OF AN IGNITION SYSTEM
IN A CAR RUN ON VARIOUS FUELS
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Summary. An analysis of operating states of ignition sgstelements in cars fitted with LPG
installations was an objective of the study. Testse performed on a car of Mazda 323 F make.
Measurements were taken to establish a dependéigratmn system input voltage on the kind of
spark plugs, spark plug electrode gap size, anitiagncoil load at engine fueling with gasoline
and LPG..
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INTRODUCTION

Installations that fit spark-ignition engines to hen on other kinds of fuel than
ethyl gasoline have been known for a long times@mdy, a comeback of the issue can
be observed for two reasons: an economical onewolg from ever growing petroleum
prices and an ecologic one resulting from strieted stricter environment protection
standards.

In Poland for many years the fuel selection questias been mainly a cost-benefit
issue with environment protection regulations andime requirements being of lesser
importance. LPG (Liquefied Petroleum Gas) is onéyafrocarbon fuels, whose engine-
fueling history extends over fifty years back. Thiet LPG-fueled systems were elabo-
rated in Italy for the shortage of commonly useelswafter the WWII outbreak.

Fuel purchase cost decrease by 50-60% as compuatkd gasoline cost made an
economic foundation for the development of autogatallations and the whole infra-
structure related to the use of LPG-fueled caris #éstimated that over the last 3 years
the number of LPG-fueled automobiles has incredgedome-hundred percent. In the
year 2002 the number of such cars in Poland alreadeeded 1 million.

Regardless of the kind of autogas installation uged car a gasoline system re-
mains its basic driving source. It is related te tieed of using compromise solutions,
especially for the engine fueling system
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A vehicle that is fitted with an LPG installatiorses common air-feed line and
».gasoline” ignition system. It poses obvious prabefollowing from combustion dif-

ferences of those two fuels.

THE PERFORMED TESTING

An objective of the study was to analyze operastajes of ignition system ele-
ments in cars equipped with LPG installations. Tdsting was performed on a car of the
Mazda 323 F (1,6 1 16 V) make.

The car has been fitted with a carburetor LPG faetem (Fig. 1). The ignition coil
was of the Hanshin company make. Spark plugs oNiG& BPR6-ES11 type, recom-
mended gap of 1.1 mm and of the Iskra SFE65 PRS gp&, producer-recommended
inter-electrode gap of 0.9 mm were used to thénigst
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Fig. 1. Connection diagram of a LPGII feed systdrthe BAS generation in a car
of the Mazda 323 1,6 16V make [Krupa 2006]

A spark plug of the NGK BPR6-ES11 type contains side electrode, 19 mm long
thread M14x1,25 with flat seal, internal 3,Q kesistor, and a central cored electrode.

A spark plug GAZ SFE65 PRS contains one side edetr 19 mm long thread
M14x1,25, with flat seal, internal 1,0k resistor and a central cored electrode.

Fig. 2 presents a block diagram of the test st@hd. following kinds of tests have
been performed at the test stand:

— measurements of firing voltage at spark plugs,

— measurements of the ignition system current,

— analysis of the rpm sensor signal waveforms bysaiiloscope.
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Fig. 2. The test stand

Voltage measurements at the secondary circuit agaition coil were performed
with the application of an instrument meant to neasigh voltage of a KR 8005A car
ignition system, whose measuring range is 30 k\e Teasurements concerned spark
plugs of the NGK BPR6-ES11 and Iskra SFE65 PRS ®&#Av&s. They were performed
on a hot engine at the ambient temperature of 168@r sizes of the spark plug elec-
trode gaps were tested - from 0.8 mm to 1.1 mmrye@el mm. Results of secondary
voltage measurements done with the use of NGK splaigs for an engine fueled with
gasoline are presented in Fig. 3 and for a LPGefliehgine — in Fig. 4.

In the case of a gasoline-fueled engine and NGKksplugs when the spark plug
electrode gap decreases, a secondary circuit wlapws. Rated characteristic of the
Uw voltage vs. engine speed occurs at the gapo$izel mm Similar values can also be
obtained at setting of the gap size for 0.8 mm.

In the case of LPG fueling the results are simi@aom the viewpoint of the ignition
system voltage load and the related life of itsrelpts electrode gaps of 1.1 and 0.8 mm
seem to be optimal for NGK spark plugs at the LBEihg of an engine.

Secondary voltagd),, = f(n) at the Iskra GAZ spark plug electrodes ¥arious
electrode gap sizes for a gasoline-fueled engishasvn in Fig. 5 and for the LPG fuel-
ing —in Fig. 6.

At gasoline fueling and the Iskra GAZ spark pluglagation, the results are reverse
to the ones obtained with NGK spark plugs. Alonthvthe electrode gap decrease volt-
age in the ignition system secondary circuit alsordases. The most advantageous char-
acteristic of Uw voltage vs. engine speed occurdeattrode gaps of 1 and 0.9 mm. At-
tention should be paid to a very specific, at meanges - even linear, characteristic of
the Uw voltage for the 0.9 mm gap size. Such a gja@ is recommended by the pro-
ducer of that engine type.

In the case of LPG fueling and the Iskra GAZ spaldg application, the highest
Uw voltage value occurs at the electrode gap 269 and 1.1 mm.
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Fig. 3. Secondary voltadg, = f(n) at NGK spark plug electrodes
for various electrode gap sizes in a gasoline-tuelegine
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Fig. 4. Secondary voltadg, =f(n) at NGK spark plug electrodes for various eleatrgdp sizes
in a LPG fueled engine
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Fig. 5. Secondary voltadé,, = f(n) at Iskra GAZ spark plug electrodes for variowecebde
gap sizes in a gasoline-fueled engine
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Fig. 6. Secondary voltadé, =f(n) at Iskra GAZ spark plug electrodes

for various electrode gap sizes in a LPG-fueledreng
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Fig. 7. Secondary voltage,, = f(n) at the electrodes of NGK and Iskra GAZ sparlgplu

at the engine fueled with gasoline and LPG anceteetrode gap of 0.9 mm
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Fig. 8. Ignition system primary curreit=f(n) for spark plugs of the NGK and —Iskra GAZ
types at engine fueling with gasoline and LPG dmedspark plug electrode gap of 1 mm
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Variations of secondary voltage Uw at the applaratf LPG fuel and NGK spark
plugs amounted up to ca 30% for the rotation spexdexceeding 1500 rpm and over
the whole range of the engine rotation variabilitg level of voltage variation rate was
of 20% as compared to values obtained at the endjing.

For Iskra GAZ spark plugs, within the low rpm ranglev voltage variations do not
exceed 10%. Within the high engine rotation rangesignificant secondary voltage
variations can be observed, which can be consideseah advantage of the spark plug
type operation at the LPG mixture combustion. Ingigant variability of the Uw volt-
age over the whole range of the engine speed regardf the applied fuel kind is ad-
vantageous for proper combustion of the fuel/aktune.
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Fig. 9. Secondary voltagd,, = f(n) with the NGK spark plug electrodes and gascdine LPG
engine fueling for worn and new ignition wiring
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Fig. 10. Secondary voltage Uw = f(n) with the BBKBAZ spark plug electrodes and gasoline
and LPG engine fueling for worand new ignition wiring

The next kind of testing aimed at determining Maitity of the ignition system
primary current depending on the engine rpm fombibie above-discussed types of
spark plugs and both kinds of fuels. The testing warformed on a hot engine at the
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ambient temperature of ca 20°C and the electrodeayaging from 0.8 to 1 mm. Voltage
of the ignition coil primary circuit remained atcanstant level 13.5 V. Fig. 8 presents
testing results for the electrode gap of 1 mm.

The presented results of measuring primary cuwéan ignition coil for both fuel
kinds and spark plug types do not show any distiadifferences. At the change of an
electrode gap size current variations do not exé&édor individual values of the en-
gine speed regardless of the applied fuel kingdhttuld be also noted that primary cur-
rent grows together with an increase of rotatiosded (unlike the classical ignition
system), which follows from the application of daatronic amplifier in the tested igni-
tion system.

The next kind of testing was performed to determiagations of the ignition coil
load with worn ignition wiring (100 000 km mileageplaced by new silicon-insulated
wires Fig. 9 presents testing results for both kiebs and the NGK spark plug and
Fig. 10 — for the Iskra GAZ spark plug.

Measurement results indicate the need of wiringagment and its effect on the
ignition system load. In the case when in NGK spaldgs and gasoline fueling were
applied, the quality of high-voltage wiring makes difference, which means that per-
formance requirements for the ignition system el#smare lower when gasoline is used
to fuel an engine. The requirements in the cadeP@ fueling are distinctly higher. The
difference in most of the engine rotation rangesfisa 10% as compared to the values
obtained at the idle. For the Iskra GAZ spark pJubs measurements show consider-
able differences in voltage values of the ignitaoil secondary circuit in favor of the
new ignition wiring.. At the LPG mixture combusti@md a low rpm range the differ-
ence is even up to 30% in favor of the new wirihgzonfirms the need of frequenter
replacement of ignition system elements (wiringarkpplugs) when LPG is used as an
alternative fuel.

CONCLUSIONS

1. Small changes in the ignition system secondaryitineoltage Uw, over the
whole range of the engine rotational speed indipagderence for the Iskra GAZ spark
plug application regardless of the fuel kind, whistadvantageous for proper combus-
tion of the air/fuel mixture. When NGK spark plugse applied, changes (drop) of the
secondary voltage Uw, as compared to the valuesiredat at the idle, can be observed
when LPG fueling is applied. The changes are cenalde (up to 30%) for the rotation
not exceeding 1500 rpm, while over the whole raafj¢he engine rotation variations
voltage changes reach ca 20%. The differenceswidliom the composition and physi-
cal-chemical properties of both the discussed fuBfe air-LPG mixture is more ho-
mogenous, which follows from the way the gas vagsriand mixes with air.

2. The presented results of measuring the ignitiohgriinary circuit voltage for
both the fuel kinds and spark plug types do nowshay distinct differences. Current
variations at changing of the spark plug electrgdp sizes do not exceed 6% for indi-
vidual rotational speed values, regardless of pmied fuel kind.

3. The performed testing results show how importantttie ignition system per-
formance is the condition of high voltage wiringdathat it should be more frequently
replaced when an engine is fueled with LPG. Heit@an be concluded that spark plugs
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produced specifically for autogas fueled enginekarabetter option for cars fitted with
LPG installations than general-purpose spark plugs.

4. Results of the NGK spark plug measurements proaé @hreduction of the
spark plug electrode gap that is recommended by nexperts” to enhance the ignition
system performance, in specific cases can prodieceeterse effect. The best solution is
to follow the tips of spark plug producers and remher of the periodic replacement of
wearable elements of the ignition system.
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