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ABSTRACT. Multi-electrode spark plugare a type of spark plug that has two or more ground points on the
electrodes which function to produce sparks for the combustion process in gasoline eérfggnaisnis to find

out how much the biggest change in power, the biggest torque is and howe loigatige in minimum specific

fuel consumption is when using migtound spark plugs and varying the octane value of the fuel. The engine
performance testingnethoduses full valve opening to obtailata. Next, the data is presented in the form of a
graphic table and analyzed using Microsoft Excel and Minitab. The independent variables are the number of
spark plug electrode legs and the octane value of the fuel. The dependent variable is the power produced and
minimum specific fuel consumption when using\NRED, 92 and 98 fuel. The engine speed control variable is
55000 to 9000Power test resultasing XLine spark plugs with RON 92 fuel produce the highest power among
spark plugs . other. The highest power is 6.92 hp at 7000 rpm. Torque test resultR@bIr fuel show that

the XLine spark plug produces the highest torque among other spark plugs. The highest torque is 8.21 Nm at
5,500 rpm. The results dfie specific fuel consumptidest using RON 92 fuel, 3 fogtound spark plugs,
produced the high¢specific fuel consumpticaamong other spark plugsThe lowest specific fuel consumption

is 0.1308 kg/hPxhour at 9000 rpm.

Keywords: Spark Plugs, Multi Ground Spark Plugs, PoweFC,Fuel

1. INTRODUCTION

The spark plug is a vital element in the ignition system which plays an important role
in producirg sparks to initiate the combustion of the air and fuel mixture in the ernjra.
the combustion process, the spark produced by the secondary winding of the coil flows
through the spark plug wire to the spark plug, thus igniting the mixture of air and fuel. This
process spreads heat in all directions, ensuring the fues mificiently.[2] This condition
occurs when the secondary winding of the coil produces a voltage of0iE)dDO volts.
(Fajri et al., 2023When combustion occurs, the spark produced by the seconttatiyng in
the coil flows through the spark plug wire to the spark plug, which then ignites the air and
fuel mixture. This process ensures the heat is distributed evenly, so the fuel can burn
efficiently. [3] Multi-electrode spark plugs are a type of spark plug that has two or more
ground points located around the electrodd® sparks produced correspond to the number
of ground points on the spark ply&urniawan, 2018

Spark plugs with multground electrodes are designed to increase service life and
reduce carbon accumulation on the spark glegjri et al., 2023Previous research regarding
the use of spark plug types was carried out by Fajri et al (2023) with the title "Analysis of the
Use of Multi Ground Electrode Spark Plug VariatimmsExhaust Gas Emissions on Yamaha
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Nmax 155 cc Motorcycles”. In conclusion;f@bt multi-ground spark plugs can reduce
carbon monoxide (CO) emissions by 26.22%, while rgrbund spark plugs without feet
are 26.76% at 1500 rpm. H. Ibrahim et al (20[2Q)in their research entittedComparative
Study of Performance and Exhaust Gas Emmssior Standard and Muktlectrode Sparks
on Sl Engines.

It was concluded that the use of multi ground electrode spark plugs (four ground
electrode spark plugs) can increase torque, power and BSFC can reduce BTE. CO and HC
emissions are reduced, but C@missions increase, this occurs due to the large spark and
increased cylinder temperature so that the fuel burns better. Arifin (8)2i8) his research
entitled "Performance of-&troke Motorcycle Engines Using Spark Plug Variations". It was
concluded that using 90 octane fuel, the @grspark plug produces optimal power of 13.9
HP at 8000rpm. Apart from that, the greatest torque is obtained by using 90 octane fuel. The
3 foot spark plug produces 13.14 Nm of torque at 7000rpm. Sriyanto (28L& his
research entitled "The Effect of Spark Plug Type on Motorcycle Exhaust Gas Emissions".

It was concluded that the use o&aphum, iridium and multelectrode spark plugs was
able to reduce exhaust emissions by 29% CO, 61% HC at 3000rpm. Research by Aziz et al
(2023) [7] entitled " Performance of Spark Plug Use and Fuel Variations iStrbke
Motorcycle Engines. It was concluded that the use of iridium spark plugs produces optimum
power of 14.3 HP at 8000 rpm and torque of 13.43Nm 7000rpm. Wi s octane fuel
and iridium spark plugs, the highest fuel consumption is 0.059 Kg/kWh at 6000 rpm. The aim
of the research is to determine the largest changes in power and torque as well as changes in
minimum specific fuel consumption when using mghbund spark plugs and variations in

the octane value of the material. burn.

2. METHOD

This research uses laboratory experimental methods to collect empirical data
regarding the influence of various variables on vehicle performance. The variables studied
include the type of spark plug (standard spark plug, 2 foot ground spark plug, 3 foot ground
spark plug, and Xine spark plug), fuel type (Ron 90, 92, and 98), maximum power,
maximum torque, and fuel consumption Specific. In addition, this research contiraled
engine compression ratio at 9.5:1 and observed engine rotation in the range of 5500 to 9000
rom. The research was conducted in two different locations, namely on the Malang State
Polytechnic campus and outside the campus. Laboratory experimental snetir@dchosen

to ensure the accuracy and validity of data obtained in a controlled environment.
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3. TESTING REVIEW
3.1Power and torque testing

The process of testing vehicle power and torque using a dyno test equipment begins
with lifting the vehicle onto the dyntest equipment and positioning it appropriately for
testing. A dyno test probe is installed on the vehicle's spark plug coil cable to measure the
required parameters. Next, the gas is pulled with full throttle opening so that the engine
reaches the desid maximum speed. Test data was taken at various predetermined engine
speeds, such as 5500, 6000, 6500, 7000, 7500, 8000, 8500, and 9000 rpm. Test results
including vehicle power and torque are directly displayed on the dyno test monitor screen.
This procas provides detailed and accurate information about a vehicle's engine performance

under various conditions, allowing for a comprehensive evaluation of vehicle performance.

Figure 3.1. Power and torque testing

Power isthe amounof work done per unit of time. Power is equal to the amount of
energy consumed per unit tinf8] Power measurement formula:
_ 2mxnxT

Ne 60 1)

Where:

Ne :Power (Hp)

n : Engine speedim)
T : Torque (Nm)
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Torque is a pushing movement that occurs in the piston and crank8hafie torque

calculation formula is as follows:

_ 2xmxn
60xNe 2)
Where:
T : Torque (Nm)
Ne : Power (Kw)
n : Engine speed (rpm)

3.2 Specific fuel consumptioriesting

Specific fuel consumptida by installinga pressure bam the fuel ine from the fuel
pump then dividing the fuel line frorme pressure bamto 2 injectors, 1 for vehicle fuel
supply and 1 injector connected to a burette to measure the fuel supplied. enter. out to be

counted. Installa tachometeron the vehicle to viewrgine speed control during testing.

Calculate the time when the fuel comes out of the burette asstmpwatch.
T

Figure 3.2. Specific fuel consumption testing
Specific fuel consumptiois the amount of fuel used per unit tim{&usmanto &
Winoko, 2019)Fuel flow rate formula:

Information :
mf : Fuel flow rate (kg/hour)

V : Volume of measuring cup (cc)
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t :Time

} b :IBpecific gravity of fuel (kg/l)

formula:

an::ﬂ{

Ne (@)
Where:
Sfc  : Fuel consumption (Liters/minute)
mf : Fuel flow rate (kg/hour)

Ne : Electricity (cell phone)

4. RESULTS AND DISCUSSION
4.1 Strength test results
a) RON 90 power test results

Figure 4.1. Relationship of power produced at rotation variations from 5500 rpm to
9000 rpm with a rotation change range of 500 rpm. Based on Figure 3, it can be seen that
standard sparklugs produce a minimum power of 4.91 hp and a maximum power of 6.65
hp. The 2 foot ground plug produces a minimum power of 5.06 hp and a maximum power of
6.80 hp, while the 3 foot ground spark plug produces a minimum power of 5.39 hp and a
maximum power ©6.80 hp and the Xine spark plug produces a minimum power of 5.39
hp and maximum power of 6.80 hp. minimum power 5.39 hp and maximum power 6.80 hp.

minimum power 5.45 hp and maximum power 6.88 hp.

Daya Rerata RON 90
700 vy =1E-10x>- 3E-06x>+ 0,0211x - 49,764
’ R?=0,9775 (X-Line)

y=1E-10x%- 3E-06x*+0,0257x- 60,538 3
R?=0,9756 (3 Kaki Ground) \

®
5,00 v = 1E-10x3 - 4E-06x2 + 0,0304x - 73,529—-’/\4

R2=10,9797 (Busi std)

Daya (hP)
o
th
=

>

4,50
= = = = = = > =
= (=] (=) [=) (=) [=) (=) =
w (=} w, =] w =) w, (=]
w A=} pt-} -} -} [}

~ ~
Putaran Masin Kontrol (rpm)

Figure 4.3. RON 90 power testg
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The highest power is 6.88 hp at 7000 rpm usinginé spark plugs. Get maximum
power because the-Kine spark plug has 4x higher electrical conductivity than standard

spark plugs, is denser and increases acceleration.

b) RON 92 power test results

Figure 4.2. Shows the relationship between the power produced at a rotation variation
of 5500 rpm to 9000 rpm with a rotation change range of 500 rpm. Based on figure 4, it can
be seen that standard spark plugs produce a minimum power of 5.02 hp and a maximum
power of 6.69 hp. The 2 foot ground plug produces a minimum power of 5.81 hp and a
maximum power of 6.81 hp, while the 3 foot ground spark plug produces a minimum power
of 5.46 hp and a maximum power of 6.78 hp and tHan¢ spark plug produces a minimum
powerof 5. 46 hp and maximum power of 6.78 hp. minimum power 5.08 hp and maximum
power 6.92 hp

Daya Rerata RON 92
8E-11x°- 2E-06x- 1 0,0165x - 36,47 y = 2E-10x° - 4E-06x>+ 0,0311x - 74,755
755 e ——— =
R*=10,9787 (Busi 2 Kaki) R*=10,9662 (Busi X-Line)

7,05 /
A 6,55
&
= 6,05 |
&
a 5,55

y = 6E-11x*- 2E-06x* + 0,0146x - 34,987

5,05 R*=0,9926 (Busi3 Kaki ¥ =3E-12x°- SE-07x*+0,0073x- 18,511
- R?=10,9898 Busi Std)
4,55
(= = = (= S S S
S = = S S S S S
i =] \ (=] \ (= \f (=]
el o ~ ©~ ® aQ

Putaran Mesin Kontrol (rpm)

Figure 4.4. RON 92 power testing

The highest power is 6.92 hp at 7000 rpm usinginé spark plugs. Get maximum
power because the-Kine spak plug has 4x higher electrical conductivity than standard

spark plugs, is denser and increases acceleration.

c) RON 98 power test results

Figure 4.3. Relationship of power produced at rotation variations of 5500 rpm to
9000 rpm with a rotation change range500 rpm. Based on Figure 5, it can be seen that
standard spark plugs produce a minimum power of 4.73 hp and a maximum power of 5.94
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hp. The 2 foot ground plug produces a minimum power of 5.32 hp and a maximum power of
6.68 hp, while the 3 foot ground sggplug produces a minimum power of 5.33 hp and a
maximum power of 6.75 hp and thel¥he spark plug produces a minimum power of 5.33
hp and maximum power of 6.75 hp and th&iXe spark plug produces a minimum power of
5.33 hp and a maximum power of 6.7p. Iminimum power 5.33 hp and maximum power

6.75 hp. minimum power 5.28 hp and maximum power 6.89 hp

Dayva Rerata RON 98
7.50

¥ 3E-12x7- 3E-07x*+ 0,0055x - 13,324

T R2={L9621 {3 Kaki tG:round)

E—
= 5,50

¥y =4E-11x%- 1E-06x + 0,0102x - 21.097
R* = 09664 (Busi std)

5,00 ¥ = -6E-12x%- ZE-07x2+ 0,0037% - 4,9358

R*=029612(-Line)

4,50
=
[—]
e = wa

[l ~—
Putaran Masin Kontrol (rpm)

5500
6000
6500

00
8000
8300
9000

Figure 4.3. RON 98 power test

The highest power is 6.89 hp at 7000 rpm usinginé spark plugs. Get maximum
power because the-Kine spark plug has 4x high electrical conductivity than standard
spark plugs, is denser and increases acceleration.

4.2 Torqgue test results
a) RON 90 torque test results

Figure 4.4. Relationship of torque produced at rotation variations ranging from 5500
rpm to 9000 rpm with a rotation ahge range of 500 rpm. Based on Figure 6, it can be seen
that standard spark plugs produce a minimum torque of 5.29 Nm and a maximum torque of
7.53 Nm. 2 ground spark plugs produce a minimum torque of 4.65 Nm and a maximum
torque of 7.92 Nm, while 3 grourgpark plugs produce a minimum torque of 4.42 Nm and a
maximum torque of 7.63 Nm and thel¥e spark plug produces a minimum torque of 4.71

Nm and maximum torque of 8.04 Nm.
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Torsi Rerata RON 90
8,50 v =2F_-10x3_3F_06%x%2+ 0.0253x_ 51,927
8.00 R?* = 10,9853 (X-Line)
7,50 v =1E-10x*- 3E-06x2+ 0,0237x - 52,251
= 7.00 Rz = 0,9584 (Busi Std)
<. 6,50 1
E 6,00 y =9E-11x%- 2E-06x>+ 0,013 - 26,756
= 5,50 RZ = 0,9916 (3 Kaki Ground) .
5,00
4,50 3
4,00 |
= = = = = = = =
= = = = = = = =
us [—] s (=] u = uy =]
u NS o — - =] =] (=)
Putaran Masin Kontrol (rpm)

Figure 4.4. RON 90 torque test

The highest torque is 8.04 Nm at 6000 rpm usingin€ spark plugs. Get maximum
torgue because-Kine spark plugs have 4x higher electrical conductivity than standard spark

plugs, are denser and increase acceleration.

b) RON 92 torque test results

Figure 4.5. Relationship of torque produced at rotation vasiz ranging from 5500
rpm to 9000 rpm with a rotation change range of 500 rpm. Based on Figure 7, it can be seen
that standard spark plugs produce a minimum torque of 4.33 Nm and a maximum torque of
7.48 Nm. The 2 foot ground spark plug produces a minintongue of 4.48 Nm and a
maximum torque of 7.90 Nm while the 3 foot ground spark plug produces a minimum torque
of 4.45 Nm and a maximum torque of 7.51 Nm and thein¢ spark plug produces a
minimum torque of 4.45 Nm and maximum torque 7.51 Nm. minimuou® of 4.52 Nm

and maximum torque of 7.97 Nm.

Torsi Rerata RON 92
8,50
8.00 y = 2E-10x3 - 4E-06x2+ 0,0266x - 55,905
- 50 R? = 0,9719 (X-Line)
— 7’00 # E-11x3- 2E-06x2+ 0,0173x - 34,117
g 6’§0 2 = 0,9954 (Busi std)
55
‘2 6,00
= 5,50
5,00 ou S
4.50 v =1E-10x*-3E-06x>+ 0,021x - 43,994 = |
e~ > - =
4.00 R?* = 0,99 (3 Kaki Ground) \iﬁ
? = [—] = = = = = =
= (=] = = = = = =
uy [—] u = uw = uws =
uws A= ] - — (== -] (=)
Putaran Masin Kontrol (rpm)

Figure 4.5. RON 92 torque test
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The highest torque is 7.97 Nm at 6000 rpm usingin€ spark plugs. Get maximum
torgue because-Kine spark plugs have 4x higher electrical conductivity than standard spark

plugs are denser and increase acceleration.

c) RON 98 torque test results

Figure 4.6. Relationship of torque produced at rotation variations ranging from 5500
rpm to 9000 rpm with a rotation change range of 500 rpm. Based on Figure 8, it can be seen
that standardpark plugs produce a minimum torque of 3.72 Nm and a maximum torque of
7.03 Nm. The 2 foot ground spark plug produces a minimum torque of 4.41 Nm and a
maximum torque of 7.78 Nm while the 3 foot ground spark plug produces a minimum torque
of 4.26 Nm and anaximum torque of 7.67 Nm and the-Lxhe spark plug produces a
minimum torque of 4.26 Nm and maximum torque 7.67 Nm. minimum torque of 4.25 Nm

and maximum torque of 8.21 Nm.

Torsi Rerata RON 98
8.50

_v =-3E-11x*+ 6E-07x? - 0,0055x + 24,121
R?*=0,9949 (X-Line)

7,50
' 8

Torsi (Nm)
M
TR
s &

4,50 y = 9E-11x*- 2E-06x2+ 0,0155x - 38,295

~ R2=0,9927 (Busi std

3,50 5 ( )
= = = = = = = =
(=] = (=] = (=] [—] (=] =
L) = ur = s = L' r] =
LT 7] o o | [ =] = =] (=)

Putaran Masin Kontrol (rpm)

Figure 4.6. RON 98 torque test
The highest torque is 8.21 Nm at 5,500 rpm usinlgne spark plugs. Get maximum
torque because-Kine spark plugs have 4x higher electrical conductivity than standard spark

plugs, are denser and increase acceleration.

4.3 SFC test results
a) Specific fuel consumptiorest resultsRON 90.

Figure 4.7. Relationshipbetweenspecific fuel consumptioresulting from variations in
rotation from 5500 rpm to 9000 rpm with a rotation change range of 500 rpm. Based on
Figure 9, it can be seen that standard spark plugs produce a minimum SFC of 0.0800
kg/hPxhour and a maximui@FC of 0.1307 kg/hPxhour. For 2 grounded spark plugs, the
minimum SFC is 0.0814 kg/hPxhour and the maximum SFC is 0.1231 kg. /hPxhour while the

3 foot ground spark plug produces a minimum SFC of 0.0805 kg/hPxhour and a maximum
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SFC of 0.1277 kg/hPxhour arde X-Line spark plug produces a minimum SFC of 0.0811
kg/hPxhour and a maximum SFC of 0.1264 kg /hPxhour.

Perbandingan SFC RON 90

0,14
y = 2E-12x3- 3E-08x2 + 0,0002x - 0,2666
R? = 0,9958 (X-Line)
0,12 v = 4F_13x3+ 1E-08x2- 0,0001x + 0,3861 .
R#=0,9986 (3 Kaki Ground)
= 0,10
N
0,08 T——= - . ~
y = SE-13x- 1E-08x2 + 3E-05x + 0,093
R2=0,9865 (Busi std)
0,06
=] [~ [~ = [~ [~ [~ [~
= [~ = [~ = [~ = [~
i (=] wi (=] i (=] uwi (=]
wi o - - - oo oo (=2

Putaran Mesin Kontrol (rpm)

Figure 4.7. TestingSpecific fuel consumptidRON 90
Specific fuel consumptiois 0.1307kg/hPxhourat 9000 rpm using standard spark
plugs. Thespecfic fuel consumptions high because the throttle valve opening has reached

high rpm so it requires more fuel.

b) RON 92specific fuel consumptionest results

Figure 4.8 Relationship betweesgpecific fuel consumptioresulting from variations
in rotation fron 5500 rpm to 9000 rpm with a rotation change range of 500 rpm. Based on
Figure 10, it can be seen that standard spark plugs produce a minimum SFC of 0.0808
kg/hPxhour and a maximum SFC of 0.1308 kg/hPxhour. For 2 grounded spark plugs, the
minimum SFC is 808 kg/hPxhour and the maximum SFC is 0.1243 kg. /hPxhour while the
3 foot ground spark plug produces a minimum SFC of 0.0821 kg/hPxhour and a maximum
SFC of 0.1258 kg/hP and the-Rine spark plug produces a minimum SFC of 0.0816
kg/hPxhour and a maximuBFC of 0.1287 kg /hPxhour.
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Perbandingan SFC RON 92
0,14 y = 5E-14x7 + 5E-09x° - TE-05x + 0,3132
R2=0,9909 (X-Line)
0,12 |+ _ 4F 13x3- 2E-09x2- 2E-05x + 0,2049
U R*= 10,9979 (3 Kaki Ground)
% 0,10 [y =4E-13x3-3E-09x>-1E-06x+0,1204
R?* = 0,9995/(2 Kaki Groypds
0,08 y = 2E-12x° - 4E-08x2 + 0,0002x - 0,3613
R?=0,999 (Busi std)
0,06
= = = = > = > =
= = = = = = = =
i = LT r) = s = W =
i o L= I~ I~ =] =] (=%
Putaran Mesin Kontrol (rpm)

Figure 4.8 TestingSpecific fuel consumptidRON 92

Specific fuel consumptiois 0.1308kg/hPxhourat 9000 rpm using standard spark
plugs.Specificfuel consumptioms high because the throttle valve opening has reached high

engine speed, so it requires more fuel.

b) RON 98specific fuel consumptionest results

Figure 4.9 Relationship betweesgpecific fuel consumptioresulting from variations
in rotation from 5500 rpm to 9000 rpm with a rotation change range of 500 rpm. Based on
Figure 11, it can be seen that standard spark plugs produce a minimum SFC of 0.0823
kg/hPxhour and a maximum SFC of 0.1287 kg/hPxhour. For 2 grounded spark plugs, the
minimum SFC is 0.0803 kg/hPxhour and the maximum SFC is 0.1306 kg. /hPxhour while the
3 foot ground spark plug produces a minimum SFC of 0.0801 kg/hPxhour and a maximum
SFC of 0.1320 kg/hPxhour and theLite spark plug produces a minimum SFC of 0.0815
kg/hPxhour and a maximum SFC of 0.1316 kg /hPxhour.

Perbandingan SFC RON 98

v = 7E-13x> - 9E-09x*+ 3E-05x + 0,0536
R2 = 0,9949 (X-Line) \ '
0.12 [v=1E-12x-3E-08x2+ 0,0001x- 0,1967 /
’ Rz = 0,9852 (Uji 3) ”
c vy =1E-12x3-2E-08x2+ 0,.0001x- 0.2083 ==
% 0,10 R*=0,9987 (2 kKaki Ground)

o
%
|

)

vy = 6E-13x3- S8E-09x>+ 4E-05x + 0,0318
R* = 0,9914 (Busi std)

0,06
= = = = e = —d =
I = = = = = = =
o = wo = wo = wo =
e o o = - o o N

Putaran Mesin Kontrol (rpm)

Figure 4.9 TestingSpecific fuel consmptionRON 98
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Specific fuel consumptiois 0.1320kg/hPxhour at 9000 rpm using 3 grousplark
plugs. Gethigher specific fuel consumption beca@s®ot ground spark plugsave a higher
electrical conductivity than standard spark plugs so they require fuel.

5. CONCLUSION

Based on the results of the tests that have been carried out, it can be concluded that
the greatest power is obtained when using RON 92 fuel for thmeXspark plug, namely
6.92 hp at 7000 rpm. The largastque is obtained when using RON 98 fuel witH_iKe
spark plugs, amounting to 8.21 Nm at 5,500 rpm. Get maximum torque and power because
X-Line spark plugs have 4x higher electrical conductivity than standard spark plugs, torque
becomes denser and accaten increasesSpecific fuel consumptias 0.1320 kg/hP at 9000
rpm using a 3 foogjround spark plug Gethigher specific fuel consumption because 3 foot
ground spark plughave a higher electrical conductivity than standard spark plugs so they

require more fuel.
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