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Abstract : To simulate engines effectively, one needs to establish a model that reflects the thermo-fluid behavior of each
component of a given engine properly, and also select appropriate empirical constants that will be included in each model. In
the early stages of engine development, there are many cases in which it becomes impossible to derive the included constants
in an experiment. Conventionally, researchers prepare for every possible combination of constants, and perform calculations
with an immense amount of time and resources. By using the Taguchi method, we aimed to identify a procedure that allows
for an easier determination of constants for a maritime CI engine. First, by designating a fixed range for each constant and
using an orthogonal arrangement table, the authors applied the single-step search method that performs a comprehensive
search of all combinations that meet the required cylinder peak pressure and brake mean effective pressure. Next, the
multi-step search method was tested by performing a stepwise search on the combinations of constants. By comparing the
results between the conventional method and the Taguchi method, we were able to verify the validity and the efficiency of
the Taguchi method. Lastly, by performing a multi-step search on constants outside the given range, we found combinations
that yielded even better results than those derived from the aforementioned methods.

Key words : Engine simulation(”7] ¥ A]&3#|©]4), AVL BOOST(H-2=E), Taguchi method(t}7-*] 7|%), Single-step
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Fig. 1 Schematic diagram of 16-cylinder V-type engine
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S A FZE=E Uk Fig. 2= BOOSTO A 2el 3k 7] ¥
o] RS YeR A 9ot 18 VERd A A Y E )3
Aot w7 HAE AA L] Fde A 1R st

mEREglth 58] F7] glaH ek n7] EMH%E J&é
o oA maHsgon o] Av %
= 7Sl

oAl WstE FHA] AlEElol e AlsIglTt Al
ol e Ayt TollA A-y FHar FH 3 AlsH
gotele] At AXaks vlalste] H2e] A3
LEE8he IAEY S 3= Al dAkEe] A™
tl #Ha FH 3 AlsEaFasgtE v s 9
okalara} skl

Wiebe B4 Al5-5 08, 1.0, 1.2, 1.4, 1.62.2, A4hA]S

717H& 63°, 64°, 65°, 66°, 67°% B} T} v 2to 7 A
2 HAATE05,0.75, 1.0, 1.25, 1.52 WA 7|HA F
o] Aol A el o] o]59] 7he gk e el 1259
o] A5 diall AlEd o]l dS Hastit) ol & doE
All(Global Search)2} ©] &3} Tt) Table 101 A=
skt

FOI

Table 1 Summary of control variables

0.5,0.75,1.0,1.25, 1.5
08,1.0,12,14,1.6
63°, 64°, 65°, 66°, 67°

Heat transfer multiplier

Wiebe shape parameter

Combustion duration
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Study on the Optimization of CI Engine Simulation Using Taguchi Method
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Table 3 Control variables and control levels for fixed-range
single-step search

A B C
Level (Heat transfer (Wiebe shape (Combustion
multiplier) parameter) duration)

1 0.5 0.8 63
2 0.75 1.0 64
3 1.0 1.2 65
4 1.25 1.4 66
5 1.5 1.6 67

Table 4 Orthogonal array table for global search
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transfer shape . -40 Factor
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multiplier) | parameter) ° A
1 1 1 1 -820031 g"
2 1 2 2 -5.10306 = e
3 1 3 3 -6.24805 -55 — .C
4 1 4 4 -9.14066 -
5 1 5 5 -10.4616
6 2 1 2 -8.38417 Fig. 6 Main effect diagram using fixed-range single-step
7 2 2 3 -5.46346 search
8 2 3 4 -7.98045
9 2 4 > ~10.0616 Table 5 ANOVA table for cylinder peak pressure
10 2 3 1 -10.485 (fixed-range single-step search)
11 3 1 3 -8.5486
12 3 7 4 5.95336 Factor g ] 14 Portion | Remark
3 3 3 P 018612 A | 858 4 2089 | 21.87 2
14 3 4 1 -9.87089 B 235.35 4 58.84 61.58 1
15 3 5 2 -11.1586 C 63.24 4 15.81 16.55 3
16 4 1 4 -8.69196 Total 382.17 12 95.54 100
17 4 2 5 -7.78164
I8 4 3 ! -8.92747 Table 6 ANOVA table for brake mean effective pressure
19 4 4 2 -10.6824 .
(fixed-range single-step search)
20 4 5 3 -11.714
21 5 1 5 -11.6705 Factor S o V Portion | Remark
22 5 2 1 -12.1839 A 89.58 4 22.39 68.94 1
23 5 3 2 -11.1242 B 31.71 4 7.93 24.40 2
24 5 4 3 -11.3499 C 8.66 4 2.16 6.66 3
25 5 5 4 -12.1884 Total 129.95 12 100
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Table 7 Control variables and levels for the 1% step trial

A B C
Level (Heat transfer (Wiebe shape (Combustion
multiplier) parameter) duration)
0.5 0.8 63
2 1.0 1.2 65
3 1.5 1.6 67

Table 8 Orthogonal array table for the 1¥ step trial
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Table 9 Control variables and control levels for the 2™ step

trial
A B C
Level (Heat transfer (Wiebe shape (Combustion
multiplier) parameter) duration)
1 0.5 1.0 64
2 0.75 1.2 65
3 1.0 1.4 66

A B C

No. | (Heat transfer | (Wiebe shape | (Combustion S/I,\I

multiplier) parameter) duration) ratio
1 1 1 1 -8.20031
2 1 2 2 -6.24805
3 1 3 3 -10.4616
4 2 1 2 -8.5486
5 2 2 3 -9.18612
6 2 3 1 -11.0179
7 3 1 3 -11.6705
8 3 2 1 -10.9885
9 3 3 2 -12.1116
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Table 10 Control variables and control levels for the 3™ step

trial
A B C
Level (Heat transfer (Wiebe shape (Combustion
multiplier) parameter) duration)
1 0.5 0.8 64
2 0.75 1.0 65
3 1.0 1.2 66

Ao} olo W FaNEE AEHH A 157, BS
A= 25, CAANE 35F 07 Aojelrte] HAo] %
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Table 11 Comparison of result during combustion duration
variance(heat transfer multiplier : 0.5, Wiebe shape
parameter : 1.0)
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Mean Table 12 Control variables and levels for the 2™ step trial
No. A B C Remark
error (%)
1.0 63 3 A B ¢
! 0.5 : >0 Level (Heat transfer (Wiebe shape (Combustion
2 0.5 1.0 64 324 multiplier) parameter) duration)
3 0.5 1.0 65 2.98 1 0.4 1.1 64
4 0.5 1.0 66 2.75 2 0.5 1.2 65
5 0.5 1.0 67 2.53 1* Place 0.6 1.3 66
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Table 13 Control variables and levels for the 3™ step trial

Table 14 Comparison of result

Method Case | A

error
(%)

Remark

0.5

1.0

67

253

1* Place

Global search 125 | 0.5

1.0

66

2.75

2" Place

0.5

1.0

65

2.98

3" Place

Fixed-range

. 25 0.5
single-step search

1.0

65

2.98

Fixed-range

. 29 | 0.5
multi-step search

1.0

67

253

Variable-range 27 | o6

multi-step search

A B C
Level (Heat transfer | (Wiebe shape | (Combustion
multiplier) parameter) duration)
0.3 1.0 63
2 0.4 1.1 64
3 0.5 1.2 65
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