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Validity examination of factorial design to be applied for performance

optimization on electronic control diesel engine

Min Jong—Kim

Department of Mechanical System Engineering, The Graduate School,

Pukyong National University
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Abstract
In previous experiments, the engine optimization was carried out through the
partial factoring method and the response surface method. however, since the
experiment was conducted in a state where the level of the factors was not
appropriate, the central point was not found in the reaction surface analysis
method. as a result, proper optimization of the diesel engine performance test
was not obtained. In this study, the effectiveness of the partial factorial
method and the full factorial method were examined in the performance test of
the electronically controlled diesel engine. PI, PCR, IT, EGR, and VGT were
used to control the electronically controlled diesel engine. NOx, CO, and SFC
were used as response values for the five parameters. as a result of the
comparative analysis of the main effect by applying the partial factorial method
and the complete factorial method, it was possible to quantitatively evaluate
the data of nitrogen oxide and carbon monoxide applied partial factorial method
and complete factorial method. However, the fuel consumption rate could not
be quantitatively evaluated. Therefore, we conducted experiments on external
factors that affect fuel consumption measurement. The external factors were
selected by the influence of the wind generated by the cooling fan and the
vibration caused by the engine. experimental results show that the difference
of fuel consumption is 0.79g when the windshield and vibration pad are not
attached and when they are attached. However, it was confirmed that the error
is significantly smaller than the error in the main effect. It is considered that
there are few external factors influencing the electronic balance in fuel
consumption measurement. The results of the factoring method application in
the diesel engine performance test were validated for the partial factoring
method but it is not valid for the partial factoring method in the fuel

consumption ratio (SFC) measurement.
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Fig. 2-1 Schematic diagram of experimental equipment



Table 2-1 Specification of tested engine

Description Specification

Model HYUNDAI D4EA

Engine type Water-cooled 4 stoke diesel engine
Number of cylinders 4

Piston displacement 1991cc

Bore x Stroke 83mm x 92mm
Maximum power 112/400 hp/rpm
Compression ratio T/ 4




Table 2-2 Specification of tested dynamometer

Description Specification
Model HWANWOONG DYTEK-130
Absorption power 130Kw (180 Ps)
Absorption torque 35 kgf.m (343Nm)
Maximum speed 10,000 rpm

Rotor inertia 0.14 kg/m?
Weight 500 kg




Table 2-3 Specification of pressure sensor

Model 6052C 4045A
Measuring range bar 0---250 0---200
Calibrated partial 0---50, 0---100,
bar 01,0 - 200
ranges 0---150
sensitivity pC/bar ~-20 2.5
Natural frequency
, kHz ~160 >180
(measuring element)
Linearity all ranges
%,/FSO < £04 < £0.3
(at 23°c)
Operating
; ; SN 50 20---120
£
emperature 'range S 000 0---140
temperature min./max.
: . 3-:-5(Delringasket)
Tightening torque N-m .5
12---20(coppergasket)
Connector ceramic
, = M4 x 0.35 M14 x 1.25
insulator
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Table 2-4 Exhaust gas analyzer

Parameter Sensor Range
02 Electrochemical 0 - 30%
CO Electrochemical 0 - 20000rpm
NO Electrochemical 0 - 5000rpm
NO2 Electrochemical 0 - 1000rpm
NOx Calculated 0 - 6000rpm
SO2 Electrochemical R\ |\ 2000rpm
0 - 5000rpm
CcO2 Calculated 0 - 100%
Tair Pt100 -40 - 100°c
Tgas Tc K/N -40 - 1200/1600°c
Excess air Calculated 1.00 - infinity
Efficiency Calculated 1 - 120%

Smoke index

Paper filter method

0 - 9 Bacharach

11




Table 2-5 Specification of electronic scale

Model CUW-6200
Maximum display (g) 6200 g
Minimum display (g) 001 g

Tare range (g)

1000g - 6200g

Repeatability (g) < 001 g
Linearity (g) +0.01 g
Response time (s) 1. 599 A\bs
Operation temperature (°c ) 5.c - 40°
Pan size (mm) (W x D x H) 170 x 180

Dimension (mm) (W x D x H)

190mm x 317mm x 78mm

Weight (kg) 4.6 kg
Display LCD
) DC12V/1AACAdapter
Power requirements
AC220, 60Hz
DATA 1/0 RS-232C

12
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Table 2-6 Level of factors on test (Fractional and Full factorial design)

Load 25
Factor Level 1 2
IT (°TDC) 1 12
Pcr (Mpa) 40 80
PI (ms) 0 2
EGR (%) 0 60
VGT (%) 0 60

Table 2-7 Fractional factorial design on test

Code factor
Order PCR IT PI EGR VGT
1 1 =] =1 ! 1
2 1 1 -1 - 1
3 -1 -1 1 “1 -1
4 -1 - 1 -1 1
5 1 - 1 1 -1
6 -1 1 1 1 -1
7 1 -1 1 -1 1
8 1 1 1 1 1
9 1 1 -1 -1 1
10 -1 1 1 1 -1
11 -1 -1 1 -1 -1
12 -1 -1 -1 -1 1
13 1 -1 -1 -1 -1
14 -1 -1 1 1 1
15 1 1 -1 1 -1
16 -1 1 -1 -1 -1
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Table 2-8 Full factorial design on test

Code factor

Order PCR IT PI EGR VGT
1 -1 1 1 -1 1
2 1 1 -1 -1 -1
3 1 -1 1 1 1
4 -1 -1 -1 1 -1
5 1 1 -1 -1 1
6 -1 -1 -1 1 1
7 1 1 1 1 1
8 -1 1 1 -1 -1
9 -1 1 1 1 -1
10 1 . |l gl 1 -1
11 -1 =1 1 1 1
12 ! -1 -1 1 -1
13 = 1 1 —k -1
14 1 =l -1 L 1
15 1 -1 1 1 -1
16 -] -1 1 —ul 1
17 ] 1 s = 1 1
18 1 -1 1 el 1
19 1 1 -1 1 1
20 1 i - 1 -1
21 -1 ! =1 -1 -1
22 1 -1 1 -1 -1
23 -1 -1 -1 -1 -1
24 -1 1 -1 1 1
25 -1 -1 1 1 -1
26 -1 1 1 1 1
277 1 -1 -1 -1 1
28 1 1 1 -1 -1
29 -1 -1 1 -1 -1
30 1 1 1 1 -1
31 1 1 1 -1 1
32 -1 -1 -1 -1 1
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Table 2-9 Level of factors on tests by full and factional factorial design

Test
o 1 2 3 4
Condition
date 1 2 3 4
Half fuel
a . webcam|webcam| digital | digital
consumption
date 1 2 3 4
Full fuel . .
. webcam|webcam| digital | digital
consumption

Table 2-10 Experiment conditions

NO./
. Vibration proof pad Windshield
Condition
1 non-use non-use
2 use non-use
3 non-use use
4 use use

25



Without windshield With windshield

Fig. 2-6 Modeling with or without windshield and vibration proof
pad
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Fig. 3-1 Main effects plot for nitrogen oxide
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Fig. 3-2 Main effects plot for carbon monoxide
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315 —4—Full design
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Fig. 3-4 Comparision of Result of first examination between full and
fractional factorial design
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