PN 2006 EAGsHA=ER

LEHEL 2 0|47 FII M9 Steering System A7)

Design of Steering System Considering Interaction Effects in Discrete Design Space
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ABSTRACT

The design of experiment(DOE) with orthogonal arrays is adopted when the engineering design is needed in a
discrete design space. In this research, a design process with orthogonal array is performed to obtain the optimum
design which satisfy the frequency target of the steering system. The optimum design is determined from the
analysis of means(ANOM) and sensitivity information about design variables is evaluated by the analysis of
variance(ANOVA). Interactions between design variables are investigated to achieve additivity which should be
valid in using orthogonal array. It is shown that when strong interactions exist, the DOE process with orthogonal
array considering interaction is introduced to find out optimum design.
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Figure 3. Sensitivity analysis of panel thickness
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Table 1.Factors and their levels
. Level
actor
N

Steering Column #04

(SCSCLMO04) Thickness

Number of Spot Welds

Level 2
0 15 30
mm mm mm
EPS Sub-Part Position
15 23 31
mm mm mm
Steering Column Support Inner
Bracket (SCSIB) Thickness
D
12 2.0 2.8
mm mm mm
Steering Column Support
Outer Bracket (SCSOB) Thickness
E
15 20 25
mm mm mm
Steering Column Support
Upper Bracket (SCSUB) Thickness
F
20 25 3.0
mm mm mm
Steering Column #01
(SCSCLMO1) Thickness
26 32 38
G
mm mm mit
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Table 2. Degrees of freedom

Factor Degrees of freedom
Overall mean I 1
2 Level Factor : 1 2—-1=1
3 Level Factor : 7 7 X(3-1)=14
Interactions None
Total 16
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Table 3. Experiment layout using array Lig

Column Number and Factor Assigned
Expt. Results
No. (.1 2 3 4 5 6 7 8 n
A B C D E F G H
1 1T 1 1 1 1 1 1 1 [-10.3500
2 11 2 2 2 2 2 2 8.8282
3 11 3 3 3 3 3 3 2.8618
4 T2 1 12 2 3 3] -1.721
5 T2 2 2 3 3 1 1 12.0935
6 12 3 3 1 1 2 2| 18.0688
7 T3 1 2 1 3 2 3] -45803
8 13 2 3 2 1 3 1 16.5246
9 13 3 1 3 2 T2 6.8188
10 2 1 13 3 2 2 1 19.6426
n 2 1 2 1 13 3 2 0.3032
12 2 1 3 2 2 1 1 3 9.6008
13 2 2 1 2 3 1 3 2 0.1702
14 2 2 2 3 1 2 137 10.1448
15 2 2 3 1 2 3 2 1 16.1878
16 2 3 1 3 2 3 1 2 5.9239
17 2 3 2 1 3 1 2 3| -1.1784
18 2 3 3 2 1 2 3 1| e362es
(2) Az o] R AR, FEEA)
FHAP oY 78 ARG (n) Sl AT &
A2 T BFEAE Table 4 of YEFAIT
Table 4. Analysis of Results
N;T:;’ Factor ; Leveleeans 3 Sum of Squares
1 A 4.7265 9.3797 97.4355
2 B 5.14778 8.15630 7.85514 32,9435
3 c 0.51321 7.78598 | 12.86004 462.1671
4 D 0.67570 8.28911 12.19441 411.7920
5 E 6.20145 8.22303 6.73475 13.1723
6 F 547266 | 10.22161 | 546496 90.3565
7 G 5.70529 949478 5.95915 53.8507
8 H 12.95347 | 6.68549 1.52026 393.3706
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Table 6. Experiment layout using array Ly,

Expt Column Numb er and Factor Assigned
Mo | L2 9 4 5 6 7 8 o u 1w "
C D ¢p ¢p E CE CE! DE F G DE!® H B
[ EEE) [ 1 v 1 1 1 1 -10.827
P ! t 2 2z 2z 2 22 2 2 2| a8
31y t 3 3 3 3 33 3 3 3] -61922
4 |12 2 2 1y too2 22 01 3 3] aTue
slr2 2 2 2 2 T3 303 4] e
6 ft z 2z 2 3 3 3 1 t 1 2 2 2} -2
713 3 3 b3 3 03 2 2 2] 408
g 13 3 3 2 2 ;2 U TS R B N I (K
9 ji1 3 3 3 3 3 3 2 2 2 1 1 1} 19613
W fz ! 2 3 + 2 3 i1 2 3 1 2 3] -3is64
mwjla1r 2 3 2 3 12 3 1 2 3 1] omss
212t 2 3 3 1 03 12 3t 2| e
Bz 2 3t 1 2 3 2 34 3 1 2] 3084
K2 2 3 t o2 03 t 3 otz 1 2 3} 33065
B |2 2 3 L3 200203 2 3 1] 4063
wl: 3 1 F 303 ot o2 2 3 1) sy
7 {2 3 2 2z 3 1 1z 3 3 1 2| 126157
B j2 3 1 2 3 1 22 3 1 1 2 3| n4m
w31 3 2 1 13 2 L 3 2 & 3 1| 65543
oy v 3 2 7 32 13 2 1 3] 588
2§31 3 3 2 13 2 % 3 2 1| 1087
23 2z 1 3 1 3 2 2 13 3 2 1] iL6x
3|3 2 1 32 3003 2 0 1 1 2] 207
4 {3 2 1 3031 2 1 13 2 2 1 3] e
203 3 2 1 1 3 1 3 2 1 2 1 3|479588
6 |3 31 2 v 301 3 2 3 2 1| 493%
27 13 3 2 1 3 1 i 2 3 3 2] si3n
Table 7. Analysis of Results
Number Factar Level Means Sum of
of row 1 2 3 Squares
1 [ 0.0720 8,6535 13.7310 857.9796
2 D ~0.4647 9,1962 13,7260 945.5760
3.4 CxD 5.4044 6.0117 10.9505 216.8638
5 E 7.5666 4,8587 10.0313 120.4895
6.7 CXE 8.6639 3.4462 10.3464 £13,8999
8.11 DXE 6.3476 5.3166 10.7923 487.6651
9 F 2.7 15,2298 4.4476 822,1808
10 G 9.3395 4.1949 8.9221 146.9653
12 H 9.8915 4.2019 8.3631 156.0735
13 B 9.9584 5,4850 7.0121 93.1182
Interaction CxE
2
GE,
0
15 ——
o i ; Factor C
€1 Cl <2 [+
5 o El [-213 294 2189
Factar
¢ E E2 [-1.38 542 1053
" E3 | 372 17.60 877
interaction DxE
25
x D;E,
13 ——E) Factar D
10 —#—E2 D1 D2 D3
H —«—FE3 El |-221 3.18 2173
L— == { Factwr . :
. e l-0es 919 503
s o7 D2 D3 B | 145 15622 1341

Figure 4. 2-way table to estimate interactions
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Table 8. The optimum level of matrix experiments

Factor | A B C D E F G H [ Result(77)
Lis 2 02 3 3 2 2 2 1 739
Ly 2 1 3 3 1 2 1 1 28.02
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