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Optimal Design of the Front Upright of Formula Race Car Using
Taguchi's Orthogonal Array

Woon Geun Jang*

Abstract

Formula race car is generally recognized as a vehicle which is optimally designed for on-road race track with the regulations
of race host bodies. Especially, the uprights of suspension system decisively have effects on the performance of cornering
and stability of race car's driving performance, which are very important factors in the design of race car. This paper is
a study of optimal upright design of F1800 grade formula race car which are normally used in professional race circuit
in Korea. To design optimally the front upright of F1800 formula race car, Taguchi's orthogonal array, which is known
for more useful method than full factorial design experimental method in cost and time, is used with CAE method such
as FEM analysis. And the result of this paper shows that Taguchi's orthogonal array employed for this optimal design
is very useful for designing the front upright of race car by minimizing its weight as well as keeping its safety factor

as enough as designer wants in the view of quality, cost and delivery at the early design step.

Key Words : Taguchi's orthogonal array(Ch% 21 nH| € 3E), Formula race car(Z52 |o]27}), Front upright( & ¢g}to]E),
Optimal design(Z] 2] A))
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Fig. 1 Multibody Dynamics Model of 1/4 Front Suspension
System Using RecurDyn

Table 1 Load Condition of Upright

Direcﬁozad Case i RodN) | UCAN) | LCAN)
Fx 26,6 3353.7 5462.5
Fy 1159 848.8 3775
Fz 0.98 653.8 3931.0

Table 2 Material Properties of AL6061-T6

Mechanical Properties Value
Density 2.70 gf/ce
Tensile Strength, Ultimate 290 MPa
Tensile Strength, Yield 255 MPa
Elongation at Break 12.00%
Modulus of Elasticity 68.9 GPa
Poisson's Ratio 0.33

-— 8.650e+001

7.864e+001
7.077e+001
6.291e+001
5.505e+001
4.718e+001
3.932e+001
3.145e+001

=]
| 2.359%001
1.573e+001
- 7.864e+000

0.000e+000

Fig. 2 FEM Model & Result of Analysis of Initial Design
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Table 5 ANOM of Weight

Level A B C D
1 2715 2759 2721 2752
2 2773 2757 2758 2746
3 2798 2770 2807 2788
Delta 83 13 85 42
Rank 2 4 1 3
Table 6 ANOM of Max von Mises Stress
Level A B C D
1 89.04 100.4 95.5 90.75
2 92.35 89.8 88.88 91.76
3 92.16 83.39 89.17 91.04
Delta 3.31 16.97 6.62 1.01
Rank 3 1 2 4
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Fig. 4 Main Effect Plot(Weight) for Means
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Table 7 ANOVA of Weight

Factor DF SS MS F P
A 2 0.17504 0.08752 2.52 0.284
C 2 0.23327 0.11663 3.36 0.231
D 2 0.21144 0.10572 3.04 0.247

Error 2 0.06951 0.03476

Total 8 0.68926

Table 8 ANOVA of Max von Mises Stress

Factor DF SS MS F P
A 2 022787 0.11393 10.17 | 0.089
B 2 3.99022 1.99511 | 178.15 | 0.006
C 2 0.79848 | 0.39924 | 35.65 | 0.027

Error 2 0.02240 0.01120

Total 8 5.03896

Table 9 Predicted Taguchi Results
Response S/N Ratio Predicted Value
Weight -38.67 86.14
Max. Stress -68.32 2,666
Factor levels A1B3C1D2
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4.410e+001
[ 367500001
e+001

| 2.205e+001
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7.350e+000
0.000e+000

Fig. 9 Optimized 3D CAD Model & Real Upright product

Hmaed T gt Aol eha 91
s IR S B EER DS
SR At e nee A th el 3
ot wellch Ea e S Qo] £ md ot o

58%9) ©A4% UehaL gy ol ajHmelo] oxjo] 7]al
she o2 AREr #9 o Ut §easudy il

o
fijo

3 Qe A o
Fe7tagol 2789 wrp A4
Ae) ol 429 Z3to2 Vel Fig 9= 2
Arele] Qetolzel w4t

B

4447

10

52
4 2 o b

FN
EN
31_'

i

4. 2 E

i9‘~
of
i)
27
m
oft
L
;é
O
[
oZi
Z:

O
Ji‘ﬂ
I o
o
20
N
d{o
ol
N
)
X

defol=e] 22
50 517] 98] oA 2w

e 22 dEs E9loh

FyeEmy
R

O{N' o
Ehis
ol
2
Mo b, wln



(L

(1) TR A wejd-e E3lo] 7129 2 %3FAIA|(Full Factorial)
o 4055 845]o] AL AHE 03le] AU The
2 Q9] 228 28 271 ol o] £R9E g
Al7FE 183 Q, C, D(Quality, Cost, Delivery)i7d ol A
Aasje] Bs 44 o 4 Atk
A2HoES Aol Setel Al AL AHE
At 27178449 YetolE diH] 7.6% FA|
=3 Aol H2EL 6.2% HAGHHAE A
PHEE 271N 2 3148 B 3 % 7 Yoieh
® cIet o g Soll g epiel ookl
i'ﬂol’\ X}EU Az 2 A7 A"
$o17) §-45l0] - o

L84

@

of

References

(1) Jang, S. K., and Kang, S. H., 2003,
Analysis of Kart Chassis Frame for Bending and
Torsional Stiffness,” Transactions of KSAE, Vol. 11,
No. 4, pp. 226~231.

(2) Kim, B. J.,, Kim, M. S., and Heo. S. J., 2004,
“Optimization of a F-125 Aluminum Body Considering
Static Stiffness, Vibration and Crahworthiness Constrains,”
Spring Conference Proceedings of KSAE, Vol. 2, pp.
1061~1066.

(3) Crawford, J., 1994, “Finite Element Analysis of a
NASCAR Winston Cup Stock Car,” 1994 Motorsports
Engineering Conference and Exposition Meeting Proceedings,

“Design and

118

Vol. 1, Vehicle Design Issues, pp. 313~324.

(4) Thompson, L. L., Soni, P. H., Raju, S., and Law, E.
H., 1998, “The Effect of Chassis Flexibility on Roll
Stiffness of a Winston Cup Race Car,” 1998 Motorsports
Engineering Conference Proceedings, Vol. 1, pp. 111~124.

(5) Kim, M. S., Lee, C. W,, Son, S., Yim, H. J., and Heo,
S. J. 2003, “Shape Optimization for Improving Fatigue
Life of a Lower Control Arm Using the Experimental
Design,” Transactions of KSAE, Vol. 11, No. 3, pp.
161~166.

(6) Park, Y. C,, Lee, K. H., Lee, D. H,, and Lee, K. Y.,
2003,
using the Orthogonal Array and the Finite Element
Analysis,” Transactions of KSAE, Vol. 11, No. 3, pp.
138~144.

(7) Cho, W. K., Lee, J. S. Sin, M. H., and Lee, D. J., 2006,
“Optimal Design for Variable Roll Rate Torsion Beam
Using Design of Experiment,” Spring Conference Proceedings
of KSAE, Vol. 2, pp. 1169~1174.

(8) Lee, S. B. 2006, Taguchi Method Application Using
Minitab, Eretec, Korea, pp. 37.

(9) Park, G. J,, and Kang, B. S., 2007, Analytic Methods
for Design Practice, Dongmyungsa, Korea, pp. 317~321.

(10) Han, K. J., and Kim, S. T., 2006, “A Study on Shape
Optimization for Seal Groove of Disc Caliper using
Finite Element Method and Taguchi's Method,” Transaction
of Korean Society of Machine Tool Engineers, Vol. 15,
No. 1, pp. 88~94.

“Shape Optimization Design of the Knuckle





