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Optimal Design for Torsional Stiffness of the Tubular
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Abstract Generally, the frame design of a vehicle is a critical technology that plays an important role in the racing
and high performance sports car market. The high performance of race car frame means that it requires high torsional
stiffness because it directly affects the cornering behavior of the race car. The optimal design for the frame of a
low-cost single seat race car was carried out using the DOE (Design Of Experiments) with Taguchi's orthogonal array
and FEM (Finite Element Method) analysis to secure sufficient torsional stiffness in this paper. According to the
results by DOE and FEM analysis, the optimal design case produced improved 10.7% and 14.5% improvement in
each stiffness-to-weight ratio and frame weight than in the early design step. Therefore, this paper shows that the
optimal design with Taguchi's orthogonal array is very useful and effective for designing a tubular space frame of
a low-cost single seat race car in the early design step.

Key Words : DOE(Design Of Experiments), Optimal design, Race car, Tubular space frame
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[Fig. 1] Chassis modeling of Single seat race car
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[Fig. 2] Initial 3D Modeling Feature of Frame Design
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[Fig. 3] FEM Analysis Result of Roll Cage : Stress of
Lateral force case
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[Table 1] Material Properties of Frame pipes

Mechanical Properties Frame Plate
Density 787 g/cc 7872 g/cc
Tensile Strength, Ultimate 440 MPa 358 MPa
Tensile Strength, Yield 370 MPa 240 MPa
Modulus of Elasticity 205 GPa 200 GPa
Poisson’s Ratio 0.29 0.29

5958

6 D.O.f (Transmission Mount) Fix

\
Load : 1,000 N(Right side)
/ \
Load : -1,000 N(Left side)

Torsional angle : 6

-1,000 N 1.311-5 ""“:I 1,000 N

[Fig. 4] FEM Boundary Condition
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[Fig. 5] Torsional stiffness analysis result of initial
model



A7t J&8 1915 Ho]AF} Tubular Space Frame®] HIEH 73 A AA

2.2 M=ol ME

AT A= A7F PiEg ol ARkl T2 AR
%= Tubular space frame?] HIE9H FA4S 43} 517]
Hate] AEAEHS AREslaAt f?_‘jr Tubular space
frame®} Zo] o8] 7)o FA7F A4 Fej=2 A=
ZH Q& FERI S o] gsto] HAsE & A= 5
e Fx2 Qe AR BHS FE3HE o] A
I 1 SHolA - B2 & Wrto] ofue} A7 1}4
Aol wol a7 drh mEbA ol g A7t YiEd
Az AE et aal 3 wole A A7|7E 2 A

o
Il T B Akl 5l aw:nxm W

Jor
IE

F

?Sl_.

716l ARGl tigk A EE
ARAAGHT FrEards Ol%a Ak g o] ’\]ﬂﬂ}
H-g HollA 4 Fg sivka & 47t ik o)H e A
AAGHS LubAl A Fopnte] ofy2} vyt A
AlEoro| A 2 Trial&Errore] ¥HE4 Q1 Wi R U= 4
& Foprh= dof Bt o g8 oR o8 E 47t 9
of R AgA o 4] uf9- de] &go] HaL JIrHh]. &
3] 7} do] Awrt HA ng whso] v Aumjdx
(Table of orthogonal arrays)t oJ® ==l tjsj v}t
tE g9 A o] 22 A5 YEES FAY

ol HAzd digh Frtel 34 Aol a7E &
AE FHOE lsto] A7 HE A= dike

i

= .}F. AN
Aol HlEA A2 Fro] Agon g gs I
£ F7F ol 2 &85 lon(6], AurEnE o
S AFAAGH S T3 duiakF A dlo]x ApFe] R
FEo tgk HAse = g &A= o] & HATH7 ]
Aol A-8% Tubular space frame?] £33 FAES
407} 3o 2 AFAA H8S & A Ve &
2]

et
fo
r o]
i1t
i)

=
(

v 2 (Full factorial design)@.2E A A
d 237 3UNE 81 el R AS T of spAIRt
JA W EEE AMSHE & 999 TS

gEA 0w 29 7} gl o]4lo] o)

ﬂl

< A83h7] flste] AAAR A%
sto] e AA9] IAbe} 4255 Table 29+ 2
sto] T AuedEE 1A4Ek9lal Fig 62 A=

33&

5959

7)o ARG} FEE

o

e L odtk

[Table 2] Levels of Factors for L9(34)

- Factor A B c D
1 Al Bl Cl D1
2 A2 B2 C2 D2
3 A3 B3 C3 D3

A 2191 S/W ratio gtoll x|+
A o2 o2 = FHEAE
S/NH|&= A5 Hud s

2 AT HEREE ZHQle T <
S/W ratio(Stiffness—to-weight ratio)’} ES5+%
AolnZ 5oz Aoy a1 o S/NH S

3 zF 5 Hi s ek QREe] FH A4

A (Tubular pipe)

- A1 (0D 272, t20)
- A2(0.D 272 t23)
- A3(OD 34, t23)

B (Rectangular pipe b x h)
-B1(30x 30, t1.2)
- B2 (30 x 30, t1.6 )
- B3 (40 x 40, t16)

C (Side plate)
-C1 (t1.6)
-C2 (120)
-C3(130)

D (Auxiliary Tubular pipe)
- D1 (0D 27.2, t2.0)
-D2 (0.D 27.2, £2.3)

- D3 (0.D 34, 123 )

2 AYN ALSE QAET 1 o) ek
547191 S/W ratiod] th QA4Ee] AH2GS 7
stad stdek B AgelAe s gl A
S R SNUIE o §3te] Zzke] AR 5

1 ]



FFAE & =B Al5A 103, 2014

[Table 3] Result of Analysis Using FEM and Taguchi
Orthogonal Array Lo(3*)

S/W ratio
26.323
25,724
28981
25957
34.076
30.281
35.270
41.781

g

W ||~ |lw|lw|lvw | ~||O

Oolow|w|lo|lo|la|lw|w]|~
OJDJW[\D[\JND—‘»—AH>
wlo|lr|lw|lw|~|lw|lo|~||
W= |lwl—|lw|lo|lw] o |—]O

—

2R} AAIAE 2 5

[Table 4] S/N(Signal to Noise)ratio

Level A B C D
1 2862 2817 30.00 2956
2 2893 2900 2064 2949
3 31.00 30.77 2891 2949
Delta 2.33 2.00 110 0.07
Rank 1 2 3 4

[Table 5] ANOM of S/W ratio(Stiffness-to-weight

ratio)
Level A B C D
1 27.01 2152 31.89 093
2 2824 2856 31.15 30.03
3 35.78 3495 2198 30.07
Delta 877 743 391 0.90
Rank 1 2 3 4
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[Table 6] 2™ ANOVA Table

DF Seq SS Adj MS F P

A 2 10.0339 5.0169 114338 0.001

B 2 71754 35877 81766 0.001

C 2 1.8699 0.9350 213.08 0.005
Error 2 0.0088 0.0044
Total 8 19.088
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[Table 7] Comparison of Results

Result Initial Design Optimal Design
Factors A3,B3,C3,D3 A3B3,C1,D1
Torsional 4097.24 392191

Stiffness(Nmmy/deg)
Frame Weight(kg) 1066 91.10
S/W ratio 3343 4304

NODAL SOLUTION

-156E-04 .26

3362

526708

[Fig. 9] Result of Optimal case analysis
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4,

I

=

2 AFddAeE AV s 1
seat formula race car)2] Tubular sp
< g1r3}7] flste] AEAGH

ro

% #o]~7KSingle

ace frame2] W] &9

LEER ) ol skl
AUt FRLENE ol§3tel ARG £ & F o
23} e AR AL S7h AT

(1) Feksys Qe olgste] Zale

S/W ratio(Stiffness-to-weight ratio)9] 4 3}=

5961



FEAS71E8 8] =2 A Alsd A0E, 2014

Fste] 7)Ao S/W ratio #1
3843t1] H A gl gk 43042 °F 10.7%2] 7l
B} len Zeqle] FARRE v & o
°l | 2A "ol A BomA 7] L9
well A urt 145% 2%k @ 5 7} Qo] 7k
SOl fel 20S G @ 571 Ak

o] I Ao oaks

2k
2
=)

L= 7OM61 [}

s

ox

>

2%

nl =

2

=

¢}

e |k

E

H

lo o
il
2=

[}

-

oo

ol
ol
2

]

2
)
[ L

=)

E=)

[ offt 3@ 2 ox o g &
=

2] Tubular space frame]
43 HEA g o] g

3 AAA
CAE(Computer Aided Engineering) 7)<
Eﬂ‘ﬂi pge] @7 A A, Al

# A glst7] $1eiA E'%; °

] ojzalFe] FYPAT HA g% A

F A Rdy) 34 gyd oz ggo] @ 47}
g2t AbrETh

=2
H

3k

r oot rlo

S
/K(S] =
;

AL )]

m-oO I~ =

3
5

w o
o o

i

<)

o 18 rlr o

10_1

]

be

References

[1] Simin Mcbeath, Competition Car preparation a Practical
Handbook. p.41-58, Hynes Publishing, 1999.

[2] Forbes Aird, Race car Chassis Design and Construction.
p.47-50, Motorbooks international, 1997.

[3] Lonny L. Thompson, Srikanth Raju and E. Harry Law,
"Design of a Winston Cup Chassis for Torsional
Stiffness”, Motorsports Engineering Conference Proc.,
Vol 1:Vehicle Design and Safety Issues, pp.125-140, 1998.

[4] Andrew Deakin, David Crolla, Juan Pablo and Ray Hanley,

"The Effect of Chassis Stiffness on Race Car Handling

Balance”, Racing Chassis and Suspension Design, PT-90,

pp.107-113, SAE International 2000.

Jun—Yeol Oh and Yong-Jeong Huh, "A Study on

Optimization of Injection-molded System Using CAE and

of Experiment”, Journal o the Korea

Academia-Industrial cooperation Society, Vol. 7, No. 3

pp. 271-277, 2006.

[5

=

Design

5962

[6] Sangbok Ree, Taguchi Method Using Minitab. p.37,
Eretec, 2006.

[7] Wookang Cho, Jaesung Lee, Mungho Sin, Dongjea Lee,
"Optimal Design for Variable Roll Rate Torsion Beam
Using Design of Experiment”, Proc. of KSME Annual
Spring conference, Vol. 1I, pp.1169-1174, April, 2006.

[8] Woon Geun Jang, "Optimal Design of the Front Upright of
Formula Race Car Using Taguchi's Orthogonal Array,
Journal of the Korean Society o Manufacturing
Technology Engineers Vol.22, No.l, pp.112-118, February,
2013.

DOIL: http://dx.doi.org/10.7735/ksmte.2013.22.1.112

[9] General Competition Rules 9.1.1., Formula Category, 2013
Edition, p.245-356, SCCA, 2013.

[10] Ford Motor Company, 2012 Technical Regulations,
Formula Ford 1800 Zetec Version:0l, p.3, Ford Motor
Company, 1st January 2012.

& 2 H(Woongeun Jang) [
*20014 29 : ek Quehe
# AT (B4
¢2007d 8¢ @ AEUigtal st
9 7%t <J S
©20134 290+ QJleka Qub)st
2 71 AB (AR
©2009% 3¢ ~ Al @ Folsdl

s 7 A%

<A RO
HAMA, AFE3), Ftag





