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A Study on Design Optimization System
for Thin Walled Beam Structures
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Sung Don Pyun, Sang Beom Lee, Hong Jae Yim

ABSTRACT

In this paper, an optimization method of thin walled beam structures is proposed. Stiffnesses
of a thin walled beam are characterized by the thickness of thin plates and the shape of the
typical section of the beam. Explicit formula for section properties such as area, area moment
of inertia, and torsional constants are derived using the response surface method. The explicit
formula can be used for the optimal design of a structural system which consists of
complicated thin walled beams. A vehicle structural system is optimized to demonstrate the

proposed method.
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Table 1 Formula for section properties

Area (A)
Open & closed
section 2Lt}
Moment of inertia (I, , I, ., I,)
3
I, = Z‘{Il‘—g3 cos?g + %sinzﬁ + thf,}
Open & closed _ Lf . L% 2 9
section I, = 2{1—25111 8 + 15 cos 8 + th,l
3 -—
Iy = 2{_1,_;_22_1.& sin26 + th,c,}
Torsional constant (J)
Open section J=2 %’—3—
A2
Single J= _4A°
Closed | cell 4
section T
ulti —
cell J =22 Ajq

¢, qi= Shear flow, A& sgde] 93, j& dgds 25

Table 2 Parameters for approximate

function of section properties

Design variables
Section properties Thickness Scale vector
(t) (SV)
Open &
Area single &
(A) multi cell b sV
section
Moment of Qpen &
inertia | Snele & & SV, SV*
Ly, T, Lo) multl.cell
section
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Torsional | single cell t’ SV, SV*
constant section
4)) Multi cell t, 6 6’ 2
section (848 =3 SV, SV
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Table 3 Parameter study with various
design variables

Design variables

Real | Approx.

. Error
No.| Inner Reinf. value value o

Y b3 2 (%)

(mm®) | (mm°)

()] (ta)

1] 0933 0.733 0.667 |2.748E+4|2.752E+4]| -0.15
2| 1367 1.367 1.000 [5.125E+4|5.085E+4| 0.77
3] 1367 0.733 1.333 |7.449E+4|7.315E+4| 1.80
4| 0933 1.367 0667 |2.903E+4|2.879E+4( 0.81
5| 0933 0.733 1.000 |[4.385E+4]4.482E+4| -2.20
6| 1367 1.367 1333 |7.655E+4|7.441E+4| 2.79
7| 1367 0.733 0667 |3.215E+4|3.220E+4( -0.42
81| 0933 1.367 1.000 |4.581E+4|4.609E+4| -0.60
9 0933 0.733 1.333 |6.716E+4|6.838E+4| -1.82
10 1367 1.367 0.667 |3.359E+4(3.356E+4| 0.11
1| 1367 0.733 1.000 |4.964E+4|4.958E+4| 0.11
12| 0933 1.367 1.333 |6.993E+4|6.965E+4| 0.40
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Table 4 Model specification Table 6 Constraint definition
Total mass (Kg) 291.2 Constraint Lower bound Upper bound
Total element number (EA) 2862 1st torsional mode 22 100
frequency (Hz)
Ist torsional mode frequency (Hz) 31.7 1st bending mode 8 100
Ist bending mode frequency (Hz) 474 frequency (Hz)
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Table 5 Design variables definition

Section Design Design | Lower Tnitial Upper
name variable name | bound bound
A pilar Inner panel thickness Tl 0.5 0751 15
upper & | Reinforcement panel thickness| T3 0.1 16 { 20
middle Scale vector SVI | 10 |10 15
A pillar Inner panel thickness Tl 05 075 | 15
lower Reinforcement panel thickness | T3 0.1 16 | 20
Scale vector SV1 08 10 15
B pillr Inner panel thickness Ti 05 101 18
upper Reinforcement panel thickness{ T3 0.1 14 | 20
Scale vector SV1 0.5 10 ] 15
B pilar Inner panel thickness Tl 05 10 | 15
middle Reinforcement panel thickness| T3 0.1 141 20
Scale vector SV1 08 10 | 15
B pillar Inner panel thickness Ti 0.5 101 15
lower | Reinforcement panel thickness| T3 0.1 16 | 20
» Inner panel thickness T2 0.1 12] 20
Bog:t:u Reinforcement panel thickness | T3 0.1 16 | 20
Scale vector SV1 -2.0 10 | 20
Inner panel thickness Tl 05 0751 15
fRear 'll'oof Reiriforcement panel thickness | T2 05 |07 15
@ Scale vector SVI | 05 |10 20
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Table 7 Design optimization result

Objective function Initial Optimum
Total mass (Kg) 2912 2719
Constraint Initial Optimum
Ist torsional mode frequency (Hz) 317 3.2
st bending mode frequency (Hz) 474 479
Design variables
Secti Dest Desi
cction -sxgn sign Initial | Optimum
name variable name
A pillar Inner panel thickness Ti 0.75 05
upper & | Reinforcement panel thickness | T3 16 0.1
middle Scale vector svi | 10 10
Inner panel thickness Tl 0.75 05
A pill
prlar Reinforcement panel thickness | T3 16 0.1
lower
Scale vector SV1 10 08
Inner panel thickness T1 1.0 1.065
B pillar - -
Reinforcement panel thickness T3 14 1530
upper
Scale vector SVi 1.0 15
Inner panel thickness Ti 1.0 15
B pillar N N
. Reinforcement panel thickness| T3 14 0.208
middle
Scale vector SV1 1.0 15
B pillar Inner panel thickness T1 10 15
lower | Reinforcement panel thickness | 713 16 20
Body Inner panel thickness T2 12 1712
side | Reinforcement panel thickness | T3 16 0.1
outer Scale vector SVl 10 1550
Inner panel thickness Ti 0.75 05
R
car' Reinforcement panel thickness T2 0.75 05
roof rail
Scale vector SV1 1.0 1.270
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