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Structural Analysis of Composite Partition Panel according to
Weaving Methods

Ji Heon Kang*, Kun Woo Kim*, Jin Seok Jang*, Jae Jin Lee**, Ji Hun Mun**, Da Kyung Kang**,
Min Su Ahn***, Jae Wook Lee*'

ABSTRACT: The purpose of this paper is to examine the possibility of weight reduction by changing the partition
panel of vehicle from an existing aluminum material to carbon fiber reinforced plastics. Three weaving methods
(plain, twill and satin) were used in the manufacture of composite materials, and they were produced and tested to
derive their material properties. The analysis model of composite partition panel for torsional conditions was
developed and the structural stability and system stiffness were evaluated according to Tsai-Hill failure criteria. With
design variables for fiber orientation angles and stacking sequence, evolutional optimal algorithm was performed and
as the results, the optimal composite partition panel was designed. In addition, the structural analysis results for
strength and specific stiffness were compared with aluminum partition panels and composite partition panels to verify
the possibility of weight reduction.
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Fig. 1. Partition panel for automotive vehicle[6]
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Fig. 2. Common weave types. (a) plain (b) twill (c) satin [7]
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® Clinching(26points) ; d=6mm Main Panel part(t=1.4)

® Bolting(13points)

Reinforcement part(t=1.0)

(a) Al Partition Panel
Partition Panel(t=2.7)

® Bolting(13points)

(b) CFRP Partition Panel

Fig. 3. Target model of Al and CFRP partition panel
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tern composite material

Table 1. Material properties of plain, twill and satin weave pat-

Fiber Tensile Elastic . ,

Weave Poisson’s
attern angle strength modulus ratio

P (degree) (MPa) (GPa)

0 403 50.4 0.12
Plain
90 375 55.0 -
0 483 55.3 0.07
Twill
90 326 50.4 -
0 416 51.1 0.03
Satin
920 291 49.1 -
Fiber Shear Shear Shear modulus,

Weave
attern angle strength | modulus, G,s Gy;

P (degree) | (MPa) | Gy, (GPa) (GPa)
Plain 29.8 7.30 6.08
Twill 45 29.4 7.00 5.83
Satin 32.0 7.70 6.42

Fiber angle Compressive strength
Wi t
eave pattern (degree) (MPa)
0 74
Plain
90 119
0 120
Twill
90 169
0 138
Satin
90 134

¥ Density: 1.56E-9 ton/mm’

Table 2. Material properties of aluminum

Material Aluminum
Tensile strength 250 MPa
Yield strength 120 MPa
Elongation 19%
Density 2.66E-9 ton/mm’
Elastic Modulus 71 GPa
Poisson’s ratio 0.33
Shear modulus 26.4 GPa
Shear strength 159 MPa

Table 3. Material properties of polycarbonate

Tensil Elasti
Elongation |  Yield enste astic Poisson’s
%) strength strength modulus ratio
& (MPa) (GPa)
3.46 49.43 63.0 3.74 0.35

¥ Density: 1.22E-9 ton/mm’



Structural Analysis of Composite Partition Panel according to Weaving Methods 143

O AANE =&Y flsiAl = Aol g &
=4 a7t dasks & 5 Stk

71&9 dFulE FE A o] AHgE dFuEe
/& Table 20 Uepfl o, =714 0 2 CFRP Al A2
9] AR&-E PC 279 &/ Table 30 Urebui gl

rﬂ
o
2

e

3. mtE[M mHZ SHM =R

3.1 8o el

d
7] HOH T3 F H“EOFh v =9l gt =4
A8 AT EQJo]Ql ABAQUSE Al-g-ato] 24
ok & ER o|fojxl dFuly gElA sde] ¢, MPC
beam 845 3 SUAS HASH] F HES

ok 534 oA sidS Fd5h= 4S5 A (stacking
sequences)}x= CFRP Z}Z}9] 2], 53], 21210 tjjgt CFRP
=4S A5t 1 plyd 0.25 mm FAE 7HA]= plyE 10%+
AZoto] 25 mmo] FAE THA =S Ao, =
32 Bgol A HHAIske PCe| AR wAls] Sl 9, of
2 Sl 0.1 mm AS) 3 B 2740kl 27
o FAE 7HA = A mde sl plyol & A2 st
of LEb™ Fig. 49} Zrom, 23 Wi Table 40f g 2|5}
ALt

]IOJ-'O

3.2 5N =71

34 =48 Fig. 59f o] utElA wjjdo] 29 14 5
L Z 9oty FARE 1A (fixed) 20T T2, HE
AL LEay] Qo) Bk 48S ammA A W9S B
Sttt B 712 vl Aol tieh ol A
L=

Ao, et /b w2 44, e 4%

filo
8%

Table 4. Stacking sequences of CFRP partition panel

Ply name Material Thickness/ply Thickness
Ply 1 PC 0.1 mm 0.1 mm
Ply 2~11 CE/PC 0.25 mm 2.5 mm
Ply 12 PC 0.1 mm 0.1 mm
Total thickness of composite shell 2.7 mm

Ply num.
Ref. surface

Fig. 4. Ply stack plot of applied CFRP
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displacement

Fixed(x, y, z)

(a) Al Partition Panel

Fixed(x, y, z)

Forced

displacement
4mm)

Fixed(x, y, z)
(b) CFRP Partition Panel

Fig. 5. Analysis condition of Al and CFRP partition panel
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X©: uniaxial longitudinal compressive strength
Y®: uniaxial transverse compressive strength

S: unidirectional shear strength
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Fig. 6. Comparison of initial and optimized max. reaction force

Table 5. Optimized layup orientation results

Optimized Reaction
P Layup orientation | force Safe/Fail
state
(N]
. Fail
Initial [0/90/0/90/0]s 31.19

Plain (TSAIH: 1.016)
Optimized | [0/-45/-60/90/-60]s | 34.96 |(TSAIH: 0.9732)

Initial [0/90/0/90/0]s 30.51 |(TSAIH:0.7924)
Optimized |[-60/-60/45/90/90]s| 37.77 |(TSAIH:0.7232)

Twill

Initial [0/90/0/90/0]s 3040 |(TSAIH: 0.8357)
Optimized | [-60/-45/-45/0/90]s | 36.59 |(TSAIH: 0.6917)

Satin
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Fig. 7. Stress contour results of Al partition panel(total)

Partition panel, t=1.4mm
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Fig. 8. Stress contour results of Al partition panel(by part)
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Fig. 9. Stress and deformation contour results of CFRP partition
panel
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Table 6. Comparison of specific stiffness according to type of

material
Reaction System Specific
force Stiffness Stiffness
[N] [N/mm] [N/mm/kg]

Aluminum 35.89 8.97 4.31
Plain opt. 34.96 8.74 4.72
Twill opt. 37.77 9.44 5.10
Satin opt. 36.59 9.14 4.94
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