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A study on the forming analysis of double-dome model considering CFRP
prepreg laminate condition and coefficient of friction
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Abstract: Recently, lightweight material is attracting attention as a solution to the problem of fuel efficiency and
increasing the need for development. CFRP has been attracting attention as lightweight materials for automobile because
it has a high specific stiffness and specific strength compared to steel material. CFRP have a wide range of mechanical
properties depending on the laminate condition. In this paper, study on the forming analysis of double-dome model was
performed considering CFRP prepreg laminate condition and coefficient of friction. After forming analysis, the result has
compared with wrinkling area and vertical strain of fiber to the laminated condition. And then compared with inflow of
blank to the laminate condition. Through this paper, we propose the forming analysis methods of CFRP material.
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ASTM D790l we} 35 =3 A 3d(3-point bending
test)S Fig. 13 7o] LS-DYNAZS Edfo] el
shdom, UD 0°, 45°, 90°2] 3wgke] tjste] bzt
J71e 7t

¥
* Support
Fig. 1 Modeling of 3-point bending test, LS-DYNA

oluj AHE A =e] BAE Table 137} 7Fo] Tiit
o T700 22 BAE Ag AP,

Table 1 Composite material property

UD
RO EA EB EC
1.5¢-9 126863.52 8411.60 0
GAB GBC GCA
4205.80 4205.80 4205.80
XC XT YC YT SC
1468.58 2199.42 198.56 48.88 154.44

a4 Aol A Beamol] AElE= H3d F
deflection) at-S AHE-3l] 2ol tLsHAl =d A
f ek o2 w3 S8 gk g1 %]ﬂ'}).

or = 3PL/2bd’ 1

= Stress in the outer fibers at midpoint, MPa
P = Load at a given point on the load-deflection
curve, N
L = Support span, mm
b = Width of specimen, mm
d = Thickness of specimen, mm

A el M w3 A% dlo|HE Table 29k
o] AElstda Ae a3k 0004 159.63MPaE 7}
=S 38 AR S e RS & 5 U9

t}. ole} FAlel gt {38 Zlo|(failure deflection
depth) & S 3HAE ol 0°01A4 1.78mm= 7} v
e Uehli= As & 5 A8l B3 Fig 29 72

Table 2 Bending strength and Failure deflection depth

sl Force Bending strength | Failure deflection
™) (MPa) depth(mm)
0° 199.54 159.63 1.78
45° 21.02 16.82 1.95
90° 3241 2593 -

o] ¥ (deflection)¥} ¥ (resultant force)E T4 S
2 skl S w s gk W] UellA] ¥ 0, 45,
90°9] AR e EAS YEE S ¢ T
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Fig. 2 Result of 3-point bending test for 1ply
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Srol A AR Iply w3 54 97F Ane vk

O HIwAM wE O&EE— H7vet7] 9iske]
pliesE AZste] T WHo® 33 w3l AE
= sk 3.%%1% able3JJr 2ol M= o
2 WEer A3L den, F oY AS =
S AdAske] s e dsioitt

Table 3 Laminate condition of 2plies
TR | # # #3 #4 #5 #6
9 0 45 0 90 45 90
oy | 45 0 90 0 90 45
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Fig. 3 Result of 3-point bending test for 2plies
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Table 4 Laminate condition of 4plies

i < 9 ol -
#1 0 45 45 0
#2 0 45 0 0
#3 0 45 0 45
#4 45 0 45 0
#5 0 0 45 0
#6 45 0 0 45
#7 0 0 0 45

Table 5 Result of Failure deflection and Bending strength for

4plies

A Failure deflection Bending strength
(mm) (MPa)

#1 1.02 79.36

#2 1.35 111.65

#3 111 57.60

#4 1.14 57.53

#5 1.34 111.33

#6 1.47 4248

#7 1.22 70.70

Bending strength

120 Best{0/ 0/ 5,/0)

'd
60
40
20 I
0
#1 #2 #3 #4 #5 #6 #7

Prepreg Number

Bending strength(MPa)

Failure deflection

1.2

1
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0
#1 #2 #3 #4 #5 #6 #7

Prepreg number

Failure Deflection(mm)
1)
)

Fig. 4 Result of Failure deflection and Bending strength for
4plies

a4 Aol U g TR Fig 49} ow] sk
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3.1. Double-dome model H-& MH&sA

dplies w3 54 W7ol AAdsd 7714 A
sfelo] thste] E-gkal(Composite) A FalA] A& L
131¢1 PAMFFORM 2.2 Fig. 59} 7-°] Double-dome
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Fig. 5 Double-dome stamping simulaton, PAM-FORM
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FAA WA FollA 52 YEhves A9E F
sto] 5 4= Stk 4dplies w3 54 H7lelA Al
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Contourgt .= ®lugh A= Fig 63 #th 2
0] wE F5 WA e Table 67 22H [0,
45, 0, 0°] AZx710] 4644.04mm’ O & 7} SHA| 3]
A= ek

[o

ol

Thinning (engineer value)

[ 0052034
5] 0.026695
| 0.001358
| -0.023883
-0.048322
!-0 orsnet
-0.100000
Win = -0.044416
Max = 0.052034
4 5. 6 7

Fig. 6 Result of thinning contour for 7 cases

Table 6 Result of wrinkling area for 7 cases

S Wiinkling area(mm’)
#1 4681.37
) 4644.04
3 5893.80
#4 6157.98
#s 5321.03
#6 6885.06
#7 6100.43
3.3 MF A UWs HEYE H|uw
e TAoA A B = 7 A
Ao Aoy B o2 & o
SAA] ol gt Aol digk AAS AR
HYES B3t A5 = ok dF=1d
kel Al WY E kS SAS o] @
STE g 7bsA ol vttal o &% & 9tk 7
A AezxAs Agste] Ah FAYE ¥
Contour= B¢t A¥= Fig. 74 2t} 45
of M2 A 2 MEE 27 32 Table 73
Zom [0, 45, 0, 0°]8 5710 0.0482 7MY P

B 0.020654
. 0.010327
9. 720679e-009

Min = 8 720679e-008
Max = 0.072288

© 2 yehyith

Fig. 7 Vertical strain contour of fiber for 7 cases

Table 7 Vertical strain of fiber for 7 cases

T Vertical strain of fiber
#1 0.051
#2 0.048
#3 0.049
i 0.072
#5 0.056
#6 0.060
#7 0.066
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Shear Angle(Abs)
16870544
8435463

50.045048
50610867
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i
ﬁ 0000382
Min= 0.000382
Max = 50 045048

Fig. 8 Result of shear angle for 7 cases
Table 8 Result of shear angle(max.) for 7 cases
T Shear_angle(Max.)
#1 50.55
#2 59.05
#3 54.33
#4 49.65
#5 57.73
#6 58.21
#7 49.80
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Fig. 9 Result of changing friction ooefficient between mold
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Fig. 10 Result of changing friction coefficient between prepreg
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