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Abstract : This paper presents a new holistic development approach for the carbon continuous-fiber composite frame
of an automotive sunroof assembly. The original steel frame has been designed to get higher bending stiffness with its
corrugated cross-sectional shape. The new approach uses the prepregs of a fast cure epoxy and PCM manufacturing
processing. For higher productivity, the new frames feature a very simple plat cross sectional shape but achieve high
bending stiffness through the laminate design. The sandwich structure with a PET foam core was presented. The frames
were made of carbon UD laminae covered single carbon fabric on the outer surfaces. The fabrics provide torsional
stiffness and also hold the carbon UD fibers floating in the low viscous epoxy resin of prepregs at the curing
temperature during processing. The final product yields approximately 18 % savings in weight compared with the
original.

Key words : Carbon fiber( 243 ), Composite(3-&A)), Structure(7-32), Sunroof (A F3), Weight(F- A1)

Nomenclature X, :tensile strength in fiber direction
E,  :modulus in fiber direction (tensile) X, :compressive strength in fiber direction
B - modulus in transverse direction (tesile) Y, : tensile strength in transverse direction
v, :poisson’s ratio Y,  :compressive strength in transverse direction
Gy, :in-plane shear modulus S vin-plane shear strength
Gy, transverse shear modulus El,,  :longitudinal bending stiffness of frame B
G, :in-plane shear modulus EI,,  : torsional stiffness of frame B
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Fig. 1 Configuration of frame sub assembly

Transactions of the Korean Society of Automotive Engineers, Vol. 25, No. 3, 2017 351



Jinbong Kim < Kyoung-Deok Kim - Sungjin Kim - Dongwan Shin + Dukki Kim

ERIER 4741)/A1zﬂ% e A
Nt 7S Ho]Fa1) S},

QTR e AR 9 Aol AR, A
ko) AfeFa] ik AA L 7|8 % g2 o] 43
] Fojof gt theFst A

o] QA W4 A1 Abahe ol el st 2.

7] 2 F714)
A TRA LTES 3]
Frtgol Qi A2F Wl AHgo] st F
n) 5 Abe| 917}

« 5] Rl (AR

*

i=]
e ARG 1 Aol 4 g 75t

H

iy

s TEA TS HA7)7] 93 HS0e] FAE
5182 = A= T G e P
TEAAAESAEA)

s O A e e A=A T G

s RS HEAR A AT AT
A o] 2322

21 TE RFE B4

Fig. 1] Frame B+= Frame sub assembly & 7}= 4]
W &g e] Fzo|t). Frame B+ Fig. 291 YE}
= A3} 7220] Frame B2 ¢)2] ok7} ¢tz o 2
19101 98.1 N (10 kg)¢] A48t 7haff < o
Aol 11 mm o]8h7t ¥ =5 w3 w3
FhAok gtk

211 X % MESHe| MH

Aol A o] © A R Bk A Al Al

ur
A

2

o su rﬁ %0, r{r

I

h =

352 =ERSASEE=EH H253A X35, 2017

A\ : Supporting Points
‘1, : 98.1 N (10 kg) Static Loading

Fig. 2 Structural layout and applied load of the frame B for
the automotive sunroof system
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Development of Carbon Conti fiber C

Table 1 PCM prepreg specification (SK Chemicals)

Material FAW . Ply thickness
Resin
code [g/sqm] [mm]
RC30%
USN 250 C 250 RAW 107.1 g/sqm 0.2
RC 36 %
WSN 3K A 204 RAW 11475 g/sqm 0.2

Material directions in laminates

3 : Stacking direction of laminate

1-2 plane: In-plane of laminate

uD: 1 - fiber direction

2 - transverse direction
Fabric: 1 - warp direction
2 — fill (weft) direction

Fig. 4 Material directions in composite laminates
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Fig. 6 Compressive tests of prepreg composite
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Fig. 7 In-plane shear tests of prepreg composite

Table 2 Measured property of prepregs

USN 250 C WSN 3K A
F, [MPa] 141000 56000
E, [MPa] 8000 56000
2 0329 0.051
G, [MPa] 3800 3400
X, [MPa] 2055 670
X, [MPa] 954 454
Y, [MPa] 535 670
Y, [MPa] 140 450
S [MPa] 62.8 62.6
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Table 3 PET sandwich core specification

Property P60 P100 P150
e A R
ey |6 [ w [
Sheﬁws;r;“gth 0.45 0.85 1.25
Shea[Ev[n}l)zt]iulus 13 2% 40
Shear e[:izr]lgation 2 12 75
Density [kg/m’] 65 110 150

2}228 & (Foam) 2~ A1 %] Divinycell high performance
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Fig. 11 Deformed shape of the composite frame B
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FAB (0.21)  |45°
UD (2.2~3.01) |0°

FAB (0.2 t) 45°

FAB (0.2t 45°
UD (0.8t) 0°

PET Foam (1.5~4.0 1)
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FAB (0.2t 45°
Fig. 12 Laminate design for the composite frame B according
to the thickness variation of (a) the UD layer in the

pure laminate structure or (b) the PET Core in the
sandwich structure

Table 4 Deformation in Z-direction of frame B FE models

UD thickness PE.T Core Deformation | Weight

No. [mm] thickness (mm] (e]

[mm]

1 22 0.0 12.53 355.71
2 2.6 0.0 10.44 410.52
3 3.0 0.0 8.76 465.20
4 1.6 1.5 16.17 287.35
5 1.6 2.0 14.27 291.98
6 1.6 2.5 12.56 296.35
7 1.6 3.0 11.07 301.02
8 1.6 3.5 9.79 305.61
9 1.6 4.0 8.69 310.10
Skl A= 83 Aakel A8 A7) 0.4 mm, L

° b

Z] 1.6 mm<} PET foam core 3.5 mm ©]/32] ==
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Fig. 14 Cure cycle for the composite frame B

@78/ U2t
DSt - " -

<140~150°C 0 &> <AT) HZ 5 E9>

Fig. 13 Manufacturing procedure of the composite frame B
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Fig. 15 Manufactured composite frame B products
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™ Fixing points in the test fixture

Fig. 16 Real view of the fixing points on the supporting points
described in Fig. 2

Table 5 Laminate designs for the final products of the
composite frame B

No. CASE1 | CASE2 CASE 3
No. of fabric lamina 2 2 2
No. of UD lamina 14 8 14
. P60 P100
PET foam (thickness) - @0mm) | (3.3 mm)
Total thickness 34 6.0 6.5
[mm]
Weight [kg] 0.45 0.41 0.59
Measured defl. [mm] 18.35 14.2 9.12

* 4.0 mm 57 2] PET foamo] A& 5 L& o] Zol= FAE

e

Fig. 17 Graphical views of the laminate designs for the final
products of the composite frame B
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<Fixed Condition>
v
] <Y-free Condition>
N X
v . N
[ |  <Pinned Condition>
A\ -
Fig. 18 Boundary conditions of the FE models for frame sub
assembly

Table 6 Analysis result of frame B FE model

Deflection [mm]
No. Case -
Analysis Measurement
Fixed 7.99
CASE 1 Y-free 12.23 18.35
Pinned 22.31
Fixed 10.85
CASE 2 Y-free 11.15 14.20
Pinned 17.95
Fixed 591
CASE 3 Y-free 6.01 9.12
Pinned 10.02
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