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Design and Performance Evaluation of Carbon Fiber/Epoxy
Composite-aluminum Hybrid Wheel for Passenger Cars

Jin-Ho Hong*, Seong-Hwan Yoo*, Seung-Hwan Chang*"

ABSTRACT: In this paper, a carbon fiber/epoxy composite-aluminum hybrid wheel for passenger cars was suggested
for better performance and a prototype was fabricated and tested. Adhesive bonding between aluminum part and a
composite rim part was used, and the bonding length and thickness were determined by finite element analysis. For
self alignment and the function of bonding jig the special structure with a groove and a protrusion was applied. To
evaluate the performance of the hybrid wheel various FE analyses were carried out. Inner and outer molds were
prepared for the composite rim part and the thermoformed composite part was bonded to the aluminum part.
Vibration tests revealed that the hybrid wheel had 16% higher resonance frequency and 32% higher damping capacity
with 10% weight reduction.
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Fig. 1. Shape and composition of the composite-aluminum
hybrid wheel
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Fig. 3. Configuration of the adhesive tensile test; (a) shape and
dimension of specimen, (b) representative stress-strain
curve
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Fig. 4. Single lap joint bonding test; (a) shape and dimension of
the specimen, (b) representative bonding strength test
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Table 1. Material properties.

Aluminum (6061-T6)

Density 2700 kg/m’ E 68.9GPa
Oyt 275.79 MPa Otimates 310.656MPa
v 0.3 Elongation 17%
Carbon/epoxy (WSN3k)
Density 1480 kg/m® E, E, 70 GPa
E, 10 GPa Gy Gis 35GPa
G5 Gy 5.06 GPa Vi Vi3 0.13
Vs 0.13 X, 778 MPa
X, 591MPa Elongation 1.8%
Adhesive (Loctite 3128)
Density 1700 kg/m® E 3.9GPa
O, timate 38MPa Elongation 2.3%
R R
L A
R
L,

wheel

A 583 Bo] HA 7|1ES T

<

) 2 Mg A TARY B4 4 2 2
Hatolet. 84 A 82 Fig 63} ek, W70
20 mm, 30 mm 72]3 35 mmo]| tj3lo], HRFA=
0.3 mm 123 0.5 mmo|| tf3}e] a4 2=aatele}. B4

Analysis result

30,000kg g

Fixed
Y

[ oA ——

Fig. 6. Configuration of Static lateral loading test



Design and Performance Evaluation of Carbon Fiber/Epoxy Composite-aluminum Hybrid Wheel for Passenger Cars 389

25
g
s 2.0
a
<
% 15
:6 .
S Bonding length
%]
o 1.0
< —— 10mm
s 0. 20mm
& 051| —¥— 30mm

—#— 35mm

0.0 T T T T T
0.0 0.1 0.2 0.3 0.4 0.5 0.6

Bonding Thickness(mm)

Fig. 7. Result of the static lateral loading test according to bond-
ing length and thickness
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Fig. 8. Configuration of the analysis of the wheel; (a) rolling
fatigue test, (b) rotary bending fatigue test

Table 2. Results of the analysis of rolling fatigue and rotary

bending fatigue
Aluminum Adhesive layer Composite
part von-Mises| shear part
Load for less than | less than | less than | less than
2,000,000 cycles | 310 MPa | 35MPa | 7.0 MPa | 591 MPa
Rolling rim
77.36 7.405 0.8876 77.35
[MPa]
Rotary bending
78.36 1.726 0.2997 17.96
[MPa]
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Fig. 9. Aluminum mould for thermoforming of a composite part
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