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A Study on the Development of the Split-Type Carbon Composite

Bicycle Frames
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Finite element analysis was performed for a split-type CFRP bicycle frame, which was designed to apply a compression
molding process with carbon fiber prepreg for a conventional bicycle. An epoxy adhesive material for joining the frames
was selected by the extent of stress at joint interfaces. The split-type bicycle frame was then formed and its weak parts
examined by the boundary conditions according to reliability tests. The results verified the reliability of the bicycle frame
after modification of these weak parts. The finished product was manufactured by using this developed split-type bicycle

frame.
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(a) Left side frame

(c) Epoxy adhesive model
Fig. 1 Split-Type bicycle frame 3D model

Carbon matrix

UD-T300

(a) Method 1

Fig. 2 Carbon composite specimens

(b) Right side frame

(b) Method 2

Table 1 Property evaluation results of the laminate method

Lamination Maximum Maximum
method Spec.  tensile strength flexural strength
(MPa) (MPa)
#1 931 642
#2 893 666
Lamination method 1:
Carbon matrix #3 832 695
(Ip) + UD (6p) cross + 4 868 734
b trix (1
carbon matrix (1p) -~ ¢ 934 706
Avg. 891.6 688.6
#6 1211 1118
L. #7 1454 1174
Lamination method 2:
Carbon matrix #3 1051 1108
(1p) + UD(6p) +carbon 49 1180 1322
matrix (1p)
#10 1145 1110
Avg. 1454 1110
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Fig. 3 Coordinate system for the FE-analysis

Table 2 Material properties

Mat. Category X Y Z
Young’s modulus (GPa) 54 54 6.04
Shear modulus (GPa) 15 15 3.424
CFRP Poisson’s ratio 0.175 0.175 0.292
Density (kg/m?) 1580
Tensile strength (MPa) 891
Young’s modulus (MPa) 3000
agggs?//e Poisson’s ratio 0.37
Density (kg/m?) 1300

Front lower direction 45°

175mm, 1200N
(c) Pedaling load test

(d) Vertical load test

(e) Horizontal load test

Fig. 4 Boundary conditions of the bicycle frame tests
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Table 3 Results of Analysis

Boundary conditions CFRP maximum stress Epoy.;y a.tdhesive maximum CFRP m?ximum CFRP safety
(MPa) principal stress (MPa) deformation (mm) factor
Torsional stiffness test 12591 41.957 11.44 7.08
Bottom bracket stiffness test 116.97 13.289 1.48 7.62
Pedaling load test 103.00 35.54 - 8.65
Vertical load test 311.02 52.373 - 2.86
Horizontal load test 172.70 11.284 - 5.16

(a) Seat stay

(b) Bottom bracket

Fig. 5 Form type epoxy resin
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(c) Bicycle frame mold
Fig. 6 Bicycle frame designs and mold

Fig. 7 Bicycle frames reliability assessment
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Table 4 Forming results of the process

#1 #2 #3 #4 #5
Press speed (mm/sec) 10 1 5 5 5
Initial 80 70 80 70 80
Upper mold ~ temperature
OC .
o Final 160 140 160 140 160
temperature
Initial 70 60 70 60 70
Under mold ~ temperature
OC .
o Final 150 130 150 130 150
temperature
Pressing force (Ton) 600 600 400 400 400
Pressing time (min) 100 100 30 20 20
Forming results F F o o F
*The above data is an average of three times
Table 5 Bicycle frames test results
Test items Test Requ.lremc?nts Remarks
result specification
Pedaling load
durability 100000 100000 Pass
(Cycle)
Vertical load
durability 3 50000 Fail
(Cycle)
Horizontal load
durability 100000 100000 Pass
(Cycle)
Weight drop Permanent deformation
impact 0.6 below 30, no cracks Pass
(mm) and damage
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(a) Cracked frame (b) Analysis result of vertical
load test

Fig. 8 Result of vertical load test

(a) Analysis result of vertical load test

(b) Reinforce part model (c) Applied reinforce part

Fig. 9 Reinforced seat tube
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Fig. 10 Bicycle finished production

Table 6 Results of reinforced seat tube

Existing frame Reinforced frame

External diameter of seat tube

(mm) 30 32
CFRP maximum stress
(MPa) 311.02 274.6
Epoxy adhesive maximum
principal stress 52.373 24.819
(MPa)
CFRP safety factor 2.86 3.25
Vertical load durability Fail Pass
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