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Abstract: To improve cycling performance, the power output of the rider and the sources of resistance (e.g., air
resistance, frame stiffness, and cycle mass) must be considered. From a mechanical viewpoint, we consider how the
bike frame performance can be increased while decreasing the resistance. First, to improve the competitive ability of a
racing track cycle, we should consider the stiffness of the bike frame including the pedal loading and aerodynamic
effects when riding. Therefore, we obtained the cross-sectional area of each part of the bike frame and then aimed to
minimize the drag force through an aerodynamic parametric study. In addition, the frame should remain safe under the
loading applied by the rider. Under the guidelines of the UCI (union Cycliste Internationale) regulations, the bike frame
has been evaluated under the proposed loading condition, and we developed a racing track cycle for elite cyclists.
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Table 1 UCI regulation about cycle frame components

Frame component UCI regulation
Head tube 25mm~80mm
Top tube 25mm~80mm
Down tube 25mm~80mm
Seat tube 25mm~80mm
Chain stay 10mm~80mm
Seat stay 10mm~80mm
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Fig. 1 UCI regulation about cycle frame
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Fig. 2 UCI regulation about cross-section area and shape
of cycle frame
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Fig. 3 Aerodynamic analysis result of H-frame
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Table 2 Results of drag coefficient about head tube

X; (mm) [ X, (mm) Drag force Drag coefficient
23.0 46 17.30475 0.251135
27.6 46 18.30023 0.265582
322 46 16.82460 0.244166
36.8 46 16.18939 0.234948
41.4 46 16.86808 0.244798
46.0 46 16.16948 0.234659
50.6 46 17.22528 0.249981
55.2 46 16.34649 0.237228
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Fig. 6 Two dimensional parametric study
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Table 3 Each tube size of Ha-frame compared with UCI

regulation
Frame Each tube size of UCI. Remarks

Components Ha-frame regulation

TuE;arﬂm) 4670 25-80 0
mge‘zgm) 30~40 25~80 0
meZ(VIVnnm) 25-54 25-80 0
mlf;arfm) 30~50 25-80 0
stfylzinm) 162~18 10~80 0
stasfar;fm) 16.5~19.3 10~80 0
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Fig. 9 Aerodynamic analysis result of Ha-frame

Fig. 10 Pressure of head tube and B.B. about Ha-frame
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Table 4 Results of drag coefficient about each frame

H-frame Ha-frame
Volume(mm?) 2.6033e+006 2.5182e+006
Area(mm?) 3.4554¢+005 3.4299e+005
Drag coefficient 1.9402¢-02 1.7814e-02

Table 5 Structural analysis results of each frame

H-frame | Ha-frame
Level Max. stress(MPa) 12.42 2.707
loading | gtiffness(N/m) 0.711 0.619
Vertical Max. stress 1.993 1.886
loading Stiffness 17.14 17.02
Pedal Max. stress 1.958 1.840
loading Stiffness 16.13 15.87
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Fig. 11 Results of drag coefficient about each frame
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Fig. 12 Ha-frame von Mises stress results about level
loading
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Fig. 13 Ha-frame von Mises stress results about vertical
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