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Performance Estimation about Carbon Tubes for a Bicyele Frame based on the Orthotropic

Cylindrical Shell Theory
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The performance estimation of carbon tubes nsed in bicyele frames are discussed. Though several
bicyeles have a carbon frame, the bulder does not know how to estimate the performance very much
and depends on his experiences abont the finishing. As important fundamental characteristics that
the frame should have, we take the Qesural and torsional rgidicy of the tubes and evaluate the
corresponding elastic constants by the parameter identification,  The elastic constants are deter-
mined as to minimize the error between the experimental natural frequencies and the analytical.
The resulte show that the CrMo material is still superior to the high elastic carbon tubes in both

the Hexural and torsional characters,
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Table 1: Specification of tubes

Yonng's modulus | Outer diameter | Inner diameter | length | Density
[fon f fmin=| [ [mim)] ] | [k f ]
Ep dy i; ] Fil
24 = 30 2860 25.52 G100 1542
30w 30 2860 25.52 G100 1503
30w 40 2860 2548 Gl 1531
a0 = 50 2860 26.08 Gl 1485
40 =« T 2860 26.00 Gl 1604
A0 = 80 2860 26.00 Gl 1G240
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Fig.1 Scheme of the experimental setup

Table 2: Elastic constans of tubes

E; Eg G,—ﬂ Lg
[(GPa) | (GPa) | (GPa)

24 B0 | 674 211 2004 ) 0238
G0 B0 | 820 221 2008 | 0,200
30 = 4l | 825 258 271 | 0.251
G0 B 82T 2001 23a ) 020
40 70| 108 a7y 5.8 | 0,305
A0 80| 108 40.6 1.7 | 0330
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Table 3: Natural frequency and Maode (24 = 30)

foem (Hz) | fom (Hz) (FEM) | 2 | m
640 670 11
165G 1796 1| 2
104 G413 1| 3
2006 2052 o] 1
5520 20910 211

Table 4: Natural frequency and Maode (S0 = 50

Tahble 6G: Natural frequency and Made (30 = 50

fom (Hz) | fom (Hz) (FEM) | n | m
765 Tl 111
2016 2081 1] 2
2208 2655 211
3840 5991 1] 3
4064 S04 01

Tahble 7: Natural frequency and Maode (40 = 70}

Fom (Hz) | fop (Hz) (FEM} [ n | m
736 544 1] 1
1404 2208 1] 2
2880 2845 211
3404 4414 113
4672 4270 01

Fom (Hz) | fom (Hz) (FEM) | 5 |
(e T4 1)1
1824 1474 1| 2
3104 20490 1|3
2460 Al44 o)1
3584 A187 211
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Table 5: Natural frequency and Mode (30 = 40)
Jam (H2) | Jum (Hz) (FEM) [ 1 [ m
672 T8 1] 1
[7e 2007 1|2
3264 3241 201
3450 3822 1|3
Ahi AT 01
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Table #: Natural frequency and Mode (40« 80)

Fom (Hz) | fom (Hz) (FEMY} | 5 | m
ThH B3l 1|1
2048 2310 1| 2
24912 2HT1 201
SR 4453 1|3
4704 4522 01
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Table % Parameters and Natural frequency (24 30)

I, (GPa) | Fs (GPa) | (. (GPa) | teg
i 164 227 0214

ik (Hz) | S (Hz) i i
G40 618 1 1
1696 1670 1 2
3104 3180 1 3
3208 3150 i 1
3520 3865 2 1
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Table 10: Parameters and Natoral frequency (30 = 30)

E, (GPa) | Es (GPa) | Gag (GPa) | s

76.4 30.2 101 0.183
fosn (Mz) | fin (Ha) n m
672 643 1 1
1824 1725 1 9
3104 3254 1 3
3360 9993 0 1
3584 4135 2 1

Table 11: Parameters and Natural frequency {30 < 40)

E, (GPa) | Es (GPa) | G.g (GPa) | e
B 258 T 226

e (He) | o2 (Ha) i m
672 71 1 1
1792 1807 1 2
450 3425 1 3
4552 3209 il 1
S264 4746 2 1
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Table 12: Parameters and Natural frequency {30 < 50)

I, (GPa) | Ea (GPa) | Ges (GPa) | vre
1015 201 a4 0,265

b (He) | foos (Hz) n m
T8 Th0 | 1
2016 2045 1 2
3840 3880 1 4
2208 4254 2 1
D64 714 i 1

Tahle 13: Parameters and Natural frequency (40 = T0]

Eo (GPa) | £y (GPa) | Gog (GPa) | g
1005 0.6 172 0.207

foil (He) [ f550 (Ha) " m
736 98 I 1
1904 1974 | 9
2880 4018 2 1
3904 3704 | 3
4672 4526 0 1

Table 14: Parameters and Natural frequency (40 = 8()

. (GPa) | Ey (GPa) | G (GPa) | v

10,5 A6 47.2 0,297
forr (Hz) | fin (Hz) n m
768 722 1 1
2048 1963 1 2
3840 3764 1 3
24912 3865 2 1
4704 4417 I 1
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