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ABSTRACT

This study investigates the durability of a two-passenger bicycle frame under non-uniform fatigue load. The
bicycle frame of Model 1 installed with reinforcement support has a 20% lower maximum equivalent stress
than the existing Model 2. Model 1 has a maximum total deformation that is less than half that of Model 2.
Model 1 has a higher maximum fatigue life than Model 2. In addition, Model 1 has lower fatigue damage than
Model 2. Thus, the bicycle frame of Model 1 installed with reinforcement support can be described as safer, as
it offers more strength than Model 2. Applying this result to the design of a real two-passenger bicycle frame
under non-uniform fatigue load can effectively prevent fatigue damage and improve durability.

Key Words : Bicycle frame for two passengers29l&5& AM7{ XtrH), Nonuniform fatigue load(&2Tt% I =2
5+%), Fatigue life(| 2 $=H), Fatigue damage(Z| 2 £4), Durability(LH T4A)

1. A 2

AA 24 71zl o7 AT edsl 12 AR
a7t AZsiAAL o] A= ZhAISE Han Qloh
A fh AsEA A8AH oF £
FES w1 Stk 2F 8P AEA, A=
)%l W YA, A tjEd 187

FRoz ARAZ} 43¢ gl A

o 1o O o o\ gt

[ AU

# Corresponding Author : jucho@kongju.ac.kr
Tel: +82-41-521-9271, Fax: +82-41-555-9123

A A7t FEHAN AdA AE E£FE 4F
AR FESO O A7 el WY o}
F2 1914 ARAd B ATo] gl
Dol ARA AT F7Hge) W Aot ¥
57 W AAAE E71E AREel Solu 29%
AdAG tig 2% 51 Aok A 2% A
AAe Phe AFE gol WES Zo] Aol 2
A% AAANE dot AAAY 228 A4AA 5
2 JleA g, BAYs 9= FHs BgUE
gole ol AdA AhE TS B 27
3 $AE A9 BAR Fele] gl FRE ol F



4, 2A% @ A7 AVLEEE A, A4, A3E

o
e
4

Tt meb B ATeldE ARA A o REE) 2 R AFE Table 19] LERA
BAGE dAsel g AUA Aohsh B @ ok E@ 2 mlle Yrio] Lof moldE F

o] A4 FAE 71 BAR W AHA A= Table 1 Dimensions used at models of 1 and 2
o] A2 HmEHA 72 4L s W &

Zo] WE u W YT 5L 13 Spoa T Content - - Model 1 Model 2
W oomo] AmE A 200 AdAY Y A : imension (mm) (mm)
B Pilot Down Tube
o SgRGR  F2o) gt v A9k YA . 50.8 56.0
o - External Diameter
< PP ZleE Audn. Pilot Down Tube
. 31.8 31.8
Internal Diameter
2. dtEd gl ==k Stocker Down Tube 0.8 S50
External Diameter ' '
Stocker Down Tube 472 43.0
2.1 A7z Internal Diameter ’ '
B AFNNE F A Fele] AA A =9 Top Tube External 150 6.0
54 vl BT oAV1HE Fle) Txd of Diameter ' '
2 2% #4o] Brojng o) A% Ale &4 Top Tube Internal 318 318
o #A3 AL K Ltk Ao U= s Diameter
vhe] 9 AEOR Tesld mdR s4e A4 Seat Tubes External 35.0 35.0
9tk Fig 1 2E3 nE 0@ 228 o Diameter
_ Seat Tubes Internal
ARA] e =AY T, Fig 2= 71E9] 2} Diamet 31.8 31.8
iameter
HelA o] BAWE AAsta ) 2hse] #7d Strut Bar External
FAE 719 CATIAS olgste] measigint s Diameter 35.0 35.0
Mo AHEE RUES A4 ABHD 9= 290§ Strut Bar Intormal
Aot A7e] AAERE FxT] CATIAE 53 Diameter 318 38
Bdgo] o]Fo] FHOmW, o]F ANSYSE AHE-ato Tapered Head Tube Min:50.2 | Min:50.2
a4 ST B afAol A AgE 2815 AA A External Diameter Max:58.2 | Max:58.2
Tapered Head Tube
. 44.0 44.0
Internal Diameter
Pilot BB Shell
. 50.8 50.8
External Diameter
Pilot BB Shell
. 36.0 36.0
Internal Diameter
Fig. 1 Bicycle frame with the reinforcement Stocker BB. Shell 43.0 43.0
support (Model 1) External Diameter
: Stocker BB Shell
. 36.0 36.0
Internal Diameter
Chain Stays Dimension | W:12/H:20 | W:12/H:20
Seat Stays Dimensions | W:20/H:19 | W:20/H:19
Sub Seat Stays
i i W:19/H:19 | W:19/H:19
Fie. 2 Bicvele f th th - ¢ Dimensions
ig. icycle frame wi e reinforcemen .
support (Model 2) Drop Outs Diameter 15.0 15.0
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Table 2 Material properties of models

Contents (Unit) Value

Young’s Modulus (MPa) 71000

Poisson’s Ratio 0.33

Density (g/cc) 2.77

Tensile Yield Strength (MPa) 280
Compressive Yield Strength (MPa) 280
Tensile Ultimate Yield Strength (MPa) 310
Compressive Ultimate Yield Strength 0

(MPa)
WAZ A o R AAR 5 HA A5

7h o E=RE 290 AR AL Atie]r] wiEe 7]
< 195 AdAE w24 Azt 24 Pilot
Tubing¥} Stocker Tubing$! F FEO = UFo{zIth

2po7h gl HEE WA ol TEES Tk
Model 1 Mesh® 2x & 2 84 F& 247
1643627Y, 815207H°]™, Model 2= Mesh9] EH 4
9D o4 = 42 9772570, 484457001t} ©] F B
9 25 HAFOR AgHE ¢FHE R
o]Fojx oM I EAAE Table 20| YERHR

BRI AXE A O3%A &2 A9 o

1 | ZAELS Fig. 3, Fig4s}t 2
t}. 2] Drop Outs F-#3} Head Tube H-E& 1L
A ANZH o, Pilot Seat Tube2} Stocker Seat Tube2
Wil Abge st 54 st e aEste 42
500N9] shag Fo A 2] AA o= ¢
TGS FEA dol B 4 YA Uk

[ rerce: 500 M
B Force 2:500. W
[ Fixed Suppert
B Fixed Suppart 2

Fig. 3 Constraint condition of model 1

[ Fixed Support
[B Fixed Suppott 2
[ Force: 500N

[B] Force 4: 500 N

Fig. 4 Constrain condition of model 2
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a4l Zo}

31 =
04?011*%9] Model 13 26 tale] A=A F
A4S st 7t RESo] BHomM x4 9 A
kA 2 HolAet 2Tt Fig. 5= BAU7}
A€ 29l % ZWH A2l Model 191 500Nef 3

7} *éxl% Hoy  HY o
0.25995mm JEl, RANE AASE 2] FEES
#H71 FAE 719 B2 Ao A Hdg 6y
Zo] 0.57152mm=E BAAtH7E AXE X 2467t
Ve H¥Ee Bt BRAUE AMESHA =
Al Tubing #=71E HW 6mm, FAX 28] 717t
719 R3S =E RAUE HX% Uit e
zA4 o Hkge & F Uk
Fig. 7¢ BAU7F AX8 2914 dA9] 2l
Model 19 500N9] 3}Fo] 283 of 2oje] A
=N ﬂ7} <+8s vehd Jolth Fig 82 Ao
o] 771 FAE 719 BAS 2% 1}3474
91 X}EHC’I Model 20 5L slso] 2 i, A

O

AAQ 7 95 vehd Idolth iﬂtﬁﬂ A
AE 2905 AHA A Ae A F7F ol
28.551 MPa Qldl], RANE AMESHA] &1 Z]-EH d
RS B4 Aede Ad 571 9ol 33.759
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Total Deformation o .
Type: Total Deformation Flg- 8 Contour of eqmvalent stress at model 2

Unit: mm
Time: 1

oraor 32 =AM Znf

Model 13} 2¢] 3|2 g 74 231 224
A} Zom, 200 AHA AL B AR SF
of o3t = £ o] theke] A kAT
Fig. 9 oA} o] A2 35159 WHEEA ‘SAE
bracket history’& AR8-3-$Th.

Fig. 5 Contour of total deformation at model 1

Total Deformation
Type: Total Deformation

Unit: mm
Tirne: 1
-9,
0.57152 Max o . .
0.50802 Fig. 9 SAE bracket history of fatigue load
044452
0.38101
031731 Life
0.23401 Type: Life
Tirne: O

019051
0127
0.063502

3.3693e5 Max
22802

0 Min 3369.3
335693
. . 33,603
Fig. 6 Contour of total deformation at model 2 33693
0.33603
0.033693
00033603
0 Min
Equivalent Stress . . o
e Fig. 10 Contour of fatigue life of model 1
Unit: MPa
Time: 1
Darnage
28551 Max S gamage
25.379 Tirne: O
22.206
15.034 1le32 Max
15.862 88880831
12.689 7.7778e31
9517 6.6667e31
6.3446 5.5556e31
1723 - 4.4444e31
3.0994e-8 Min 3.3333e31

2.2222e31
1.1111e31
2968 Min

Fig. 7 Contour of equivalent stress at model 1
Fig. 11 Contour of fatigue damage of model 1
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Life
Type: Life
Time: O

3.3603e5 Max
33683
33e8.3
23893
33.803
3.3693
0.33683
0.033693
0.0033693
0 Min

Fig. 12 Contour of fatigue life of model 2

Darmage
Type: Darmmage
Time: O

1e32 Max
8.8880e31
F.FIT8e3l
5.6667e3l
5.53556e31
4.4444e31
3.3333e31
2.2222e31
1.1111e31
2968 Min

Fig. 13 Contour of fatigue damage of model 2
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Fig. 14 Fatigue damage matrix of
model 1

Fig. 15 Fatigue damage matrix of
model 2
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Fig. 16 Rainflow matrix of model 1
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Fig. 17 Rainflow matrix of model 2
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