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Structural and Modal Analysis of Treadmill Roller

Jong-Sun Lee*

r

| Abstract

|

The objective of this study is structural analysis and modal analysis of treadmill roller. A 3D finite element model is
implemented to calculate the stress, strain and natural frequency for treadmill roller. In order to analyses treadmill roller,

many variables such as load condition, boundary condition, weight condition and resonance are considered. Natural frequency

of treadmill is compare to motor revolution.

Key Words : Treadmil(EZ|E ), Roller(E), Structural Analysis(--Z3[49), Modal Analysis(Zl%5-3]49), Natural Frequency

(L%, Resonance(5-7])
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g Aete 5 29 145 4(nataral frequency)E 7ot
Fogy AE g a4 BE Y A AFFE Aofse

2, B8] F=54Y

2o o3t Fxe4(structural analysis), L& 34
(modal analysis)S- A 52} SH4(isotropy), A4 El(steady
state)2} 7143t ANSYSZE 3|4E 4359t

EF=do) Ag 3ol B d4g BEF Sl shAlo|
AR E AR Adre 7FR(steeD) 9t €3] E(aluminium) S
24 EAA L Table 17} Zoh

EYFPAL Fig. 1 ~Fig. 2¢ 7] 3D 222 Solid Works

Table 1 Material properties

. | Modules of Elasticity | Density | Poisson's
If
Material E(Gpa) pkg/m’) | Ratio v
Steel 206.8 7800 0.28
Al 71.7 2800 0.34

Ro#

Houting

Shaft

Heating

Fig. 1 1/2 Model for front roller

Housing

Sttt

seuring

Fig. 2 1/2 Model for rear roller
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24 md g 5191 Fig. 3~Fig. 4= $t94 nu2
A b Eelo] 19,74379) AH3 8879719 ok, §H £
o 16,7237¢] AH3t 7,602709] 842 otk

g4 z7A 024 Fig. 5~Fig 69)Aet o] AA =4
(boundary condition)& H&3tch AA 2HL #4749 &
o Ma

27} Ef| = 2 (frame)of] LA E A= FEg A8
stk =3k 2¢ 9 HEIES HE ZZ(contact condition)
o| ZgE|ofof gtrt. Eeo wloF 314 (bearing housing),
wol® 3192t woje] QE, wlofd WED AFZ E(shaft)

Fig. 3 Finite element for front roller

e

Fig. 4 Finite element for rear roller

Fig. 5 Boundary condition for front roller
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Fig. 6 Boundary condition for rear roller
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£2 HE9 Ad) A% 845<¢ 1500NTF 2= 3000NS
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29) 3060N, 2|t} Q1AF8}E0] 8160NT 11 2713 5610NY)
o2 sty § 39 dF 2d2 97t gla
Eojd B2 3M5S ¥ B89 ZE oz Y4t

Table 204 st50] S7Hgo] mhak WQ, WE S
o] Z71ghE vehlia oot S8o] AFEHE &
7t ZRH R 2UE & 5 ek B Ego) Ai$
A AT Wt vl dFL nAEE ¢ 4 AT,
222 []3.093MPaZ 333GPaY] 5|8 S 9]
B2 5 B tiaja T2 Al BT
et

Fig. 7~Fig. 182 &% Wl w2 WY& S5 W
& YErf et

Table 394 8}5-& Z7HA1Z W) HFo| Zadg & &

e
2 by BN oal oo

i P = R S}

ru$>

ek oA Ealo] AEEE 330 Bajo] HEHE 7
o) it o2 AGEy| yRolch AAHA W9 A7

Ao ujz QaFe 23| ujAEic).

Table 2 Structural analysis result for rear roller

w

Fig. 7 Strain distribution of load step roller 3060N

o
¥ S

Fig. 8 Strain distribution of load step roller S610N

‘;f{

Fig. 9 Strain distribution of load step roller 8160N

Force(N) | Displacement(mm) | Strain | Stress(MPa)
3060(6*510) 0.0604 205%10™ | 42.410
5610(11*510) 0.111 376%10% | 77751 “;‘(
8160(16*510) 0.161 0.547*10?113.093 Fig. 10 Stress distribution of load step roller 3060N
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¥

Fig. 15 Strain distribution of load step pulley 3060N and
roller 8160N

Y

Fig. 16 Stress distribution of load step roller 8160N

s

Fig. 17 Stress distribution of load step pulley 1500N and
roller 8160N

Fig. 13 Strain distribution of load step roller 8160N

S x

Fig. 14 Strain distribution of load step pulley 1500N and Fig. 18 Stress distribution of load step pulley 3000N and
roller 8160N roller 8160N
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Table 3 Structural analysis result for front roller

Force(N) Displacement . Stress
Strain
Pulley | Roll (mm) (MPa)
3060 0.158 2.37*10* 49,050
0 | 5610 0.289 435410 89.925
8160 0.421 63210 | 130.800
0 -0.0123 0.894*10" | 18495
3060 0.147 225%10° 46.560
1500 5610 0.278 4.23%10™ 87.435
8160 0.410 6.20%10° | 128310
1o -0.0247 1.79%10™ 36.990
3060 0.136 2.13*10” 44.070
3000 5610 0.267 4.11%10* 84.945
8160 0.399 6.08¥10 | 125.820
3. E21e| Rl
¢ 2o diajN AARAE HEoi BEFHE 8
3 A3} 7+ 103 ZE7HR] Table 40 UERYQITh Table
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o 4 20 e EdEY TS 2eY 94 A
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Table 4 Modal analysis result for front roller

Mode Frequency Motor RPM Belt Velocity
(Hz) (rpm) (km/h)
1 9.915 594.9 39
2 10.266 615.96 4.1
3 14.551 873.06 5.8
4 22,67 1360.2 9.0
5 23.114 1386.84 9.2
6 28.736 1724.16 11.4
7 29.766 1785.96 11.8
8 47.263 2835.78 18.7
9 50.636 3038.16 200
10 52.379 3142.74 20.7
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Fig. 20 Front roller - 4th mode

Fig. 21 Front roller - 10th mode
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Table 5 Modal analysis result for rear roller

M odT Frequency Motor RPM | Belt Velocity
(Hz) (rpm) (km/h)
1 11.873 712.38 4.7
2 12.115 726.9 4.8
3 16318 979.08 6.5
4 2315 | 13389 838
5 22.644 1358.64 9.0
6 33.025 1981.5 13.1
7 34.132 2047.92 13.5
8 52716 3162.96 209
9 52,787 3167.22 209
10 53729 | 32374 213

Fig. 22 Rear roller - 1st mode

Fig. 23 Rear roller - 5th mode
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Fig. 24 Rear roller - 10th mode
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