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ABSTRACT

In this study, the cause of the fan shaft failure and fatigue failure of S45C steel was analyzed. The fatigue cycle of the
broken fan shaft was estimated to be approximately 3.21x10°, and the bending stress was estimated through the fracture analysis
and ANSYS mechanical structural analysis. FEM analysis of the stress change and displacement of the shaft was performed
assuming self-aligning roller bearings and deep groove ball bearings. When self-aligning roller bearings were applied, the
deformation increased by approximately 60 %, but the concentrated stress decreased, making the shaft more stable under the
load. Additionally, by improving the shaft step radius from 0.5R to 2.5R, a stress reduction effect of approximately 20 to 29 %
was achieved, depending on the presence or absence of the bearing tilting effect. In addition, excessive belt tension should be
sufficiently considered when designing the shaft, and the FEM analysis results show that the ultra-high-cycle fatigue failure of
the fan shaft occurred due to a bending load of approximately 4,000~5,000 N. The newly replaced shaft was found to operate
without problems for more than 1.284x10° cycles by adjusting the belt tension and shaft step radius.
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Fig. 2 Installation status of the internal Fan of Air Handing

Unit (a) Front view and (b) Right side view

49



1,621 rpmo| et webA] $F7] ARLE] ZFsiAl sk At
o]Z-& AkeHH oF 3.21x10° W Awrt LHH AoR F
ey,

2.2 FZO| ME U XA

AAE 20 AL 7|AFEE Sa7HSMASC) R
KS D 375237272] Adolm] FA4F Fa Aol ghet A
AALEo] BfEAE B4 ik ol o] Table 13} 2,

Sl R HALS ASTM Ea157720] et Algstelon
A7t W ZAAFL 7}7F ASTM E8MIF ASTM E23 3f

ST} SRR BA 9 g
A

AE D FAAY, v e e ARAY Ao
e ARRES $Rslo] Al Ao AT} gHe Table
29k 7oy,

=Z = = O

59 ¥52 FH A5 24 =7 o] (Spherical
Self Aligning Roller Bearing) 22 A|X|%|o] Qlon] Zkz}
RE}22 222119} 22209 EF”0|0, o] WHL 95
Welgloz 23] U Sisto] o 80T HER F7t
T T =Ysto] EHEAE o] eMAawl 2
AW09)2} ZIHE(AN11 U ANO9)Z H| A3}t

S ddste 5 FE9 dAHE o2 Fig. 3%

Zol =& =of A,

Table 1 Chemical composition and measurement result

(unit : Wt %)
division C Si Mn P S Ref.
Spec 042~ | 0.15~ | 0.60~ | less than | less than
PEC- 1 048 | 035 | 090 | 0030 | 0035 ';3512)
Results 0.47 0.19 0.67 0.014 0.009

Table 2 Tensile strength testing result

Sample Yield Strength Ultimate Tensile | Elongation Rate
No (MPa) Strength(MPa) (%)
1 422 684 25
2 425 684 25
3 424 688 25
Average 424 685 25

50
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Lock Washer
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;

Bearing Housing

Fig. 3 Installation status of load side parts

Table 3 Impact and hardness test result

Sample No | Charpy Impact Test(J/em?) | Brinell Hardness(Hg)
1 98.1 209
2 107.8 209
3 147.1 209
Average 117.6 209

Table 4 Reference values for carbon steel for machine structures

Reference(KS D 3752) Unit Reference Values
Yield Strength MPa more 343
Ultimate Tensile strength MPa more 569
Elongation Rate % more 20
Charpy Impact Test (Jem?) more 78
Brinell Hardness (Hp) 167~229
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Fig. 4 Shaft fracture location and Fracture Surface
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Fig. 5 Main Shaft Shape and Dimension
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Table 5 Estimated fatigue cycle stresses for general steels

Cycles 1/4 10° 10° 10'°
Fatigue limit
stress (MPa) 686 617 343 315.56

Table 6 Fatigue stress calculation formula symbols and
values(Fabian Method)

Symbol K B b
25521 | 4.642 | -0.086

C c n’

1,558.43 | -0.571 | 0.197

Value
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Table 8 Conditions and input values for each section

Table 7 Physical property input values for each material Symbol Condition Value
Properties Unit SM 45C | Bearing steel A Fixed Support XYZ direction Fix
Tensile yield strength MPa 424 1,700 B Cylindrical Support Z direction free, other Fix
Tensile ultimate strength MPa 685 2,200 C Gravity Acceleration 9.806 65 m/s’
Young’s Modulus GPa 205 200 D Impeller Weight Load 500 N
Poisson’s ratio - 0.291 0.3 E Belt Tension Load 5,000~1,000 N
Bulk modulus GPa 163.48 166.67 F Pulley Torque 65 N+m
Shear modulus GPa 793.96 769.23 G Impeller Torque -65 N+ m
52 SHEFHIIHES ==& 282, K25, 2025
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Table 9 Mesh distribution table for each model
Model Nodes Elements Tet 10 Hex 20
0.5R shaft 2,848,588 | 1,762,024 | 1,749,234 12,790
2.5R Shaft 2,766,145 | 1,759,978 | 1,747,188 12,790

o] Fig, 83} Zt}

A7) AREA HAE 23S EdlE AAEde] A%
7] 2mm oJstz AAsIlon stk o] e AX)
7= 0.2mmE AEsIal FF  AEH o4 (Sphere
inflation) 27|& 6 mm Z7|&2 22394 7] =i A
g & A A7) 0.1mm=E A7gsto] Xgseict,

719} o] AAE 24 0.5R AFZE HElo] A=
2,848,588719] =9} 1,762,0247]12] K42 FAE o
7} AA= 22 @4 (Quadratic Element)2 F2A33+gIT), o]
o) ARE Aze] 2B Tet 10 847} 1,749,2347), Hex
20 8471 12,7907 & =it 2 2704 & T
2ot 9 5Ro| mEle 0 5R HElHTh 28 2 766,1457<]
=E0} 1,759,978719) fa® FdE o] SISt ZF mdd
4 AE= 912 Table 99F Ztt.

9] Fig. 9 0.5R ARZE upER.0J0) A} 44 A4
A T EE AR B PSS HojFaL ok =3
ofZ 9] Fig. 10+ 2.5R Zh&-= ARZEQ| Hjo|g] SEhiofA
O] AR} B 5 HolF= 9|t} 0.5R AFZEE 0.5R 2}
FE olF REHER WP 913 1 mmo] Hu|7]E A
QF =o)L 2,5R ARZE = 9] WH|7] §lo] UYALE 7}
5ol o= A mdolr}, 7]E0] ohE ARLES W
Ast7] flsto] 2% W dolE HBAA 4 Qle AolAl
AR Thy eRRENRE HSAA SEYFE A

S=ERHMDIHSE =28 M2s8, M2S, 2025

N\
NRRRNREKX]
SRR
SRR
SRR

i
A

4\
VAVAVAY
O
EEX
A7
<7

L

%

(b)

Fig. 9 0.5R Shaft (a) Sphere Point and location and (b)
Mesh Distribution map

oF 16,442 MPaZ 3[AE|¢9lon o] u2ulss 2o
A4k
gk & vlEE $EY 6,238 AR ALFEG oL o
9] A Wslof u}2 =X F I (Notch effect)o] &Jgt
A% 9 239198 1A47|(Key—way) HAMS] antg ¥

N

=
=

%9 99l ofd o et 5t o]z

1o 1 rle

foE e

ot vEY Sl 93t s A= Fig. 113} At
ol 9] Fig. 129 (a)¢} (b)+= ArsAl Hlojgof gt
4l Zko] 3 8EE 0.5R ARLES} 2 5R ARLE] WEE
5,000N, HEY E3 65N - m9] 3152 73t o] &4
Tolth, (@] A9 Za) zy Bore] Ay AYL

IS TR o N



A2 Static Structural

uivalent Stress
Type: Equivalent (von-Mises) Stress
unic MPa
Time: 1 5
Deformation Scale Factor. 1.2e+003 (0.5¢ Auto)
2024-10-03 2 856

16442 Max
14615

i

Fig. 11 0.5R Torque stress due to pure torsion
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Fig. 12 Equivalent Stress Distribution under No Separated
Condition at Belt Tension 5000N, Torque 65N * m
(a) 0.5R Shaft, (b) 2.5R Shaft
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Fig. 13 0.5R Shaft Deformation at Belt Tension 5000N, Torque
65N - m (a) Bonded Condition, (b) no—separated condition

Table 10 Allowable tilt angle for each type of bearing

Bearing type Radian Degree
Deep Groove Ball 0.0006~0.003 0.0343°~0.1719°
Self-Aligning Ball 0.07~0.12 40~17°

Self-Aligning Roller 0.01745~0.04363 1°~2.5°
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Fig. 16 Maximum deformation according to belt tension
(a) 0.5R Shaft, (b) 2.5R Shaft

load by model

Table 11 Ansys mechanical structure analysis results

Belt Max equivalent stress(MPa) Max deformation(mm)
Tension load 2.5R Shaft 0.5R Shaft 2.5R Shaft 0.5R Shaft

™) Roller Ball Roller Ball Roller Ball Roller Ball
1000 55.89 54.27 63.51 66.00 0.143 0.094 0.153 0.097
2000 95.72 95.66 122.67 128.10 0.286 0.182 0.300 0.188
3000 142.78 137.69 181.84 190.22 0.428 0.270 0.448 0.279
4000 198.91 180.49 241.03 25235 0.570 0.358 0.596 0.371
5000 237.09 223.29 300.22 314.50 0.713 0.446 0.746 0.462
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