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FE-analysis of Shrink Fits and Internal Clearance for Ball Bearing of Machine Tool
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The bearing clearance is influenced by shrink fit and thermal expansion during operation. The
designer must take into account the reduction of clearance after installation to the interference
fits, and thermal expansion must be considered. The purpose of this study is to grasp the internal
clearance variation and behavior of a bearing which is a deep connected with fatigue life of
bearing and performance of spindle through FEM(Finite Element Method). Finite element
analysis is performed by using commercial code ANSYS according to variation of thermal
condition and rotational speeds. This paper presents correct negative internal clearance
according to temperature during operation. Furthermore, interrelation between thermal expansion
and contraction are presented to maintain adequate contact force for three type of spindle
system(HSK-A60, HSK-40E, HSK-32E). The influence of the centrifugal force and Internal
clearance variation of bearing is studied to operating rotational speed.
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Table 1 Material properties

Spindle Inner Ring
Property

(SCM415) SUI2)
Modulus(GPa) 205 210
Poison’s ratio 0.29 03
Density(g/cc) 7.85 7.81
Thermal

. 44.5 45.6

Conductivity{W/m-K)
Specific Heat(J/g-°C) 0.475 0475

Table 1 & FF3} dojy UYFEoE AL
SCM415 ¢F SuI2 o E4AE Jeidn) 84 2g
S FY2PE AE Ay HdAEAE Haste
HSK-A63, HSK-40E, HSK-32E & 2WUES &3
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Table 2 Modeling of spindle-bearing system 2TE ZHo tﬂé}&l A& AT 0-3,600
Spindle | Spindle . . zZ2Ae 7 dAdgEed wE dRFes 4
- . Bearing | Spindle o = . o150
Type inside Outside Width | Lenoth on, K38 4L HH«] Ty 2059 EHFES
P diameter | diameter ( ' one selsly] 98 3,600 ZoA 7200 E7HAE
mm) | (my | @ m 20,000rpm o S| Wwd=ow 1A 4
HSK & AAEG
27 70
A63 20 100
HSK Table 3 Heat flow input
22.5 40 15 100 .
40E Rotation Heat FlOW(W)
HSK Time(sec) Speed
190 16.7 35 14 100 (rpm) A63 40E 32E
0~900 5,000 9.8 6.5 4.9
; Heat Flow R 900 ~ 1,800 10,000 32.1 20.4 16.3
Shat Inner Ring !}{Q@%‘%{@

Fig. 2 & #lo% Wl5e T8 o3 943
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Fig. 2 FE-model
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EEEEPREE

1,800 ~ 2,700 15,000 77.2 49 39.2
2,700 ~ 3,600 | 20,000 132.6 | 84.2 71.1
3,600 ~ 7,200 | 20,000 132.6 | 84.2 71.1

Temperature
Type: Temperature
Unit: °C

Time: 703
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Fig. 3 Temperature distribution by the transient thermal
analysis
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Fig. 4 Temperature variation with time
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Fig. 5 Displacement of Thermal-structure coupled
analysis
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Table 4 Result of the thermal-structure coupled analysis

Type Part Displacement[zm]
Inner Ring 21.6
HSK-A63

Spindle 14.3
Ri 272

HSK-40E Inner Ring 7
Spindle 23.8

Ri .
HSK-32E Inner Ring 304
Spindle 28.1
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Table 5 Result by structural analysis

Rotational - Directiona[llln)n(]:formation
Type Speed
[rpm] N] Ss &1 &g 6p
100 | 135 | 173 | 38 | 34
10000 | 200 | 13.7 | 17.9 | 42 | 34
HSK 500 | 14.8 | 182 | 34 | 36
A63 100 | 294 | 425 1 13.1 | 72
20000 | 200 | 30.7 | 43.1 | 124 | 7.9
500 | 31.9 | 44.8 | 129 | 8.1
100 | 84 | 101] 17 | 1.8
10000 | 200 | 82 | 104 | 22 | 1.8
500 | 95 | 11.8 | 23 | 25
100 | 164 | 195 | 3.1 | 32
20000 | 200 | 16.7 | 20.1 | 3.4 | 3.6
HSK 500 | 17.3 | 214 | 41 | 45
40E 100 | 382 | 49.1 | 109 | 7.2
30000 | 200 | 38.9 | 49.8 | 10.9 | 7.8
500 | 38.4 | 499 | 115 | 87
100 | 653 | 855 | 202 | 13.2
40000 | 200 | 65.9 | 86.1 | 202 | 13.9
500 | 66.4 | 87.2 | 20.8 | 147
100 | 74 | 9.1 | 1.7 | 1.1
10000 | 200 | 7.2 | 94 | 22 | 1.1
500 | 7.7 | 102 | 25 | 15
100 | 154 | 18.1 | 2.7 | 28
20000 | 200 | 157 | 182 | 2.5 | 3.1
HSK 500 | 16.1 | 184 | 23 3
328 100 | 362 | 45.1 | 89 | 6.4
30000 | 200 | 359 | 458 | 99 | 638
500 | 364 | 479 | 115 | 74
100 | 613 | 76.5 | 152 | 117
40000 | 200 | 61.9 | 77.8 | 159 | 11.9
500 | 62.4 | 77.6 | 152 | 126
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