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The spindle is the main component in machine tools. To develop high speed machine tools, a lot
of studies have been carried out for high speed spindle. Bearing is very important part in
spindle. The bearing clearance is influenced by shrink fit and thermal expansion during operation.
The designer must take into account the reduction of shrink fits. The aims of this study are to
grasp the shrink fits ard behavior of a bearing which is a deeply connected with fatigue life of
bearing and performance of spindle through FEM(Finite Element Method). This paper proposed
optimum value of shrink fit considering deformation of spindle and stress of fitting area using
design of experiments. Thus, the proposed formula can be used fo obtain bearing intemal
clearance.
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8, = Maximum displacement of spindle o}g o] /‘}'%51 Hojg o A% AA7 F&A7A
o = Stress of fitting area 9 A%s A% 3}“ %7t “LC} I3 Ale A

V.= Rotational velocity £33 -a‘(heavy) ArromiE &3 F(light)

P, = Preload A7k BENE 499 spFe] Hasy] Wi
8,= diameter variation of shaft of &£ vy Ay udAdn Py B4
8, = diameter variation of bearing o] & © FAld &FHI Qv nE, 1FAE

= Quter diameter of bearing A A Axol F&E v|He U F9 s

1, = Inner diameter of shaft, 2 F5L AAEE #oHY $ELAE E 4
R, = Transition radius Ak FAVAY FEHE WP om Y gol
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Fig. 1 A finite element model of spindle

Fig. 2 3-D model of HSK

Table 1 Material properties

FH 1A de WP LH :

I
Shaft Spacer n‘n °
Property (SCM415)|(scMa1s)| Rine
(SUJ2)
Modulus(GPa) 205 205 210
Poison’s ratio 0.29 0.29 0.3
Density(kg/m’) 7850 7850 7810
Th tivi
ermal Conductivity 445 445 456
(W/m-K)
Thermal E i
crmal BXpansion 114 17 | 125
(tm/m-°C)
Specific Heat 475 475 475
(J/kg-°C)
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Fig. 3 Analysis result of shrink fit
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Fig. 4 Symbol explanation of shrink fit
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Table 2 Factors and levels of experiments

Level
Factor
Low High
Rotation velocity 10000 40000
Shrink fit 11 22
Preload 100 500

32 MMM £8 U Mz}

Table 3, Table 4, Table 5 & F% FTHHER A&
=, dA7AEE, d9e 2Asd o ¥ F5
Wyt 7]ggEde] §38E Xz g ALY
A9 A4 Aol A7A vy & FIAEE, &y
t IANHLES, P, 2 A% 5, 75 Hg @
05 792 EAAMY 8 & veEbdT

i As FAdE 21X B0 F FHel b
2 W¥%Ee vehln Jdeon o9& B3R F
%, A GO A63 9] WHFo] AU & Ao
2 ekt $¥E WEFS Fe AFgE Ko
I gtk ole FF &= HAe o]z <
g AAYE ¢ 5 Aok

Table 3 Deformation and stress of fitting area by FEM

Table 4 Deformation and stress of fitting area by FEM

(HSK-E40)

Run| Vi 81 P, Om c

order| [rpm] [pm] [N] [pm] [MPa]
1 40000 22 300 46.7535 | 93.795
2 40000 20 100 46.9330 | 93.873
3 40000 18 300 48.3150 | 93.708
4 10000 20 500 17.2330 | 32.006
5 106000 22 300 15.7135 | 32.169
6 25000 20 300 21.2768 | 42.206
7 25000 22 100 20.3475 | 42.377
8 25000 20 300 21.2775 | 42.209
9 25000 20 300 21.2779 | 42.208
10 | 25000 22 500 20.9370 | 42.096
11 | 10000 20 100 16.6435 | 32.289
12 | 25000 18 500 23.5670 | 42.055
13 | 10000 18 300 17.9860 | 32.141
14 | 25000 18 100 22,2685 | 42.338
15 | 40000 20 500 48.1210 | 93.592

Table 5 Deformation and stress of fitting area by FEM

(HSK-E32) (HSK-A63)

Run Vi Ss1 P, O o Run Vr 8y P, Om c

order) [rpm] | [pm] [N] [pm] [MPa] order| [rpm] | [um] [N] [pum] [MPa]
1 | 25000 13 500 16.2054 | 29.129 1 10000 11 300 5.0610 | 6.9871
2 | 10000 15 500 7.0203 9.726 2 | 10000 15 300 5.3496 | 7.7710
3 25000 15 300 13.2654 | 31.438 3 20000 15 300 14.8338 | 23.2100
4 10000 15 100 6.1920 8.726 4 15000 15 500 9.8061 | 13.5120
5 40000 15 100 13.2060 | 67.526 5 15000 13 300 9.7974 | 12.4871
6 25000 15 300 4.4020 31.239 6 10000 13 100 4.5870 | 7.1067
7 | 10000 17 300 5.5200 | 10.078 7 | 10000 13 500 5.3487 | 7.6830
8 | 40000 13 300 | 30.0930 | 68.478 8 | 15000 11 500 11.9508 | 12.1290
9 | 25000 17 100 13.6710 | 30.086 9 | 20000 13 500 16.8696 | 22.9600
10 | 25000 13 100 16.1430 | 29.184 10 | 15000 15 100 9.8061 | 12.7800
11 | 40000 17 300 | 30.2430 | 68.378 11 | 15000 13 300 9.7986 | 12.4880
12 | 40000 15 500 30.0960 | 69.584 12 | 20000 11 300 18.0558 | 21.9810
13 | 25000 17 500 14.6100 | 34.872 13 | 20000 13 100 15.6396 | 22.4810
14 | 10000 13 300 8.5641 6.080 14 | 15000 11 100 11.2308 | 11.8230
15 | 25000 15 300 13.2063 | 31.240 15 | 15000 13 300 9.7971 | 12.4876




SHRH ARSI K| K 27 H 9 5-pp. 94-102

September 2010 / 98

4. HF X7 YAE HY R HY4Y £5

1 SHSESA| o8 20l

EEEIEETTY ﬂfam
A= B AAsen,
25 9444 7,

s_z}ols}y] g8 A
B4 A FELT)
S| A2EOWe] FXkd 7}

A THY IARZL FFLEAS HASAL,

Main Effects Plot (data means) for &2

WS SRR &
30
>
20 —
15
% 10
2]
S 100 300 500 13 15 17
] ATSE
30
£ ES]
20
15
10
10000 25000 40000
Main Effects Plot (data means) for =2
L SRITH A &
45
wrois
o o
k] 100 300 500 13 15 17
8 IATRE
2 60
45
30
15
e

106000 25000 40000

Fig. 5 Main effects plot for deformation and stress (E32)

Maln Effects Plot (data means) for 8 &
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Fig. 6 Main effects plot for deformation and stress (E40)
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Fig. 7 Main effects plot for deformation and stress (A63)
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Table 6 Result of ANOVA for deformation(E32)

Term Coef |SE Coef T P

Constant 13.2259}0.12945 102.170 ; 0.000
Rotation velocity | 11.65770.07927 | 147.061 | 0.000

Shrink fit -0.8702 10.07927 | -10.977 | 0.000

Preload 0.2250 10.07927| 2.838 10.036
Rotation velocity

. ) 4.2902 | 0.11668 | 36.767 |0.000
*Rotation velocity

shrink fit*shrink fit | 1.0890 | 0.11668| 9.332 | 0.000

Preload*Preload | 0.8425 |0.11668| 7.220 |0.001

Rotati loci
otatlon velocity | 70g5 10,1211 | 7.123 |0.001

*Shrink fit
——

Rotation velocity | 1461011211 | -1914 |0.114
*Preload

Shrink fit*Preload | 0.2191 [0.11211] 1.955 |0.108

Table 7 Result of ANOVA for stress(E32)

Term Coef |SECoef] T P

Constant 31.3057 | 0.3502 | 89.394 | 0.000
Rotation velocity [29.9195]0.2145 |139.516 | 0.000
Shrink fit 1.3179 10.2145 | 6.145 |0.002
Preload 0.9736 | 0.2145 | 4.540 |0.006

Rotation velocity

7.5103
*Rotation velocity

0.3157 | 23.792 | 0.000

shrink fit*shrink fit | -0.5625 | 0.3157 | -1.782 |0.135

Preload*Preload | 0.0745 | 0.3157 | 0.236 |0.823
Rotation velocity
-1.0245 | 0. -3. .
*Shrink fit 510.3033 | -3.378 10.020
Rotation velocity
0.2645 | 0.3033 | 0.872 |0.423
*Preload
Shrink fit¥Preload | 1.2102 | 0.3033 | 3.991 |0.010
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Fig. 8 Optimization of response for HSK-E40
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Fig. 9 Optimization of response for HSK-E32
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Fig. 10 Optimization of response for HSK-A63
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Table 8 Optimization for shrink fit

Rotational Optimal value of
R Preload i
Type velocity IN] shrink fit
[rpm] [pm]
HSK 100 20.0847
40000 300 20.5575
E40
500 20.8979
HSK 100 15.8148
40000 300 16.2309
E32
500 16.7446
100 13.8819
HSK 20000 200 14.0224
A63 :
500 14.3211

215
21 H
20.5
20
19.5
19
185
18

Value of shrink fit (um)

17.5

0 5000 10000 15000 20000 25000 30000 35000 40000 45000

Rotation velocity {rpm)

Fig. 11 Optimal value of shrink fit(HSK-E40)
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Fig. 12 Optimal value of shrink fit(HSK-E32)
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Fig. 13 Optimal value of shrink fit(HSK-A63)
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Psay = 310269+ 299195, +1.31795, +0.9736p,
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Table 9 Comparison of FE-Analysis and proposed
equation

p O

Ve | Pl dsi | pvipa) [um]

Case|Type

Lrprm]|N] [um] FEM | Eqn. | FEM | Eqn.

1 1A63(15000{500! 11 {12.129/13.026|11.950(12.813

2 |E40|25000(300 20 |42.206|45.878(21.276|23.011

3 |E32|25000(100| 17 |30.086(32.712|13.671|14.612
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