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Abstract: The spindle is the main component in machine tools. The static and dynamic characteristics of the spindle
directly affect the machining accuracy of workpieces. The characteristics of the spindle depend on the shaft size,
bearing span, built-in motor location, and so on. Therefore, the appropriate selection of these parameters is important to
improve the spindle characteristics. This paper presents the analysis of the static and dynamic characteristics and
optimization design of a 40,000-rpm high-speed spindle. Statistical analysis for optimization and finite element analysis
were performed. This study uses the response surface method to optimize the objective function and design factors. The
targets are the natural frequency and displacement. The design factors are the shaft length, shaft diameter, bearing span,
and motor location. The optimized design provides better results than the initial model, and these results are expected to
improve the static and dynamic characteristics of the spindle.
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Table 1 Specification of the spindle system

Description Type
Max. speed 40,000rpm
Beari Ceramic angular contact
caring ball bearing (145,135
Preload Constant pressure preload
Lubrication Oil-air
Built-in motor IBAG HF120AI36HK
o 12.6kW/5Nm
Cooling Water coolant
Tool type HSK-E40

o A e 18

1 Tool interface 3 Bearing 5 Drive rotor
2 HSK gripper 4 Drawbar 6 Drive stator

Fig. 1 Schematics of 40,000rpm spindle system
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¢ Selecting characteristic values
- 15t Natural frequency
- Spindle nose displacement
{
* Selecting factors
- Rotor position
- Shaft diameter
- Bearing span
- Shaft length
i
* Design of experiment
- Experiment planning by orthogonal table using MINITAB software
i

* Finite element analysis
- Static and Dynamic analysis using
ARMD

I
* Data analysis
- Response surface method
- Multiple response optimization

Fig. 4 Experimental procedure
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1 Rotor position

2 Shaft internal diameter
3 Bearing span
4 Shaft length

Bearing

Fig. 5 Design factors
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Table 2 Experimental ranges of the design factors

The design factors Range

Rotor position -SSmm< X1< +5mm
Shaft internal mmE X2< 42mm
diameter
. Front | -2mm=< X3a< +2mm
Bearing span
Rear | -2mm= X3b< +2mm
Shaft length -14mm< X4< +14mm
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Table 3 Results of analysis for different analysis Interaction Plot for Displacement[4m]
conditions Data Means
m p 1o 1o
1\]1;( °fIx1 |x2 | x3a |x3b |xq D fea Dip 2001 ] A W] [
p. [Hz] | [¢m] el X A —
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9 -1 10 1 0 0 1,254 |3.00 Fig. 7 Interaction plot for natural frequency
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Table 4 The multiple response optimizations

Parameters
Goal |Lower |Target |Upper |Weight |Import
1* freq.
[Hz] Max | 1,211 | 1,283 | 1,283 1 1
Disp. .
Min | 242 | 242 | 3.04 1 1
[m]
Global Solution
X1=-1
X2=0.54
X3a=-1
X3b=1
X4=-1

Predicted Response
1™ freq. = 1,288.95
Disp. =2.41
Composite Desirability = 1.00

Table 5 Comparison results

Model 1" natural Displacement
ode frequency[Hz] [m]
Initial .ARMP 1,251 2.70
(simulation)
Opti RSM 1,288 2.41
mizati (predict)
on .ARM].) 1,285 241
(simulation)
Eow veut 2 on nfdEse
FAGE A9 dF % 727 1,288.95 Hz 9

241 m 2 Yeps 7 BRI BE B3R
TSt n e FENESEIe (composite desirability) 7t
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Displace
Minimum
y= 24128
d = 1.0000

Fig. 9 Plot for the multiple response optimization
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