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(Dynamic Analysis of the High-Speed Spindle Structure for Machining Center)

A& (57

TA7IA G E

7N

=]
Gl
FoF, BLERFVsATYE BlEd74)

Abstract

This paper presents a dynamic analysis of
the high-speed spindle system for vertical
machining center using finite  element
techniques. The computed natural frequencies
are compared with the measured frequencies
obtained from experimental modal analysis.
The results show that the bending and
twisting deformations of the spindle housing
dominate in the lowest modes owing to low
dynamic stiffness of the housing structure. The
design parameters used in the analysis are: (a)
panel thickness of the housing, (b) height of
the housing, and (c) spindle-to-column
distance of the housing. Through sensitivity
analysis and optimizing simulation considering
design constraints, an optimal design of the

spindle system has been obtained.
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Table 1 Specifications of the high-speed
spindle system
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Table 2 Mechanical properties of materials

. . Elastic modulus Poisson’s Density
Matenial

(GN/m?) ratio (kg/m°)
GC30 95.1 0.27 7300
SM45C 206.0 0.30 7870

Table 3 Radial and axial stiffnesses of

bearings
Radial Axial
Bearing type stiffness  stiffness
(N/um) (N/um)
7013CE/HC P4A QBC 785.3 184.0
7011CD/P4A 143.2 70.4

Fig. 1 FE model of the spindle housing



Fig. 2 FE model of the spindle
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Table 4 Computed natural frequencies of the
spindle system

Mode Natural frequency(Hz)
1st 177.3
2nd 198.3
3rd 290.0
4th 364.7
5th 453.5

_42_

38

(d) Fourth mode

(e) Fifth mode
Fig. 3 Computed mode shapes of the spindle

system
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Fig. 4 Schematic diagram of experimental

setup for modal testing
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Table 5 Comparison of measured and computed

natural frequencies of the spindle housing

Mode Measured(Hz) Computed(Hz) Error(%)

Ist 46 603 10.4
Znd 671 731 8.9
3rd 839 1008 20.1
4th 1014 1120 10.6

Table 6 Comparison of measured and computed

natural frequencies of the spindle

Mode Measured(Hz) Computed(Hz) Error(%)

Ist 401 426 6.2
Znd 1029 1141 10.9
3rd 1968 2224 13.0

_43_

i

sA4dsst YEAA BE 10%S) 23y A
AN F AL ¢ 4 A ARYLsA o
47 Zzte) mEdAH f@as A4 o
ANE REYY 94 wmE F YNk

5. AANA

51 fARd

HYY AANSE ddste FAYA AP
= 2L Y3y % Aoz ¥R
Fig. 59 2ol 3+¢3% W2 ¥4¢ WA

A4

-

t} o= =2 YHolLEL oz 2 p
ZE9 3x7x9 AFr=Ql Ay 2 ze

Wwakel 3 Wy vEE AP dd 44
£ F4A717] A Aotk

Table 7°] 92493 99 eHFFe Wi
g HAst ol ANEDA g FI8
A H*—i:% it 73 2/HAFFE a3y
k. 1z IR EFe ZA FAEHA FRovt 2,
3k vJ%T% Ztz}y 9.29%, 119%7F A= ok

i

/_/\ 4

S
r

// /_,__A:::J
b j

L

ona

Ro &%
Rio® pcne X CI%

(a) Preliminary design (b) Improved design
Fig. 5 Recommendations for design change

Table 7 Comparison of natural frequencies
between the preliminary and the improved
design
Preliminary  Improved Increasing
Mode ) .
design(Hz) design(Hz) rate(%)
1st 177.3 183.6 3.6
2nd 198.3 216.6 9.2
3rd 290.0 322.0 11.0
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Fig. 6 Design parameters for the spindle

housing
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Fig. 7 Effect of the panel thickness of the

housing on natural frequencies of the improved

design
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Fig. 8 Effect of the height of the housing on

natural frequencies of the improved design
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Fig. 9 Effect of the spindle-to-column distance

on natural frequencies of the improved design
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Table &8 Improvements in the natural
frequencies through design change
Preliminary  Improved Optimal
Mode . ] .
design(Hz) design(Hz) design(Hz)
st 177.3 183.6 356.3
2nd 198.3 216.6 380.3
3rd 290.0 322.0 426.7
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