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Vibration Dynamics Analysis of CJ190Z4 Machine
Tool Spindle Experimental Model Based on Ansys
Workbench
WANG Zhenghao ,ZHANG Dujuan

(School of Mechnical Engineering, Shenyang Jianzhu University , Shenyang, China, 110168 )

Abstract; To study the dynamic and static characteristics of the chassis and the spindle of the
CJ190Z4 machine tool,the natural frequency,the vibration mode and the deformation stress of the
first 6 orders of the main shaft are obtained. The relationship between the front and end displace-
ment-frequency relationship and the phase angle-frequency relationship is obtained. The three-di-
mensional solid model of CJ190Z4 machine tool spindle model was established by Solidworks. The
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experimental model was divided into two sub-units of spindle and chassis. Ansys Workbench finite
element analysis software was used to analyze the static and dynamic analysis of CJ190Z4 machine
tool spindle system. And the harmonic response of the experimental model is obtained. The natural
frequencies of the main axes at different temperatures are different,and the first three natural fre-
quencies are 151. 1 Hz,1 152.9 Hz and 2 157. 3 Hz at 20 C. The minimum natural frequency of
the housing unit is 255. 15 Hz. The first-order critical speed of the spindle is 69 066 r/min, which
is far greater than the maximum working speed of the spindle 3 000 r/min, which indicates that the
spindle can effectively avoid the resonance area and ensure the machining precision of the spindle.
The maximum displacement of the spindle is 4. 1 wm,the maximum stress is 19. 5 MPa. The natu-
ral frequency decreases with increasing temperature. The bending stiffness of the base plate of the
chassis unit should be strengthened to improve the first order natural frequency of the casing ele-
ment or the first order resonance of the damping suppression shell element. Improve the stiffness
and damping of the spindle, can effectively reduce the vibration deformation,to avoid the occur-
rence of resonance phenomenon.

Key words : machine tool spindle ; experimental model ; analysis of Ansys Workbench ; natural fre-
quency ; vibration mode
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Fig. 1 The picture of CJ190Z4 machine tool spin-
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Fig.2 Schematic diagram of the spindle structure
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Table 1 Machine spindle parameters
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Fig.3 Finite element model of machine tool spindle
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Fig. 4 Displacement and stress of machine tool spindle under uniform load
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Fig.5 Displacement and stress of machine tool spindle when the right side of the spindle is loaded
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Table2 Natural frequencies of the spindle at different

temperatures

A7 3514/ He
20T 200 C 400 T 600 C 800 T

151.1 1171.1 1156.9 1139.6 1110.1
1152.9 1172.9 1158.6 1141.3 1111.8
2157.3 2194.8 2168.1 2135.6 2080.5

1
2
3
4 2161.1 2198.6 2171.9 2139.4 2084.1
5 2487.2 2530.3 2499.6 2462.2 2398.5
6

3440.8 3500.5 3457.9 3406.2 3318.2

4.1.3  HURFHIBSIRAL 537

F A4 B AT L Ry 45 A TR AR Y A 4R
PEZH G, HE A I B 1A i 280 L v B T A i AR
XoF AR 205 ) K B R B T A S o

R, PRIk 3 il A0 30 A R R A 32 R
PR A PR 5 4 Workbench iz 17 3K il
JAHT 6 B iRAL A& 6 Fis.

M

(a) 1B 4R 2L
v ~v
(b) 2B PR A

_l'm

B am ey

(c) 3T HRA
(d) 4B HREY
(e) SErHRA
W = yww
(f) 6B IREY

B6 EHIICHT 6 FriRmE

Fig. 6 The first 6 order vibration modes of spindle unit
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Fig.8 Radial displacement curve of the spindle
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