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Dynamic Analysis and Optimization of a Machine Tool Structure

Kyu Hwan Han and Jang Moo Lee
Abstract

It is necessary that machine tool structures should be designed so that they will cause a
minimum chance of machining chatter.

In order to do this, a computer program package is developed utilizing Finite Element Method,
modal flexibility and energy balance method. Validity of the program package is verified through
computer simulation analysis and impulse test of a simplified machine tool structure.
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Table 1 Function of the subprograms,
No. Function of the subpropram Name
1 To obtain the element mass matrix [M]e and the element stiffness matrix [K]°
- ELEMNT
2 Coordinate transformation of [KJ]* and [M]¢ into the system coordinates
To assemble [K]* and [M]°, and construct (K] and [M] of the system
3 SYSTEM
[K1{X}=A[M]{X)
4 i Tridiagonalization of the matrix [M] by Householder method — [M*]
EIGEN
5 ‘ To solve the eigenvalue of [M*] by bisection method and Sturm sequence
6 To obtain the eigenvector{#*} and the modal matrix [U*] of the tridiagonal
matrix [M*] EVCTR
7 l To transform{u*} into the eigenvector {#} of th original matrix [M]
To transform the matrix {M ] into unit matrix [/]
8 INVERS
[KI{X}=AIMUX}=[K']{X}=2{X")
9 Tridiagonalization of the matrix [K’]J—to solve the eigenvalue, and then the INVERS to
eigenvector EIGEN
10 To print out the eigenvalues & eigenvectors PRINT
1 1. To calculate the potential energy & kinetic energy of the substructures ENERGY
2. To calculate the modal flexibilities
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Fig. 1 Mathematical model of milling M/C.

Table 2 Natural frequency before and after revision,
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Table 3 Modal flexibilities before and after revision,

YZ-plane ZX-plane I XY-plane
Mode No. Before After - Before After i Before After
revision ’ revision revision ! revision | revision ‘ revision

1st mode 0.6299E-10 | 0.2874E-10 | 0.4552E-09 : 0.3862E-09 | 0.4966E-10 | 0.1393E-09

2nd mode 0.2901E-C9 | 0.1047E-09 | 0.4241E-0(8 } 0.6953E-09 | 0.2321E-10 | 0.4555E-10
Table 4 Energy distribution before and after Teable 5 Characteristics of computed modeshape

revision, after revision.
) Potential energy 1-: ..: N Natural .
Mode ES&S& (%) Kinetic energy(%) Mode No. frequency |Characterxst1cs of mode shape

1. Z-direction translation
2. Rotation about X-axis

0- re No.| Before After ! Before After

1st mode| 208Hz

A | 0.18243 | 0.98098 - 0.18520 | 0.98720
. B | 0.38388 | 0.01452 | 0.04193 ' 0.0083  5nq pmode| gagHz L Z-direction translation

© Ist )
mode‘ C | 0.43368 | 0.00450 ' 0.77286 | 0. 00422 i 2. Rotation about Y-axis

3 1
‘Total’ 1.0 l 1.0 t L0 1.0 ard mode | 257Hz 1. X~, Z-direction translation
2. Rotation about Y-axis

i A |0.77348 | 0.01771 } 0.79738 | 0.01256 ’
B | 0.11648 | 0.38332 | 0.02028 | 0.04118 4th mode! 388Hz ) 1. X-direction translation

ond
mode ! C | 0.11004 | 0.59897 } 0. 18233 1 0.94626 I ! 2. Rotation about Y-axis

‘;Totall Lo | Lo | Lo | L0
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Table 6 Comparison of natural frequency.

Mode No. | Measured Computed

’ frequency (Hz) | frequency(Hz)
Ist mode [ 175187 | 208
2nd mode | 225—232 | 220
3rd mode | 277285 | 257
ath mode | 365—389 | 388

Transfer function at point 5 (accelerometer
position “A”),

Fig. 15
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