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Dynamic Design of an NC Lathe by Using
Substructure Synthesis Method

Sin Young Lee* Jang Moo Lee**

Abstract

In this study, in order to perform dynamic design of machine tools reasonably and
effectively, a method was formulated to be applicable to the structures connected by
joints having elasticity and damping by using substructure synthesis method. And to
analyze chatter-free performance, a 3 dimensional cutting dynamics theory was used.
Computer program package for the dynamic design of machine tools was developed
by combining those and spplied to improvement of performance of NC lathe. Also,
the optimization in the structural modifications of machine tool substructure was studied
hy evaluating the effects of the substructural modifications on total system performance.
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Fig.6 Sketch of headstock part and bed-base p-
art

(a) 1st mode

(b} 2nd mode

(d) 4th mode

Fig.7 Mode shapes of main spindle part.
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Fig. 13

A photograph of the frequency response

function at the cutting point.

Tablel. Natural frequencies of substructures( Hz)

Mode Bed-base Headstock Spindle
1st 98.7 919.1 875
2nd 1843 1525. 879
3rd 210.6 2042. 265.
4th 217.6 2270. 273.
5th 2514 2301. 1237.
6th 354.7 2880. 1241,
Tth 3719 2907. 1811.

Table2. Natural frequencies of the entire NC
lathe( rad/sec)

Mode Real Imaginary
1st 3.384 464.7
2nd 3.501 526.4
3rd 4.260 676.3
4th 14.98 1274,
5th 19.70 1329.
6th 21.85 1395.
7th 8.010 1556.
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o — - =~ High damping bed
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Fig.14 Predicted chatter borderlines of the sy-

stems.
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