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Dr. Daniel Popescu The paper presents a stability analysis of CNC lathe processing using
Mechanical Faculty, Nyquist criteria starting from the vibrations in the longitudinal
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determines stability domains corresponding to analyzed shaft segments
which match real work conditions.
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INTRODUCTION

CNC machine tools are precision cutting devices with a high degree of stability and surface
finish quality. They are designed for processing complex surfaces of standard or special
materials in special work conditions (gas environment, high temperature, moisture, corrosive
factors, etc.).

Figure 1: CNC lathe model.
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Due to the real working conditions, variable processing loads, superficial hardening of the
work surfaces and non-homogeneities, the dynamic work regimes are constantly changing,
which leads to appearance of disturbing factors that cause the need for continuous adjustment
of the working regimes (speed, advance, etc.) in order to obtain a superior roughness of the
workpiece.™

In order to determine the requirements for a stable cutting processing it is required to analyze

the longitudinal vibration movements of the main shaft of the CNC lathe.

Essentially, the equations that describe the vibration movement of the main shaft of the CNC

lathe in longitudinal direction are defined as a closed loop system:!

R () o o) u'(s.x,)

Figure 2: System for defining the vibration movement.

ESTABLISHING THE MATHEMATICAL MODEL
The analysis presented in what follows is based on using the Nyquist stability criteria and

consists in determining the transfer functions on three segments of the main shaft of the CNC
lathe.*!

In this case it is necessary to determine the closed loop transfer functions H® (s, x,);i=0,2,
in which the input is the axial force R’ and the outputs are the displacements

U (s,x);i=02.

We have:
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Using the Nyquist stability criteria, the open loop transfer functions H¢(s,x,);i=0,2 are
determined using the following relations:

0)
Hi (s,%,) = o (i()S1X_1) ji=02
1-Hy (s, x)

(7)
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Modelling of these functions in the [ReHd(joa),jlm Hd(joo)] coordinate system is presented in

the following figures:'®
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CONCLUSIONS
The following conclusions can be drawn from the three shaft segment models:

- The characteristic measures for the entire model are:

p=7800kg/m? E=21-10"N/m? A=1539-10"*m?; I, =0,030m; I, =0,170m; | = 0,295m;
m, = 0,0204ZXg.
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- On the first analyzed segment (Figure 3) of the main shaft with x, =0,01m for ky; = 0 the
system marginally stable in the -1.0 domain, with variation of the oscillation domain
=107 +10" sec? with p = 10°.

o The situation appears for three rotation speeds:

Ng =15100r/min; ng, =17500'/min; ng; =19000r/ min.

o Rigidity ki3 = 0 is not true in the actual situation.

o Increasing rigidity to k,; =10°N/m produces an increase of the stability reserve in the
domain from the left side of the plane.

o The dynamic rigidity kj1 of the main shaft corresponding to the three rotation speeds is
ki1 =56 for ng =15100r/ min; k13 = 51 for ng =1750Q/ min; K33 = 48 for ng =19000r/ min.

o Inall cases the frequency domain variation is o =1000+10000sec™, p = 10.

o The stability reserve increases considerably near the origin.

- The second analyzed segment (Figure 4) oscillates near the origin for ky; = 0 in the right
half of the plane and has stability domain o=10" +10°sec™ with p = 10.

o For k;; =10°ky; = 56, 51, 48 there is an increase in the stability reserve for the variation

domain ®=10" +10"sec® with p = 10”.
- Finally, in the third analyzed segment (Figure 5) of the main shaft x; = 0,23m, for k;; =0,

ki1 = 10° and ky; = 56, 51, and 48; the system oscillates around the coordinate axes being

stable in the domain »=10° +10°sec*with p = 10.

REFERENCES

1. Biermann, D., Surmann, T., Kehl, G., OszillatormodellfirWerkzeugmaschinenzur
Simulation von Zerspanprozessen, wt Werkstattstechnik online, 2008; 98/3: 185-190.

2. Seguy, S., Insperger, T., Arnaud, L., Dessein, G., Peigné, G., On the stability of high -
speed milling with spindle speed variation, International Journal of Advanced
Manufacturing Technology, 2010.

3. Otto, A., Kehl, G., Mayer, M., Radons, G., 13th CIRP Conf. on Modeling of Machining
Operations Sintra, Portugal, Stability Analysis of Machining with Spindle Speed
Variation, 2011.

4. Akesson, I. Gustavsson, L. H°akansson, I. Claesson and T. Lag o, Vibration Analysis of
Mechanical Structures over the Internet Integrated into Engineering Education, In
proceedings of the 2006 ASEE Annual Conference & Exposition, Chicago IL, June 18 -
21, 2006.

WwWw.wjert.org 340




Daniel. World Journal of Engineering Research and Technology

5. YuSD and Shah V. Theoretical and experimental studies of chatter in turning for uniform
and stepped workpieces. ASME J VibAcoust, 2008; 130(6): 061005-1—- 061005-18.

6. Popescu, D. & Ispas, C. Dynamics of grinding processes. Simulation and Modelation, Ed.
SITECH, Craiova, ISBN 973-8025-31-1, 1999; 49-53.

WwWw.wjert.org 341




