EEREISE 965K KEBHALBLE pp.605~609

&glolgd RE Aoj7|g 8T MFTAH A4 Ao
Cutting Force Regulation in Turning Using Sliding Mode Control
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ABSTRACT

Continuous sliding mode control is applied to turning process for cutting force regulation. The highest feedrate
compatible with the allowable cutting force is applied in rough cutting process such that maximum productivity is ensured
and tool breakage is avoided. The programmed feedrate is overridden after the control algorithm is carried out. However,
most CNC lathe manufacturers offer limited number of data bits for feedrate override, thus resulting in nonlinear behavior of
the machine tools. Such nonlinearity brings “quantized” effect, and the optimal feedrate is rounded off before being fed into
tte CNC system. To compensate for this problem, continuous sliding mode control is applied. Conventional switching
control law at a sliding surface is replaced by a smooth control interpolation in a selected boundary layer to avoid the

excitation of high-frequency dynamics. Simulation results are presented in comparison with those obtained by applying

adaptive control.
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Fig. 1 Adaptive control system response without the

nonlinear feedrate override element
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Fig. 2  Adaptive control system response with the
nonlinear feedrate override element
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Fig. 4 Continuous sliding mode control system response
without the nonlinear feedrate override element

b |6 s s
kzq;+;-1-lf—x,,+;&1 (10)

o)L 7|1&9 &etolyd BE Ao 7yYL Adgd
RAAd, ofrlol AAS o]&L HgsH A IF
& TASS A 5 Ut dE &Eold B
Aojel e 293 58 Aand 2L TS
2 oA g}

s/® if Is/(I)| <1
sgn(s/®) otherwise

Aq7A oE BAFY FozA, FH #AZo| o

9% oA 4@ Aol YA/ 2% H§
31, g Yo Sojed Aol 4Y & B
Z, ()& /0= AFOZMA, A AFo] Al
gd FFeoae He WA FEHA &l
BHe ue} vlneAA S

sat(s/®) = { an

4. Al=dlold Hn

A& &gtolgd RE Ao 71 MAFAd A&
§ A EHolA AFE Fig 4 9 Fig. 5o YehAATh
AANZAL Fig. 17 Fig 29 A$9 Fddu, 4
Aol QAL ZA sMasCE MRS K, E 17713
Nmm’ o2 ARG [6]. & FF24 & 71E
g %2 3 &deold HW ¥4 1=20,
n=012 AAH{A, AAZ5Y & 0= =219 &
ANezRE F& 5 Qo [14].

4HE o|FEE XY QA4S ¥FET YE AX
oA A% &Eo)]gd EE Aojrle HAHE A
e "9 oA 7E HAAHor FF Aot
HEAE LT A9 viuws] BYS W oy

e

Feedrate [mm/rev]
D PP PP O
O = N W aOO

T 1
5 1©

0
Time [sec]

Z 8oy

@© &0+

o

2 a0y

£ =

g 0

(S 5 0
Time [sec]

Fig. 5 Continuous sliding mode control system response
with the nonlinear feedrate override element

F+E7F dAsA Zasy g5 9 5= F3
gh. ol$Exol A A vAF AF A
and veu g 235 7deed o9 3
7o #9¢ddk BAFY Fo] AESFF 38 F
ZFox271 Foloz 7]E &gold XE Ao}
H4H 1 A Po] LA} whdd], FAAZY F
o] F7tstd FEFoart WA AXe di4l AH
3 @o] Ad.

Figure 4 )3 Fig. 52 u|us) 5’.‘&, 48| E ojfLn

‘QHgloln aAE TFET Q= A AEHo)

FHHA S B4ge BEade 77 452 B
o AHGY AL FEF Ao) YYF o FEE
eugol=g AY WEAd, H§ FFeAd o
g 2 #9 AT & 9ok

5. & B

E s=FdAdE udgAEQ ojd4&x AFH oL
EH3= CNC Ak A 2" 2dg AR &L,
$£4% O3S A% AAY FF Aol A%
glolgd RE A& F§3Ah

1&g £dlolgd RE Ao7)7} FtA I Qd EA
AEL H9% A4 £foly EE AoJ)= EF
A 24 oFd diy= dAF Ao HsS
Bda FAd gxd Ao ¥ AP L A
@ F . EF, d4 &g B AYrlE
BAE AELE AR 71E AAEE FF3,
nE SE4ETE VA Y, QuFES AUFES 3
718 Zole AYE /IR B dydAe F$
A7) A4 £eol3d R= Aor|e g v
n3e] A4 &dold TE Aojrle] 94EE A
Edold A0S F& YFsAt

iy 2

-608-



1C.

11.

12.

13.

1

- ST

r

O. Masory and Y. Koren, “Adaptive Control System
for Turning,” Annals of the CIRP, Vol. 29, No. 1, pp.
281-284, 1980.

O. Masory, “Real-Time Estimation of Cutting Process
Parameters in Turning,” ASME Journal of
Engineering for Industry, Vol. 106, pp. 218-221, 1984.
O. Masory and Y. Koren, “Stability Analysis of a
Constant Force Adaptive Control System for
Turning,” ASME Journal of Engineering for Industry,
Vol. 107, pp. 295-300, 1985.

LK. Daneshmend and H.A. Pak, “Model Reference
Adaptive Control of Feed Force in Turning,” ASME
Journal of Dynamic Systems, Measurement, and
Control, Vol. 108, pp. 215-222, 1986.

M. Tomizuka and S. Zhang, “Modeling and
Conventional/Adaptive PI Control of a Lathe Cutting
Process,” ASME Journal of Dynamic Systems,
Measurement, and Control, Vol. 110, pp. 350-354,
1988.

B.S. Chen and Y.F. Chang, “Constant Turning Force
Adaptive Controller Design,” ASME Journal of
Engineering for Industry, Vol. 111, pp. 125-132, 1989.
R. Toutant, S. Balakrishnan, S. Onyshko, and N.
Popplewell, “Feedrate Compensation for Constant
Cutting Force Turning,” IEEE Control Systems, pp.
44-47, 1993.

Hef g, A4S HEA7[E o] 43 AaE A
ojo] #@ A", AUt FourAGHY =g,
1995.

V.I. Utkin, “Variable Structure Systems with Sliding
Modes,” IEEE Transactions on Automatic Control,
Vol. AC-22, No. 2, pp. 212-222, 1977.

JYY. Hung, W. Gao, and J.C. Hung, “Variable
Structure Control: A Survey,” IEEE Transactions on
Industrial Electronics, Vol. 40, No. 1, pp. 2-22, 1993,
Y.F. Chang and B.S. Chen, “The VSS Controller
Design and Implementation for the Constant Turning
Force Adaptive Control System,” International
Journal of Machine Tools Manufacture, Vol. 28, No.
4, pp. 373-387, 1988.

X.N. Luo and Q. Zhang, “Sliding Mode Controller for
Force Constrained Cutting Process,” Proceedings of
American Control Conference, pp. 1121-1126, 1990.
J.J. Slotine, “Sliding Controller Design for Non-linear

-609-

Systems.” International Journal of Control, Vol. 40,
No. 2, pp. 421-434. 1984,

14. J.J. Slotine and W. Li. Applied Nonlinear Control,

Prentice Hall, 1991.



