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A Study on Adaptive Control of Cutting Process °

Nam-Kyung Kim?*,

Ji-Bok Song**

ABSTRACT

Conventionally, model equation for cutting process has been used at adaptive control,

But

in this paper, the cutting force is discerned by piezo electric ‘'dynamometer and is controlled

adaptively using fuzzy inferance so that the constant load feeding is possible,

Main conclusions are as follows :
force control is possible,
of model equation of cutting process,
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(1) with proper design of fuzzy label, more active cutting
(2) adaptive control is possible with only qualitative knowledge instead
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Fig. 1 Experimental set up
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Fig. 2 Cutting force according to depth of cut
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Fig. 5 Cutting force according to width of cut

Bt BE Sh% Fohe Adud Z2RE siAem
Rov EFHE AAY AR BFE Jehiz gle
2 omg GEl Ko #ke dfid= dige] 7}
FH=E Hlta System& Ty A HIH &t
Parameter2# F43719) H A

3. Fuzzy #ROi 28t GHIh HE

I ol ol INIBEAES BAS §1H) Data
& 4 12T BB o8 FHH AT THEE
& 29 ool mId KEE Hist GREW Hif
€ 3R 71¥5EE o MEAR 7 A& RoH”

ojst 22 #HAM & HRAME T71E Ktz
MIEERE EREAA EEES 2oV A4 YMIHS
—E3A FAE & WA BEREE (hIESEH 24
dols} F2 FFARA FAHDE 9y ¢ 2
A8 2AFoE BX EETS A4 )E Fuzzy
Rl o8 EEHE st



LT AGE M2z (1992, 69)

3.1 Fuzzyiikel Algorithm™

Fuzzyflfae Qztol Ze EMMA Ma%e Fuzzy
FEo o8 dy=e Aoz 1 Algorithme S
T E¥5NEVS E5he) K BLR(AFE AR
BH2HT BEAE SIS A OverrideR(AV) &
HABEgE s ogxt 2ol AUt

(1) =4

Filol elRAANA &x Ade EYHEIAAE E4H
3 FEH B BtEo] 0o Hr wEel HIHI
RIS Gmely] daMe Hdo oldsxsl HAF
HWo Override®& (150%)& 7I8I=E 3t

2 B8

IE7 Ifetpel #fsle £ o4zt o9
sz Qerz adE YHEE 173 Eﬁﬁ"]
243 Bhstd TR & 2 H‘é‘ﬂ Aok, wEA
o345 g AXAE HHeR, EF XHSjol RE
B st 2 HEE #E5Y # A=E, a3
Eonel FEEe A F BREES Bhd
F QA OverrideES stk & Reoltt

olAte] HEMEIES uigoR sl Fuzzy HARMES
Class 4%, ## FHE OverrideBd ZF F9
dRpEE Bl ol MRE BERE Aol
Fig, 6oltt,

o7]4 PB=Positive Big, PM=Positive Medium,
PS=Positive Small, ZR=Zero, Ns=Negative

Y T

Small, NM=Negative Medium, NB=Negative Big
£ 39 Fuzzy EEY RE #£4 Labeld #H%
SEe RAlez sg

Ag A o AoiM HHY olF &x V&
Va = Vn-1 - Aln
o]y n-1 AJTHME V,_,=V,_,» A&V, 0} Ho (2) 4

Vn = Vn-z . ( A\i‘n-l - Avn ) TTTTomsmssomsss (3)

9} o] Hz NC program Aol dAsle] e %
&z V,2 g A4

Vn = Vo ( AVp - AVp - AVn )
2 Vo AV mmmemem e (4)
7} gt maA
AV'n = ADVo - AV - AVa
= A\I-n-l - AVn e '(5)

A BFIRCR AV.E BFT 4 7 W2 HEIH
& —EH BEEES HEHT - =S 26E Rule
(ASBE AV.S AV, i) 88 AV') System
& Fig. 7% o] HESch

3.2 GEIN HiE System""’

Fig. 8¢ HIMIHES S LFsA FA7 A8 BEEE
S #Hgd Exoz FTAHHE System ot}

Low pass filter& & By 5ol BrkeE 57
3 differential Circuito] M k&2 F5He K
#t%o] Fuzzy controllerd] YHEHHE Fuzzyheihol

> {NFERENCE ." ‘> ESTIMATION

Makevship function

contribution

Control rule

factor
F If Fn=NB and dFn=ZR
n ] then d¢Vn=PB PM
PS

If Fu=ZR and dFn=2ZR
then dVn=IR

If Fn=PS and dFn=PS

then dVn=NS NB
L - N

PB ]

7R Override percent
dVn for v,y
NS o

NM

=

Fig. 6 Fuzzy inference mechanism



A% - $AE

o8 K& BXAEE’L He W F5(-5V~5vd
A718 N3F)7 Programable ControllerdjA
Override &2 WEHTE NC controllerdlXe P/C
ZREE ¥EAH OverrideB®d NC programolX HEH
of de BXEES B odF TR R IT
7} §&o)AZ Motor Servo Unitd] ol £&E& 4
stA €tk

L
Fuzzy inference

pact for Av, 4vn

Fuzzy Inference

pact foc AV’ Av'n

8Fn

AVin-1

Fig. 7 Rule of cutting force control

" Change Low—pass filter
1 M r[qmpliﬁer 0.5 Hz
Differential
circuit
Programable Fuzzy

controller controlier

Workpiece

Dynamometer

]
Milling NC
machine . controlter

Fig. 8 Controller system for cutting force

3.3 #i# System®] F&

Fig. 95 BAZY & Systeme FHEs}7 98 G)H
t HRA 2 T Bikes Jehd Ao

gl I BgdMe A Aoyl &KAE de
o GIEIel FELRE HAT BAEEES w3l
JIHIE 73S & BRdNE YHIhe FELRM
o THRfEY F0ae 2 FE@= &dd

Fig. 109 Ade #%9 GEiHEd 98 v
7HE Aol FE& HHL Fuzzy §lE #H4st
g Aol dAHoZ IIHsHl 16% 7Hrte] &
fEdz ok Aab ol ol WsF YHIHH
BEAEE7 AP B85S dx gernz FFH Hia)
olFo] AA 41 ULE & & Uk ot HiE B
9] % Fuzzy Labelo} 3f 2403 58 vol
A7) GRo dojtk Yoz I HAL AHME

d
: () !?
ul = .

Fig. 9 Workpiece form using cutting force control
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Fig. 10 Cutting force and feed rate according to time
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