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Adaptive Cross-Coupling Controller for
Precision Contour Machining

Sangpil Yun and Sungchul Jee
ABSTRACT &Zo AYY &Z 2 Ak(contour error)E TAA
Ae W Z&1A Aoz AFLRY. Y
In this paper, a new adaptive cross-coupling control AA BAZRGME ARz el tlBo] A 3
(CCC) method with an improved contour error model is Ax 228 BRI, waA FBAZH A
proposed to maintain contouring precision in high-speed gausol g olaEE FojoE BAL 7]L0

nonlinear contour machining. The proposed method

utilizes variable controller gains based on the
instantaneous curvature of a contour and the feedrate
command. In addition, a real-time federate adaptation
scheme is included in the proposed CCC to regulate
cutting force. The proposed method is evaluated and
compared with the conventional CCC for nonlinear
contouring motion through computer simulations. The
simulation results show that the proposed CCC improves
the contouring accuracy and regulates cutting force more

effectively than the existing method.

Key Words : CNC(% €] 4= X} 4| ©1), Machine Tool(&
2}7]4)), Contour Error(£#22}l), Cross-Coupling
Controller(.2+%& A FA]°]7]), Material Removal
Rate(MRR: ] ZA}F4] &), Cutting Force(d 2t &)

1. 4@

ouyg R Az AFIME AR
FUE P4 AW F7tl dF B8l AR
B4 FaA7AY BFY FAACNC) A=l
de Baol FH fon, uxe HFHY
=2 AFS] 98 AuF AuAe LuaFol
AsHoz AgAR Yok 53, AEF ABA

0} 7] (cross-coupling controller)s  71&& &1} A4

i

wzdstz Qe sAEs

**

g@Fgsn 7AS s

A FJch a8y ALzl AL Az At
2 AAL QY3 oA, BIFE FAANERE
olH& g F7t Ak AT 1o BE T
ate) F7t2 AUEE Astdd.

KorenMoll 2l8] A3 mzaEx @FAlolst At

g oy AR o8 WHEol AAHAEH,
Kulkarni &} Srinivasan®< &3 Q zke] 7/14& $30
A5 A S FHLAE WEFoIN HHH
of whAlo] og &FA AMoyiE AAFHAT.
o3 AEFIASE Ao FAsA A
By HeHR S we aFgHoR AorE
AAsl7) A& 48 dd B AS ARSI
a8y A AlFe ZFEAHY £33 NEr] AR
e Algdozyd dA §FHoAGE tha AE
7} 9E 222 248 AAEGL JEY &
#oz 29 FoAd 7 RAugd Wy syl

Koren 3} Lo®2] mddAXE ddtes 349 &
b N1EA A Aol 99 FENAEE A4S &
FoaE FAF R T of EdoAE A

A, $HeA7 Aok BF AR 2 J1FAd
Mol &3k BARFoRe) 8 A% 2R (racking

=

lag error)oll |3} ¢ 3, FA, FALge F
A fAeast NEHAANY &3 FENH H

3 @8 Foe
Rae g@o =g
SN AgaA
Lius 7134528

goste BAS

7H4E AHESIRT 2y,
of & A%, 53 1£9 ojF
%A @ck =3k Chuang 3
77171 A8 olg& =
AY BAACE T3 HFA

o]



A71He BH oEEES Aoisty Hou A
2 ool BAL Ul NAFH|EE A Ax
ol = A 43717 olhch

oJzd JlEe mAE AFAl WESe

o] & 7I5% HAY 7|EAH T HRE A
AbRER] g3, AA £3HY Z1EAAT A
o ti3 AR ARFoeH AA FFeAY
v tda At Qe 2AHE &FeAE ZuR
gt 3, & WHEL oY oFEr =
A AF Fol AL¥oz waste &% J5
el nAY Aoy AYE HAEFoE A 1L
o HAy EHFOA EFFEEE HFAG F
Aot =3, vAg &F371FTAM FEY W
el gelxle 9 FEAAIJMRR) (FEED:
curvature effect®)3} o]o] nl@isl= FAgOg 4F
A #2389 7EEe BEd 53R Ar9 X5
9 AYEE R3] Y E 7HF F olESE
o] AAzF 2H o] g3t
ol9} & YHES Ay A3 B dFd
Me (A8 &Zexr 2d8 HEdy IE
g ol$&x wW3ld wel sk AJE HEde
e waE dEA uEFL MLt i)F
§ Wsle wa dxd wses BAHE0] 9% 7t
W oolddr WS HR3le nde] vdY &7
ALY g stz gk B AT
A AR 2B 2ddAME, 999 Ay
&B7LE A <lEl Z 8 o) El(interpolator)?] &3 F
AA FF AAANA A ke &3 49 A 7
FRL v AEH AZvlch Fo} s =
Agetn o] HEE Aves 9& ol83dld =24
Agg §FoAE 7 F Uk
B Aol AAld uaF dEAe ¢ungE
& CNC #2749 XY AREE dige=z uv)A

Y a%EAel U@ BFY AgAI¥e Fal 2
Bg4ol AEHch

2. ANE &%ex 299 ¥y

Wi AFAlrie A fFeA 2Y
Adstz Ao 7gel EEAHY W & &F
3xg 9 F Uk g aFea Ads
3 B dFex AZo] AMAE &FHA 2dY
Fig. 19 el o}

3l

o fo X o

Desired
Tool Path
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Fig. 2 The proposed adaptive cross-coupling controller
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Table 1 System parameters used in the simulations
Parameters Symbol (unit) | X and Y axes
Time Constant 7 (msec) 30
Open-loop Gain K (sec™) 400
Sampling Time T (msec) 1
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Fig.4  Comparison of contour error models:
(a) Koren and Lo’s model; (b) proposed model
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Table 2 Simulation result of adjusted propotional gains
(V. feedrate , p : radius of curvature)

(m/min) V=1 V=2 V=4
(BLU) w, | k, | w, | kK, | W, | K,
p=3000 | 41 |01 41 |02] 41 |023
p=4000 |39 | 05] 39 [045| 39 | 0.4 |
p=5000 |37 ]05|37 0537|046
p=10000 | 30 | 05| 30 | 05| 30 | 05
p=100000 | 20 | 05| 20 | 05] 20 | 05
p=w 20 [ 05|20 | 05 20 | 05
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