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Path compensation toward direct shape control: dealing with
tool deflection problem in 2D contour machining

Jung-Hoon Cho* and Suk-Hwan Suh**

ABSTRACT

In this paper, we

investigate path compensation scheme for the machining errors due to

tool deflection in 2D contour machining. The significance of the deflection error is first shown
by experiments, and a direct compensation scheme is sought. In the presented scheme, the
tool path is evaluated and corrected based on the instantaneous deflection force model, until
the desired contour can be obtained under the presence of tool deflection in actual machining,
In the sense that the developed method estimates and compensates the machining errors via
modifying the tool path, it is distinguished from the previous approach based on geometric
simulation and cutting simulation. Further, it can be viewed as a direct and active method
toward direct shape control in CNC machining. Simulation results are included to show the
validity and adequacy of the path-modification scheme under various cutting conditions.
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AAEZ W2 JAZ4E 4% e a2eAE yE
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AEE £ASA At £33 Ad2 4 (109 o
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Pi=P-AD[R], Vi€[1:N] (10)

od714 A€[0,1]& Fo{d BAHAF (compensa-
tion factor) o™, D[Pl 94 73 A3 24
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Steps for integrated compensation scheme

1. Read in the nominal path(tool center
path), R, and decompose it into N
points, Pi, i€[1:N].

2. BetI=0.

3 I=1+]

4. If T > LIMIT, stop with “solution failed.”
(LIMIT is the iteration limit)

5. Compute D[Pi], for all i by the Equations
in Section 3.

6. Pi=Pi+D[Pi, for all i

7. If |P%-R,| <¢ for all i, stop and out-
put Py, i € [1:N]. (¢ is predefined error
tolerance)

8. Modify P'i=Pi-4 D[P, for all i, and go
to Step 3. (A=[0,1], is predefined dis-
count factor for compensation)

FREAYA (Fig. 100) = 22247 324
< EARAYAs FAshy, AT glojy 3k
HE B9 X 33 T AFEE Fe P4 E
Faoh, wAg 77+ (B9 A7 FFL T
o] dg& X g AT Hoz AFEG (Fig
11). #z% N-1°13 stz z3" 4% Pyold
sE, 77 N-lxe BAe 4 (8)9 Fax4g @
A7) AAE Pvag 3 Aot F, FEEA
& @) £34 (9% EAor HgdhE Ao,
d71Ne BAY 97t mgEe] 7] W A&
dlAe daE (Fe A g wzE 438 + de
Aol git}, ol olxde W) wal (AAAZE
Yo ) AaZe AFE FH L gdle Ry

N

¥ Oy~

e b
\ .

D
W2 -»--—--fﬁ,
SR

B Feedrn

(b) TR A

Fig. 10 2717 2324
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Fig. 11 24 4%

43} Wz o,

N-177H Py, PuldlA Pyqol 2AER N-277
o BHom 839 Py,5 ZF5H (Fig. 90)),
ofE|g HF L A FIA A&HoE FTHoEN B
HAARE 7€ F A0 7 B dAe o
3 2t

Steps for sectional compensation scheme

1. Read in the reference path, R, and the
terminal point T.

2. Decompose the reference path by N-1 seg-
ments defined by [P, Pi), i€[1:N-1],
where Px=T.

3 Set =N,

4 I=1-1

5. If 1 =0, stop and output Pi, i€[1:N-1].
6
17
8

. Compute D[P1.

. P4=P1+D[P1,

. If | P9-Rel =& Modify P'1=P1-AD[P1],
A= (0,11, and go to Step 6.

9. Go to Step 4.

b, AlE0|H

2 =394 ANE ARy U A4gRd, F
TFYzd, AzRgue] A¥go] g17] Wi, ol
HAEZ QAR o[ oot vt ¥, AaHRY
9 FEAL 2 AHRE A7 tiel Ha U7 o
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2o, & dolde Zagrd 2 F7EEY] /&
site AAsoN AZRF2T-E AF2 AEHA
o 9T HFE Axgh

A e 289 FAAEE AFaAx o] A
£ AESe Ao =, olAYHRE A J1FE FHE
o dEARE Fagdo] 2. 5mE X&) FPsHA FHA
daste s FolFck (Mg 12(a)). AEHAH =4
€ 429 3£=%, A7 25w, 2] 250m, helixZ
60%, €9 ol5#Fe 0.0127m, F&33+ 600 rpm
& A9, o AL 249 HdYPxAAE= Aol7)
A= F7I8E, ofd o= AisE EES HAE
< F3A ¥ AR (79 4¥8F o83 4
3 H3 =HdL wEld (Kline [B]& =24 Ky,
K& HAE, Hage], dioldids 9T 73t

A 24% 4 g 499¢ A3 92.)

A719] ZAAA $YF AEdoH AAE Fig.
12(a)- (O 9 =A8G Fig. 12()€ AEH4 2
Bg AgAeg o7l fse] T TAES 24
dg& 2T F BA He2A, q7lde JEA=,
272 2 &FeX (%% FA)E =Alsz Yok
HAZ 3 #FeAE Aagold 04 dAgHe F
Fo fAE 7|1ELE @ HolH, FF FHAHA F
£5he 2492 Fig. 12(b) 9 o] ety F713
AL, AN F77) AR v FAAE K2
H37] Wil (Fig. 12(0)9 o5 Jx), £ A7
dqMe FHSHE dFE WAE ¥o| (FAHold &
) & diebdel 9o ¢ =9915% (4 =d tan
(@) /2R A2 g3 BHF AARFez A9 Z
HA oM daEe SRt DA, Fig. 12(a)
2 11(H)e LAFRPREL ujPAF T o FFL
dAel FrFHE WS FAEY x5S gt x4
& AdS Frg

53 B SR AN y& HAAE 7 FFE
o] FHLAE oNAE FV8H, Fig. 12(a)-(b)
£ 559:(7D) y& AEHEFE A4ET - R
A AL 808 5 gden, () £FeAe 3
g ¢4 d43d0) 28 vl@r) oFAR, %
ol A| (Fig. 12(0)elA “wAdex #=)e AAsh
AEs fAEE g & gled, () AERe A=
A 2y v)sd dde) 28 ¢ 4 ek

ANA2E J9422 Po} dBIRPPYH 7
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(a) 7FE84 o @
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1 -
L) LI I‘Vm L] T i L] 150 L] Ll LA z'lx, T T L 2516
X position(mm)

P Y

before compensation
after compensation

(b) Wby BR(SPAAN)

Fig. 12. Hdda A g4

Y dudFs 4% Z2H2 Fig. 120 24
S o A¢ dARFTAL 839 HEHF S A
A s, vEe AFdd el el EAE
e F ok (Fig, 12(f)) ¥Hdd 778 ¢ugs
BRI glo] FIPEE HAG FezM, F 47
A8 dARE & F gtk Fig. 12(b)¢ 12(0) %

fr e we
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