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An Efficient Algorithm for Calculations of Surface Errors in Peripheral Milling
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Abstract: Cutting deformation is the key factor influencing the precision and quality of the machined thin-
walled workpiece, and the form error prediction is the precondition for process optimization and error compen-
sation. Cutting forces are analyzed and cutting-force model for thin-walled workpiece machining is developed,
then a finite-element model is presented to analyze the surface dimensional errors in peripheral milling of aero-
space thin-walled workpieces. The efficient flexible iterative algorithm is proposed to calculate the deflections
as contrasted with the rigid iterative algorithm used in the literatures. Meanwhile, some crucial techniques
such as the finite-element modeling of the tool-workpiece system; the determinant algorithm to judge instanta-
neous immersion boundaries between the cutter element and the workpiece, the iterative scheme for the calcu-
lations of tool-workpiece deflections considering the former convergence cutting position, are studied. The pro-
posed approach is validated and proved to be efficient through comparing the obtained numerical results with
the test ones.
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Fig. 1 Down-milling a flexible plate with end milling cutter

LA F, Z5lEMTEEMFERNE. &
o TSR T ¢, 58 m ot EREE R 7,
B i o) AR WIAE I O3 dF,, SRR R T0 25715
(ks m) 1) AR TE
Oct,m CRym) =

R K R 48« — T DRI A A0 00 SR 4 i T R VT R 2 T BB o 1263

dFyt,m(lc - zt,m)ztg(lc - zk,n) - (lc - zt,m):l +
6E. .1,

dF,,.

k— 0 <<=z < Zim

J c

dF .. (L — 2,0 [3( — 2m) — (e — 24,0 ] i
6E. I,

dF ...

k% Zim < Ziom

D
KA E TR SR I O 8t 70 80 X =B

LHIBBERE 1= "% SR d, =sdy ") (s~
0.8) 31, Hy Bk TTBCHE o ) B K 2, =L/ N
STV o) 5 ALY Z, 1R,

B B D AT B 45 )
RHER

Ny N
8e(ksm) = D1 D uum (ks @

t=1 m=0

T ABAQUS #57. YIH| 5] # T4
JE B A — B (48 TR J5R F = 4 BT
WE 2 PR . X, W BEITE S 040 0 Rt
) — Ak G 2D 3R — AN BTE . GOy R I AE LK
FBYUIHI#E A2, DD In#k £k, i F W BE 14 72
Y., 1 B R0 BE fe /N, BT LA B8 YD EL ) F
TI 0 28 A B AR Y 55 4 R ATt xd DD, GCARI
FBHEAT 4 H143 5, BT AT LA BE S 1) M1 F7 550 % 3 i)
T RO A R T R R RO R BRI BRR L [
I 2 7 ¥ AT LAGRAIE I A o 5l 2 T A 22 Wil 3 SRS
BE. T EJ7E AT A BRIT M, YTHI AR
B v g CRRARE 6 R 46 S 2D e i 7 fin 335 5 . A
AR 25 BR 280 BE R I A2 BT B8 T 45 AR 5F 4 il python
P AT

T X 4

K2 THHRTER
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Fig. 3 Illustrations of correction factors of cutting forces
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Table 1 Variations of cutting forces and radial cutting depths
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Fig. 4 Deflection iteration process of tool/workpiece
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Fig. 5 Real cutting depths and cutting forces
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Fig. 9 Machining and machined thin-walls
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