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Application of 3D Mesh Dynamic Refinement Technology in Cutting

Simulation

YANG Zhen, WANG Yang, WANG Yufeng, SU Honghua
(College of Mechanical &. Electrical Engineering, Nanjing University of Aeronautics & Astronautics, Nanjing 210016, China)

Abstract: Since it is difficult to balance the speed and accuracy of the finite element simulation model of

cutting processing, a dynamic mesh refinement algorithm for 3D finite element model is proposed. The

functions of the algorithm include mesh refinement area judgment, mesh refinement and transfer of physics

fields between new and old meshes. The algorithm is applied to the turning simulation of Ti2AINDb with the

secondary development of Abaqus using Python, and the accuracy of the simulation model is verified through

experiments. Compared with the simulation results of the local mesh refinement, the simulation using

dynamic mesh refinement increases 7.3% in cutting force solution error and increases 0.2% in maximum

stress solution error, with an increased 174.2% solution speed. The simulation operation speed is effectively

improved while ensuring the calculation accuracy.

Key words: 3D mesh dynamic refinement; physical field transfer; metal cutting ; cutting simulation
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Fig.1 Schematic diagram of the linear tool path dis-

crete method
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Fig.2 Schematic diagram of cuboid area
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(a) Dangling nodes on edge  (b) Dangling nodes on surface
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Fig.6 Judgment of dangling nodes

bR Tk AT LS R BT R R O R
SUTEAT VT A5 FH 2 9 A AR v i A 3 A 1
SUEAT A W, R RT S B0 AR R T BT
i 1
1.4 YBIGfEE A%

TR AR B R AT 20 A0 Ak B 397 AR B i) 0 A%
BT 55 40) by T s A B AT L, A B 5T 5 719 R Y i
BT AR o S DR E SR 2SR fige aod 7 00 E A Pk, R R
W 200 A T 00 A AE AR SR it BT A5 1 W B3 15 B LA IR
ZRAF R IE 2, A% 338 it i 22507 A Y AR RS 2 v
A L rp A Sy FE R ) B AT N T R N AR TR
JE A o AR S X B ) B A A5 3k BT SR 1Y O 1 B R
AHTE], LR BARE S S A3 B ik ) 3837 0 4% 336 07 72

Py 337 4% 368 MK S 1140 2R IO A 5 4 1) A% 22 i)
LR AR o SRR AR R AT AR AL S R RS
BV 53 18 8 A g 4l A%, I I 215 3] T X ()Y
XF IO AR o PRLHGAR SCHE FH T /N SO 325 5% 190 4% BT
1Y) B M5 BT AA Al S AL 3 o TR X R 715 R
HEAT A I, TT DR b 3R N SR 25 4, DL A B
TG Y 3 AH Ry 755 5, ST 20 0 A AR AR AR RS 1) N )
G5 B\ RBE Qi 7 s o 5 2 0 A% BT Y
L JIAE S 5 1 9 A% BT Y 119 A 5 3 R Ak R
TCHY N I H R 5 2 G 15 i, DA A

P A Ak 58 T L R B A T AR R T A
T 24 A4 388 1 B I (B /NI, HUs EAR % H T I

15 M 4,

24 R

3 MG
CD Cl C2 C3 C4 CS C6 C7 Cs C9 ClO Cll C12 C13 CH Cls

BI7 s AR A B N ) 3 A i 4
Fig.7 Stress field storage structure of mesh refinement

model



84 Moa o= Mt KOk F o R 55 %
AR I H135 \ SURE TR 47 L T L 4R - %ﬁﬁ?mk P —
N . . . Abaqus TR | inp || X\ | elsT i 5| UGL
T TR /SR AR AR 0 R Hini e[ sk [ o | P

IERE 5B RE Eoe 71 <y o VA= ) 1 N D VAP K (= R K
T B B 7 By s A T Y R (B
I, T B, i A2 /N SR [a] b -4 AR 1 5, nT A AR Y
KON Ao, JIELL By 775 0B R (B 24 2 A RS AR
MR I {E . R AI AR, C 1 SR R 1 AR
YR B, Cs 7719 sURY I 1 (B B AR 9 s Y
VAR

ARAGF T B LT SRR BT 2 )
i F Abaqus W ) T L35 D RE , 7E inp ST DL
*initial conditions S #5478 X /AT 52 39 %) A Y 51
JE S it
1.5 MEShEHALFTERBEEILRE

R AE SR AT ELAR Y v TR 3 2 Al A Bk
AR CE o PythoniEF X LR BRAIIRE S Bk
[ F A7 e BEAT TSI, O LS AL A ST BLR AR
K8 BT , iS40 3R Oy

(1) $2& ft miy &b 2846 10 09 % A, 45 i TR
Abaqus B A 5 1Y inp ST, B UG A2 B cls i T
TV, LA K R P A i A 33L46G 17 S T o o A 0
HARKZH .

(2)XF JT 3 AT 12 HOA B, A 48 2 JiAS 3 1y )
A7 5 T S AT AR A B A%

(3) % 20k J fR R B AT B R T R AR, I gk
Tt YIE] 7, e 5 D) HI BT S 4R AR

(4) M I A7 s AR RS I T 3uh i 467 &, )
Wr & 7 E AT JE 2k 0 ) 3 AL i UL K B
BAE

T S L b P 7 TS AT R 5 12D
H AR BIFERR T a8 A7 Z 000, 45 )1 T4 ik A
(9 inp SCHF 5 els SO inp SO 9 A 1l s 26 T4
() JLAMT A5 80 5 A & Abaqus ', 58 A FR 0 #E 8L Y
FEAUR AR AT RS, A% R O A5 S Sl AR
R S A i A SCOE BRI RT A Ji o els SO/ Y A A
B UG B4 0 T Be 52 B A0 R L Ap A R 5 A 22
UG, 83 8 UG Hpy i T e, & i 1) B AR
B0 X5 S8, R 2N Tk AR R AT 05
B A TR

52 i inp SCHF T els SR RY AR B TAR IS o S
et e 5P MR B H s ™ B2 7 B AT 3 sh #1745
FLAE AN

b&ﬂlclsﬁ $}D‘C1¢ B

BREUER 14N T4

BT —A S AL St e P A T

JIhL S ﬁﬁ,%
%%nﬁ
IR

B R Podb B R L
4, HATYES S

Binp S, FRAKAE
1 odbSE R

K18 Yl B AR i i 1A

Fig.8 Cutting simulation modeling flowchart

2 VIR EEENEISER
2.1 YIEEARTER

e E = 2 10 K 3 25 40l B AR 7E 17 2L
S S SCHRESE T 2 1 U T G 1 TE 52 = 4 AT R
TEA LR, AN 9 /5 .

\QEH%

(b) Mesh model
K9 ZEHI B

Fig.9 Turning simulation model

(a) Geometric model
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Table 2 Process parameters of cutting experiment
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Fig.13 Simulation models with different meshing methods
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Table 4 Cutting force and error of models with different

meshing methods
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Table 5 Maximum stress value and error of models with

different meshing methods
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Table 6 Number of meshes and solution time of models

with different meshing methods
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