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Finite element simulation of thermal distribution in laser

multi-track milling of Al,O; ceramics
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(1. Advanced Manufacturing Technology Lab, Huaiyin Institute of Technology, Huai’'an 223003, China;
2. Faculty of Foreign Language, Huaiyin Institute of Technology, Huai’an 223003, China)

Abstract: The energy of the laser milling was input to the sample surface in the mode of local heat,
which can cause the uneven and unstable of the temperature field during the laser milling. Take the laser
milling on the ALO; ceramic materials for an example, the article set up the 3D finite element simulation
model of the laser milling temperature field. The heat moving of the laser milling was simulated by the
APDL language of the ANSYS software. The result of the simulation shows that the temperature of the
center spot of the back track is higher than the front track with the process of the laser milling. The
greatest temperature gradient located on the sample edge area in the scanning direction changes. The
maximum temperature in the simulation results and literature experimental results for comparison are in
good agreement.
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Fig.1 Temperature finite element model of laser milling

2 MRFHFVEFGIEE

WOGBE ] A9 BAL F47 0] LA SE T Fouier 4
1 T 78 ORI RE B 7 18 A9 28 i = 4 Bl 5 07 B R Al

AR 1 = S S S BT R,
T 9*T | 9°T |, 0°T
pe =N Gt | (1)

A T BRI EEAR EAT— (e, y, 2 IR
p A BHEE (g/em®) s ¢ AR LI (J/(g- 0)) 5 A
IR AL G R B (em?/s) 51 g A AR T]
LGRS EE
T(x,y,z,D==T) (2)

—A%§4ﬁﬁhﬂkﬂb=% (3)

s Ty BB R 5 T 0 25 R IR BT 5 5 1 Ay
XTI REL g AR D ROG R W R R

3 BehIRiERAIINE A SEI

PO I e O B R IR A 5% 9
TS A BT E LA B I 00 R 9
L4 SRS TEMOBENh—AEA O Ty
S TR 073 11

_2AP _2r
CI(X,Y)— ’1T(1)2 exp( ﬁ)Z ) (4')

K g, ) HBOCIIREE ; P HEOLII ;0 A
HICHEEAR ;A BRI SR W e fE 1 1 B
ﬁjﬁgﬁﬁﬁéﬁﬁgj‘#,ﬁi%ﬁiM@ﬁﬁz'ﬁ(xo,)'o,Zo)@J




g2

Pk E A ALO, MR S i 4L IR E 9 A R 479

(X0, y0,2) LR y W46 z WO D7 1) B sh it 8] ¢, r 2
ALO; P EERE SR A b — fL BB o0 A B, Horp
P=(x—x0)*+(z—z—vt)?,

BWOCBEHNREE )8 TS AR AR 2, AT
ANSYS FEL A4 A A 7 1) APDL(ANSYS Parametric
Design Language)ifi 5 4i 5 AR 9% oad fE &2y, JF
15 Bly A= FE B T H AR B AL GE 1 3 A v il B 3 1 AR Ak ok
P TETHR TR AR I | BE R T s DL B BT R
BE, 6 s LA B BT AR S ] T — 2D IR 906 35
BRI R A 2 s

Define materials
parameters
v

Set initial and

Modeling and boundary conditions

meshing

Seaai;l;ticagnﬂg(};c;un |Solving each node temperature|
Applying moving Calculate thermal conductivity
heat source and specific heat matrix
I 2 ot 2l el M A BROTH

Fig.2 Finite element analysis algorithm of laser multi-path milling
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Tab.1 Thermal parameters of Al,O; ceramic

Specific Thermal
heat conductivity coefficient
/J-kg?'-K' /Wem™-K!' /Wem?-K"'

. . Convection
Density Melting

Parameter /kg-m-* /C

Value 3910 2030 765 6.27 14
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Fig.3 Surface temperature distribution of each channel
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Fig.4 Temperature distribution curve in different track path
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