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Numerical simulation of laser heating of metal with three absorptivity models

CHEN Yan-bei' LU Jian' |Ni Xiao-wu' ,XU Li-jun’® ,ZHANG Xi-he’
(1. School of Science, Nanjing University of Science & Technology , Nanjing 210094 , China ;2. School of Science ,Changchun Uni-
versity of Science & Technology, Changchun 130022, China )

Abstract: There are three absorptivity models, i. e. the single constant absorptivity model, assembled constant absorptivity
model whose liquid-state and solid-state absorptivity are both constant and temperature-dependent absorptivity models. Int order to
compare the influences of the three models on the numerical results, a spatial axis-symmetric finite element calculation model was
established based on the three absorptivity models respectively. The laser heating process of an aluminum plate was simulated and
the three numerical results were compared. The advantages and disadvantages and the application scope of the three absorptivity
models were discussed. The results show that for the heating process of both solid state and liquid state existing evidently, the
computed results based on the assembled constant‘ab§orptivity model are similar with those based on the temperature-dependent

model. However,for the heating process of only one single physical state existing, the computed results based on the constant
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absorptivity model are a little different with those based on the temperature-dependent model.
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Fig.1 Schematic diagram of calculational model of the aluminum plate irra-

diated by laser
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Table 1 Thermal parameters of the substrate material

density/ specific heat capacity thermal conductivity melting latent heat
physical state melting point /K ,
(kg -m™3) /(J-kg™' K" /A(W-m7 K" /(J-kg™")
solid 2769 -0.22T 732.4 +0.52T 237.9 +0.02567T - 0. 000059 T*
933 3.87 x10°
liquid 2373 1178 42.29 +0.0656T -0.0000133197"
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Fig.2 Temperature history of the center point of back surface by using tem-
perature-dependent absorptivily model

HHZk a,b,c 23 I FTm T E HiZ X 25Hz, 50Hz, 100Hz
R ik OGRS T 28, f 2% o %7K EE SR BOG R
HIEIER . JLAMAHED T— P60, X2 R-
WARRE AR R R M RE B R R . & 2 AT, A
[E] 53 20 i B AR B IR T 25 AR, IX R B T R R
Text fE S RO RE R TIARIK RN, RIBK il R 5 i, 20
Ik v ) D B 4 BERIK , BU{SE SZ OG B IR L R
7T 2 TR o R AR DL IR 1 R S AR 33 3 f SO RE B
R, L, & B S R BOERE B TERTREUIAR, )
i 185 BCSE KR TR B . BRER XY T RIF &R, 723
FRER M= AR, REZ RS BRBERES
BEMKAXNHSL, ERILAEL T RARKES
R R R B AR R A GIE

T BEERIE , WA B UCAAR Ho B 25 W %
RIGE , 7B PoRs [ 25 ORI S bR 2 5IME A
FROTFF, TEAB R R IR B A0 ) R SOR T R R i 45
ROPRGERBIRTIR T, 70 568 25 & W b SR A 2
B H RO R R I8 G A R X 25He B A1 I
TR, DME T HOEm 2 SR IR R Bov i
IR AR R IGBUE A 2% F T IACE

1 ng”A(T)/(TZ_T,)dT (9)

A, T, F T, 4350032 4 BR TR B BRI SR A KA
A FREAS R R JE R R 0. 088 1 0. 219 BYZH & MUk
OB ERRCRFE R 0. 175 B, B3 T 5EEH
HERBATITRT. B3 HaH T 3 FREELE S
EALE RO, rB S e R E ARG R, H4

ag(a,,a;) ,by(b;,6,) ,¢0(e; ¢, ) IrAFIRE P A — IR UKL
RAGHY 2H AR IBCRAERD R IR AR Ak i W R AR A 1]
W E BT ap, by, co A RE O ABIIZR 0, ,
by ,c, RHEEEERE O lom MR FIZR 0, ,b, 0,
bR R R E O AR 2om LRGIRAIIZ . WTRAER] G
PR IR SCRAR RIS B (iR T ih £k 22 R AR/, TEE LT
MELAHATIX A3, Wi 2R — R S R B A 5 = P R e 3
BRGBI IR TH 5 R 2 80K 7 ¢ =0. 228 B2 K 2%
S8t 30%

5T IS IR, A B RICRE R, i TEA
IR — B B AL A, PR [ AR S R W e it
RIS TR ROL BB R UT AR %, A4k 3] —H &M
BB A EFEA TR AR S R AR A AR TRUR
EER KT BEEREFE . T HEMERITALN
Xt HT RS R BRI, X B AR —-—F

FHITE I REEME RS, N KR
IHF, B3R 3 AT BB S AS A, N B LA TR IR
BB, BT TR RS BT B — W IBCRAR R FI
BEA MR IBCERERN FRIES TR RVE R,
XTI TR 17kW I S08EVE T 4R W IR

9734

temperature/K

2750 02 04 06 08 10
time/s
Fig.4 Comparsion of the temperature histories of several fixed points when

the CW laser power is 17kW
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