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Abstract: The variation of peak temperature of metal materials irradiated by continuous wave (CW) laser is studied
in this paper. We established a finite element model of metal materials irradiated by CW laser. The variation of peak
temperature of aluminum alloy circular plates irradiated by CW laser is studied by simulation analysis method. By
analyzing the simulation results under different conditions, such as beam drift, spot diffusion, air convection and
material surface oxidation, the effects of various factors on the peak temperature of laser-irradiated materials are
given, and the influence of latent heat of phase change on temperature rise is analyzed by using the method of
equivalent material specific heat capacity. Finally, according to various conditions, the change of peak temperature of
aluminum alloy irradiated by CW laser is given, and the damage of aluminum alloy is analyzed.
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Fig. 4 Temperature distribution of target after laser irradiation. (a) Temperature rise without spot drift; (b) Temperature
rise under random spot drift
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Table 2 Average power density of different spot radii

1 2 3 4 5

[(W-cm™@) 127.33 31.83 1415 796 510

180659-4



DOI: 10.12086/0ee.2019.180659

700 117 2 p 7004 o 50 ms
3 i o®
600 1., 4 d 600 |+ 200 s —/ -
—— 5 ,/ e 300 m/s {!’ v’
500 - 500 1|« 400mis \adiis
Wl e vV yvoﬂw‘ oot
S) 400 ~ L 400 o v,ﬂ;.o ::«44444
-/ 2 v Lo Yt
300 o 300 gt
.‘JV.’ {ié r/<’<
200 .o 200 258
P L ad
oo
100 14— goo™" p——— 1001
Lasiieessss IR
0 — T T 0 5
0 5 10 15 20 25 30 0 5 10 15 20 25 30
/s /s
B 6 sty S (AR A R AT A G &, B 7 R (R L R A Ak
Fig. 6 Peak temperature curve with spot diffusion Fig. 7 Peak temperature curve with surface air convection
200 m/s 300 m/s 400 m/s 30s pum
55511 C 46192 'C 394.65 C
8
5s
4.4 FHEEKIZIT
100 pm~300 pm!®
3 4.5 HTBAXTRAFI
(7] 0.4
5 mm 100
P |- 5mm,
700
5 mm, 100
K3 AAkE RAIE IR s00 J| LS
Table 3 Thermophysical properties of alumina / I/-/i
500 -~
ALOs o ’ P
(o)(glem®) 4.08 400 /./'
(C)(INgK)) 1.53 300 /
(K)(W/(cm-K)) 0.30 200 /
(Tm)/K 2307 100
(Lm)(JIg) 1067 0 W
0 5 10 15 20
Is

B8 {HIRZ M) T A &

Fig. 8 Peak temperature curve

180659-5



DOI: 10.12086/0ee.2019.180659

(2024)
650 C~660 CH8l
() h(T) h(T) O 8228 C
WT) 1
WT)=(T-T)H(T -T,
()= ~T)H(T ~1) 46 HANHER
H(T,-T)+H(T-T,) , (5)
T, T, H
Heaviside h(T) 9(a) 4.4
h(T)
dh . 2
Cp(T):Cps"‘_Ah ’ (6) 127.33 W/cm 2
dT 250 m/s 25
Cps Ah 11
9(b)
10
(@) 10 (b)
0.9
0.8 =
192
0.7 o
0.6 >
& o5 2
< =
0.4 =
0.3 T
0.2 )
0.1
910 915 920 925 930 935 910 915 920 925 930 935
K K
B9 A#hFFaALR. () N(T)BKAK (b) FROLAT RHKE G
Fig. 9 Functional image of h and equivalent specific heat capacity. (a) Functional image of h(T); (b) Functional
image of equivalent specific heat capacity
1000
o - 700
800 = 5 600
d’ﬁi:ﬂ' 00 et
5 o )
s '
600 -
2 o~ 2 400 A
400 -’f 300 ,/
o -~
200
200 e
100w
0 / 0 /.
0 5 10 15 20 25 30 0 5 10 15 20 25
Is /s
B 10 &40 T BRI Z AT 1) AL B 1 6B TSR RAPEE R R
4, TALH R
Fig. 10 Peak temperature curve with phase Fig. 11 Analysis of peak temperature change of
transition laser-irradiated target by comprehensive factors

180659-6



DOI: 10.12086/0ee.2019.180659

:I,: ~
én 11’%
127.33 W/cm?

241.73 C
290.98 'C

100 m/s

200 m/s 30 s

127.33

W/cm? 2

250 m/s
25s

S22 3Rk

(1]

[2]

[3]

[4]

[8]

[6]

[71

Song N Q, Zhang H C, Mao C, et al. Multiple physical modeling
for damage mechanism of high energy laser weapon[J]. CIESC
Journal, 2016, 67(S1): 359-365.

R, RRA, B, F. SHRAAXBRGNES Yy E
H[J]. LI F4R, 2016, 67(S1): 359-365.

Jiang Y F, Jiang D, Zhong M, et al. Theoretical research: the
thermal damage of matel materials, under millisecond - pulsed
laser irradiations[J]. Laser Journal, 2006, 27(2): 75-76.
Fredk, IR, 4B, F. KRBT HORAT A B A A A BOR 6 A
[J]. b2 &, 2006, 27(2): 75-76.

Darif M, Semmar N. Numerical simulation of Si nanosecond
laser annealing by COMSOL multiphysics[C]//Proceedings of
the COMSOL Conference 2008 Hannover. Hannover, 2008:
567-571.

Hanon M M, Akman E, Oztoprak B G, et al. Experimental and
theoretical investigation of the drilling of alumina ceramic using
Nd: YAG pulsed laser[J]. Optics & Laser Technology, 2012,
44(4): 913-922.

Kuang J H, Hung T P, Chen C K. A keyhole volumetric model
for weld pool analysis in Nd: YAG pulsed laser welding[J]. Op-
tics & Laser Technology, 2012, 44(5): 1521-1528.

Pei X, Wu J H. Numerical simulation of transient temperature
field on metal material induced by pulse laser irradiation[J].
Laser Technology, 2012, 36(6): 828—-831.

e, R A BAREROT SO ER BB AR HALAL AT R
[J]. #AH K, 2012, 36(6): 828-831.

Yao H B, Gao Y, Yuan D Q, et al. Numerical simulation of cha-
racteristics evolution of aluminum surface temperature field ir-
radiated by laser[J]. Laser & Infrared, 2015, 45(10): 1175—-1179.
WK, BB, KA, F.ogotERe AR LD HIER L

(8]

[10]

1]

[12]

[13]

[14]

(18]

[16]

171

(18]

[19]

180659-7

e FAAAEMI]. LS 4osh, 2015, 45(10): 1175-1179.

Sun C W. Effect of Laser Irradiation[M]. Beijing: National De-
fense Industry Press, 2002.

FMRG, MORER R [M]. AL F: BB Tk a4, 2002,

Xu L J, Zhang X H, Ni X W, et al. Temperature field of the
CW-laser with different radius irradiating metal plates irradiat-
ing metal plate[J]. Infrared and Laser Engineering, 2007,
36(S1): 632-635.

B, REA, RREK, F. RRAAEFROELRMEA L
JB Yot eyiR A ). ot 5ok 142, 2007, 36(S1): 632-635.
Xu B, Zhao X K, Wang L F, et al. Numerical simulation of the
temperature field of the ballistic missile irradiated by high in-
tensity laser[J]. Laser & Infrared, 2016, 46(12): 1526—1530.
HoR, RikA, EEF, F. R X BieR R $REEYHR
AEAEMA[]. k5 4sh, 2016, 46(12): 1526—1530.

Li Q Y. Damage Effects of Vehicles Irradiated by Intense Las-
ers[M]. Beijing: China Astronautic Publishing House, 2012.
FER. RPN RATR O RAGFZ[M]. AT F B FAUE B,
2012.

Brickner M, Schafer J H, Uhlenbusch J. Ellipsometric mea-
surement of the optical constants of solid and molten aluminum
and copper at A=10.6um[J]. Journal of Applied Physics, 1989,
66(3): 1326-1332.

Wang W B, Zhang K H, Yu K. A comparative research on the
infrared spectral emissivity of AI5052 and Al6061[J]. Journal of
Xingyi Normal University for Nationalities, 2015(4): 110-114,
118.

EXE, KIUUE, Fib. AI5052 A= Al6061 L1938 & A F 645 bk
BERJ]. 2% LKA IFE & R F 3R, 2015(4): 110-114, 118.

Zhang K H, Yu K, Liu Y F, et al. Normal spectral emissivity of
AL5052 in atmospheric environment[J]. Journal of Henan
Normal University (Natural Science Edition), 2014, 42(1):
36—40.

Ry, Fib, 223, F. RAKRSLP AIS052 KL AR5
[J]. #TIRSE K 5 4R ( A KAHFRR), 2014, 42(1): 36-40.

Ma J, Zhao Y, Zhou F Y, et al. Study on temperature field of
materials irradiated by pulse laser based on FEM[J]. Laser &
Infrared, 2015, 45(1): 27-31.

Lk, MAp, BRI, F. ATH BRI HOLEERAMHHR Z
B[] kS 4st, 2015, 45(1): 27-31.

Wei X Y, Hui X G, Liang Z G. Introduction of micro-arc oxidation
and anodic oxidation technology on aluminum alloy surface[J].
China Metal Bulletin, 2017(9): 69-70.

ne g, REN, EFE. 80eARMKANLS BRI
N2 F B4 EiER, 2017(9): 69-70.

Liu B M, Wang Y Y, Shen Z H, et al. An apparatus for measur-
ing normal spectral emittance of substances[J]. Acta Metrolo-
gica Sinica, 1986, 7(3): 204-211.

xEH, ERE, REE, FoREa LSRN EE].
it# ¥4k, 1986, 7(3): 204-211.

Jiao L G, Yang Z F, Wang J R. Numerical simulation on laser
ablation of aluminum target under tangential airflow[J]. Laser &
Infrared, 2016, 46(2): 145—-149.

Bk, MES, TEF. ARG T OB %48 e o) SALAEH
] ks 4st, 2016, 46(2): 145-149.

Radice J J, Joyce P J, Tresansky A C, et al. A COMSOL model
of damage evolution due to high energy laser irradiation of par-
tially absorptive materials[C)//Proceedings of the 2012 COM-
SOL Conference in Boston, Boston, 2012.



DOI: 10.12086/0ee.2019.180659

Analysis of temperature rise of metal targets
irradiated by CW laser

Hou Jianhui'?*, Liu Chong?, Jing Chunyuan?

!College of Optical Science and Engineering, Zhejiang University, Hangzhou, Zhejiang 310000, China;
Postbox 21-192 Urumgi Xinjiang, Urumgqi, Xinjiang 841700, China;
68 Weidu Road Kaifeng, Kaifeng, Henan 475000, China

Time=30 s ; surface temperature (C)
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Temperature variation of aluminum alloy materials irradiated by continuous laser

Overview: In order to study the interaction between CW laser and material, we analyzed the variation of peak temper-
ature of aluminum alloy irradiated by CW laser. In this paper, the laser source which irradiated aluminum alloy material
is approximated to a surface heat source. The finite element equation of temperature field of material surface irradiated
by CW laser is established. The boundary conditions of material surface with radiation and heat exchange are given.
When establishing the simulation analysis model of CW laser irradiated aluminum alloy circular plate, it is assumed
that (i) the material is isotropic, (ii) the absorptivity and physical parameters of the material are independent of temper-
ature, (iii) the heat loss is only the thermal radiation and convective heat transfer of the material surface to the environ-
ment, (iv) the material is opaque in the working wavelength range of the laser, and (v) there is no light penetrating ma-
terial. A finite element model of the transient temperature field of aluminum alloy with a radius of 1 m and a thickness
of 5 mm irradiated by CW laser was established. The effects of beam drift, spot diffusion, air convection and surface
oxidation on the peak temperature of laser irradiated aluminum alloy were analyzed by simulation. The influence of
latent heat of phase change on temperature rise is also analyzed by using the method of equivalent material specific heat
capacity. Finally, according to the above conditions, the change of peak temperature of aluminum alloy irradiated by
CW laser is given, and the damage of the material is analyzed. The simulation results show that the damage of CW laser
irradiated materials is mainly due to thermal effect. Under the given simulation conditions, spot drift and spot diffusion
will lead to a sharp drop in the peak temperature of the material compared with the normal situation. Surface convec-
tion has a significant effect only when the convection speed is high. The oxidation treatment on the surface of alumi-
num alloys will lead to a significant increase in laser absorption, and a significant reduction in the irradiation time to
reach the melting temperature of the material. The latent heat of phase change has relatively little effect on the tempera-
ture rise of materials compared with other factors. From the final comprehensive analysis, when the laser reaches the
material surface with an average power density of 127.33 W/cm?, the beam center drift range is twice the radius of the
spot, and the surface convection velocity is 250 m/s, the peak temperature of the surface oxidized aluminum alloy
reaches the melting temperature after 25 s. Under this condition, the material can be damaged.
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