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Temperature and Thermal Stress Analysis of Aluminium Alloy
Abstract

Plate Irradiated by Long Pulsed Laser

Wang Yibin Jin Guangyong Zhang Wei

School of Science, Changchun University of Science and Technology, Changchun, Jilin 130022, China

beam with a Gaussian intensity profile heats the aluminium alloy plate. It is found that the Mises stress on the target
of the model.

Based on the von Mises yield criterion and the elastoplastic constitutive relation, a spatial axisymmetric
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and the thermal stress field are calculated by the finite-element/finite-difference hybrid algorithm when the laser
surface distributes mainly within a certain scope around the center

finite element model is established for long pulsed laser irradiating 7A04 aluminium alloys, and the temperature field
algori

stress is very small which barely affects the target and the Mises equivalent stress is far less than the yield strength

laser technique

OCIS codes 140.3330

of the aluminum alloy target. The consistency between the simulation and experimental results confirms the validity
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At a position far from the center, the Mises
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Fig. 1 Model diagram of millisecond laser pulse irradiating aluminum target

*1 MeasiwESH

Table 1  Thermal physical parameters of aluminum alloy

Size /mm’ 25X 25X 3
Absorptivity 0.13
Density /(kgem *) 2810 (Solid state)
2385 (Liquid state)
Specific heat capacity /(Jekg '+K ") 917 (Solid state)
1080 (Liquid state)
Coefficient of thermal conductivity /(Wem ™ '+K™!) 238 (Solid state)
100 (Liquid state)
Thermal expansion coefficient /(107> K™1) 2.36
Young modulus /GPa 71
Poisson ratio 0.33
Reflectivity 0.87
Melting point /K 908
Boiling point /K 2793
Melting latent heat /(10° Jekg ') 3.88
Latent heat of vaporization /(10°+J+kg™") 9.46
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Fig. 2 Gaussian distribution of spatial function
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Fig. 4 (a) Curve of solid fraction; (b) curve of equivalent specific heat capacity
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Fig. 5 Relationship between temperature at the projection center of the top surface of target and time.
(a) Five pulses; (b) ten pulses
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Fig. 6 Three-dimensional temperature distribution at the top surface of target. (a) Five pulses; (b) ten pulses
Kl 8 HEEAR Kb BRAEH T sz, =1 ms, [ =248.6 J/cm’, v =10 Hz i}, H 45 [ 3% 1 K 2 17 55 %00 ) B

i) R RS OCER . AT DU L 28 10 R EE R T 1 mm I, oK SE 3T A8 S5O0 AR /N X AR 4 B AR L
AEBIAE

FEAS R ik ob 3 AR TR, oK SE 3T 3800 738 B de KBS L 45 4 B AR I B8 1) = 2 40 A [l an 1l 9 s, o
r,=1 ms.[=248.6 J/cm®,v=10 Hz,1.0013X10° N/m* 1 8.7375X10° N/m?* 433l A H b5 b1 B # f5e /1N Fl ¢

0802006-5



H # ot

RIES3 . FTLAE o B AR 3R K S5 15 g 00 A3 7 v i 88/ T LAY 8 v o A X 8 £ 5 A Y 0K 2 St
B IAR N X B AR L AR

e ) 0.001
VS .001 s
« 5L TR s 8 0.101's
% 7 \ % 7 0.201 s
S \ 0.001 s < 6 0.301's
a 5f 0.101 s 2 5 0401 s
g 4l \ 0201 s g, 0,501 s
7 ol 4 0.301 s g \ —0.601s
2 0.401s 83 h 0.701 s
g 2f A\ 2 o a\ 0.801 s
L N 0.901
= 1_ N . 1k N S
0 1 1 1 1 1 1 1 0_ 1 1 1 1 7! 1 A7
-1 0 2 4 6 8 10 12 14 0 02 04 06 08 10 12 14
Axial depth 7 /mm Axial depth  /mm
7 bR 53R K ZE T SR AN T B AR IR B AR AL SR R, (a) 5 ANkl (b) 10 AN fknf
Fig. 7 Relationship between Mises equivalent stress at the top surface of target and radial depth.

(a) Five pulses; (b) ten pulses
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Fig. 8 Relationship between Mises equlvalent stress at the top surface of target and axial depth.

(a) Five pulses; (b) ten pulses
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Fig. 9 Three-dimensional distribution of target under maximum Mises equivalent stress. (a) Five pulses; (b) ten pulses
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Fig. 10 Schematic diagram of experimental setup
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Fig. 11 Relationship between experimental temperature at the surface center of aluminum alloy plate and time.
(a) Five pulses; (b) ten pulses
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