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Research of temperature and thermal stress of fused
silica irradiated by Laguerre-Gaussian beam
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(1. College of Big Data and Information Engineering, Guizhou University, Guiyang 550025, China; 2. Key Laboratory of Optoe-
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Abstract: In order to study the interaction of Laguerre-Gaussian beam and fused quartz, the method of simulation
calculation was adopted to study the temperature and thermal stress of the fused quartz irradiated by 3 modes of Laguerre-Gaussian
beam (TEM,,, TEM,, , TEM,,). The simulation data were obtained. The results show that spatial distribution of laser intensity
affects temperature distribution and stress distribution of the materials. The accumulation effect of temperature is obvious. After
continuous laser pulse action, the material temperature continues to rise. The focus area is over 1900°C. The temperature

gradient leads to thermal stress. The local thermal stress is close to 50MPa. The simulation results provide the useful reference for

the processing of fused silica.

Key words: laser technique ;temperature ; simulation ; fused silica ; Laguerre-Gaussian beam ;thermal stress

51 &

Fe A e ey T ORLRE I i K AR AR i e R e
FE TR (B SAMDEFILLANE, LKA REF B O
SERUBAE BE, B0 A FHOERE TG 0 .
KA SO AR IR B RE T SR A S
G AERFPPR A AR S MR o X — i R R R R R
AR IV ) TR S AN (I, SR P 7 T AR
HAATAH HITTE

PO B H [ (R R AR g 23 A1 ) BRI T
i, HNANE A A DBETEE R . S 3R] Xt
Fe T CO, WOGHE BUA A958R BKT BB IR E . LI
BF5 T 1ol B S AT I o XL SRR i i L

Fe4IH - EbrAEUFFE B B3 H (2014DFA00670 )

fEE RN BL(1976-) , 55 LR AE, E2E I
RO T H AR 7 T AAFSE .

w AT R A, E-mail;liuqiaol955@ 163. com

Wik H 171 :2017-03-08 ; i & i B 47:2017-05-08

SF T EAS K i T Rl A D PR3 B AR Ay A T
THUETIEE o YU S5 X058 B £ 0% 1 5 72
FrahZSKHU, 73 TS 17 A4 BBk A v g
Ao LIS ASHEOGHE IR CCD HR I 240 AT
TAHMITHTE . CAT % ) X35 A1 B0 % g 47
THUERSN  JIAO % AL T CO, BOBHEM T is
B SR IR AT o JTANG 258 R PRS2k
XHBE B SN K o B Xt B B REEA o o OB AT T B
58 SU S JOHBOGIE IR H 8 E bR S 36 7
ToHr

T COMSOL V-5 , AL HIE T 15 A1 JeAEA[H]
I RS R AT 2# Z IR R, 2050 TEM,,
TEM,, , TEM, 3% 3 P o /8- WL R IR T A 4
ABEHATOTE . B IEFIHOCRE R A 1 30 i AR
RO, 115 R FH P A 18 B2 R O K bR I 1 9 04T
R A3 BRI AN ) o)A o 7 FLAS X T ROE I ThE
A ST A P AR B R T R OERE AT R e
T HENSH



122 o

S S

2018 4£ 1 J

1 EAR[FEE

1.1 HEm#BREFRHE

POL I b RS £1 &, 25 18 2O ki VR
(), 220055 A SR A A T Pl A5 U S S A I %
SEAG A R

pc%+V'(—KVT)=Q (1)

XA,V - (= . VT) AL I, Q S, ¢ D],
p ML ¢ NS i A FIRARE T MR

7 BRI AT AL, 22 W Xof JE R A A IOU7E 265 A 2
(GRS UR S U E

-n-(-xkVT) =0 (2)

A, n NHAIRE
1.2 AL

TN T RN AL SR gy S Z2 A A BT R NS &

AL IR AR B RE B Vi F5
£ = %(Vu + Vu') (3)

1 SCS s g A AT AR B ) s W AR & FNREE T
ZRIER
s =5,+C:(g-¢g —¢,) (4)
b, s, Ml &, AWILR N SR I , AN AL e, =
a(T-T.) o AR IZIK R B, 7 ok & i WU
FRORUETRE) ,C 2y 4 Bk ok i, iRm0 6 x 6 HYFH
(5] 75w

2 HEE

2.1 ARMBEFESMMEEE

T A SR AR R R, SRR A% i) [ o B
B ORI, Y M S R kA, K1
RO TS EE T IS R

Table 1  Physical parameters of fused silica

temperature/ C 20 250 500
thermal conductivity/(W + m~! - K1) 1.30 1.56 1.84
specific heat capacity/(J - kg™ - K~') 740 987 1121
density/ (kg - m~3) 2200 2200 2200
expansion coefficient/10 =’ K - 2.76 7.95 5.75
Young modulus/GPa 71.44 70.76 70.30
Poisson ratio 0.158 0.153 0.150

750 1000 1500 1700 2000 2500
2.13 2.40 2.26 2.28 — 2.38
1178 1121 1246 1273 — 1273
2200 2200 2200 2200 2200 2200
4.68 4.17 5.10 6.00 11.45 11.45
70.43 71.05 73.79 75.45 85.28 —
0.148 0.150 0.160 0.166 0.210 —
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Fig. 1 a—laser irradiation system b—power of laser pulses

intensity 7/(10°W-m~2)

Fig.2 Spatial intensity distribution of Laguerre-Gaussian beam
a—TEM,, b—TEM,, c—TEM,,
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Fig.3 Temperature distribution of fused silica by different laser beams
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Fig.4 Spatial and temporal distribution of fused silica temperature
a—spatial distribution at ¢ =1.428us b—temporal distribution at sampling

points
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Fig.5 Thermal stress distribution of fused silica by different laser beams
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