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Twe- dimensional temperature and stress distributions
in a diode-side-pumped slab laser medium

Zhat Qun, L. Baida
(Institute of Laser Physics & Chemistry, Sichuan University,, Chengdu, 610064 )

Yang Chenglong
(Institute of Fluid Physics, CAEP, Chengdu, 610003)

Abstract: In this paper, twerdill@nal temperature and internal stress distributions in a diode-

side-pumped slab laser medium have been calculated by using finite difference method. T he numerical cak
culation results have been analyzed, from which suitable coling schemes for diode- pumped slab lasers at
different pumping level have been proposed.

Key words: diode-side- pumped slab laser temperature distribution stress distribution

e L) RO A3 10— LB W UREOEA B CIR HAN  JTHE RIRHA ) —A)
BRI B AR WOt A DPL) 3 B0 s A8 48T R AR RON AP Rl R . AR AR F T
TR AW BUR) ATBLANE RO TAE B T RO8, (B2 65 3 Tha (3 K, £ =2
# DPL AR AR AN TG IR — AN BT EAL A )

PN KT BRZR S I D8 A 1 RO Jis B IA AR AR T A A2 20 S0 A 1), B3R B A& 8 20 0)
A “HE( LD) ZRIHI, LD ZeFEA I G T8 7 17 AR , 9 (43 18] 2045 w3 ALl et

Mo LD FR RS AR IE X 15T W WA, B R R EE A BB SRR L. % LD 223, A1)
R A AR 2 JEEBE T3 170 B il AT IS 77 A R Ak BRI 30 0L, B4 BF S A B D' A Tl P
M LR EANNE F) 0 Ao BATAIAL S5 RE K, FEAN R F 261 T A IR Z B 1

* o B EHORBOCHEAR E I %8 .



232 W 3t 5 A 1998 4 8 H
D PL M 2RI 3885 BRI P R 35 B2 R 7 4047, XTICAE T 2, HEAE R B4 A7 SR 5

A

] v V4
1SR At 5 e
FERRAS T B TN ZR AR 5% 10 A% 5 7 2 i 7 2 ( 0 B g
2 2 A2
1)’ aTa(;CZ,y)+aTa(;2’y)+ Cpf(]f’y): 0 (1) v
X, b T3, PO BRI IR, ¢ RS H. T
S (%, y ) FERIICHL ) B AL Fig. 1 Diagram of a slab luser
DR (KI5 A T4 900 ot mediun
(D) da#h (R ZiHCA4akaE:  0T/0n Y= 0 (2a)
n NI ANE 77 AR &
() f A H B 2 _BENBECH I RTh R ¢
oT/0n Y. = ¢ (2b)
(3) BRI H Z0H RN T o I AED 7R3 A 5.
T+ (k/h)(0T/0n) ¥ = Tc
X, b HRAHRETRE. 4 h >k, T= T¢ (2c)
(4% ZHECASRM, Ts NANTHEE T Y= Ts (2d)

AR, FHAA BRZE 020t — 4 by BV R RO VT 5, Dt DLz i B i
dy/dx = Ay/Ax = [y(x+ Ax)— y(x)]/Ax
Py/dn? = (1 Mafy(x+ Ax)+ y(x— Ax)— 2y(x)] (3)
B Ax= Ay= A, ﬁ)\ﬂ%%ﬂ%@m
T(xi,yi) = (V[T (xisr,y;) + T(wimr,y7) + T(xi,yjer)+ T(xi, y-1)]
+ [ NP (xi, y;)]/(4k) (4)
FHIL )32 7564 A 22 23 07 ] s i
(DHI T (wiy) = (VA[2T (wiv 1, y) + T(xis v+ 1)+ T(xi,5-1)]

+ [ NPY (xi, )]/ (4k) (5a)

(DM T (wisyi)= (2T (xur, )+ T(xioyjs)+ T(xiyi-1) + 2(h/k) AT
+ N[q+ PY(xi,yi)]/k)/[4+ 2(h/k) N (5b)
(3) BRNAET (b >k) T(xi,yj) = Tc (5c¢)
(4) iR T(xi,5)= Ts (5d)
SHF B AR 251 e R AE y 7 1A 3% SR A, MiTE » J7 70 IE H A W ke
W4, FHRAREATSEN: o e s (6)
X1 XU GHR LD 223/, £ («, y ) WA 554 f(x,y) = 672}‘2/102(671196 4o M x)) (7)

R, w0 NGRS 40 i O %8, o AR IR BB, b AR KR .
2. A4 Aeyit
BT IR AR AN &), TAEIR ARSI 350 K AS [RITT S 2, Ay, 7™ ELIN 24 TAE



H22k H4W BB CHE RSB0 B R R ) o A 233

VIR . BTUA, F i 5 0 R IR DA o LB
RS T, WO R AMXHEE SN T (v, y)= T (x,y)+ To( T NRERL,
T, NPYRRE, o A FR LK 250 » BTz stk N L R B AF7E, w24 7 3 77, IF
S RNAR o AR ST S 7 AR [l R AL BT ¥, W AR D5 FE AL ART T RRAR N 3 FEAS
o= E/(1- W) «[(0u/dx)+ WOv/dy)] - [EaT’ /(1- W]
0= E/(1- W) «[(dv/dy) + WOu/dx)] - [EaT’ /(1- W]

T.,= E/[2(1+ W)] *[(0v/0x )+ (Qu/dy)] (8)
RV FAR RIS A M 0y = — [Ea/ (1= Y)]T (x,y)
G = YO+ 0)- Eal’ (x,y) (9)
Pk — AR RS A IR A
T'(x)= T(x)- Ta= [ Qb (8k)][(1/3)= (2x/b)?] (10)
RN BLE R 15 A 3530, A3 8] Eggleston 5 A K £8P
0= @ = 8]85 NN “ 2 > =~

yimm
y/mm

S .

A, Ms= (1- Y)k/(Ea) . @
\/
\_/

MR IR 2 X ) 1 AR 2250 1A 2 sn\\\ i Y
FEF, ST HLE IW~ 10W 11 a
— it A AT T R Fig.2 Iswtherm distributions in a slab with different ratios of

X w Nﬁﬂ@’%ﬁﬁ%%@% pump beam width to-skib width
FES A AR (. P 2a FOEL 2b 4351 45
HTARCSRAL T 1k R SRR I S AR Sk v L 2 LA
L1080 15 (R o At . 1ERLLER, B 2¢ 42 F1HiY
SYEE RIS A IR 2R 23 Af, T DA H BRI T B 0 A 458
FEAT 355 Z0R , T2 S I [ A5 O AR ASAH [, 3% A sy i X
B b T R IR ) e X3

MRSk DPL Hh, ZR ' R R SR 2% AR B B XA, Xof A
SRR AT A KV IR K IR TR THD JEA T YA E0 LR 70 A PRI a2
ANFE o P 3a BT & 28 O 5 0 2R R %6 25 Vil T 2R T 7K
Fig. 3 Tsotherm distributions i a slab VAT IS IRER A o B 3b T2 [FIRE 25 1 T 5 B 2k 30T 4

a—1 10 b—IL 5 c¢—pumped by a flashlamp

under different cooling condr N ks
s o IRV FH S50 L0 A
lain i ol X (AT 226 R JE A 00 T 746

the pumped surface b—circu-

lating water cooling on all side %ﬁfiu\ ﬁ&% ﬁgﬁﬁ Bg{ﬂ%fgﬁﬁ%—$¢4§ g}EE,:] ﬂ??f ° J?\
e B 5 ET A 2 T, 304 S0 2 5 07 1 2
K 4a, b 73 0 BT 18] 2a, ¢ 254, 0 BT TR L A0 PR, T HLE T AL T A LA A TP A AR
Leor Ao LU HIXS 35 SITH S N, X SERE T 1) BRI B A B A . (E K 4a TR



234 W P H PN 19984 8 H

S R AR R 1. A e AU, MR
A bl ELIK SR/, D T FE 6 SRR A LD Z29 1
8, M4 AL FRE 35 UK
S 43 It o OUIIR G AT 252 5 b U039 ot 5 Ji
Bk SRS EEA 10 100D 229 ; ¢ B0 10 SLD Z2 1 i 1 #4
= L RIS, AR, a o S A TSI A i TR O 1
asim = L T A A, X Eggleston A — A B T4

d b S, SIS R KA S 58 FET5 IR i 4 L T b o
Fie 4 Db diitons a5 1) ORI, 524K (08K 1 7 0

a—a diode on one side b—a 28 B, A BETEIN o/ b> 2 B JE S B AT, N 4R

o ot e et HESE BRI 15 A

mlly insulatod M SR GS HR T, LD ALK 2 A 5 IR 1 4 A
FORE S35 A ) T
RORATH . H TR “
B R AR iefl oo , :, .
LR % R J7 4 A 4 k WG Y -
51, % HIJ7 % e R
LD ZRIHR 25 I A1 i
FROEL 3 43 A RIS 353

Y/mm
Femm

. NN a h T
At DR it fEA ¢
iﬁwﬁ‘ﬁﬁﬁﬁ?@% Fig. 5 Stress dstributions in a shb pumped by
%?ﬁ EFI ( ﬂz‘f}j IjJ $ a—flashlamps on two sides b—diodes on two sides c¢—diode on one side

1W~ 10W, SR E(E T3 100W) N, BATA S AE b N i TR UL 39 5005 S i, T 2634 5 30
FEUEIE LT FEA — € @M o B A TR S AE SN0 2R I AR, AR 3l o T T 52 4T ¥ 20 2 KA Jo
W ZE, AR BB AR B . 35 B0 DAt — PR i, 9 1 ORAERA EICR, U 25 A Y 8
RE7J S5 IOSBN BAR ¥ A

25
’ Purcrfgti:i;ég i/\\//\ .

i1 100W HEFESE LD 00 i ==
Nd YAG FETGARA fF T Sk8, %t He T AR 4 —— e
ORI I A1 Y R P53 At L, R CCD 4 ] |/
%A GE WL A 4% 1 J5 T 4 He Ne S0 - T -
SR BINF I & QU AL, JER PR 55K 2 3 i —
SUES T T 450 B 6a HKPANS A b
ﬂiﬂﬂ’;ﬁ{ﬁﬁﬂ'%{ﬁ%é}, 'ﬁ?% EHﬂ éﬁﬂi?ﬁj\jﬁ?ﬁ Fig. 6 a—moire fringe pattern in the experiment b—the
TN 2540, TR Sk N 5E IR % 4L, B 2% eRs numerical caleulations result corresponding to the
2, WL SR ] 6b Skt BT R L experiment

WIBUE T AR . A 6a T AP 25 00 57K 2640, T RA MG TF BN BRIR B B il S
R 218 KL 3 ZRKHDEREZE, SRR THE K ob 15 515 8



ERE I e b i B A Vol. 22, No. 4

1998 4 § / LASER TECHNOLOGY August, 1998
*
€ e K 2 A

(VLR EE TR =AU &R, 571, 212013) (P RLRZE R 2T, M AL, 210093)

o P U R S WO B AR S 4 2024T 62 BEAT WOGH S AL B, WOE 28 Bk SR B
(FWHM) 4 30ns, Bk phEE BN 16 5~ 27. 51, I REEAN 1. 1~ 1.66W/ em”® . kI 45 H K W: I
ey IX (¥ R T 0 FE 32 5 42% , WO iy X R 2 (0 b 43 2044k, JF B KR E Hhigm THE & W
P55 756, 15 95% BAGFE R, WOt il AR I B I8 55 5 d 2 R i il h 1 5.4~ 14,5 f5.

COOerh i b E PURRMERE SEMEL B A

Effects of laser shocking on the mechanical properties of metals

Ren N aif et, Yang Jichang, Can Lan
( Machine Building Department, Jiangsu University of Science and T echnology, Zhenjiang, 21201 3)

Zhang Yongkang
(Institute of A coustics, Nanjing University, Nanjing, 210093)

Abstract: The high power density, neodymium-glass laser is used to laser shode process aluminum
alloy 2024 T 62. Laser parameters: the duration(F WHM) is 30ns, the single laser pulse energy is 16.5 to
27. 5J, the power density is 1.1 to 1.6GW/ cm®. The test results show that the hardness of laser shock-
ing zone is increased about 42% , the surface grains of laser shocking zone are fined and the fatigue life of
aluminum alloy is increased significant ith 95% confidence, the fatigue life of laser shocleprocessing
specimens is 5.4 to 14.5 times larger@the unprocessed specimens.
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