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Influence of Anisotropic Thermal Parameter on the Thermal Effect of Nd.YVO, Crystal
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Abstract; Based on the analytical theory of aeolotropy, the thermal distortion of pumped-face and the temperature field distri-
bution of laser crystal are investigated when Nd; YVO, crystal with rectangular cros section is end-pumped by a laser beam
of Gaussian distribution from a diode laser. A thermal model that accords with the working state of the Nd: YVOy laser
crystal is established. By using a new solution to the heat conduction equation of the anisotropic medium, general solution ex-
pressionis of the temperature field, the thermal strain field and the thermal distortion field of Nd: YVOy crystal with rectan-
gular cross section are obtained. The quantitiative effect of the anisotropic thermal parameters on the thermal strain field of
Nd: YVOy laser crystal is analyzed. The research results show that the maximum temperature rise of 244, 9 °C and the max-
imum thermal distortion of 1. 99 um can be obtained in the center of the pumped end surface when the Nd: YVOj laser crys-
tal is pumped by a diode laser with a output power of 15 W from the center of end face (the weight percent of neodymium
ion doped in the crystal equals 0.5%). This method can also be applied to the research on other thermal problems of laser
crystal and offer the theoretical basis to effectively solve the thermal problems in laser system.
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Fig.2 Schematic diagram of laser crystal thermal model

X Nd: YVO, Fh i TAE#F A0 A7 » 7T 3L $50 Hr y B AR
5,

D s emilamRik. SLEREE LD & HiEEt,
S POERAERMFERER A REBFEMRNBSEE,
SRS R RO fH38 6658 i 2 1) 20 A AT LA 6 38 o

B pIle) . MBS EAT Z BIA SR 2 =0 M|, B E R
LGB 7R 2 =0 T (xy D _ LB S mRBAN

I(zy,0) = Tpe 2 gett D
Hep Lo AE AT OCE =0 KRB E ;w HHBE
OF= T

Bt AR S S R R B B 24T = BhiESL
Rt IR TR TS RO RS R E R
z=z MR N

Iz,y,2) = I(z,y,00e# (2

2) BAREATAEMRIIREE. b THOLRER
HEFHMMAREREHEAWER T X THEERERR
R R i B BE B (0% R A A El T 90 6 B T RN AT P R R
WHEXERA=ANRE., £ 2= 8. HERKERE™
R ATHREE R

qv(x,y,2) = gl(z,y,2) =

£ 0 0 0 http://www.cqvip.com|

YHEHI - BW 2004 $£18%

(xvq'->’+< +°
o e &

Tone~ 3
He, g HEE TR MARERENAELR R A
7=1—2A,/AL @
Ho:2, 2 LD #iE K .4, =808 nm; AL il 3R IF () 3R
HEOGIE K ,AL=1064 nm,
D BAREKKD R A, B TRERBELIHBA,
s 00 T 9 R 45 4 XL R L M g SRR B B A B AT R
FOGHXD ., BUBESE BEMA TR ERE v, &
A 2 A8 O T 5 2 SOA i, DA TR O T A 28 SRR SR O
H B BT T /N T A o R0 TG Ao % IR R, U
AT BRI A 1 TR o T 48 A, AR 1 A R AR A
u(0,y,2) = 03ula,y,z) =0
ulx,0,2) = Osulz,b,2) =0 5
u: (25y,0) = Osu.(x,y,¢) =0
2.2 Nd:YVO, REREHEEHNITERERX
M T Nd: YVO, Sk 2 IEZ & R R, A R
B NREABRMEFETFELZERRENMABEER
Poisson yig AN

R2ulx,y,z) ulx,y,2) Pulx,y,2)
Az A Ay =
dx? 4 3y? + dz?
—qv(xsy,z) (6)

Her, a4, M. SRR FE .y Mz FEHSFHREAR K
HRARER, BT qv(z,y, ) MIARFZHHERE, —&
R ##% Poisson TR HFEILEREZTBEE.

—FREA R & MHR (5)TF Poisson FREH FEEN
Poisson J7 78 (¥ it A0 A1 /2 Poisson J7 12 i [7] B 9 2 i 5
el B

1) BIEH R &5 Poisson 7 B ## B AL 56 BB
., HAE sR U5 40 B Poisson TR ulx,y,2) sulz,y,z)
R R E G

2) ¥ ulz,y,2) LA Poisson T, KH ulx,y,2)FHY
BEFE.BYE u(x,y, )RR

3) BT ulz,y,2) BE 2 Poisson J7 8 X W 2 K1 F
#%4, U T Poisson F &M AFEME—E, W ul(z,y,2) £
Poisson J7 12 B ME—##% .

Poisson 5 5 ## N

ulx,y,z) =

E E EA,,,,.lsm —xsm —ycos l—z )
=1 m=1 (=1 b
8Iofpc (1 — e :&cosln)
abw? (.l +lzn2)(

Amnl - Azlz X

c2

)

b —
Joﬁe gt 7 = sin jxsm ——yd:cdy ¢))

AR S A ARAE R (7D H B MOt S i P R 08
B
3 HARGREEZNITES

LEotRENRERBERESE . b TROLREZ
REKSERRERERBE, RMALELTEY M
Je A% 8 IR .


http://www.cqvip.com

Fol ¥ BELEAREASEIN Nd. YVO, RIESBUTHEN

MTFMGEE 2 MRE LA AR, NEEREL
BE T AR T AR AR, BT LA KOG & 4 0 ] B 3R R S S 4951, T
ot BB B AR
WO SR AR 3 — /AN D R, 3K A3 30 9 de L dy F
de, K7 PR IR BE A OCHHRD) , & 4 ih B #7155 1R BE Ry
u(-I’y’Z)siiJ[ﬁjiﬁiﬁJgE’ﬂﬁﬁﬁﬂ u(x9y,z),3 /l‘?'ﬂ'ﬁlﬁﬁﬂ
EERR
dly = aulx,y,2)dx
dly = ayu(x,y,z)dy €))
dl, = aqu(x,y,2)dz
K saray Fla, SH WO HRE 2.y F 2 7w EHHEE
FEFRE. Nd:YVO, @k ARR& SR B R (AR KE I

HRIEERD N
dl.
€ = o= au(xsys2)
d!
Sy:d—jzayu(x,y,z) (10)
€, = de _ o (xyy,2)
dz

BT Nd:YVO, &g % J7 i b B # B ik R 800 3 80 W&
WIEHJ7 | L PIE RN

e = Jodlx = axjou(x,y,z)dx
a b
I, = Jodzy _ ayfou(x,y,@dy (an

l, = Jodlz = axfou(x,y,z)dz

AR AR, AR 38 2 (10) T 38 0 dl R R 38 &% 0
] EHIB AR, R R Q12) T B 3O RS i E
BHPIEER .,

4 Nd:YVO, H3tRERHRSH

Nd: YVO, dah U H KR B 25 My s 23]
MNTB S ZRE, B NEPHERE 0.5 atm¥% 5 Nd: YVO, &
HWEMERSHH5.23 W em—1 « KTI(/)M5.10 W+
m~! e K-1( L) s K R BT B 11. 37X 10-8K—1( /)
4. 43X107 6K~ (L), dfk c MR x . XHEHE
61 W EHCH 14, 8 cm— 10101
4.1 Nd:YVO, REEHEBEE S

P LD RS Th %R 15 W(Nd. YVO, & A8 H %
JETHE 5 WoNd: YVO, SEEFRRI 10 W s Th %), #
BB LA w k0. 40 mm, R~ H 3 mm X3 mm X5
mm, B HRENTR x=a/2,y= T F =8B FH 5 H M
B3 FR. WiEEP L& (x=a/2,y=0/2) LIRE 4
A 4 iR .

MWE 3.4 TLBH N YVO, BERNBEERT N
244, 9 C(E z=a/2.y=b/2 M 2=0 ). HTF Nd:YVOq
AR R R RBCRE R, &R A KT PRI
WERHM L, GFHERARMK.

4.2 Nd:YVO, RifizimEmALES
M TR 1A BRI TR AR, T AR B R IS R T B

£ 0 0 0 http://www.cqvip.com|

« 177

Relative temperature/(a.u.)

B3 LDHREME Nd:YVO, RIFNB=SHEREFZIHE
Fig.3 3-D temperature field distribution
diagram of Nd:YVO, crystal by LD
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Fig.4 Temperature distribution diagram
Nd:YVO, crystal interior x=a/2,y=b/2
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Fig.5 Thermal distortion field distribution diagram
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Fig. 6 3-D thermal distortion field distribution
diagram of Nd:YVO, crystal pumped face

5 HEREHSEXR TR M

BT U E S Nd, YVO., BRI AR AT,
BT Nd:YVO: RE#SE (RS RECMAE K RL0 £
B REK,&F MASBRMEZEREKR,5EGEATIE
RN, ER &G T BHMEmE y=0/24 1
BB oy TP REAR A, W 7 Bin . Nd. YVOy gk
= 77 T B K R AF R 0.00278,y I B K PR E R
0.00108,#H2 2.57 5. MR REEHRUT (KBRS
MREASBEEWABE R, B FEAEESRNE, T
THE AR IR R i — AT A TAE .

3.0
2.5

2.0 Ex

-3

£ ey /X10
&

1.0 &y

x/mm

B7 Nd:.YVO, REHIERE y=5b/2 & LTS
Fig.7 Thermal distortion strain distribution
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