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1 Ú ó

�¡-1ìäkUp��ØOÃ0�¥�9
�È, ÑÑõÇ��B/½I��, �±¢ypõ
Ç!p�Ç!p1å�þ�-1ÑÑ�`: [1], �
�
IS	;[�2�ïÄ [2−10]. 8c, ü¡�
¡-1ì¼����ÑÑõÇ� 5.3 kW[11], Ä�
ÑÑõÇ� 496 W(11=��Ç� 32%, 1å�
þÏf M2 ≈ 1.5). û��^��¡-1ìÑÑ
õÇ� 16 kW(M2 ≈ 20)[5], ¿®2�A^uá�
��!Å���¡. �¡-1ì3põÇ$=�,
põÇÄ$Úå�¡0�ò�ÇCzÚ/C�ò
��9ßº�A. Yb:YAG �¡-1ì9ßº�A
®k�� [4], 3 808 nm Ä$�, Nd:YAG ��9�
� Yb:YAG � 3 �, Ïdk7�é Nd:YAG �¡-
1ì�9ßº�A?1ïÄ.

©z [12] nØïÄ
à¡Ä$�G-10�
3ý¡Ye!à¡ý9�ØÓÄ$1©Ùé¬N
à¡§Ý|�K�; ©z [13] ïÄ
-1�4+
à¡Ä$�¡0�3à¡ý9!ý¡ð§e%�
�§Ý©Ù; ©z [14,15] ê��[
à¡Ä$�

¡0�3�àe%, ,�à9ý¡ý9��§Ý©
Ù; ©z [16] 3©z [14,15] �Ä:þ�Ä
�¡
0�cL¡9ý¡��íé6�9±9á�9å
Æëê�§Ý�Cz. ±þïÄ�õ´nØ©ÛÚ
ê��[, ¿vk�A�¢�(J. ©z [17—19]
ïÄ
�G-10�, �ÄÄ$õÇé��1�
»�K��OnU?-1ì��Ç�§, ¿ê�¦
)��Ñ\õÇ�ÑÑõÇ�'X;©z [20—23]
é Nd:YVO4 -10��9ßº�A?1
nØ9
¢�ïÄ;©z [24] é�G Nd:YVO4 �N-1ì
�9ßº�A9ÙéÑÑõÇ�K�?1
¢�
ïÄ.

�©ïá
1r�pd©Ù�Ä$1ü§Ä
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c�1Æºe�D��9. |^k��©Û^�
ANSYS é¬NL¡¥%?§Ý��mCz5Æ
±9§Ý�?1
ê��[. |^9�¤ÿþ

ØÓÄ$õÇ��¡0��§Ý©Ù!§Ý�
�m�CzA5±9�¡0�L¡�p§Ý��
$§Ý��, ¢�ÿþÚê��[(J�Î. |^
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Hartmann Åcuÿ{ÿþ
�¡0�3ØÓÄ$
õÇ��9�å. �Ä�¡0�9�å�Ä$õÇ
Cz¿K�ÑÑõÇ, ïá
oU?�¡-1ì�
�Ç�§|¿?1ê�¦), ��ÑÑõÇ�Ä$
õÇ�m�'X±9�¡-1ì9�AéÑÑõ
Ç�K�5Æ.

2 n Ø

2.1 §§§ÝÝÝ���...

ã 1(a) ¥, Nd:YAG �¡�»� a, þÝ� t, �
�NÄ$1²1nÍÜÑÑ�1r©Ù�±Cq
w�pd©Ù, ÷ z ¶��\�, Ä$1ügÏL�
¡. -10�áÂÄ$�)�9õÇ�Ý� [13,25]

qv(r, z) = ηhαI0 exp
(
−2r2

ω2
p

− αz

)
, (1)

ª¥, α�-10�éÄ$1�áÂXê; ηh �F
1þf�ÇÚS�Ñû½�9=�Xê; ωp �Ä
$1�», du�¡é�, Ïd@��¡S ωp �±
ØC; r�¬NS9
�¥% �å l; I0�Ä $1

¥%?rÝ, I0 =
2Pp

πω2
p

, Ù¥ Pp�\���¡þ�

Ä$1õÇ.

ã 1 �¡�.Ú��n«¿ã (a) �¡�.; (b) ��n

Î�IXe, -10�¥9
�n�­�9D

��§�

∂2T

∂r2
+

1
r

∂T

∂r
+

1
r2

∂2T

∂ϕ2
+

∂2T

∂z2
= − qv

Kc
, (2)

ª¥, T �¬Nþ�§Ý©Ù, Kc �-10��9
�Ç.

du-10�!Ä$1
!S9
Ñäk�
é¡5, Ïd§Ý©Ù�A¥¶é¡©Ù, =§Ý
©Ù� ϕÃ',

T (r, ϕ, z) = T (r, z). (3)

u´ (2) ª�±{z�

∂2T (r, z)
∂r2

+
1
r

∂T (r, z)
∂r

+
∂2T (r, z)

∂z2

= − qv(r, z)
Kc

. (4)

�¡c�L¡��íé6�9, Ïdc�L¡
�>.^�©O�

Kc
∂T (r, z)

∂z

∣∣∣
z=0

= h1

[
Ta − T (r, z)

∣∣
z=0

]
,

−Kc
∂T (r, z)

∂z

∣∣∣
z=t

= h1

[
Ta − T (r, z)

∣∣
z=t

]
,

(5)

ª¥, h1 �¬N��í�é6�9Xê, Ta �±�
�¸§Ý, T (r, z)

∣∣
z=0

Ú T (r, z)
∣∣
z=t

©O´¬Nc
�L¡�§Ý©Ù.

�¡ý¡�c�1ÆºeD��9, �â�>
¡þ96�ëY5��

Kc

(
∂T

∂m

)
inside-crystal

=Kiron

(
∂T

∂m

)
inside-iron

, (6)

ª¥, Kiron �c�9�Ç, m��>L¡ü {�
¥þ.

duc�9�Ç��u¬N�9�Ç, Ïdc
S§ÝFÝ�±�Ñ, Cq@�c�1ÆºeS§
Ýþ!©Ù, P� Tiron.

,	, n�^�e­��¬N>��§ÝA�
uc�ºe�§Ý. =

T (r, z)|r=a = Tiron. (7)

,
, ù=3n��>�¹ek�, �âD9Æ�
�, =¦ü�ÔN�²¡½ö�1¡, $�ò��
ÔN;Ø3,	��ÔNþ, ��ØU��n��
D��9. duüö�m�3é���>9{, (7)
ª�¢S�¹��é�. �,¬N�c�ºe�m
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´9D�L§, �|^eª�>.^��\�Cý
¢�¹ [26]:

jqm = −Kiron

(
∂T

∂m

)
inside-iron

= h2

[
T (r, z)|r=a − Tiron

]
, (8)

ª¥, jq �96�Ý; h2 �D9Xê, éun��
>��¹, h2 ªuÃ¡�.

2.2 ÑÑÑ\\\-ÑÑÑÑÑÑõõõÇÇÇ���...

éuoU?XÚ, ��ÄnSÄ���¿�Ñ
-13¬Nþ�û�,­��Ç�§Xe [17−19]:

d∆N(r, z)
dt

=(fa + fb)Rrp(r, z) − ∆N(r, z)
τf

− (fa + fb)cσ∆N(r, z)
n

Ss0(r, z)

=0, (9)

dS

dt
=

cσ

n

∫∫∫
∆N(r, z)Ss0(r, z)dV − S

τc

=0. (10)

ùp, ∆N(r, z) = Nb − Na ��=âfê�Ý, Ù
¥ Nb, Na ©O�þe-1U?âfê�Ý; fb, fa

©O�þe-1U?�âf©Ùê; c�ý�1�;
τf �þU?Æ·; σ �É-u��¡; τc �nS1
fÆ·,

τc =
2lc

c(Li + TOC)
,

Ù¥ Li �nS�Ñ, TOC �ÍÜÑÑº�ß�Ç,
lc = lcav + (n − 1)t�n���1§�Ý, lcav �n
�AÛ�Ý, n�¬Nò�Ç; R�o� Ä$ �Ç,

R �Ä$õÇ Pp �'X� R =
ηaηQPp

hνp
, Ù¥ ηQ

�þf�Ç, ηa�¬NéÄ$1�áÂ�Ç, hνp�
Ä$11fUþ; rp(r, z)�8�zÄ$Uþ©Ù,

rp(r, z) =
2α

πω2
pηa

exp(−αz) exp
(−2r2

ω2
p

)
;

S �nSo�1fê, S �ÑÑõÇ Pout �'X�

S =
2lcPout

cTOChνL
,

Ù¥ hνL ���11fUþ; s0(r, z) �nS8�
z1f�Ý,

s0(r, z) =
2

πω2
Llc

exp
(
−2r2

ω2
L

)
, (11)

ª¥ ωL ���11��», ωL �X��n.±9
-10��9�åCz. éuã 1(b) ¤«���
n, �â Magni[27] �nØ, nS-10�L¡�-
11��»�

ω2
o =

λL

π

[
4u1u2g1g2 + (u1 − u2)2

(1 − g1g2)g1g2

]1/2

. (12)

ùp,

u1 = l1

(
1 − l1

R1

)
,

u2 = l2

(
1 − l2

R2

)
,

x =
1
f
− 1

l1
− 1

l2
,

g1 = − l2
l1

(1 + xu1),

g2 = − l1
l2

(1 + xu2),

Ù¥ R1, R2 ©O�ünº�­Ç�», l1, l2 ©O
�¬N�ünº�ål, f �-1¬N��9�å,
���n.�½�, f �Ä$õÇ�'X�

f =
ξ

Pp
, (13)

ª¥ ξ�-1¬N�9ßºXê, �d¢�ÿ�.
d (9) ª)�­���=âfê�Ý

∆N(r, z) =
(fa + fb)τfRrp(r, z)

1 +
[
(fa + fb)cστfSs0(r, z)

]
/n

. (14)

ò (14) ª�\ (10) ª, ¿|^ R, S �L�ª¦�∫∫∫
Pprp(r, z)s0(r, z)dV

1 +
2(fa + fb)στf lcPouts0(r, z)

nTOChνL

=
1
τc

nhνp

(fa + fb)ηaηQcστf
. (15)

(15) ª�Ñ
1r�pd.©Ù�ëYÄ$1ü
§Ä$¿�Ä¬N9ßº�Aé��1�»�K
��, oU?XÚ (Nd:YAG) �Ä$õÇ Pp �ÑÑ
õÇ Pout �'X. ò (11), (12), (13) ª�\ (15) ª,
XJ®�¬N9ßºXê, =�¦)ÑÑõÇ Pout

�Ä$õÇ Pp �'X.

3 ¢�9ê��[

3.1 §§§ÝÝÝÿÿÿþþþ¢¢¢���999êêê������[[[

ÿþ�¡§Ý�¢�C�Xã 2 ¤«, 1n
ÍÜÑÑ¥%Å�� 808 nm �Ä$1, ²Lü
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�ßºà��?\ Nd:YAG �¡, c�1Æºe
�� × ° × þ� 25 mm × 25 mm × 6 mm, ºe
þk�»� 10 mm ���, Nd:YAG �¡ (�»
� 10 mm, þÝ� 1 mm, �,ßÝ� 1.2%) �½
3�¥. m©Ä$�, |^9�¤lý¡ÿþ¬
NL¡§Ý,pL§!­½G���§Ý©Ù
9§ÝFÝ, ¢�¿�¸§Ý� 25 ◦C. Ä$õÇ
� 10 W ­���¡L¡§Ý©ÙXã 3 ¤«.

Ø Ó Ä $ õ Ç e � ¡ ¥ % ?§Ý � � m � C
z A 5 X ã 4(a) ¤ «, � ¡ L ¡§Ý F Ý X
ã 4(b) ¤«.

|^k��©Û^� ANSYS, éþã�.¥
�¡0�L¡�p§Ý��mCzA5±90�
L¡§Ý�?1
ê��[, �[¤^��'ëê
� α = 4.5 cm−1, Kiron = 75 W/(m·K), Ta = 25 ◦C,
¤�(JXã 4 ¤«.

ã 2 �¡¬N§ÝÿþC�«¿ã

ã 3 ¬NL¡�§Ý©Ù Pp = 10 W

dã 3 ��, �¡¥%?§Ý�p, �� 110 ◦C
�m, c�1ÆºeS§ÝCqþ!©Ù, '±�
�¸§ÝpÑ� 15 ◦C. ¬N¥%�þ§Ý©Ù¥
pd., ù�Ä$1r©Ù�ÎÜ; ,	, du1Æ
ºeº��mØî�é¡, ²LD��9��­�
�, ¬N§Ý©Ù�mØé¡. dã 4 �¢�ÿþ
9ê��[(J��, m©Ä$��, ¬NL¡¥
%?§Ýk×�þ,, ,��úþ,¿Åìªu­
�, Ê�Ä$��,§Ýk×�eü, , �� úeü

ã 4 ØÓÄ$õÇ��¡L¡�p§Ý Tmax ��m
A5Ú�¡L¡�§Ý� ∆T (a) L¡�p§Ý Tmax

��mA5; (b) L¡�§Ý� ∆T
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��¸§ÝNC, oNþw, Ä$õÇ���, lm
©Ä$�­�¤I��m�á, Ê�Ä$��¯/
¡E��¸§Ý (ã 4(a)). �XÄ$õÇ�O\, �
¡¥%?�>�?§Ý�� ∆T ¥�5O�, ¢�
(J�ê��[(JÄ��Î (ã 4(b)).

3.2 ¬¬¬NNN999���åååÿÿÿþþþ¢¢¢���

Å�� 808 nm �Ä$1d1nÍÜÑÑ, ²ü
ßºà��?\ Nd:YAG �¡; 3�Ä$1R��
��þ, ò��N-1O�*å����»C²¡
Å, ²L�ßºà�����½­Ç�»�¥¡Å,
2²©1¡���R�\��¡0�. vkÄ$1
�, |^ Hartmann-Shack ÅcDaìÿ�¥¡Å�
­Ç�» R12, Hartmann-Shack Daì��¡�L
¡�ål� x1, �â¥¡ÅDÑ� ABCD½Æ

R′′ =
AR′ + B

CR′ + D
, (16)

���¡cL¡¥¡Å­Ç�»

R11 = R12 −
(

t

n
+ x1

)
. (17)

ùp R′, R′′ ©O�C�c��¥¡Å­Ç�».
�mÄ$
, ò�¡¬Nw��å� f �n�

�ßº, d� Hartmann-Shack ÅcDaìÿ�­Ç
�»� R22, Ïd��9�å

f =
R11(x1 − R22)
x1 + R11 − R22

. (18)

ã 5 ¤«�9�åÿþ(J. dã 5 ��, �
XÄ$õÇO\, �¡¬N9�å~�, du�¡
é�, �¡¬N 9� å�'��, 9ß º� A�é

ã 5 ¢�ÿ��¡¬N�9�å f

�f, é¢�êâ?1[Ü, ��¤ÿ Nd:YAG �

¡9ßºXê ξ ≈ 182 m·W. du�¡9�å�Ä
$õÇCz, ¤±nS�¡þ-1�»��Ä$õ
ÇCz, Xã 6 ¤«. dã 6 ��, é�¡-1ì,
du9ßº�A�f, -1�»�Ä$õÇCz�
­½����, 9­½5�Ð. O\n��±¼�
�����1�», Jp-1ì�Ç, �9­½�
� �.

ã 6 ¬Nà¡Ä�1��»�Ä$õÇ Pp �Cz

3.3 ¬¬¬NNN999ßßßººº���AAAééé���¡¡¡---111ìììÑÑÑÑÑÑõõõ
ÇÇÇ���KKK���

�Ä�Ä$õÇ�CzK�¬N�9ßº
� A, ? 
 K � ¬ N L ¡ þ Ä � 1 � � » � �
�. ê�¦)þãoU?XÚ��Ç�§|, é
u Nd:YAG 0 �, � fa = 0.1876, fb = 0.4006,
τf = 230 µs, σ = 6.5 × 10−23 m2, ���G-1ì
�Ñ\-ÑÑ­�!�¡-1ì�Ä9ßº�Aé
-1�»�K�c�Ñ\-ÑÑ­�Xã 7 ¤«, ã
¥î�I Pab �áÂ�Ä$1õÇ. du Nd:YAG
�G-1ì�9�å��3��þ?, ¤±�Ù9
ßºXê ξ = 15 m·W. lã 7 �±wÑ: �G-1
ìdu9ßº�A�²w, 3­½«ÑÑõÇ Pout

�XÄ$õÇ Pp �O\
O\, �Ä$õÇ�Ñ
­½«���nC¤�­n��ÑÑõÇ:ìe
ü. ù��©z [17, 19] �¢�5Æ�ÎÜ. éu
�¡-1ì, 3n��¹e�Ø�Ä9ßº�A�,
ÑÑõÇ Pout �±�XÄ$õÇ Pp �O\��
¥�5O�; ��Ä9ßº�A�, 9ßº�A¦
��¡-1ì�Çü$.

�¡-1ì3�Ä9ßº�A¿�ÄÄ$1
�»!n(�!ÑÑºß�ÇØÓ��Ñ\-ÑÑ
õÇ­ �Xã 8 ¤«. d ã 8 ��: Ä$õÇ K �
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ã 7 O�¤��GÚ�¡-1ì�Ñ\-ÑÑ­�

ã 8 O�¤��¡-1ì�Ñ\-ÑÑõÇ­�

���n ��Ñ!Ä$1�»±9É��nK
����1�»k'. 39­½��S, �OÜn
���n¦��1�»ÚÄ$1�»���, �±
Jp-1ì�Ç. �ÍÜÑÑºß�Ç���, -
1ìK��p, ��Ç�Ç�p. Ïd, ÍÜÑÑº
ßLÇ�ÀJI�nÜ�Än�o�Ñ±9Ä$

�õÇ���Ï�.

4 ( Ø

�©ïá
1r�pd.©Ù�Ä$1ü
§Ä$�oU?XÚ�¡-1ì�§Ý�.9
Ñ\-ÑÑõÇ�., |^k��©Û^� ANSYS
é�¡¬NL¡¥%:�p§Ý��m�Cz5
Æ±9§ÝFÝ?1
ê��[, ¿|^9�¤?
1
§Ý��'¢�ÿþ, |^ Hartmann-Shack Å
cDaì, ÏLÿþ¥¡ÅÏL�¡¬N�­Ç�
»�Cz���¬N�9�å, ��ê�¦)�Ç
�§|, ���ÄÄ�1��»�Ä$õÇCz�
�-1ìÑ\-ÑÑõÇ­�. ¢�9ê��[L
²: m©Ä$��, �¡L¡§Ýk×�,p, ,�
�ú,p¿Åì��­½G�; Ê�Ä$��, §
Ýk×�eü, ,��úeü��¸§Ý. ­��
�¡0�S§Ý©ÙØþ!, aqpd.. ¬NS
�3»�96, 0�L¡�p§Ý��$§Ý��
��Ä$õÇ�O\
O\, ù��¬N9�å�
Ä$õÇ�O\
~�, 9ßº�A�5�²w.
éu�¡-1ì, eØ�Ä�¡0��9ßº�A,
KÑÑõÇ�XÄ$õÇ�O�
¥�5O�; �
Ä9ßº�A�, ÑÑõÇØU�Ä$õÇ�5O
\, -1ì�Çü$. �¡-1ì�9ßº�A¦
���1�»Én(��K�, ÏdÜn���n
�OkÏuJp-1ì�Ç. ÍÜÑÑºßLÇ�
ÀJI�nÜ�Ä��n(�!�Ñ±9Ä$

�õÇ���Ï�. �©ïÄ
 Nd:YAG �¡-1
ì�9�A9Ùé�¡-1ìÑÑõÇ�K�5
Æ, ¤�(Jé�¡-1ì��O�`zk�½�
���^.
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Abstract

A temperature model for a end-pumped thin disk laser with Gaussian beam intensity distribution and single pass absorption

performance is built up according to the actual working state. Using infrared thermal image, temperature distribution, temperature

variation with time and the temperature difference of the surface laser medium are measured at different pump powers. Experiment

on thermal lens focal length of the thin disk laser medium is performed by utilizing Hartmann-Shack wave-front sensor. Considering

the fact that thermal lens focal length of the laser medium changes with pump power, the model for analyzing the influence of thermal

effect on output power of thin disk laser is presented, according to rate equations. The simulation results obtained in this paper show

satisfactory agreement with experimental results. The research has the guiding significance for designing and optimizing thin disk

lasers
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