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Abstract: A beam combination method based on the optical coating was proposed for three light paths
to design a high power infrared laser multi-band beam combination system. As the ZnSe used as
substrate materials of a beam combination mirror was easy to be susceptible to thermal effects, the
optical-mechanical-thermal coupling analysis was used to research the influence of coupled thermal
effect caused by laser irradiation in different wave bands on laser wavefront distortion of each band
under the fixed temperature boundary conditions. Meanwhile, the thermal effect caused by beam
biased was analyzed qualitatively. Simulation results show that the wavefront distortion (Root Mean
Square, RMS) of each band laser is able to satisfy the design requirements(the wavefront distortion
needs to be less than A/8). The high-frequency component increases the distortion of a long wave
laser, but it still meets the system requirement. The axial temperature difference reaches the
equilibrium after 35 s, so the main factor of wavefront distortion is the surface distortion of every
mirror. An experimental testbed was set up based on the analysis results, and the experiments were

carried out on a 400 W short wavelength laser. The surface data were obtained and compared with that
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of the simulation, and the results validate the feasibility of the proposed analytical method.

Key words: laser jamming;

Zernike fitting

1 3 7

H AT A 3O X &y o ik a8 AT T 2
2 [ O SR AT 5 1) AR ), TSR AR
T3 R B A A D B, Al B — U B O B AR
MEB BN AR . o T X — L 2 T 2
W BHOE A o 2L R ZnSe #1085 i Bk B e
(18 R A B RS A 4 AN TR) ke BE IO B i —
FOCHIEA R RG . ZERGOCH TR, B
PREUIN W 2 T 7E AR HUE BRI T35 R

ZnSe M EXT 0. 8~12 pm BOGCH B 60% 1)
AE 3 i 2R, 2 BRAR A4 20 A0k BOOL & s R
R [ A AL T 28 BOM X At Y 2 44 R
JIN T LIORE T AR AL Tl BURR . A B 1 G
B ELHE X R B G R ARG M O 4T H i s )
REOCRS Kk CO, WOt HR A28 T UL L,
2o e — Gy RE B H A2 AT 3K #) 100 mm DU
LRGN, BTAE RS Z %A R
RGEATIEHLI— AL BT AR AT 2L

AR SR G LI — A A o B T ik R A
s S G ash A v ARSI X ST T I 1 S MR AT T 4%
BT 43 BT 245 R 3R B, TN 5 3500 iy s 2 U A A B
RGEOR, R T XK TG, AN RO
UE T 434 07 2 B0 A L X R T R AT AN O &
WRG BRI LM B O BT i it T 5%

2 HSRAKIHK

BWOCE R R GOC RN 1 TR OG5 i
Hh PR 25 B B OGBS R e 204 K
P WOETE B e AP AR

A WE 1K BC mirrorl) i 54 ik 41 4 4
0t S TR LL AN L 2k T SR A B B e Ol
WA T HEAT A R R A R 2 (I BC
mirror2) P T Z0AMBOG RS R AT WO
HOL. HhRKEFODLEHE A5 2 100 mm,

beam combination system;

laser thermal effect; beam biased;

R R G A AT N K = W N2 @ R AR
35 mmICEEE AN 20 mm, FEZFR TN H 3,
KW BN 10. 6 pm & )R BEHOG, BN
3~5 pum W R Ky 10 W P 80O ok B R
0. 808 pm TIF Ry 400 W Ay 45 I 30O .

Short
wavelength ___,%
A W —

Copper mirror

BC mirror2

1

Beam
combining /JI'Q . )
o= ====——=--d-Middle wavelength laser

module : !
AR :

BC mirrorl”  _{__| _________ a

]
1
]
]
1
]
Beam expander module + — _Long wavelength laser

Bl SR AGLH

Fig. 1 Light path of beam combination

BT 1B X U v o AL %o U e R o
BB P0G G A AR B 2 BT, ik
U B e 3 B 0T Rt U6 U B v e BB G B 3 RO A
R H . B 2 a) 2ot e B B S K
W B afs Sk 38 0 v i BSRE S8 0 RS I 45 215 1 2 (b))
RE WA 2 X I i B R O g i I S
FIR ISR, ATLUE TR 10, 6 pm 3B, MR
ARSI RIAE] 99 %0 LL b H i o6 DL K
O SRR E] 99, 5% Lh b, i i i 5 Rk
F99% LA I

100 1 T

95 / . - - 95 . . - - - .
LW y ] 1 I 1 K 7 I ] | | !
=§- ;_e. ra | 1 | 1 a5t | I 1 3 |
2 R0 t T 1 T 1 Z80 T T T T 1 1
275 ff < + - - - £73 f'f - - - - 1 1
g 7 B

65 | ] 1 I 1 ] I ] | | |

[} . . . 1 1 ]

0
TO K00 9100 R0 10500 11 200 11 900
Wavelength/nm

3000 3600 4200 4800 5400 6000
Winvelengthvimm

(OB HBE 1 B A I il &

(a)Curves of coating detecting of BC mirrorl



5511 ] P

B, 55 5 YRGS XA R R E AR N 3099

30 1
“n00 To0 ®OO W00 [NLCVI U
Winvelengthimm

a0
000 4500 6000 7500 9000 10500 12000
Wavelength/nm

()& AU 2 B JECAG T i 22
(b) Curves of coating detecting of BC mirror2
&2 g R i 2k

Fig. 2 Curves of coating detecting
3 AGRAF oML

I 8 25 4% 5 07 B DA B i v 5 A ] LA
A B o W OO BB A T TR R A A A
T3 K AT BR T 3R A0 B RO 5 Matlab #2 7
BT SR A BARGONE i o B AR 25 A8 Ak
3.1 ATRER

WO PR AR 2 18T L X T 2% ) [m] PR S S AR
Wk 25 TR B2 37 104 5K At T LA R FH A% S 0 T R R
FR

dr aT7,9r,dT7,dr,aT7_ aT
9x[k91}+9y[k 93']+9z|:k 92]7‘0( ac’

(D
A TOABEAA ¢ I 20 80 B2 AEL s ks o0 ¢ 2350 D9 1
L S AR B B (E DA LR . MRS S8R T
VEACAF B B 3 AT 52 O 1R BRI 7™ 28 1 $OR
R SRR R IO -2 S B N
(SF

szT =—[A—o(z.y,2/S—h(T,— T ]
an|x
{k(’f)_’r :hc(Ts_Tc)

In |y

(2
Ao T 0 PR BER BE 5 T, S 0Ot A Gt i 2% i R
JEE 5 he X AR IR BB € B RGBSR T84
BG5S S OL e IR A 5 201 S o Vg 45 4
X3k
HT T A 2 i ) LRI AR R 2 2] 1
JEE 5377 A BASE 0 B0 (A 5 T T R A AR A
JE AR AT AT R SR

, w1 e 204w aT_
JV r r2+1—2vr7r 1—20 % a9y 0
3 b
, 1 de 20+w aT_
[V W0 1—20 %z 0
(3)

s, T e 27 558 1A T A% 1] 0l 1) 1) AR 8 B
e NN s o BRI I R B o IR R
Lo T Wil S o A i . HRT . 5 T4 BRoc o Hr
fig LA RS A 1) B A5 38 )z R
3.2 ABKBRESHR

AT AL OG22 R R R B — P T
PG Z AL HE Al 3 Brs .

Z 7 Z Z
i — i H
P 27 |
— P — :
i % | ’ XA
—— el L —— (s
_ 5 % P — %%
! % , % %
Input beam K4 i Input beam ##%|
d | L] d | d, [L+aLld,

&3 AR ALY
Fig.3 Model of thermal effects

TE G i I 28 T I BRI Y A 1Y) 2 B T W
ARSI DL B AT S SR AR Al P R T BOR R R R
AR RO AT e A R A L AR S R . AR 22
AR

9 L
AmmzAm_mxm=Aum—n+;%)mm
C C

4
s AL Dy i R R A2 45 K 1 & B AR Ak 5 o 0 iR
TR 390/ T N IR BT R R 8 2
Wi 73 BT S5 7 AR e B 22 AR L K O A
R T KU i A Matlab F2 7 i RLILZE RS &
T S O AR 25 A Dy DA KB T AT 5 R B
B HE B RE 22 ADar s RIVATFHT A Dopn B 2 75 4R
EIF RGEULHT

4 BRAGHESH
S AR RS AL 2 J ZnSe ORI G R BE

PEAT 2 U o, L R i — B T SRR B A B R AT
JCEEHEHT . ZnSe BHREX L RE B0 SURE JU AR



3100 7\%%

k% TR

5 23 &

WO I S50 T 5 7= 2B B AR ) Ik 22 0 %l 1)
T 2 X O T A — R
4.1 PIB/BREH

F G5 o IS 5 i B G ) R v ) R Dk B
CO, ot AT i A i 2 T LA KB
i i RIRH] 99 %6 LA b, AR TR S BRI A K
B T R PO PR B B 4 480 W/m’ 5 ¢
WO 0. 5%, TR B E R 112 W/m*;
B W6 Ml R O 0.3% ., T R E R
2 714 W/m*, 2806 A A BE Y R 457, R TR
WAL 1 ) 3 A Sy AR B BE 4 50 4 A T O IR X, O
e KRGS [E] 2 90 s, 76 H AR X 45 14 X
B REGEFER 14 W e m 2« CH L W RIRE N
20°C B ARK FE N 200 mm X 140 mm X 20 mm,
Xt Jeed st (0] i P I 000 T LA 20 R R S R
R, AoRHE IR 1 R,

x1 MHNEESY

Tab.1 Main parameters of material

Parameter ZnSe Copper
Density/ (kg m *) 5270 8 940
Thermal conductivity coefficient]
18 401
/(W/m e« K™,
Thermal expansion/(°C ')  7.1X10 ° 1.65X10°

Specific heat/(J » kg™' « K1) 339 385
Poisson ratio 0. 28 0. 34

Elastic module/(N + m ?) 6.7210" 1.1104
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Tab. 2 Wavefront distortion of different wavelength laser
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Tab. 3 Simulation data and experimental data (nm)
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Fig. 12 Comparison of simulation results and experimental

results
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