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Evaluation of spatial coherent combination of laser beams

LIAN Tian-hong, WANG Shi-yu, GUO Zhen, LI Bing-bin, CAI De-fang, WEN Jian-guo
(School of Technical Physics, Xidian University, Xi’an 710071, China)

Abstract: The combination effect was evaluated by combining effect factor defined as the ratio of
actual maximum light intensity to the ideal combined light intensity at the target. On this basis,
the main factors affecting combination effect and the propagation property of combination effect
factor were studied. Good combination effect could be obtained with a small duty ratio, while the
main factor influencing the combination effect is the random phase errors, because the beam
combination has actually become incoherently combined when the random phase errors are
greater than a specific value. With the increase of the propagation distance, the influence of the
duty ratio on combination effect becomes smaller, and one of the main factors influencing
combination effect is random phase errors.
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Fig. 1 Scheme of the laser array
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Fig. 2 Intensity distribution corresponding to different duty ratios
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Fig. 3 Dependence of combination effect factor on duty ratio
3.2 FEHLAR L2 Xt & AR B R AT
S BREOE AR T 3 B PO MR A 5 5
AL 2R A R0, B0 R AR AR FEDLE fL i

/\/\\ L
-04 -02 0 0.2
x/m
0.2 0 0.2

1.0

0.8

I3 — 4k e 3
=
o

<
~

<
)

(=}

=

Ja—4b 6%
e o ©°
+~ [} =]

e
S}

.

-04 - 0.4 0.6

x/m

4 -02 0 02 0.
x/m

(e

o

)3 —4t St 38
s o
N o

=3
~
T

<
S
r

(=}

-0 4 0.6

HE T8 B G HR 2% R Ao 42 1 O SR B ER A AL
AR Z A L AT LA AL IR ZE 30 & AR Y
.

B2 5% 4 2 85T Y 4 SR S A B 2 ST AR TE
oA, B DO

@0o~N(0,0%) (6
o' BT, LRI T A REYULAH A 2 5 9 &
B3 23 AR (B B R 5 B I JE SR M E A B E
N8 B B o6 ER 73 A LR AR 2 AT BE G 38 23 A T RY
— il o X (3) K H Bk ) O S (E 2 5L TR R A AL
FEASL 22 B B 638 20 A » S AR PR R X 25 IR BEALAR A2 T
HIOGER 4 A SR P S (E R S B . B4 s S R
0. 5H » BEHLARL J5 22 0 BUA R I B9 Y3 20 A o 3
BRBNEEECRAT o KA IE S PR,

H— ALt 3

H—466 38

(b) =0.5

1.0
b
R
i]*‘— 0.5
o
0
0.5

(c) o=1.0



BEFE2 2011,32(1)  ERIL, % BOLES AT & AR 0 7 B B 5 + 153

1.0

0.8
= ﬁ
B 0.6 R
; L
m 0.4 m

0.2r

0 A

-04 -0.2 0 0.2 0.4 0.6

x/m

(d) o=2.0

M4 FAo THHREBAH (c=0.5)
Fig. 4 Intensity distribution with different c(z=0.5)

10 T, o 725 7 % 3 T 7 9 B 0 s 5 B i 44
ol R AR AN L B 7 7 B S 4 R A A L BB
= HEF 525 HoR & BT B IS 5 AT/ B
= 06f R 1 LT BN B2
& 1.0 e ———
dfn 0.4 ( _______________________
02l 0.8
0 . . . = osf 1y S
0 0.5 L0 15 2.0 Eé |4
o K O0.4FY
@ i — =10
BEs5 AREoMER Y T — 7-0.5
Fig. 5 Dependence of Bon o ] _____.T;g?
HE 5 AT LAE H,BEE BEVLAEL 38 5 22 o B3 2000 4000 6000 8000 10000
KA BAR BT AR, Yo K E2. 0 B, B oo
BN AZ0.15,%F 7 REEM S . AE2EHTE 10
R BB FARE N /T WS o KF 208, gl
4tk BT HTAROAME MR B = Ve T
BB TS XM R Y BAR R W =
BEALAE 3 22 O K L 45 5 5 1L 0 T RIOR R W8 X
F PR R A 8 AU B, SRR N B 2 H A T A @ -y
71 B IS VB T 7 B BRI L L AR AR 5702
T R BRI, 0P 2 BB AR 2% P e YT 1
3.3 ARMMRET S HERSHE 2/m
S I PR 2 R T 1 B B S A Lo 70
REER, X BRAITEL TGS RACEHE T 8 Witk o
4 BEL TR 07l R 96 L SRS 1 4 B 5 1 78 1 - RS
B, TR B2 B 2 W R 2 o e 701
HOAR [ B A B B T B i1 6 B 5 7 A o |
B R 6 R, A
HIIE 6 AT LUE L 00 B B 15 At i £ B )
BEAR BN T 2 0. 1E 2 BUNOIERT & f . . .
25 HO B I T — 2 B (Bl O3 R R o 2 2000 4000 6000 8000 10000
Hor X REEG 8 T B A ERRIE F %o Fr=1 88 A (© 9=1.0



e 154 RYE% 2011,32(CD

R, % WOL = FAR T & AR 7 B BE 5

1.0
.0
5
0.8 5
;’; 1
= 0.6
:
& 04r
o
0.2
[
O E’ 1 1 1 1
2 000 4000 6 000 8000 10000
z/m
(d) 0=2.0
Eo6 pEFHERSYE
Fig. 6 Propagation property of B factor
4 it

AT AR T AR S HES) 5 % A2 e
DU 2218 00 F 48 & BB OL R A AR 7
I3 & BRBCR B T B L B R SET T RS AT
A 2 (8] o 25 P 7R — 5 Y B A & 0 4 T BCR
7R A R T LS [ o S BB/ (ELR FT RE AR B
R RY & R [ B 45 2 2 0t 5 B R 9 U
e s FEALAH AL 22X M T & MR & 7= £ E R W,
L FEEHUAR AL 223 KB — 2 RN AT A RH K E
L ER T AT AL BB T A RECR . B
i B 0 3 » 25 IR o S X UBOR B T R R
Wi 2 — W/ A AR ERRRZ 2
BEHLARAL 22

SE k.

(1] Ffh, EAWK, BEE, % MOEFEEFIE 48T & 8
N FEELT] ¥ F R ,2010,3004) :1066-1069.
ZHOU Pu, WANG Xiao-lin, MA Yan-xing, et al.
Beam quality of partially coherent combining of laser
array [ J]. Acta Optica Sinica, 2010, 30 (4): 1066-
1069. (in Chinese with an English abstract)

(2] FMRB,HUE, R, % SO0 REM]. 5 UK.
Je5t < B By Tolk i ittt , 2004.

ZHOU Bing-kun,GAO Yi-zhi,CHEN Ti-rong,et al.

[3]

(4]

(5]

6]

L7]

(8]

(9]

Principles of lasers [M ]. 4th ed. Beijing: Defense
Industry Press,2004. (in Chinese)

LAUTERBORN W,KURZ T, WIESENFELDT M.
Coherent optics-fundamentals and applications[ M ].
BeiJing : World Publishing Corporation. 1998.

ER L EME, WA AR T EOEHRE S
ROomBEm )] #EFEHA,2007,28(5) :566-569.
TANG Qian-jin, SHI Xiang-chun, HU Qi-quan.
Effect of filled factor on the far field profiles of laser
beam combination [ J ]. Journal of Propulsion
Technology, 2007, 28 (5) : 566-569. (in Chinese with
an English abstract)

IR MR AL EEE CFMEBRE T ERAR
PARIRE X TGS R F )], o E#ot, 2008,
35(3):351-358.

CAO Jian-qiu, LU Qi-sheng, HOU Jing, et al.
Influence of combining errors in the system for
coherent combining of fiber lasers on the far field of
output [ J]. Chinese Journal of Lasers, 2008, 35(3):
351-358. (in Chinese with an English abstract)
HEOLIE, K, KT, & HEBFEEERHEAR
[J]. 405k 5 86 T2, 2006, 35 3 i) , 289-293.
DONG Guang-yan, ZHENG Yong-chao, ZHANG
Wen-ping, et al. Technique of phased array ladar
[J]. Infrared and Laser Engineering,2006,35(sup) :
289-293. (in Chinese with an English abstract)

EE A, RE, & MO T IR 5 O6E 4
i 9 % W 4 B [T . Ot 2F 2 4k, 2009, 29 (8): 2248~
2255.

WANG Wei, HE Bing, ZHOU Jun, et al. Study on
far-field intensity distribution of fiber laser used in
coherent beam combination[]J]. Acta Optica Sinica,
2009, 29(8) :2248-2255. (in Chinese with an English
abstract)

NABORS C D. Effects of phase errors on coherent
emitter arrays [ ] ]. Applied Optics, 1994, 33 (12):
2284-2289.

LI Yong-zhong, QIAN Lie-jia, LU Da-quan. Cohe-
rent and incoherent combining of fiber array with
hexagonal ring distribution [J]. Optics & Laser
Technology,2009,15(3) :957-963.



