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Abstract: With the improvement of self output power and conversion efficiency, semiconductor lasers
have been widely used in laser processing field. Aiming at current requirement for hardening light
source of semiconductor laser in laser processing field, a continuous output hardening light source of
semiconductor laser with a wavelength of 976 mm was developed. The light source reached higher
beam combination efficiency by adopting space / polarization beam combination technique, and better
homogenized inherent light intensity fluctuation along slow axis for laser bar by adopting array
division of cylindrical micro lens combined with focusing lens, thus making light intensity of focus
spots flatly distributed. Finally, the light source was adjusted and tested experimentally. The results
show that when the working current is 93 A, the maximum output power of the light source is

5120 W, the electro-optical conversion efficiency reaches 47 %5 , the spot size is 2 mmX 16 mm and the
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flatness of the spot distribution is over 90%, which meet the requirement for large-scale high

efficiency laser hardening in industry.
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Fig.1 Divergence angles of diode laser stacks after collimation
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Fig. 2 Spatial combination in fast axis direction , 16 mm,
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Fig. 3 Principal digram of homogenized intensity distribution
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Fig. 4 Simulation of parameters of micro lens array after homogeneization
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Fig. 6 P-I curve based on measured values
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Fig. 7 5 kW diode laser source for laser hardening
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Fig. 8 Homogenized intensity distribution of focused spot

4

4 976 nm
,» 93 A )
5120 W, AT%
2 mmX16 mm, )
90% N
5 kW



5 , 5 kW 1183
2012, 8239.:82390].
[9] MALCHUS J, KRAUSE V, KOESTERS A, et
[1] , , , al.. A 25 kW fiber-coupled diode laser for pum-
(7. , 2013, 33(3). ping applications [J]. SPIE, 2014, 8965:89650B.
333-330. [10] BROOKSHIER S, WASHKO J, PARKER K., e
WU Y T, LIU J CH, LIU SH B, et al.. Application al.. The use of novel, direct diode lasers for large
of diode laser in the remanufacturing industry [J]. Ap- area hard-facing and high deposition rate cladding
plied Laser, 2013, 33(3). 333-339. (in Chinese) to enhance surface wear and corrosion resistance
2] . CruMoV [J7. SPIE, 2012, 8239:82390H.
[J]. L, 2013, 28(1). 47-51. [11] XIONG L L, WANG M., WANG X B, et al..
WANG CH, CAIH, YE]J, etal.. Surface harden- 3000W CW diode laser cladding system []].
ing of Cr;; MoV steel by high power diode laser [J]. SPIE, 2012, 8241 824106.
Heat Treatment, 2013, 28(1) . 47-51. (in Chinese) (12] ’ ’ ’
(3] . . . [l , 2013, 40(4) : 0402011.
[J]. , ZHANG J, PENG H Y, LIU Y, et al.. High
2013, 50(5): 050004, brightness diode laser source based on three-wave-
GUO SH R, CHEN ZH J, ZHANG Q L, etal.. Re- length multiplexing [J]. Chinese Journal of La-
search progress on laser surface modification by high- sers, 2013, 40(4): 0402011. (in Chinese)
power diode laser [J]. Laser & Optoelectronics Pro- [13] s s PR
gresss 2013, 50(5);: 050004. (in Chinese) L1l . 2013, 40
[4] . . .. 10 kW (7): 0702015.
[J]. ,2013,21(4) PENG H Y, ZHANG J, FU X H, et al.. High-
829-834. efficiency external cavity spectral-beam-combined
ZHU H B, ZHANG J SH, MA J, et al.. 10 kW diode laser array [J1. Chinese Journal of Lasers,
CW diode laser cladding sources [J]. Opt. Preci- 2013, 40(7):0702015. (in Chinese)
sion Eng. ,2013, 21(4): 829-834. (in Chinese) [14] s s s
[5] ; , . . kW Lyl
(7. . 2012, 24 . 2013, 21(5) . 1137-1143.
(11) . 2581-2584. ZHU H B, L1 Y H, HAO M M, et al.. Fiber
TAN H, GUO L H,GAO S X,et al.. kW-output coupled diode laser module for laser processing by
fiber coupled diode laser module [J]. High Power polarization multiplexing [ J 1. Opt. Precision
Laser and Particle Beams, 2012, 24 (11). 2581- Eng., 2013, 21(5): 1137-1143. (in Chinese)
2584. (in Chinese) [15] . ; )
[6] > , . 976 nm [Jl.
[l . 2012, 39 , 2013, 21(4):895-903.
(2): 0202010, HAO M M, QIN L, ZHU H B, et al.. High
ZHANG J,SHAN X N, LIU Y,et al.. Kilowatt power 976 nm fiber coupled module based on diode
output and high beam quality diode laser linear array laser short bars [J]. Opz. Precision Eng. , 2013,
coupling source [ J 1. Chinese Journal of Lasers, 21(4):895-903. (in Chinese)
2012, 39(2):0202010. (in Chinese) [16] . . .
[7] HUANG R K, CHANN B, BURGESS J,et al.. LJ]. , 2015, 36
Direct diode lasers with comparable beam quality to (10):1188-1194.
fiber, CO,, and solid state lasers [J]. SPIE, ZHANG J, PENG H Y, ZHU H B, et al.. Direct
2012, 8241. 824102. diode laser source for stainless sheet cutting [J].
[8] BAUMANN M, KRAUSE V, BERGWEILER G, Chinese Journal of Luminescence, 2015, 36(10)

et al.. Local heat treatment of high strength steels

with zoomroptics and 10kW-diode laser [J]. SPIE,

[17]

1188-1194. (in Chinese)

0l s



1184

(18]

[19]

[20]

7. . 2015, 8(4):517-534.
WANG L J, PENG H Y, ZHANG J. Advance on
high power diode laser coupling [J]. Chinese Optics
2015, 8(4):517-534. (in Chinese)
5 kW
, 2015,

’ [l ’

(.
23(5):1279-1287.

LIUY Q, CAOY H, LIJ, etal.. 5 kW fiber cou-
pling diode laser for laser processing [J1. Opt. Preci-
sion Eng. , 2015, 23(5):1279-1287. (in Chinese)
“smile” [J].

2012, 39(5): 0502006.

LANG CH, YAO SH, CHEN B ZH, et al..

“Smile” effect on the beam quality for diode laser
arrays [J]. Chinese Journal of Lasers, 2012, 39
(5): 0502006. (in Chinese)

TRAUB M. HOFFMANN H D, PLUM H D, et

(1988—), , 2014

N

. E-mail:linstars123@163. com

[21]

[22]

(23]

al.. Homogenization of high power diode laser
beams for pumping and direct applications [J].
SPIE, 2006, 6104: 61040Q.
KOHLER B, AHNEPOHL F, ROTTER K, et al..
New approach for high-power diode laser modules
with homogenized intensity distribution [ J]. SPIE,
2011, 7918. 79180U.
REVERMANN M, BAYER A, MEINSCHIEN ]J.
Line length scalable high power diode laser with pow-
er densities™>100 kW/cm’ for industrial Si-annealing
applications [J]. SPIE, 2008, 6879:68790R.

L1l , 2013, 40
(12): 1202004.
ZHOU M CH, JIANG X F, ZHANG L F, et al..
Optical performance of high power laser diode
stack [J]. Chinese Journal of Lasers, 2013, 40
(12): 1202004. (in Chinese)

(1984 —), s
,2012

. E-mail;zhbciomp@163. com



