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Abstract; To overcome the shortcomings of the optical fiber coupling of a domestic higher power diode
laser, an optical fiber coupling focusing system was designed and a 5 kW optical coupling diode laser
was developed. The optical fiber coupling methods by common circle spot and diode laser squarespot
were compared. For a domestic array diode laser stack, the optical quality homogenization,
polarization beam bunching, multi-wavelength bunching were used to increase the energies, by which
the laser can be coupled into the optical fiber with a core diameter of 800 pm and a Numerical Aperture

(NA) of 0.2. Thus, the fiber coupled output power reaches 5 109 W, the fiber coupling efficiency is
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85.69% , and the electro-optic conversion efficiency of overall system is 49. 48%. Moreover, the

power density reaches 2X10° W/cm?® when focal length is 250 mm. The laser has been used in multi-

wavelength surface remelting, metal alloying, laser cladding and laser welding fields. All the parts of

the laser are made in China except the optical fiber for energy transfer, so it promotes the progress of

higher power domestic optical fiber coupling lasers.

Key words: laser processing; diode laser; fiber coupling; laser welding; laser cladding

1 7]

qul

FER IR AT LR A 2 SR BOE S
R R 2 L PR B R CO, HOoe R R 1. 2 5 LU
T R SR 4 S R R AR S R R e
g E W TORer o™ . Bar, HE S
PR IO S B EF A5 5 HEAT 22 1 0 T2 2 AR 06
TR KR L EANE 4 10 kW BB A
FEAh L HEP 4 kW LD OGE A SR O
LU SUUE TSI

FE nLIGHT 23 w) F) FH 2 5 4 06 548
TGRS G A 5T . H RTZ A B G 25 B i i
e Rk 1 kW, B8R 400 pm, BH L7
(NA)YN 0. 2%, 2011 4%, f8 [# DILAS ¥ 2 F
mini-bar AT LG BAFSE L HE 1 200 W 5
PR BOCHE A 2 400 pm. NA N 0. 22 6 2F
Hitt, 2013 4F 5 H L DILAS #E T —3CR HI il
R EOGET R A 2 B 51 e, H R K o R
ik 6 kW, R NA 0. 22,854 41 000 pm Ay
JeLFS ., fBE Laserline 2 & F H A 17 #F i /9 b3
TE - MO R I £ 4R 3 G0 % 2 S AR SOGB4 1 17
TOCLF R A B ST, W ) O A R A R H
B GER 52 5 A O T 5 d v 1 2% R, O B S
BT R . OGS ORI E R 2 kW,
FeeF ALK 400 pm,NA R 0. 1; LR HE E
A3k 10 kW, JGEF 5482 600 pm, NA S 0. 28,
% # Apollo instrument 23 & F| i FHRH T
RBOCRE S AT G LR HE A H000E 19 B K i i 2 %
KE 10 kWL AN 1 mm™ . fEE LIMO
2N E) L AR Ve J R S RO G RE 8 Sk HEAT G 2F
A K 1200 W BBHOERE G 2 200 pm BIEEF T,
NA H 0. 2250, 35 [ TeraDiode 23 &) W F GG
TG AR AR (WBO) X B & FE AT TOREF RS
2 030 W OB HE & B 42 2850 pm, NA 5 0. 15
(IIELF b e R 3,75 mm + mrad”,

B P2 AR O LT R A B R A 5T 5
AN L A R 24 00 (R BURS T — 52 ke IF
CRE TR ERWEOCH G H . KELILITT
BHF B3R G A B O R 580 51 HE AN i B oK
FARNG A CS B389 21 AR BOEFEFTRE A 2008
#5400 pm, NA K 0. 22 B LF P, b o R oy
55.8 WHO 2012 4F S W@ a3 BTS Bl A
107 W i AR BOGHE A #E 22 mm « mrad 1YG2F
HHY L 2013 AR SRR B AR 8 i BTS H AR Rk
KEAH AW 4 B 2 218 W B0 S #5872
N 600 pm,NA K 0. 22 fELF hl . KB T
R 3 WO HE B AU TP S AR K R S
SFHIOCHE A B4R M 400 pm NA R 0. 22 B9
b IR 195 W, bRt Tolk KR DGR
Y AR A AR IR A B T B2
TR BOCHR G E S48 600 um NA K 0. 22 H)GET
LS T 664 W R BEOG L OB LR R A BRSO
85. 9% b E TRE 4 BRAJF 5T B A mini-bar &
25 (B #E 6 P18 20 4 mini-bar [ M6
#E 1 mm,NA 25 0. 22 9 6LF i i %1 360
WO R A 3R T 80 %M, SR S am it = ik
KA RSB T fi i PR A 500 W, % R T &
12. 44 mm « mrad #)2¢ FUEBEOEEE .

O ARG EF R A 2 S R OGBS Y i
TG T i 0] LA, B TR SR O
Fe AR Ty 1 B 5T AR X LBV S L e H T E Y
T ZF Al A A B I o A E 11, DT R £ T Y
LR BOGH A S ROL R L RO Tk
B, RTHRMYXERSW &S AHEERES .
BN RIRBOOCE A AR MR B, A
B TSR EOOLA A RERGE. LT
5 kW 4 BOGEF L& i .

2 AR EE S

AR TUAT e 27 B i B 2 EAE OB R & 25Ot



& 5 ]

X AT L 25 OGN T 5 kW YE4T 504 2k SR e 28 1281

211 H IR BB B B RS B R e A I — 5
(RS A 2 1 B O 6 R 9 AR AR B/ T £F
AR JF ELFE A G 2R v i D' 75 4% fa i e v A

W 2 4 R 554
WOCHEEF A ST LR IR R
Din<D ccccc ’ (1)
%<arcsin( NA). (2)

BOLCL A S 1 .

F1 BObOLa MG &

Fig.1 Fiber coupling conditions for lasers
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Fig. 3 Focal spot diagram of fiber coupling focusing system
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Fig. 4 Optimized structure of fiber coupling focusing system
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Tab.1 Optimized Seidel aberration coefficients
Surf SPHA S1I COMA S2 ASTI S3 FCUR $4 DIST S5 CLA (CL) CTR (D
1 —0.000 000 —0.000 000 —0.000 000 —0.000 000 —0.000 000 —0.000000 —0.000 000
STO 0.024 413 0. 000 396 0. 000 006 0. 000 009 0.000 000 —0.002 369 —0.000 038
3 0.005 302 —0.000 191 0.000 007 —0.000 000 —0.000 000 —0.001 034 —0.000 037
4 0.024 238 0. 000 374 0. 000 006 0.000 017 0.000 000 —0.002 882 —0.000 044
S —0.164 779 —0.002 071 —0.000 026 —0.000 025 —0.000 001 0.004 248 0. 000 053
6 0. 100 070 0.001 662 0. 000 028 0.000 022 0.000 001 —0.003 571 —0.000 059
7 0.017 749 —0.000 424 0.000 010 —0.000 004 —0.000 000 —0.001 203 0. 000 029
IMA 0. 000 000 0. 000 000 0. 000 000 0. 000 000 0. 000 000 0. 000 000 0. 000 000
TOT 0.006 992 —0.000 253 0.000 031 0. 000 020 0.000 000 —0.006 810 —0.000 023
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Tab. 2 Experimental results of coupling efficiency of every

single stack

Power/W
Before fiber

Fiber coupling
After fiber

Bare stack efficiency/ %%
coupling coupling
1 1153 1019 846 83.02
2 1148 986 833 84. 48
3 1 080 997 929 93.18
4 1094 999 857 85.79
5 1 080 980 864 88.16
6 1072 981 872 88. 89
Total 6 627 5962 5201 87.24
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Tab. 3 Measurement data of coupling efficiency
under different currents
Input Output Coupling
Current/A
power/ W power/W  efficiency/ %
10 239.3 213 89.01
20 1 002.6 886 88. 37
30 1 801 1 586 88. 06
40 2612 2 286 87.52
50 3 443 2999 87.10
60 4 287 3716 86. 68
70 5129 4416 86. 10
80 5962 5109 85. 69
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Fig. 7 Output power and coupling efficiency curves of 5

kW fiber coupled diode laser
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Fig. 8 Output power measurement of 5 kW fiber coupled

diode laser
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