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A systematic design method of the laser welding process is proposed. A simplified finite element
simulation model for the single-fiber bidirectional optical subassembly (BOSA) is established by using the ANSYS
software. The numerical simulation method of the indirect welding stress field is adopted to study the parameters
singl s
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which render the minimum offset under the single beam laser welding. By combining the optimized parameters, the
optical power losses after welding are analyzed under different laser welding machine parameters

laser technique
OCIS codes

that when the single beam laser power is 100 W, the pulse width is 0.2 ms, and the spot radius is about 0.18 mm, the
laser welding; stress
140.3390; 140.3460; 140.6810; 220.4610

i
optical assembly has the minimum offset and the optical power loss ratio after optimization is decreased by 7.1%
.

The results show
stress field; optical component
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Table 1 Parameters of laser welding machines commonly used in industry

Value
Parameter
YAG laser CQO, laser
Beam wavelength /pm 1.06 10.6
Output power /kW 0.1-5 0.5-45
Beam propagation coefficient <0.15 0.1-0.8
Electro-optical conversion efficiency /% 3-10 15-30
2 WIFRHNBEOCRIEI S
Table 2 Parameters of laser welding machine used in design
Beam Output Maximum energy of Pulse Pulse Operating Spot
Parameter
wavelength /um power /W single pulse /] frequency /Hz width /ms current /A diameter /mm
Value 1.06 100-200 70 0-100 0.2-20 50-100 0.4-0.6
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Table 3 Parameters of 304 austenitic stainless steel materials!'™

Parameter Value
20 C 500 C 1000 C 1500 C 2100 C
Modulus of elasticity /(10° Pa) 1930 1500 700 100 1
Yield strength /(10° Pa) 1200 930 440 70 7
Shear modulus /(107 Pa) 1930 1500 700 100 1
Material density /(gem *) 7924 7634 7434 7108 6798
Heat transfer coefficient /(Wem <K ') 16.3 22.5 28.5 33.5 33.5
Specific heat /(Jekg '+C 1) 502 578 664 770 770
Poisson ratio 0.29
Linear expansivity 1.78 X10°°
Melting point /°C 1330
Boiling point /°C 2000
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Fig. 1 Simulation models. (a) Simplified model of optical components; (b) mesh partition of structure
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B2 ANEHDEBEEETHY 8 ImE . (a) 0.13 mm;(b) 0.15 mm;(c) 0.17 mm;(d) 0.19 mm
Fig. 2 Y-direction stress offsets under different spot radii. (a) 0.13 mm; (b) 0.15 mm; (c¢) 0.17 mm; (d) 0.19 mm
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Table 4 Maximum offsets in Y direction under different spot radii

Spot radius /mm 0.13 0.15 0.17 0.19
Maximum offset in Y direction /pm 4.8 4.21 3.41 2.38
F 4 PO FLEHE R WL Bl S G BE AR YR K SRS R BB /N (H B BB BE AR 0.19 mm B, HIE
AR B35 3 Tl 2R A i S . 28 LTIk, DR E 100 Wk oh 58 BEH 0.2 ms JEBEE 4224 0.18 mm
B BRI Ak

4 EXT

66 DA ADL T 75 3 9 B 00 2 850 15 1 45 5 M40 B0 S 006 B8 10 5 M o 304 B8 [ P TR 5 00 o A g
BOSA HEAT #4538 . 3 %8 He 4097 7R ) 2 80T 0996 30 3458 26 e A6 0 280 (0 5 FH M . 420G . AR 4 JHIM-
4GX-200D LT BOL R B 1552 800 BOSA JEAT T 8 4K 1238 5, 43 500 IR 32 i I V6 201 04 10 5 h 2k

081407-4



54, 081407(2017) BHSNBEIZHE www.opticsjournal.net

N AR BT R AR LR 5.

o1 5 Al A A SR R RO D R U E . AR R DR TOR A MR HOL IR i TR
R, a0 2030 St O AR 65 T S E AR DT SR IE D I A A TR IR AR I o 2 T8 R i L 3 R R B TR 9 B
Tl 2R 77 AR

H5EGBHCT RN R S0 1

Table 5 Comparison of powers before and after welding under traditional parameters

BOSA optical power BOSA optical power after Loss of optical Loss ratio of
before welding /W welding /pW power /pW optical power /%

900 564 336 37.3

720 544 176 24.4

696 550 146 20.9

728 540 188 25.9

736 514 222 30.2

876 594 282 32.2

680 576 104 15.3

708 520 188 25.9

Average loss ratio of optical power /% 26.5
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Table 6 Comparison of powers before and after welding under optimized parameters

BOSA optical power BOSA optical power after Loss of optical Loss ratio of
before welding /W welding /pW power /uW optical power /%
900 696 204 22.7
720 588 132 18.3
696 556 140 20.1
728 603 125 17.2
736 598 138 18.8
876 674 202 23.1
680 556 124 18.2
708 588 120 16.9
Average loss ratio of optical power /% 19.4
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