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Abstract

Addressing the application needs of high-power blue laser sources for laser weed control, this paper
designs and develops a high-power fiber-coupled semiconductor laser module with a wavelength of
450 nm. Based on a single-tube laser, the power superposition of multiple blue semiconductor la-
sers is achieved through stepwise spatial beam combining and polarization beam combining meth-
ods. Optical path design and fiber coupling simulation are carried out using Zemax software, and
mechanical structure design and prototype construction are implemented using SolidWorks. Simu-
lation results show that the power of the combined beam is approximately 120 W after focusing,
and the output power after coupling into a fiber with a core diameter of 100 pm and a numerical
aperture (NA) of 0.22 is 115 W, with a theoretical coupling efficiency of approximately 95.8%. The
measured output power of the prototype reaches 100.2 W. Based on this, a blue laser weed control
experimental platform is established, and irradiation experiments are conducted on seedlings of
weeds such as Silene conoidea L. and barnyard grass at different laser doses ranging from 50.9 to
509.3 J/cm?. The results indicate that the thermal damage degree to the growth points and stems of
the two weeds, as well as the number of dead plants after 7 days of treatment, increases with the
increase of laser dose. At the dose gradient tested in this experiment, the mortality rate of Silene
conoidea L. reaches 100% at 254.7 J/cm?, and that of barnyard grass reaches 100% at 305.6 J/cm?.
Further increasing the dose maintains the mortality rate at 100% for both weeds. The research re-
sults verify the feasibility of using the developed hundred-watt-level 450 nm fiber-coupled blue la-
ser for laser weed control, providing a reference for the application and dose optimization of high-
power blue lasers in precision laser weed control.
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Figure 1. Simulation diagram of blue light single-tube collimation: (a) Schematic diagram of fast axis direction collimation;
(b) Schematic diagram of collimation in the slow axis direction; (c) Light spot pattern after fast and slow axis collimation
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Figure 2. Simulation diagram of laser beam combining
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Figure 3. Output spot after beam combining simulation: (a) Polarization beam combining simulated
spot; (b) Fiber-coupled simulated light spot
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Figure 4. Schematic diagram of the mechanical structure of the blue light module
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Figure 5. Physical image of the Blu-ray module
5. IERIERSIYIE

3. KWEF*

WOLER R T ZMEEFOLRR B L [ A= MRS 2% B 25 AT AR B0 et 0, AT BB P 1 7
MRS S A . SRmAERBOLEN TR, HWARSEBREN AR HOt R, IR
WovEE, 2RI R T . BEEREAWMR, RMHRAR LD REIZH 2 B BOR, ™
I o U BRI B o A OE AR P IR e S ZEAT I, 7 A 1 el P LR ZE AT A B
FEROCRER BRSO, W — D SECEE RO . MEBOCRE A U T B W, ZHiHS
WL MR AR A B K 2 MR 7 R IEH 18, (AR FE S 2 B40H], M A AR S A, &L E|
BRECH . N T RIER RIS EOLERERCR, @SR T 6 TR L5 .

3.1. LG EIEE
RIS AL R R Re e, B T WA 6 FTRHISEIR A IR T AN S5 .

@ (b)

Figure 6. Blue light weeding experiment platform: (a) Weeding experiment platform;
(b) Fiber output power of the blue light module
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Figure 7. Curve of blue light module output power varying with time
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Figure 8. Measurement of output light spot of blue light module
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Figure 9. Morphology of Silene conoidea L. before and after laser irradiation with laser doses of 1~5
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Figure 10. Morphology of Silene conoidea L. before and after laser irradiation at doses of 6~9
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Figure 11. Death situation of wheatgrass seedlings after 7 days of laser irradiation at different doses
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Figure 12. Experimental diagram of barnyardgrass under laser irradiation at doses of 1~5

12. 1~5 B 2 I8 g R & SLIe (5]

H

HIE 12 AT, 50.9~254.7 J/em? BORAL LS, AR 54517575 B2 It 77 B0 i B8 5i o 7RV T R AR B AT
AN, BEEFENR, AR AMZEF AR IR FBRIRSE, S kA, 4iRE
B, O IR T B TR R A R R R 2B R A S AL

DOI: 10.12677/app.2026.1610077 846 I EEY/BEH


https://doi.org/10.12677/app.2026.1610077

HRELE &%

(TRl

(a) 6~9 5 VYA L7 & S2 IR A

(b) 6~9 S PUA BT 2 LI 5

Figure 13. Irradiation experiment on barnyardgrass with four laser doses at No. 6~9
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Figure 14. Death status of barnyardgrass after 7 days of laser irradiation at different dosages
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