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Abstract: We present a method for designing a transmissive-reflective combined optical system to generate a

focused ring-shaped laser beam. The design aims to achieve a freely adjustable radius for the focused ring-
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shaped laser beam and ensure uniform beam intensity even after defocusing. Based on the principle of equal
energy splitting, the transmissive system establishes mapping functions for the input and output light projec-
tion height. It optimizes the lens parameters to shape the incident Gaussian light into a flat-topped circular
shape, thus achieving uniformity of beam intensity. On the other hand, the reflective system uses the ad-
justable diameter range of the focal plane ring-shaped light and working distance parameters. By applying the
principle of geometric ray tracing, it calculates the parameters of the conical reflecting mirror, parabolic cyl-
indrical mirror, and dynamic mirror, then the flat-topped circular light is transformed into a ring-shaped light.
The experimental results show that when the half-apex angle of the dynamic mirror is 16°, the designed sys-
tem can achieve a freely adjustable radius for the focused ring-shaped laser beam from 15 mm to 30 mm with
a size error not more than 0.05 mm, and the intensity uniformity after defocusing reaches 84%. The design
method can achieve both uniformity of intensity and freedom of size adjustment without replacing the sys-
tem lens. It has good operability and yields higher precision and efficiency in the processing of ring-shaped
light.

Key words: optical system; ring-shaped laser; radius control; defocus uniformity
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Fig. 1 Transmissive-reflective combined ring-shaped beam optical system
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Fig. 2 Transmissive flat-top beam shaping system
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Fig. 5 Reflective focusing ring-shaped laser beam system
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Fig. 9 Defocused light intensity distribution maps before and after flat top beam shaping

. S RETIOE B2 N 34 mm, B CROE 2 55
3% B =SB SR 6 3 T, SRR 7075 -
T6 &)@ M 0T . Hovi, Bk i S 45 1 T A Oy 450,
O MR AL BR A 18 mm, Xt 2 5 4 fz 5 855 M Bl
BRI T AR RN IR T BE A B A5 AR AR N F
(—50, —22.04), F20H £ 160 mm, ff [ K251 5

HF RGBT R AN FR 1| s, Hi, i
HASTR O LA d 2 12 mm, TAERK A
632.8 nm, FIEEEA T HFLE N 15~30 mm, T.
YEB B A 150~170 mm, B 82 )5 6 AR &) B kK

T 80%. I JIRCE Y i 5540 T DO TE R 5%, Taf lltm: ‘%it

Y ‘ &1 j Q}:A oy R :

N T O R IR R, IR LR B R T N D s THEms g
/ﬂ;ﬂ, Etﬁm%?ﬁ%%iﬁu E"J%%E@*’l’ PMMA d/mm Amm  /mm  /mm /mm /%
WiEBE. DEERNETSRELE2. Ry M1 e 0 5 e e

x2 ERSBH

Tab.2 Lens parameters

AR EA/mm = JEE/mm  FPEE/mm Conic Ay Aq Ay Ao

[iiE:h 27 PMMA 15 5 -1.914 1.047x107* —3.943x107 1.167x107° —-1.609x107"2

[[apiths 36 PMMA 12 17.877 -0.959  -1.983x10™* 3.056x10°* —4.444x10™" 7.283x107




1372 R EDEE (FRgEso)

#16 %

M S B, B 18 mm, 2 m) R SFR 70 mm, 5
K JSHEAR AR —E . shBs MANBEHE, 2T A 16°,
Z iR 27.2 mm B, BIEGAOEAEH 15 mm AR

A% 30 mim, I A A T AMEL R B R 4.5 mm, B R
GRS TS H0H LR PR R .

®3 REERELFHERSH

Tab.3 Parameters of characteristic points on the mirror and surface

o) 0 F fimm

K 0°) L/mm AZ/mm g

HUE 45 (18,-114.04) (=50, —-22.04) 160

(70,-180.04) 16 27.2 4.5 7075-T6

SR RS 55 22 B BRI T 5 B B 1,
P i 2 e R SERT  SARE ES S B AN S
Bl 10 s P 1| RPEN S B 2 fEHA R
AR DML T E Ji 28 B A 40 mm, £ET )5 48

10 B R s5eiEl

Fig. 10 Diagram of lens components

AIRENL S0 . A T B AR [R5 Bl
T2, AR YR S5 v 2 I L ) (B S B 4 s L
BATEEHIZE 1 um DU, E A R 22/ F 0.001°,
FLREBE AT IR 2 nm

11 28 Lo I, Ot HE R
4. FIE ARG WIEC RGN, ¥ KX
HF TR A, A SRR E AN 11(a)
FIER, WOGHE LR G0 5 09 m I RDE R AR
24 mm, F2[0) 43 AR FSE AR A A 11(0) B, 4
TG R G T, A R E S 0O B AR N
34 mm, HA% 5] 534 A G B 43 A e 11(c) iR .
SRHEIN T 5 JE AR, 7= A — 2 1 i 22 Al
Fi 180, FHOREE S0 BRI, A4
RTINS R 5] o 5 R NBEEE M R, RO &

F 11 SEEH

Fig. 11 Experimental laser beam path diagram



%6

MR tE, &8 P AEMIEROLRD S R Gt 1373

It o B R G AGETTOETEE B TP
REARTE S, 12 ) A5 B A il 11(d) Frs o
L F 4 [ S S A R S B PR R 2 T S, PTAR
Pt AT IR R, DURAS B AP I S0 45
MG G R S AR B ES L A,
R EIE R B EWE 12(2) i, B 12(b)

(@

WoREEES L AR, RIS D IS (H
5 S i 2 & BERL R, ROT e RIR 22 AN i
0.05 mm. Zi LRIk, Z ARG R SRR A W,
FE—E WA T AT LASE IR 25 A NI BRI O B AR
PR it — A AL ST LSS R it
REIR BBy PR L ARG M

K12 R R IR S 5 B Rt etk

Fig. 12 Adjustment diagram of focused ring-shaped laser beam radius and comparison curve between theoretical and actual

measurement values

XFFE 13(a) IR RAERIE, BEshis,
B LB, I A IOE 6 0 B 4 &
K 13(b) lrs . 1 13(c) J2 R A FI B AR IE G IY
SR EE AP T4k o AOCHR I AVE E o O GiR i
KAE AR/ IME 2 8] 2% 5 5 P34 22 -2

Im Imin ’
E=1 ™ 100% : 12
Iavg

THE AR, BAENIEOG A E Eh 84%, i
SRV EOR . 78 SEBRO 27 U B RV 2 0 3
BRI SR HON] LI BT | SR R TR
JZ, I HRBRS R MR L4 S TACR . R, i mT L)
REARIRO T 3% 1, /D ko Ab R A Ak 56 ),
AT B D) ) R i ) 2 T o

S0 R IRAE I R HE BT N B R B A AE PO

©

E 13 B

Fig. 13 Defocusing results of ring-shaped laser beam



1374 RED2E (RgEs)

#16 %

%, RRASEE, WA 13(b). TERZSERN, 7]
3 A SR FH P BRSP4 S0 3 3 375 B 1 e (B8 e %
BER AU LR IS, A0 14 BiR . AN, 5IAGK
W Be I fE e R AR R URAS, BLRT, RS s)5)

—

K14 IIEICRGEP R TR A
Fig. 14 Parallel flat lens in the ring-shaped laser beam sys-

tem

SEH:

BERI AT SRR . T Bl ok 1 AE AN G L AEIE
T B A RS TR

4 % %

ASCHREH —FhE G- S A L R 4,
HICTH E e R G5 A, WA Sfem 5 1 5 AR
P BB, WA T, SERIPELS . BT RS
BT H AR R B AN A2 0 2 O CRIR i
PTG, Bt A AR BRI R AL AR SR, 5 Tl
o SRS A RO B AT R RG24
HIBAR SEB, R MRS RIS 2 nm, SCER 25 R 511
WBCTHAHAE, L9 A S s i T o 16°, 1
0~27.2 mm # i, FRIE O 4% B AT R 45 3
1 15~30 mm, SEME R RGHRZ AT 0.05 mm,
BHEIE YIS BN 84%.

[1] SUGIOKA K, CHENG Y. A tutorial on optics for ultrafast laser materials processing: basic microprocessing system to

beam shaping and advanced focusing methods [J]. Advanced Optical Technologies, 2012, 1(5): 353-364.
[2]  Fomde, X B, £ {4, . K808 nmm R FUBOLE [V]. A8 F4R, 2022, 43(5): 786-795.
WU SH H, LIU G J, WANG ZH F, et al.. Low temperature 808 nm high efficiency semiconductor laser[J]. Chinese
Journal of Luminescence, 2022, 43(5): 786-795. (in Chinese)
(3] BB R, 4k, 4, 3 BOCTEBS PSR BT D). F B RS (P 3650), 2023, 16(2): 283-295.
GU Y G, NIU J, YANG J, et al.. Application of laser in the medical field[J]. Chinese Optics, 2023, 16(2): 283-295. (in

Chinese)

(4] $hF—, @BEE, R, 5. i 550 nmd T Z SHEOG AT RE (1], 250 53R, 2022, 43(5): 736-744.
HAN S Y, TIAN S C, XU H Y, et al.. Research progress of high-speed 1550 nm vertical cavity surface emitting
laser[J]. Chinese Journal of Luminescence, 2022, 43(5): 736-744. (in Chinese)

(5] xlbgg, 304, AT, . BOLE S O CRENER L X R 2 a R U] F B S (F 3% X), 2022,

15(4): 712-721.

LIU X L, SUN SH H, MENG X T, et al.. Measurement of Sm in rare earth mineral soil using laser-induced Breakdown
spectroscopy [J]. Chinese Optics, 2022, 15(4): 712-721. (in Chinese)

(6] . [D]. K5 KAFH TR, 2012.
GAO Y H. Research on Gaussian beam shaping[D]. Changchun: Changchun University of Science and Technology,

2012. (in Chinese)

(7] e, R =23, ¥ B4, KT RobotStudiofHL 8 ANSEHE LIRS H [J]. 4 6 T X 5 F 3R (8 KA FR), 2023,

45(1): 81-88.

FAN Q, CAI Y Q, JIA S N. Robot welding workstation simulation based on Robot Studio[J]. Journal of North China
University of Science and Technology (Natural Science Edition), 2023, 45(1): 81-88. (in Chinese)

(8]  HRARAR. S T RO SEIRERBOR ROBLAS AR B BE 2B [I]. Al #7552 A, 2023, 13(1): 120-123.
CHEN Y Y. Design of robot welding intelligent production line based on laser vision seam tracking technology[J].
Technology Innovation and Application, 2023, 13(1): 120-123. (in Chinese)

[9] SHAMOV E M, EVTIHEEV N N, SHIGANOV I N, et al.. Technology and equipment for laser welding of annular
pipes junction in fixed position of gas-main pipelines[J]. Journal of Physics:Conference Series, 2018, 1109(1): 012025.

[10] Ad3%, B &, &0k, F. /NG RIS HIE e R/ g 0], F B (3£, 2022, 15(5): 1019-1028.


https://doi.org/10.1515/aot-2012-0033
https://doi.org/10.37188/CJL.20220025
https://doi.org/10.37188/CJL.20220025
https://doi.org/10.37188/CO.2023-0017
https://doi.org/10.37188/CJL.20220048
https://doi.org/10.37188/CO.2022-0042

6 1 MR AE, &5 FE AN EEOLI Y RE Wt 1375

FU Q, YAN L, TAN SH L, et al.. Light-and-small optical systems by metal-based additive manufacturing [J]. Chinese
Optics, 2022, 15(5): 1019-1028. (in Chinese)

(1] Xk, B %, 365 & IILHOLL N RRIE 220807 L] F B#k, 2010, 37(8): 2080-2085.

FU G Y, SHI SH H, HAN X L. Test research of laser welding based on coaxial wire feeding through an annular laser
beam[J]. Chinese Journal of Lasers, 2010, 37(8): 2080-2085. (in Chinese )

[12] KOTAR M, FUJISHIMA M, LEVY G N. Advances in the understanding of the annular laser beam wire cladding
process [J]. Journal of Materials Processing Technology, 2021, 294: 117105.

[13] SHEN ZH X, YU J, SONG ZH ZH, et al.. Customized design and efficient fabrication of two freeform aluminum
mirrors by single point diamond turning technique[J]. Applied Optics, 2019, 58(9): 2269-2276.

[14] , , , . : , 108931855A[P]. 2018-12-04.

WANG D E, YANG Y, ZHANG X, et al.. An annular beam conversion device and conversion method: CN,
108931855A[P]. 2018-12-04. (in Chinese)

[15] w2, kA5, Lo4R, . fh A8 TR P2 PR, F B RS (F 3£ 50), 2023, 16(2): 329-338.

TIAN Y Y, ZHANG J Q, JIANG X T, et al.. Double doughnut-shaped focal spots with controllable position in axial
direction[J]. Chinese Optics, 2023, 16(2): 329-338. (in Chinese)

[16] (D). KHE: KT R, 2014,

SHI G Y. Gaussian beam shaping based on aspheric cylindrical lenses[D]. Tianjin: Tianjin University of Technology,
2014. (in Chinese)

[17] 8, 90, ZET BRI -AER I HLE S A PDERER IO HRIE U], #ok 5 b b F 3, 2018, 55(6): 89-94.
CHANG Y, WANG SH L. Gaussian beam shaping of round spot based on spheric-aspheric cylindrical lens[J]. Laser &
Optoelectronics Progress, 2018, 55(6): 89-94. (in Chinese)

(18] #A:F, xIwedh, WA, . HIEEMTL5Dy: PbGa,S ot as i stk [1]. &k 524k, 2022, 43(12): 1905-1914.

HU P, LIU X M, TIAN Y, et al.. Research progress of directly pumped mid-infrared Dy: PbGa,S, lasers[J]. Chinese
Journal of Luminescence, 2022, 43(12): 1905-1914. (in Chinese )

[19] % ®%, 8-+ T REFEOOCREIL M A h i mEsiist ], b5 548, 2016, 36(5): 217-227.

PENG Y M, SU ZH P. Design of freeform surface lens for shaping divergent laser beam[J]. Acta Optica Sinica, 2016,
36(5):217-227. (in Chinese)

[20] CHEN B H, WU Q Y, TANG Y H, ef al.. Design of an optical system for generating annular-focused beams using a
conical mirror and a parabolic cylindrical mirror[J]. Optik, 2023, 281: 170625.

[21] CHENJ N, YU Y J, WANG F F. Production of annular flat-topped vortex beams[J]. Chinese Optics Letters, 2011,
9(1): 011402.

[22] . [D]. 2 BN T KA~ 2016.

CHEN ZH L. Investigation on flat-top laser beam shaping using liquid crystal spatial light modulator[D]. Wuhan:
Wuhan University of Technology, 2016. (in Chinese)
(EEEME

v

/

b\ 4 '\ usts.edu.cn

MREH(1990—), B, ILIRFIM A, 5 IR (1965—), Lo, LTI AN, #
B, 2016 4F T 95 M K2 3K A5 - 2% B2, 1A S0, 2006 4E T 05 MOk 2
7, B Ry T P RE 2 4 B 5G v RG22 07, B MR K229
SER I, N A N T R SRR B AR, RGO
W EHFFL . E-mail: chenbaohua@mail. % | A B T R i
! E-mail: wqycyh@mail.usts.edu.cn



https://doi.org/10.37188/CO.2022-0128
https://doi.org/10.37188/CO.2022-0128
https://doi.org/10.3788/CJL20103708.2080
https://doi.org/10.1016/j.jmatprotec.2021.117105
https://doi.org/10.1364/AO.58.002269
https://doi.org/10.37188/CO.2022-0036
https://doi.org/10.37188/CJL.20220203
https://doi.org/10.37188/CJL.20220203
https://doi.org/10.1016/j.ijleo.2023.170625
https://doi.org/10.3788/COL201109.011402

	1 引　言
	2 光学系统设计
	2.1 透射式平顶光束整形系统
	2.2 反射式聚焦环形光整形系统

	3 实　验
	4 结　论
	参考文献

