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Comparative Analysis of Laser Focusing Modes Applicable to
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Abstract In water jet guided laser processing technology, high-quality beams play a key role in coupling efficiency.
In order to solve the problem of water-optical coupling technology, the water jet guided laser processing technology
can be better used in high-precision and low-damage processing of materials with high melting point and high
hardness and brittleness, and the self-focusing-ball lens combination focusing mode and positive-negative axicons
focusing mode are compared and analyzed with the traditional convex lens focusing mode. According to the three
applicable focusing modes, the corresponding ABCD transmission matrix is derived, the beam characteristics under
the focusing mode are simulated, and the characteristics of industrial applications under different focusing modes are
discussed. The simulation results show that the beam waist radius of the combined positive-negative axicon lens is
the smallest, the divergence angle of the beam after the traditional convex lens focusing mode is the smallest, and
the three modes have different structures, and they all have their own advantages and disadvantages.
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Fig. 1 Processing principle and characteristic analysis diagram of water-guided laser. (a) Processing principle;

(b) beam propagation
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Fig. 2 Paths of parallel beams of light through different focusing lenses. (a) CFM; (b) GBFM; (¢) PNAFM

R, 0, M o, AN ) 325 5 1) T 6242 /o i R AR
BE AR IR, /oA [ R 3% B 0 JR B, o Dl BR AR 3% BE Y L
o SR 335 45 i 7= 26 ) R RO R I A2 K,
FEUIN, TAERR & 5, A R0 A B4, X KO &
A X R B SR IXCHE N T K GRS G M BE L A
— B TR PR TR A R R AR T, R I R
AT A B e it . X TP R ER AR
DGR BE Sy 00 T SR AR A BT L RO BE YOG
28 1 ﬁlaspr~arctan(R/f), ABCD 1% % 78 e 45 B
1 0

w1
2.3.2 ARB-REFHALSEX

H R MEE G (GL) XA 1% 1 16 B 3T 5 0B 555
AT S 3 B U AR ) 32 RN 8RR R BE A% S B Y
SR g B s &8 — 8. GLEAF K
FRUIN 5 2 % FURE & 300% i R 0 Tz 1 A
JeF G R E A SR, T LA
RABE O RSTAR /N A 60 o B 2ok
[T Y I A O 42 S G i 1 I S\ T = S S RV PR IS
ERLRESETVH Ha, EMAREERITTT
77 ] L) ABCD 1 5 5B h
COS(\/;Z) sin(\/gl)/nz\/gl o)

—1, \/Zsin(\/g Z) cos(\/gl)

BRE 4 (BL) & — 65 i Bk AR 40 44 kLY
ANTA] G o A e 3K B | B 0 BKOE 55 AR 5 A BRGE
G BRIEGEE A SR T R S i A AR BT D
DA B AN 5 T ek 110 450 o 55 R 0 i P R O A
KB A TR 8 22 B P AR SRR AT LA B A ok 2R
LM & ST EEN d R EE R o, T
2R, W BRI B, FE ABCD & i 56 B

1+(713—n0) D/nsp, noD/n;

o=

M= )
*(noﬂzg) D/nonsp3 1+(no*n3) /150,

i FH GBFM XK SO R AT R 48 b2l
EAEmE 2(b) iR . GBFM 454 T H 4515 B Al
BB B0 L, I IS T K RO R S .
oL fT & & AT, BB O R 1ot & oA
Ouee = arctan| R/ (¢ D+ 1)), bt ¢y 5 i i 10 5
B BRE B S R IR R 21 A 38 B 1Y A% i R

MGB_MBMMGZMG_[E F:|,
G H

D(no—n;;)il _nD|
n302 3

(11)

E=Va n, sin (\/; Z) I:Zmz

cmWE%é%;fg—@@mﬁﬁ%%ﬁ%ﬁﬁ
# OB Oz Mo® = | BB
- [ D(no — 773) )] noD
F= —cos(\/gl) logr| ——= — 1| — —
N30, ns
sin — :
Ve lpl — a) .
nz\/z { n;02 1} “=
D(n — no)Z[nz\/Zl6162 sin(\/ZZ) — cos(\/Zl)]
nons 035 B
DV an, sin(\/gl)(no — 773) *ﬁnzsin(\/zl);
NoNs302
D(no — ng)cos(\/;l) B

H — cos(\/gl) +
n302

Dl COS(\/g Z)(ngf no)2 D sin(\/gl)(ng* no)z
770712773P§\/Z

o

nons 05
2.3.3 E-fiihmBEAAEEX
AR HE B R E T AT SO R R ez —
TEAT B A Durnin™ F 1987 4R 42 1, HoA 06
BE/N DR A Oy ) MR G R AR R A SRR L T
I HTES R G o JE TR 2R 3 5 AT A 4R

1722002-4



£ 584 F 1781/2021 £ 9 B/HAEXBFEHE

oAb B B 5 ALK B OB I TR R | B 1 R A
G5 7K T O O B 2R G v B A R R e R £ 2
MRS PR Al T 7 A A T SO SRR Ok
BE AR /N R T w8 A5 O, AT R AR S0 T
KR A A BURE . 4 A9 PNAFM Sy 6 il b
(NAL) 5 IE5h# 8 (PAL) B 45 A, 64 A% iy 4% a0
B 2(c) BT 7R o 214 b 41 98 16 25 40 I L o0 il 1
B0 T 2 B 2 M T R, FLOE R I SR AR . X T AT
S5 3 Ay, 1 VO B A B LT G R A B L R R
HBE LR O = (00— 1)y, Forh o Sy b 55
{1 §fE A7 B K. AN TE G bR B 19 ABCD A B 45 1
1 0

or MP{—(m—l)yl/rl 1

:| 7l M\ =

0
J,,HJP ry R, 3 53 DA T B Bl A

1
(714* l)yz/rz
B A GG AR ) A bR L K IE B B R e R
El 2(c) i XiEAT A& 20t F RS0 ABCD & i

SNy

M:.=M MM\ = i:U Vj|»

X
o Mo, 0 IE DRI HE R 2 R AR AR B U =

1+ (m* 1)}’216364/72; V= Lo XZ*[(’ui

(12)

1)(71"2 - 72"1) + (714 - 1)2717216364:|/7’17’2; Y=1—
(774 - 1)7116364/r10

MW B EERA (=08 ,r,=r,=7r, Ik
I 2 45 (19 ABCD & % 56 B

1

M“E Iﬂ {—oz— (-

= ! ; (13)
yg)/r 1| |[—(—1y/r 1|

X iy=y — . WREWFERHAA . TRRG
SR A e B G 5 A ST Ol R BEAT T R B
Bi oA LA 1(b) B o MR A% =B A [ 3R fR AL
AT 3 B8 H 45 LR A N A 5T A D' TR A% i R %

K RENH LR M= 1R,

TEz=04b1 ¢ 2818 qo = inwi/A; W1 1(b)
2HH g B g = q0 + L= im0l /At [, BE)G
1) ¢ Z KU1 ¢, = (Agu + B) /(Cq, + D) M

R ORI RN B & 50 AL K R OB A

Table 1 Transmission matrix and focusing ray angle in different focusing modes

Focusing model ABCD transmission matrix Ray angle
CFM M, = Li fﬂ —M.M,— {A/f+ c 73/?+ D} 01 = arctan (R/ /)
GBFM M, — [?f f)j =My M, = [QZI EZ gi I gﬂ 01 ~ arctan[R/(1+ D + 1)
T o v I

3 P E M

55 277 7 L 43 BT = b AS TR SR A AR TR
S5 00 45 M DL B KGR G I Sk . AR EE X
G SSRGS R = R OAS ) S A A S AT ) AR
FAPES BT, 18 B ZEMAX B X R 7] B 2 50
FOL AR IR A AR AT LR I AR R A
e DI K B R A0 T A
3.1 =MBERKXNHBESN

e kB h A AT R K
1064 nm, A M B 428 3 mm, 29 Rl H R4 )5 H
H SRR AT R A . o P R AR B 5 R A AR 5

B 375 BE S BN 4 2 s o

HE2BEBESHBAMMY REERS, LY )
M =175/50=3.54%, &y RHEHF LK
H#EN2R=10.5mm. ¥KL&£BERSEMRALINE
bRt L M, B & CFM. GBFM Al
PNAFM R £ J5 1906 RO 2k #1405l 29 2 3. 0057,
11.124°F1 2. 575°, Bl AR B 20K o A 1 40 by = A
B 1 R O AR R, 2 LA B = R R A
N X 1 P B 2F AL 3G S 5, an i 3 T .

MIE 3 AT LA B FEAH [F] 25, PNAFM T 1
RN )2 /N, GBFM K Z ,CFM T iy
B AL AU SR 2 AT K CFM R 1 R 2O R

1722002-5



£ 584 F 1781/2021 £ 9 B/HAEXBFEHE

*2 BHEZH

Table 2 Lens parameters

Type PEL PXL BXL GL BL PAL NAL
Semidiameter /mm 12.70 12.70 12.70 12.70 6.35 12.70 12.70
Material N-BK7 F_SILICA N-BK7 SLS-1.0 N-BK7 F_SILICA N-BK7
Focal length /mm —50 175 100 10
Cone angle /(°) 10 5
Radius /mm —25.75 80. 20 102. 40 Infinity 6.35 Infinity —1X107°
Conic 0 0 0 0 0 33.163 —131. 646

Center thickness /mm 3.5 4.0 3.6 8.0 3.0

Edge thickness /mm 6.9 3.0 2.0 3.0 6.9
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E 6.0¢3
g 2.00e-3
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g
%/ 1.00e-3
g 20e3
E 0 0

-0.0557 -0.0446 -0.0334 -0.0223-0.0111 0 0.0111 0.0223 0.0334 0.0446 1231 985 739 493 246 0 246 493 739 OBS j 93e4 -8.745¢3 -6.550¢3 -4.372¢3-2.186¢3 0 2.186¢3 43723 65593 8.745¢3 1.093e4
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Fig. 4 Optical simulation of two-dimensional diagram in three modes. (a) CFM;(b) GBFM; (¢) PNAFM
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Fig. 5 Results of X-section characteristics of non-diffracted beam varying with propagation distance. (a) Light intensity map;

(b) spot diagram
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