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Research and application of dynamic-optic-type laser cutting
and seamless splicing technology

WANG Ping-jiang ,WU Hao ,CHEN Ji-hong ,TANG Xiao-qi
( National Numerical Control System Engineering & Technology Research Center, Huazhong University of Science & Technology,
Wuhan 430074 , China)

Abstract; In order to study how to improve splicing precision between galvanometer processing grids cut by dynamic-optic-
type laser,a seamless splicing method for grids was introduced. Firstly, the area coefficients of laser points for both axes were
compensated with linear interpolation. Then projective transformation was applied to establish the projective transformation
matrixes of points in two optional planes to compensate trapezium and diamond distortion of dual galvanometers. After the above
compensation , all coordinates in the entire scanning filed accord with a certain linear proportion relationship. Applying this method
to cut flexible printed circuit board, experimental resulis_showed that cutting precision and efficiency of this system were much

higher than ordinary static-optic-type cutting. The splicing precision between grids of laser cutting system is greatly improved up to

the precision and efficiency of the latest foreign system of the same kind.
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Fig.1 Grid partition
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Fig.2 Schematic dagram of 2-D lens scan
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Fig.3 Flow chart of calibration test of lens distortion
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Fig.4 Contrast of lens distortion before and after calibration
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2.2 REXEXEHZERENME
HEREAEM TR T YEZETRI AL
.y WEEEESET  ERER R TR SRR AR
TN LFEREE S, IR IR R G0k A 95
FOMAREA SN, MR, WA RBIYE
S HMAER RN RR, Lo LIRGERAERIE
HE NS R, e — LR ZR A RAR &
Ka, TV HE R E AR R, B TARS
X BN B BORAR i , BT DAL 5% SR AR R 36 LA
M, Rl TREDMALP PR CHBREA—
B, AR IR SAR B B B R T IC S R, K R B PTR BY
HWHIREA—, BT 5%S T4, BT W

R R AR, BT AMER T Rl BE
AR (D) B Q) AN LIRS, RAT
tanf~9, 2 6 BARBHREZM K, FEHEBULFE, X
R IR BERY R AR J & NZE A R I TR A,
%,y PUATBIE A R T R AR RORAMz i TLL B
RS RS R B, B2 B R BRI AT 6
Gy b TR B APREAT & — R LR R

T R ALY, 7251 HS A R KA R «
FAN y B0 DR E P AT LURSER SR R/
BERRREMEN LK. ARG HANREMT
YLDy 40mm x 40mm, ££ « B L4 S F 2 N By,
TR BEEN (%), 25, %, 0,%,) o WRE—QTE
Pl L RER (R E K LK, K, (MR T
REHERITR) ,BAKE—HFR s 1,0 +1 Z[H
b o J5 B XSRS, AR A N
a-% K, -K

- ¥k (5)

xl

X —x;

B (5) 2AKi5:
_ (Km —Ki)(x _xi) +

K, =

K (6)

MRIELPRER—E VI8 W ERC A& ES T,
MARGET H 4 mMA 5K K Smm, 10mm, 35mm),
40mm EHTEHY x,y J7ia) R ERE, BIAT LA 2 58
PREK, YEIRFAEVIFLI R SRE(6) Xahdi
R IR AR ARG ER RS, miuE xR
K FEER T BHAEER
2.3 BRERERRENIME

BTE B a5 m A i AR IR Y SRR
KBy 48 o P AR LM 5 | iR B9 H I R R R R K
BB LR B DL R Pl 28 A B A7 SR iR
#. B POt EREFRREF D HWLERR
FILAESFEN BRERFELZRASER L, RE
L FAMETHEEEA—CEH, FEHHFHHEOL
A—EAENRE, YBEPH— 1 EF R, ETHES
P FREAHEINE - MR EEE ., Xt
IR TE A SR TY B S AL, BE IR DR EENE B . BB AT
MMUARIE . RRIE A ZE A AR A - 38 I 45 I w42 B 3N
— M NAFERI R R AR R, R B R 5 A
Xof Rt S 2 D e o 2D e — 8 AR B, DA T 3 )
KIER B, RIEMENT 2 4E25 b ki, B
IRSEIANT N 4E G2 B B S AR W /2 py = Mix,
WFRH S8, Hod,p IicE,« 5y 202K
BT JEZS 18 B FF R AR, x = (%,,%,, %, ),y =
(Y15%25°" s a1 )T’M R

LL2 45T A B S B R AR i



372 ¥ Ok B OOOA

2009 F8 A

N m, mp mp|l %
PlY:|T | My My My | X, (7)
Y3 My My My--%

EH (7 ) Iti% :
+ +
y Mm%, + Mm%, + m3x, (8)

My %, + Myp%; + My3Xy

r o M%) + MpXy + MyXs
27 My X%y + My + My )
FRAP LIS M R, 6 my, =1, H T 5
HAESANMI SR, fi(7) X080, U5 5 28 o 5t
A — B o SR 7 AT LA LG 05 S A S H A 1Y
BHITAEL,
B ESCATA,2 e A ERA 8 ANE H
Eo GRMAERZEA 4 XX A (ER 3 AHA
HL) (x,5:), (5, ,y.)  Hrbie {1,2,3,4), X
IO s BRAE PN BR M 2 44, S5 8 A AT LAH S ME— 1Y)
— A EHE B M, BARSTRINT
e B3R 4 DA (8) () AL, 133 8 A4
IR THERE M hoT R

myx; + mpyy;, + my

r
x| =

. 4+ 1
M MaYs YL e 1,2,3,41)  (10)

' My %; + Myy; + My,

Yi =

my %, + myy; + 1

RRIERE 3 RERASEE, BT DL B RAERE R Bk, XA
TR T LU HOR AR , AT AT LORASHE B M #5170
o XH, M —MBE T (2,y.) Bl (2",7") B8
AR,

IR BRI (R RSN FE L4 AR
BHEEAE2 A m b e A bRE, BEFT LA X M
AT 8] ) S5 AR AR

ARV T 5 2 4 e A ML A B, T DU R 3
B — e Fek Mzt T LB IR A B BETE fss
A, B S PRt RAEMTHEE, S8E£R
WSS Y, B R R AR AME G . T

a

y \/\7 I
A b

Fig.5 Contrast between trapezium and rhombic compensation
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Fig.6 Schematic diagram of trapezium compensation

a—theoretical output value of lens b—practical output value of lens c¢—

output value of lens after calibration
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Fig.7 Influence of area index on stiching at x direction and adjustment

measures
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Fig.8 Contrast of results after stitching compensation

a—shape before compensation b—shape after compensation

4 & B

WG YISE I BB B e K BOE Y B R BT 1,
TEIRGFER AR B ER BRE 2 b, AR R AR (05
HAR T R BIAME R BB K R B Y LA S 32
FERAE , FF BT T —Fhfa] 8 A R SRR T AME Y
RBOR JER TN A IO IRV R R S b Kt
B TEOCIENRCER . AV SEREEABOEUTE]

PURLL , SFIEIRCRE R 1R 8 %, 5 RS DI I
HIRBEAL T

2 % x W

[1] JIANG H H. Development and prospect of application of laser cutting
technique [ J]. Optoelectronic Technology and Information,2001, 14
(4) :1-12(in Chinese).

[2] SUNHL, LIN Sh Zh. Error analysis on dual-lens laser scanning proc-
ess [J]. Laser & Infrared ,2005,35(3) :161-163 (in Chinese).

[3] CHEN Zh ,LIU X D. Research on fast software calibration arithmetic
of laser lens scanning system [ J]. Journal of Huazhong University of
Science and Technology,2003,31(5) :68-69(in Chinese).

[4] WANG H Q,SHI Y Sh,HUANG Sh H. Control arithmetic and appli-
cation of 3-D dynamic focusing laser lens scanning system [J]. Jour-
nal of Huazhong University of Science and Technology,2003,31(5) :
70-71(in Chinese).

[5] GUO F,HU B,YING H Sh. Hardware calibration of geometric distor-
tion of dual-lens scan [J]. Laser Technology,2003,27 (4) :337-341
(in Chinese).

[6] LONG Y H,XIONG L C,SHI T L. The quality study on excimer laser-
induced electrochemical etching of silicon [ J]. Laser Technology,
2006,30(3) :235-237(in Chinese).

[7] WANG ] Zh,SHI T L,XIONG L C. A shortened procedure of micro-
electromechanical systems fabrication by means of femtosecond laser
[J]. Laser Technology,2008,32(1) :88-91(in Chinese).

[8] ZHU L Q. Error analysis and calibration technique of dual-lens 2-D
scanning system [ J]. Applied Laser,2001,20(5) :325-327 (in Chi-
nese).

[9] WAN Zh,DU W X. Calibration of graphic distortion and compensation
of exposure for dual galvanometer scanning [ J]. Optics and Precision
Engineering,2000,8(2) ;:115-118 (in Chinese).

[10] GEDACH K H,JERSCH J,DICHMANN K et al. Design and perform-

ance of an excimer laser based optical system for high precision micro-

stmucturing [ J]. Optics and Laser Technology,1997,29(8) :439.

(E#% 368 W)
MEERERPHARERNES, WX E TR RER
AR . A AR B BOGR IR M AR R, 7 4R
MERE A5 ARSI, PRI R EL
4%, PIHAINT B BE B BE B 48 KR 0 ER 78 2 Hh [E] 9K
TEo ENBRIRT Z BRAH L HEF #, 40 F A A R
TR TRE BRI AR/ AR
R FIHCI S 2 , AT I i 5 ] — RO FR) AR 4 30 S B
F—FOEEE R, Bl etdsot, X MR e = [T
B AR AR RIE Al S AR R K R AT R

2 % X W
[1] SINGH S R, CHRISTODOULIDES D N. Evolution of spatial optical

solitons in biased photorefractive media under steady state conditions
[J]. Opt Commum,1995,118(5/6) :569-576.

(2] CHRISTODOULIDES D N,CARVALHO M I. Bright, dark and gray
spatial soliton states in photorefvactive media [J].J O S A,1995,B12
(9): 1628-1633.

[3] SEGEV M,VALLY G C, BASHAW M C, et al. Photovoltaic spatial
solitens [J].J O S A,1997,B14(7) :1772-1781.

[4] NI X M,WANG J L,LIU J S,et al. The temperature dependence of
separate spatial soliton pairs in an unbiased series photorelractive
crystal circuit [ J]. Laser Technology,2007,31(1) :102-105(in Chi-
nese ).

[5] I XM,WANG]JL,LIU]JS,et al. The temperature dependence of in-
coherently coupled bright-dark screening photovoltaic solution pairs
[J]. Laser Technology,2004 ,28(4) :387-389 (in Chinese).

[6] HOU CF,LIS Q,LI B,et al. Spatial solitions in photorefractive media
[J]. Progress in Physics,2001,21(2) :237-245(in Chinese).

[7] JIANG D S,0UYANG S G,SHE W L. Interaction of photovoltaic spa-
tial solitons between dark and dark as well as dark and bright [ J].
Acta Physica Sinica,2004 ,53(11) :3777-3785(in Chinese).

{8] SHIHMF,CHEN Z G,SEGEV M, et al. Incoherent collisions between
one-dimensional bright sieady-state photorefractive spatial screening
solitons [J]. A P 1.,1996,69(27) ;4151 4153.

[9] SHIH M F,SEGEV M. Incoherent collisions between two-dimensional
bright steady-state photorefractive spatial screening solitons [ J]. Opt
Lett,1996,21(19) :1538-1540.

[10] STEPKEN A,KAISER F, BELIC M R, et al. Interaction of incoherent

two-dimensional photorelractive solitons [ J]. Phys Rev, 1998, ES8
(4):41124115.



