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Research on Laser Marking Technology for Free-Form Surface
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Abstract As the demand of ergonomics and bionics, more and more free-form surfaces appear in product design. In
order to mark on these relatively large undulating surface with laser, the dynamic focusing and three-axis beam
control technology must be adopted. The principle of beam focusing by dynamic expansion was analyzed, and the best
range was determined from the relationship between the misfocus and the location, size of the beam waist. A dynamic
beam focusing mirror was designed, and a three-dimensional laser marking system was constituted together with X,Y

directions galvanometer. Marking experiment of free-form surface verified the effectiveness of the system. This form
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of marking can be also used for the other two-dimensional surface.

Key words laser optics;laser marking;free-form surface;dynamic focus; Gaussian beams;pre-scan

L5 F

B 58 XL T Am FE A5 s 8k v A A K A b
Z0 55 Fr s E O B AT R A bR e 0 TR
iR DA SO A i O ROR S IR X 5 1
FUBIREE Y T7 [ H R IR BE A -0 P39 18 B Jm 2 R 5
AT b A PR XORIRT Y R R B A B s
0 5 S B0 AR TAF _EAT AL B A Bl AT 8
FET 3 2] 125 R AL SC Y X A bR Iy U SR
A T 2 A A SR AR R AR IR (- 20 0 20 IOER
I A R oo W2 ) 0 FBLIN & DR T 8 L BEAE
- T 8 2 TR AR AN R A AT bR %]

o AHL T AR A0 A 2 Bt i s 28 A ey i T
Clhnts A 90 A9 2% X2 A (83 A 52 1T 2R 1w A 4 4 i

kS HHEE: 2009-10-19; W EIMEKFS HHEE: 2010-02-27

) MR B M Y B AE 7 R BT R . AR SCEE T e M
JCHR AL AR e FE I3 B T Sh Y AR AR A s 5
AR XY Jr IR BEAR S . il TR RER
P ZRIOE AR P 0BT TR 1 = 4RO T R
Age B RAES By ST AE A dy i b
PR,

2 PR B

e — LB JOE N a0 O R s L e BT
OGN B LA RO I T4 L 280 6 R R G R i
75 () WA DR B e WO B R B Ll R i
WM I Y KRG - D LEENERS
CABCD i Eg C = O, &R Ty

EFEREN: FELA973—) . 5 W L PR EZAHFOEIN THAR I W AYBFFE . E-mail: xubz@tju. edu. cn



2166 i =

R SKERBEGEY T HESN ORI T
WEEY W, H o BEAES . WE ST ™ A8
e W N 174 T TR NS R E D = ) i R o =
SRR

B 1 EHYHRAGUWHNEERGEEE., &
SR T IS BT T F B AL A AR s 2 4 3
SER I LA TR M AR S R e T A Rl 2R R 5
A o R BB 2% R Gl RSF /i
BESMBE B AN R EE NS
BEAR R e AL R AR LA SRR O AR R AL AR AR A
RN T [ 7 2H 7% 2l I G 45 8 4 Bl i 2 ok 8 AT
FEGE b A B AR S . 1R R A A R A T A R
GRS S swe AR OGO, 5 AR AR
HIBEES R sl AOGHGE A8 SRS 1, 5
A5 £ 20 R 52 400 BB 4 R s 0 s SRR
1o [ 415 R I CRP S s ) o 55 I e 40 B
KLl A ME EHAZ MR, A =
fi+fe — U RGN CRF A F NS 85N
B LRI RS B i) . b AR G0 15 AR B 0 BE N

A1

BAEY WAL

Fig.1 Varifocal beam expander system
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Table 1 Relationship between the effective focal length

and misfocus A

No. A L fe

1 A< fi L> f, 0, f2) A
2 A= fi L= f, /e

3 H<A<0  fitfo<<I<[fo (fiyo2) A
4 a=0 L= /Nt telescope system
5 0<<A< fit+f O<I<< it S o (—c0,0) ¥
6 A= fi+ /). [=0 —oo

WMEREMMBEREWEE NN [ =
—100 mm, f> =150 mm, A @R K
1.06 pm, R R we =3 mm, 5 ME 51
BEES A £ =150 mm, MEfERE AT, f1) X[E2E
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wy, of the beam waist with the misfocus A
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Table 2 Dynamic focus range

A /mm [, /mm W, /Mm
—100 375.0 0.0169
—98 379. 6 0.0172
—96 384.4 0.0176
—94 389.4 0.0179
—92 394. 6 0.0183
—90 400. 0 0.0187
—88 405. 7 0.0191
—86 411.6 0.0196
—84 417.9 0.0201
—82 424. 4 0. 0206
—80 431.3 0.0211

3 ZHEROLITIN ARG K br 2 5 K

R P 3 0 0 5 1 1 B 50 WO R
SRR 2 B30 TR IR T 2 B B0 5 90
XY Jr A RGNS A T AERO kR 2 R
Ge NFE 3 R . AN RGE 4 IR B

BEOGE (DPL) HEOLR§ 4 sl B9 RRE RS
W& XLY J7 IR 39 Sk DL K -0 BB A 7E
PEAT WOE = e br 20 1 i 7 o, i 2T PCT B2
DSP il = 4l DPL 306 & 75 0 4 il 4% L 3 &5 %
BRGNP IRB R TAE . B4 iRk T
SHAEREBZ G WO R B e BT 4
B Je R AR A4 05 3 WnlEL 5 Brow B R ST i) R AR
T — > A TAT . P37 B AT LR 30 1 44 U 5 14 % sl
FE Sl A5 R AR S AT DLBE I — A 0 B R
G T [0 B ATV W sh R LR R 5T Z
i 730 A8 A+ B AT AR R bR B L [R] IF SLE AE
T RGN AR XL

Bl 3 =Z4EOtin 2 R 40
Fig. 3 3D laser marking system

scan head

dynamic expander
focusing system

f-6
objective
(optional)
Z

:] /adjustable L v

DPL mirror i i )

working volume

& 4 Z4Ebr ] 7 g0 )5 K
Fig. 4 Theory of 3D marking system
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Fig. 5 Pre-scan mode
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Fig. 6 Marking experiment with graphics. (a) 3D drawing by Auto CAD; (b) marking sample
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Fig. 7 Result of marking experiment with characters
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