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Process and Optimal Parameter Domain of Laser
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Abstract The correlation occurring between reading quality or marking time of data matrix (DM) code marked on
aluminium alloy and laser marking parameters has been studied, and the influence of laser parameters on DM code contrast is
analyzed. The experiment result indicates that the optimal laser parameter domain is not simply distributed within a
connected real neighborhood, but distributed in a union set of several connected real neighborhoods. The restricted space of
laser parameter based on reading quality of DM code is built, and the laser marking process parameters combination with the
goal of comprehensive optimal reading quality and marking time is acquired based on this foundation. Meanwhile, scanning

electron microscope images and energy dispersive spectrometer data of DM code marked by the optimal parameter module are

analyzed, which can explain the distribution of optimal laser parameters in microcosm.
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Fig. 1 Single factor experiment curves. (a) Q frequency versus contrast; (b) laser power versus contrast;

(c) laser scan speed versus contrast; (d) laser scan space versus contrast
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Table 1 Laser marking parameters

Parameter
Parameter Code Level
range
Laser power /W A 3.6~9.0 10
Mark speed /(mm/s) B 50~750 15
Q frequency /kHz C 20~30 6
Scanning pitch /mm D 0.001~0. 043 15
Module indent /mm E —0.02~0.02 5
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Fig. 2 Microscan verifier images. (a) 3 group DM code, characteristic parameter: (37% 79% 90%); (b) 6™ group DM

code, characteristic parameter; (100% 79% 90%); (¢) 39™ group DM code, characteristic parameter: (79% 106 %
102%); (d) 45" group DM code, characteristic parameter; (100% 119% 111%)
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Table 2 DM code samples whose contrast is more than 90 %

Parameter combination ) X print Y print Marking
Contrast /%

(A,B,C,D,E) growth /% growth /% time /s
(6.6,500,26,0.001,0.02) 100 96 92 108
(8.4,100,26,0.031,—0.01) 92 113 108 14
(8.4,650,24,0.001,—0.02) 100 113 110 117
(9.0,150,20,0.019,—0.01) 100 115 112 16
(9.0,450,22,0.007,0) 100 108 111 19
(5.4,50,30,0.034,0) 100 99 97 24
(7.2.50,20,0.025,0) 100 119 111 31
(7.2,200,22,0.001,0.01) 100 112 104 215
(3.6.50,20,0.016,0.01) 93 96 94 45
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Table 3 Variance analysis and parameter estimation

Observed

Parameter

Error mean

Parameter State F value R?
quantity significance p value square
D Import X print growth 0.4803 49. 886 0.00170 0. 9066
D Eliminate X print growth No 60. 331 0.00167 0.9024
A Import Y print growth 0.4770 55.259 0.00123 0.9146
A Eliminate Y print growth No 70. 350 0.00121 0.9146

K R RE Y J5 3% %6 DM X J5 B FTEPIER 5 Y T [ 4T B I AT 20k [ 09 [ 2521
Gx = 1.0043 4-0. 03132, — 0. 00012, — 0. 005925 — 3. 94775

Gy = 0.9711+0. 02832, — 0. 005125 — 0. 56362, — 3. 817525 9
K Gy Gy R XY J W FTEIG K o5 BSR4k
MR (2) AT (3) 2L K DM A% Ji 8 465 56 AH 6 s o 7 75
K= {x|hk <C<lysk; <Gy < kysks <Gy < hksox € R}, ¢Y)

(DA FR A HE TR R ENEOCRZ LS
Rz K, Hp o = (xsasay 20,007 N
T S50k (0= 1,2.3,4,5,6) K] i F 2
B, KPR B9 DM R i S R L H k<<
k,<<100%,

4.2 FRiZHEMETh ML

MR 2 AT LLE AR EOE LS 8A G
A 221t R ) ) o 82 O i A i) DML RS 3 A B
WA IR AR N 17 s 8 117 s 5040 A% 5%

RRIEMNER o AR B T VR Ik ) 5 3O 6 s 20 3
WOGH ML R B RS L B 5 EOE R B0 Q
RIGK ARICH ES ] T 3 2 56 &

NZ.,

X N g BB Z, BB 2 FR 9B
DR I 7 £ B 15 65 114 ) B 3 SR e /N b 3 1 478 Bk (1]
st/ NFE ] E, o il M %R 10 BT 7 DI FE) 1 3l
hs

T = (Zn—2x5) €))

NZ,

Ty,

minT =

ll‘c X,3.6<Tx <9.5,50 < a, << 800

(Zy —2x5)ormin E, = 2, T

(6)

20 < 25 < 30,0.001 << 1, << 0.043, — 0. 04 << x5 < 0. 04

(6) X From MR E B, X Z, =
0.5 mm, N =130, f#1F DM H 3 ffi i & 4 “A”
B AEAH 0] K R WTICky ks s ks Ry sks skg) =
(0.9,1,0.92,1.02,0. 92,1.02), Phhwic B @ £/
DRI/ HAw 40 5K #1452 L S 50 &
$(9.0,152.68,29.11,0. 043,0. 02),(9.0,150,26,
0.043,0. 02) .12 Z 54L& Hl/E () DM 15 5 g 45 5

bR A T (L5 SE B LA FE AN 3% 4 FT s

% RSB A 5 A R 22 T DL A4 TR R 5 4 Ml T
00 52 56 Al A5 TR AT 3] 1) e 0 AR 6 2 SR B AR 5K
BARCHAR S £ (1=1,2,3.4,5,6) KAZA
B DM At R Joi 25K AL A5 B 20 358 AN I L fix
DA HF e A= AR A LA 2 AN [ o 45 28R 11
DM i iy i 4

0703006-5



H |

#F 4 DM B8R T (H 5 L BRIEXT 1L

Table 4 Comparison of predicted and actual values for DM code index

Optimal X print Y print Target
Target o Contrast /%
combination growth /% growth /% value
Minimum time Predictive value 90 102 97 5.4s
Minimum time Actual value 91 103 99 6 s
Power consumption  Predictive value 90 103 98 49.2]
Power consumption Actual value 91 104 101 54 ]
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Fig. 4 DM code SEM images. (a) 1*' set module; (b) 2™ set module; (¢) 3 set module

MR DU AR 2 SBR[ = ARk
AR R AR LR AR W B A G
PR TE B T — )2 d A UKL e 480 # S8 A e
S AL TURE 22 (8] T8 B A OWE 25 B 0 350 B0, 2 =
B OIS S B AT BRI AR 2 Ak . Rk A
Al &R B RO 2 L ZE S B A e B a e R e
JZE BL AR W 0 A8 Bkt 6 B R A K B0 45 1 12
B S8 D AR P o L BEAR T B T AT RE. BT 4 o
SAREG L) SR A B Ah 2 o) RE T 3 BT 4
mE 5 fiR.

F 5 BRI T4 A R MR V0
Table 5 EDS analysis of the modules (mass fraction, %)

Element Matrix  (a) module (b) module (¢) module
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