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Process research of laser transmission connection &% polystyrene and titanium
LI Jing", LIU Huixia', TAN Wensheng®, SUN Yuedong' , SHEN Xiang', WANG Xiao'

(1. School of Mechanical Engineering, Jiangsu University, Zhenjiang 212513, China; 2. Changzhou Key Laboratory of Large

Plastic Parts Intelligence Manufacturing, Changzhou 213164, China,

Abstract: In order to solve the problem that laser transn.issic.1 \as difficult to connect polystyrene and titanium, polystyrene
treated with oxygen plasma was used for laser transmissior com o~don with thin titanium treated by laser surface treatment.
Mathematical model of laser transmission connection process | arameters was established, and interactive influence of process
parameters on connection strength was analyzed. The opi.mized process parameters were obtained. The results show that the
bonding strength of polystyrene and thin titanium: after treatment increases from 0. 5SMPa to more than 6. 0MPa. Laser transmission
connection problem of polystyrene and titaniun can effectively be solved. The combination of the optimum process parameters can

be obtained by optimizing the process purameters. The research makes the foundation for industrial application of the process.
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Fig. 1 Schematic of laser transmission bonding
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Fig.2 Diagram of sample connection
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Tablel ~ Primary proc-ss v =i ters and their ranges

design \ \:qable initial .. .

variables code value ~ UM maximum
laser bonding power/ Wi \ T, 5 4 6
laser bonding speed/(mm - s 1) T, 2 1 3
focal shift/mm T3 0 -1 1
laser sweep power/W T, 5 4 6
scanning speed/(mm -+ s7!) Ts 2 1 3
scanning frequency n Ts 6 4 8

processing time/s T; 120 90 150
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Fig.3 Pareto diagram of the response of welding parameters to welding

strength
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Table 2 Process parameters and their limits ;Tit:‘:F' ,,3() ﬂ‘jﬁﬁ,ﬁ, j‘]éjzr %f& IBU%:{/‘J"EF:jj‘I %7}#&

parameters fimits BU%‘%%%EIF:%%(O Hrri=1,2, k=12, k,

L0 L 23wy

I. llz:se;.bondmgd;/)u(wcr/‘fV . ‘1‘ Z : A,B,C,D,E ﬁ%u1ﬁi§{%ﬁ%ﬁf§lﬁ$ J}%{j‘ﬁﬁ@%ﬁ
e s Y LT AR R S T R
scanning speed/(mm - s ') 1 2 3 I‘ETJ i—‘ﬂ‘ﬁﬁﬁﬂ?( analYSiS of variance ANOVA) ﬁn%:z
processing time/s 90 120 150 3 s A8 H FAE SN 115,19 35252565 1 e Sa[18] P

HE N I A "]

S Ao A AR 32 R ) 32 i B, R A B ?“?zﬁi@kiﬂgiig%éﬁﬁﬁij:ﬂz;:ﬂTﬁ%,ﬁiﬁié’jggiOS %?
W AR By [ gxl v Z g AETHSZIRISEEP , A P <0. 0001 575
BIER N RIS RO B . BRI LA B R 0. 9876, Tl

. . ﬂ A/ > V) S £ Y
y = f(x,,5,,%,) +& 7) LA ZEE A 0. 9690, 18 1 %) & ZEUE N 0. 9790,

A,y AR, v AU

BOREA

=N
AR,

e RERRGERE b FR

2%%%%% ﬂﬁ&mﬁ
y =By + ZIB,x,+ZB” L2+ZZBUxx (8)

Table 3 Table of variance analysis for jenc wiltr. model

P BUEIEAS S o fEM el A7k 25. 094 % KT
4 TS5 B R T e b v Il Y e AR R A
il F A TS P o B A ARG i F . A
Sy MTULEA 3w N f I ST R B AR R R R
SCHY

source sum of squares degree freedom mean sy’ ar. F value probability > f
model 213.46 20 10 €7 115.19 <0.0001 significant

A 0.022 1 £z 0.23 0. 6316
B 0.19 1 0.19 2.05 0.1631
c 0.058 1 0.058 0. 62 0. 436
D 5.77 x10~* 1 5.77 x10~* 6.22 x1073 0. 9377
E 9.86 x10? 1 9.86 x10? 0.11 0. 7466
AB 0.038 1 0.038 0. 41 0.528
AC 1.51x1073 ! 1.51x1073 0.016 0. 8992
AD 8.00 x10~* 1 8.00 x 10 ~* 8.63 x1073 0. 9266
AE 0.02 1 0.02 0.22 0. 6457
BC 0.014 1 0.014 0.15 0.7043
BD 1.8 x 0" 1 1.80 x10 73 0.019 0. 8901
BE 3.00x00 1 3.20x1073 0. 035 0. 8539
cD 5.00 x 1073 1 5.00 x10 73 5.40 x10 ~* 0.9816
CE 2. 0x1073 1 3.20 x107? 0.035 0. 8539
DE 4.51 %1073 1 4.51 %1073 0. 049 0. 8269
A2 6.15 1 6.15 66. 37 < 0.0001
B? 0.31 1 0.31 3.4 0. 0755
c? 2.55 1 2.55 27.55 < 0.0001
D? 0.41 1 0.41 4.42 0. 0444
E? 4.90 1 4.9 52.87 < 0.0001

residual 2.69 29 0.093

lack of fit 2.40 22 0.11 2.71 0.0895 not significant

pure error 0.28 7 0.04

corrected toal 216.15 49
stand deviation: 0.3 R? =0.9876

mean:3.01

coefficient of variation:10. 11

predicted residual of sum of squares:6.7

adjusted R* =0.979
predicted R* =0. 969
adequate precision:25.094
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Fig.4  Relationship between the effect of process parameters and joint

strength
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Fig: 5 interactive effects of laser treatment power and surface scanning
spr ed on welding strength

a—contours plot b—response surface plot
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Fig. 6 Interactive effects of scanning speed and processing time on welding
strength
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Fig. 7 Interactive effects of laser bonding power and laser treatment power
on welding strength

a—contours plot b—response surface plot
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Fig. 10  Comparison of the predicted result and the actual experimental re-
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Table 4  Verification of mathematical mode.

B/ D/ s'.>ngth/MPa
A/W RN\ N Es — = ——-
(mm -s7") (mm - s7") actui 1 predicted | error |
4.5 1 5 2 9C 2.02 3.25 5.5%
5 2 5.5 1 127 4.46 4.68 4.9%
5.5 3 6 7 15€ 3.78 3.98 5.2%
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