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Laser Transmission Welding Polypropylene Plastics
Abstract
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pressure—>beam diameter on the material > laser power. And high laser power density can cause resulting from
coking on samples’ faces black welding line and fake fracture appears when welding seam is not even. The optimized
1=

The influence of laser transmission welding parameters for polypropylene (PP) plastics on welding quality
is investigated by orthogonal design method. Tensile and section tests are conducted for experimental samples, and
=]

the influence of welding factors on tensile strength and welding seam size is analyzed, which indicates subsequence of
welding parameters are determined by using range method.
Key words

the influence of welding parmeters on PP plastics is welding velocity — laser frequency — cooling time — fixture

laser technique; transmission welding; technique parameters; polypropylene plastics

B BORTE i U ST R A S RS

i U038 D 5 4 T B i B R
BB 5 S — BT D1 45 R A L T £
S TR AT BT g e RMEBONEA S AT EAMEROLE A
BN MR R R %, (e ponte Y

SR $5 77 1 B SR B Ao R 4

B A TR S 4 A LT A R
BLARHE ) ST O I 5 i T AR BESET

G LT =l R R 2

IEK 7 T3 B b T B B
SO 55 1 Jy v 4 R AR AL S I B L

B o FUM IR AR — ke Ho2 3 s s B A

T A TR 5 R 00 2 JBOHS R 5 1 T 48

2

A% 30 B0 MR WO L 55 6 I 45 i
I R 25 R O B S50 R T T 0
(PP, J 1 12 mm, 5 I 45 47 B S 6 SR £ 4 4
0 U] PR 1038 1 S K 5 50 1) 06
. e

ST IR R T R T

TR U T TR 5 KL T2

RS T LR T LB RS 30 04 2 PR 515 2

H 1

Wi AN B B A B 5 oR IR AT L R 3R 45 4L

PO I AR i B

Y #m B #7:2007-05-21; W BME 4R B B :2007-10-19
FIEAYAFZE . E-mail: wx@ujs. edu. cn

WGBSR LA 405 SR, R B R
LT ANEE TR (K — B 7E 800 ~ 1060 nm) 38 1 J ¥
EEBN T HA964—) B Bevh A, ml#4% . N FOE I T a8 E B L, CAD/CAE/CAM, K L BE ML §7 R %5



3 1

£ W BWNGERROLE MR TE

467

B B B SOG LT AR i R G A OGRS BT AR 1Y
A R AL IR X DI R SRR e A — A
X O AR W B 6 R RT L2 38 ik
R RERE L 73 Sh— > 2 AN a2 WA IO W't i S
A RESE . 5 S 538 DT 1o T e TR A o ) o T A A 3%

1 o 55 SN 125 T A 008 A4 30 P A 42 i v B o 9O A
S AR I X o AR X A ity 28 )l A 7 B
Ja B [ o R v B R B RERHE B Sk L o AR Y
R RO B R N 1 B .

. laser
.
-

transparent

material )
> absorbing

material
.

’
’

welding &

seam

moving
direction

Bl 1 oS SR R E E
Fig. 1 Schematic diagram of laser transmission

welding of plastics
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Table 1 Experimental factors and levels

Sequence A B C D E F
number Average power Beam diameter =~ Welding velocity Laser frequency Fixture pressure Cooling time
element /W /mm /(mm/s) /Hz /MPa /s
Level 1 50 2 1.5 6 0.0065 5
Level 2 60 3 2.5 8 0.037 10
Level 3 70 4 3.5 10 0.067 15
Level 4 80 5 4.5 12 0.1 20
Level 5 90 6 5.5 15 0.15 30

®2 RESHER
Table 2 Welding parameters

Sequence A B C D E F
number Average power Beam diameter =~ Welding velocity Laser frequency Fixture pressure Cooling time
element /W /mm /(mm/s) /Hz /MPa /s

No. 1 50 2 1.5 6 0.0065 5
No. 2 50 3 2.5 8 0.037 10
No. 3 50 4 3.5 10 0.067 15
No. 4 50 5 4.5 12 0.1 20
No. 5 50 6 5.5 15 0.15 30
No. 6 60 2 2.5 10 0.1 30
No. 7 60 3 3.5 12 0.15 5
No. 8 60 4 4.5 15 0.0065 10
No. 9 60 5 5.5 6 0. 037 15
No. 10 60 6 1.5 8 0.067 20
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Sequence A B C D E F
number Average power Beam diameter ~ Welding velocity Laser frequency Fixture pressure Cooling time
element /W /mm /(mm/s) /Hz /MPa /s

No. 11 70 2 3.5 15 0.037 20

No. 12 70 3 4.5 6 0.067 30

No. 13 70 4 5.5 8 0.1 5

No. 14 70 5 1.5 10 0.15 10

No. 15 70 6 2.5 12 0. 0065 15

No. 16 80 2 4.5 8 0.15 15

No. 17 80 3 5.5 10 0.0065 20

No. 18 80 4 1.5 12 0.037 30

No. 19 80 5 2.5 15 0.067 5

No. 20 80 6 3.5 6 0.1 15

No. 21 90 2 5.5 12 0.0065 10

No. 22 90 3 1.5 15 0.1 15

No. 23 90 4 2.5 6 0.15 20

No. 24 90 5 3.5 8 0.0065 30

No. 25 90 6 4.5 10 0.037 5

F 3 DL RE AR

Table 3 Value of tensile strength

Sequence Tension  Weld width ~ Shear strength

number /kN /mm /MPa
No. 1 0. 646 1.98 10. 20
No. 2 0.912 2.10 13.57
No. 3 0.402 2.65 4,74
No. 4 0.123 2.90 1.33
No. 5 0.173 2.78 1. 94
No. 6 0. 893 2.55 10. 94
No. 7 0. 680 2.37 8.97
No. 8 0. 654 2.76 7.40
No. 9 0.236 3.24 2.28
No. 10 0.495 5.05 3.06
No. 11 0.739 1. 61 14. 34
No. 12 0.534 2.94 5.68
No. 13 0. 355 3.10 3.58
No. 14 0. 540 4. 30 3.92
No. 15 0. 764 5. 80 4.11
No. 16 0.278 3.48 2.50
No. 17 0. 085 2.54 1. 04
No. 18 1.419 2.94 15. 08
No. 19 0. 879 2.40 11.45
No. 20 0.516 3. 44 4.69
No. 21 0.911 2.56 11.12
No. 22 1. 005 2.31 13. 60
No. 23 0.511 3.70 4.32
No. 24 0.568 1.73 10. 26
No. 25 0.229 4.42 1.62
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Table 4 Values and analysis of welding parameters

Sequence A B C D E F
number Average power Beam diameter ~ Welding velocity Laser frequency Fixture pressure Cooling time
element /W /mm /(mm/s) /Hz /MPa /s
Pull I; 2.256 3. 467 4.105 2.443 2.717 2.789

I 2.958 3.216 3.959 2.608 3.535 2,477
I, 2.932 3.341 2.905 2.149 3.221 2.923
IV; 3.177 2. 346 1. 818 3. 897 2.892 1.953
V; 3.224 2.177 1. 760 3.450 2.182 3.587
R; 0. 968 1. 290 2.345 1.748 1.353 1.634
Welding I 12.41 12.09 16. 58 15. 30 14. 81 14,27
seam 11 15.97 12. 26 16. 55 15. 46 14. 22 11.72
size  III; 17. 66 15.15 11.62 16. 46 15. 60 20.92
1V; 14. 80 14.57 16. 50 16. 57 14. 30 15.71
V; 14.72 21.49 14. 22 11.77 16.63 12.94
R, 5.25 9.40 4.96 4. 80 2.41 9. 20
F 5 SLUN AT SRR LA R AR
Table 5 Comparison of experimental analysis and tensile test

Sequence A B C D E F
number Average power Beam diameter ~ Welding velocity Laser frequency Fixture pressure Cooling time
element /W /mm /(mm/s) /Hz /MPa /s

Orthogonal As B, C, D, E, Fs
Design
result 90 4 1.5 12 0.037 30
Tensile
result 80 4 1.5 12 0.037 30
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