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Influences of Laser Welding Parameters on Mechanical Properties of
Polymethyl Methacrylate and Stainless-Steel Joints
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Abstract By the experiment of the overlap welding of dissimilar materials for the polymethyl methacrylate and 304
stainless steels, the physical phenomena and weld defects during the welding process are analyzed. By the
orthogonal tests, the optimized process parameter combination is obtained, and the well-formed weld joints are
realized. The influences of the process parameters on the shear stress are analyzed. The study results show that the

influences of laser welding speed, pulse width, spot size and pulse frequency on the shear stress are strong, and the

2

maximum shear force of weld joints is 191 Nemm ™ ?. The key factors determining the failure of weld joints are weld

defects and energy densities.
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Table 1 Physical parameters of PMMA and 304 ss

Parameter PMMA 304 ss
Density /(kg * m *) 1186-1190 7930
Thermal conductivity /(W s m ™' « K1) 0.194-0.196 14
Melting point /°C 540 1400-1425
Specific heat capacity /(J + kg™' + K1) 1900 500
Elongation at break /% 2-3 40
Tensile strength /MPa 55-77 520
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Fig. 1 (a) Schematic of measuring weld width; (b) schematic of tensile test
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Fig. 2 Schematic of laser light path
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Table 2 Experimental influence factors and level parameters

Sequence number w /kW v /(mm-e*s ) ® /mm f /Hz p /ms q /(L +min ")
Level 1 2.0 0.5 2 7 5 10
Level 2 2.3 1.0 4 8 6 15
Level 3 2.6 1.5 6 9 7 20
Level 4 2.9 2.0 8 10 8 25
Level 5 3.2 2.5 10 11 9 30
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PRI I, PMMA A48 A 3, P AR IR S5 38 22 o BRI, A 4 7 0 3% 5 3 1) YOG BE 4 L 7R (R E
S VR B 01 () B RSB Rl N 7 A R 55 R DR R AR B T
3.2 BRI AE PR A RO SR BE R TR HE

JEEE AR e AR AR E 2 PMMA (4 R 4% 3% B 40 LR L T R SF CROH AR, i 30 TR .
JGRERAE T 304 ss SRANT , 4 J& 1 32 PV AR 4 i 15 3 2 PMMA, Y 3% R A B PMMA J4 il
T B, PMMA 32 #4065 A6 B0 sl M 22 R e A . P 4 3% 100 4 BV ) 358 32 SO 1157, DAL ot G
PR G TR B0 AR 58 4E PMMA 3R 18 AL 22 30K M R SF . Y 3405 5 8 i PMMA B/ #8053 i 3 B
PMMA & Az 7™ 5 A3 e i 7= Az LI . 6 A5 B e R v, R 100 4 fl T 22 R0 A 28 TR > e ol B o PR
25 SR B 5322 A T8 R B4 3 B 2 e AR R T

U/ 422 T B 108 T BT ity - BE BRGS0 TS BOE , HRE B % e AN Bk R R i A0 P A
P2 T T B ST G o DA/ IN PR T ) R T s o 3 6 0 U A R AR B, DA R B o R . B R Ak
TESHAAR T 3(h) Fim 4% 15 1 722 WIE 51, 7T LB 11,304 ss 5 PMMA 75 #5748 4 % % % 4 SR 4 )
A5 AN S AR

air bubbles holes  rugged surface

3 MREEMUE PMMA I RZEWIE . (O PAGHT; (DO kS
Fig. 3 Macro-morphologies of PMMA surfaces after weld formation. (a) Before optimization; (b) after optimization
3.3 IZHENEEELTEYINANZME
A 2 AT IEAC I BTt A3 3 25 AU ISR G . IR HE I 45 S AT AR G B RE I 8 R
W RGBT S B S MRS R ISR 3, i R AR B T 2 S HOR OB O BE B A 5 BT E b b
el R obe il R EEIY ) RS HARAEAE ORI G S — RSO AR EE . b, DURAR 2 R SOR S AR
BRI G RV 2 I3 ik DA A £ DU ol i 7 ) AR S FE 300 L3 4

1202006-3



H | i ot

#3 WIS HSMELR

Table 3 Experimental design parameters and measurement results

Experiment Parameter Result .
q/ Weld Pulling
No. w /kW o /(mme+s ') & /mm f /Hz p /ms
(L *min") width /mm  force /N
1 2.0 0.5 2 7 S 10 1.02 138.00
2 2.0 1.0 4 8 6 15 1.52 315.00
3 2.0 1.5 6 9 7 20 1.49 244.00
4 2.0 2.0 8 10 8 25 1.34 638.00
5 2.0 2.5 10 11 9 30 1.88 0
6 2.3 0.5 4 9 8 30 2.37 234.50
7 2.3 1.0 6 10 9 10 2.50 97.35
8 2.3 1.5 8 11 S 15 1.12 167.10
9 2.3 2.0 10 7 6 20 1.99 0
10 2.3 2.5 2 8 7 25 1.12 571.00
11 2.6 0.5 6 11 6 25 3.47 379.25
12 2.6 1.0 8 7 7 30 1.55 70.50
13 2.6 1.5 10 8 8 10 3.52 412.10
14 2.6 2.0 2 9 9 15 1.48 95.45
15 2.6 2.5 4 10 5 25 1.82 949.35
16 2.9 0.5 8 8 9 20 4.28 260.65
17 2.9 1.0 10 9 5 25 2.91 316.35
18 2.9 1.5 2 10 6 30 1.57 276.00
19 2.9 2.0 4 11 7 10 1.83 733.35
20 2.9 2.5 6 7 8 20 1.98 986.15
21 3.2 0.5 10 10 7 15 3.96 306.50
22 3.2 1.0 2 11 8 20 1.74 215.15
23 3.2 1.5 4 7 9 25 1.99 186.41
24 3.2 2.0 6 8 5 30 1.86 522.85
25 3.2 2.5 8 9 6 10 2.11 862.75
4 BB Y AR 28 TE 5
Table 4 Four typical weld morphologies
Laser energy density /(J * mm ?) Weld morphology
Less than 3.96 No weld
6.5-12.88 Optimal weld
3.96-6.5
12.88-22.4 Bad weld
More than 22.4 Decomposition
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Fig. 4 Experimental results of shear stress
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Table 5 Combination scheme of optimal parameters

QY

Parameter
Sequence number w /kW o /(mme+s ') & /mm f /Hz p /ms g /(Lemin ') o
combination

Level 1 2.0 2.0 8 10 8 25 w10, Dy fipiqs
Level 2 2.3 2.5 2 8 7 25 wyvs Py 2 p3q,
Level 3 2.6 2.5 4 10 5 20 w3 s Py fupigs
Level 4 2.9 2.0 4 11 7 10 w, v Dy f5p3q
Level 5 3.2 2.5 8 9 6 10 wsvs Py f3p2q1

RAESHCT WIS R ML AN 5 Fros . /] LUR B AR S8 15 1A 19 20 F 3 09 SOR M 7E 304 ss MRHEIX
S A PP A D DS O R B G P T O R R SR A ST DI . RS R B AR e R —E A
UL T8 A R TR SR 4 T T T T L R K B R AR B ST R B TR AR g
HEHE DR B

front back

F 5 mESETHBREREWER. (a)(a) Level 15(h)(by) Level 2;5(c;)(c;) Level 3;5(d;)(dy) Level 4;(e;)(e,) Level 5
Fig. 5 Macro-apperances of welds under optimal parameters.
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Fig. 6 Six factors versus average shear stress
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Fig. 7 Shear stress versus laser energy density
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Fig. 8 (a)(b) Diagrams of failure positions and (¢)(d) practical object of failure joint in weld interface
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Fig. 9 (a) Diagram of fracture positions and (b) (¢) practical object of fracture weld of weld joints
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Fig. 10 (a) Diagram of fracture positions and (b) practical object of fracture at PMMA side
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