‘_‘i.‘ »
H{%tﬁi RESEARCH

ETEXKIEHWTCARE AR EZT ZSHML

ZHE , MAKR, H 5, EEEH
(F T v ra kAR AR 5P, Yo fa 110035)

[HE] AWV TCA SR E R B, 1RSSR R T, R A BRI ES TCA 4k 6230k
BTG & TR BSATRAL, AIA IR L BIRIR . G K e M 3R T 5 4 42 A0 T 3547 IRIE HOR 4 it R 32
IR L EARK AT E IR TR E, A e B TG E BRI e AT AR T L A, IR A,
KA EE 0.5W - min/mm’. 3L 2 A B 70°. 3285442 +60°~-30° Ktk TERH, BRRH b K4S 5 3Tk R
e AP AR R B E L A AMMALE 8 T AR AT R, THEA % R B AR S TR EAZ T ETH
S EFERGEEL LAY RIEE R T RERAFIRIE,

FERIR]: TCA 4K A4 O R TG E 4 B3R T EAHAMAL; 3G A4

Optimization of Process Parameters for Ti-6A1-4V Titanium Alloy Laser Beam Welding

Based on Orthogonal Experiment
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[ABSTRACT]
improve the joint quality, orthogonal test method is used to optimize the process parameters. The comprehensive assessment

In order to reduce the defects in the joint area of Ti-6Al-4V titanium alloy laser-formed joints and

indicators include tensile strength, yield strength, elongation and internal quality. And the influence degree of each
process parameter is analyzed by mathematical statistics, which provides near-optimal process parameters for the study
of mechanical properties of subsequent forming joints. The result shows that: when the line energy density is 0.5W - min/
mm’, groove angle is 70°, scan path is +60°— —30°, we got the near-optimal evaluation result. And the linear energy density
of each parameter has a significant effect on the tensile property of the joint specimens. The joints can meet the national
standard when the optimized process parameters are used. The result shows that the method can provide a reference for
reasonable selection of the joint forming process parameters and ensure the quality.
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Fig.2 Form and angle of groove
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Table 1 Technical parameter scheme of orthogonal test

. et/ WO/ | PR/
=} T

r?"?‘ T%%J\ (W-min~mm’2) (o) (o)
1 1 0.5 70 +45
2 1 0.8 80 +60~—30
3 1 1.0 90 H T ]
4 2 0.5 80 H T 1)
5 2 0.8 90 +45
6 2 1.0 70 +60~ 30
7 3 0.5 90 +60~—30
8 3 0.8 70 5535 )
9 3 1.0 80 +45
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Fig.3 Test parts before and after laser forming connection
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Fig.4 Defect detection results of first, fourth, seventh , ninth sets
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Fig.5 Tensile test parts before and after fracture
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Fig.6 Fracture location of tensile test parts
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Table 2 Tensile test data

JEMGRBERIE | WU
/MPa

925
925
893
913
910
910
923
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892
912
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Table 3 Extremum analysis of tensile strength by orthogonal test

RIE

988.333

987.333

983.000

2.666
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LEeREIL/
(W: min mm?)

995.000

991.000
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21.333

W/
(°)

989.333
987.333
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6.333
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%
10.2
8.3
6.2
8.3
8.0
8.2
7.7
8.0
7.8
8.1

=8

=

Rk e

985.000
993.000
981.667

11.333

Table 4 Extremum analysis of yield strength by orthogonal test
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P 3
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914.333

912.000

911.667

2.666

LRRERLE ) WO/
(W- min- mm*) (°)
920.333 918.333
919.333 910.000
898.333 909.667
22.000 8.666
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Table 5 Extremum analysis of elongation after fracture by
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0.400
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919.333
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8.067
7.500

1.167
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Table 6 ANOVA analysis of tensile strength by orthogonal test

| HEE | 2P | Flib B EE
TRZET 2.000 14.222 1.000 B/
e qilcn ol 2.000 771.556 54251 W
WA 2.000 62.889 4422 £l
EEET e 2.000 203.556 14.313 —E

T Fo10(2,2)79, Fo05(2,2)=19, F41(2,2)799.

®7 EXABERBETESTER
Table 7 ANOVA analysis of yield strength by orthogonal test

| HEEE | W2V | FR M
TRZEIH 2.000 12.667 1.000 R/
Azl 2.000 926.000 73.103 B
ambic)ics 2.000 144.667 11.421 —5E
EEEil] e 2.000 202.667 16.000 —E

i Fo10(2,2)=9, Fo5(2,2)=19, Fy41(2,2)=99.

®8 EXMBWHEHEKEFESTER
Table 8 Analysis of variance of elongation after fracture by
orthogonal test

Tt HHE | w2z Frf | FL e 20
TRZET 2.000 0.276 1.000 AR/
Eqiang s 2.000 2.669 9.670 —E
iampii)ics 2.000 3.389 12.279 —E
Hffigie 2.000 2.042 7.399 EUIN

1 Fy10(2,2)79, Fy05(2,2)=19, F1(2,2)=99,
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Fig.7 Joint area of test parts
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Fig.8 Comparison of joint area
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Fig.9 Comparison of fusion zone microstructure
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