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Research of Linear Heat Input and Laser Focus Position for Laser Welding
HE130 Titanium Alloy

WANG Jia-chun, WANG Xi-zhe, HUI Song-xiao
(GRIKIN Co. » Ltd. . Beijing 100088, China)

Abstract The effects of linear heat input and focus position on the HE130 alloy laser weld shaping quality using
solid Nd* YAG laser welding process with continuous wave were experimentally researched. The efficient laser
welding linear heat input of HE130 alloy plates with various thickness were established through experiments and the
relationship of the efficient linear heat input with the weld penetration and weld penetration/width ratioc was
quantified. The laser welding efficient linear heat input curve of HE130 alloy and the matching curve of laser power
and welding speed in the range of different plate thickness were successfully made. The optimal focus positions while
laser welding HE130 alloys with various thickness were experimentally acquired to get the optimal weld shaping
including the larger penetration/width ratio and good rear shaping of the weld. The relationship between the plate
thickness and the optimal laser focus position was then quantified and the optimal focus position curve was given,
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Table 1 Laser welding process parameters

Process Focus position Flow of argon Lens focus Distance from nozzle to
parameters Af /mm L /1+min™! F /mm surface of workpiece H, /mm
Selected value 0.3 25 100 5.0
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Fig. 1 Effects of laser welding linear heat input on the

weld penetration and the penetration/width ratio

of HE130
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Table 2 Jug of several titanium alloys

Materials Lasers Juve /] e mm™!
TCA HAAS-HL2006D Nd: YAG CW 88.5
Ti-55 HAAS-HIL.2006D Nd: YAG CW 104. 8

HEI130 HAAS-HL2006D Nd: YAG CW 80.6
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Table 3 Efficient linear heat input of laser welding for Ti-alloys with different thickness

Materials HE130 HE130 HE130 Ti-55 TC4
Sheet thickness /mm 0. 25 0. 35 0. 80 2.0 2.5
Je /) e mm ! 7.2 11.4 29.5 125.8 149. 6
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Fig. 2 Matching curve of laser power and welding speed
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Table 4 Laser welding process parameters for titanium alloys

Titanium alloys S /mm P/W v/m* min ! F /mm H, /mm
HEI130 0. 25 200 1.2 150 5
HE130 0. 35 330 1.2 150 5
HE130 0. 80 850 1.2 150 5
Ti-565 2.0 1400 1.2 150 5

TC4 2.5 1900 1.2 150 5
%5 0.25 mm E HE130 §& LR EEERESHLESNENXR

Table 5 Relationship between weld shaping and laser focus position in laser welding HE130 alloy
with the thickness of 0. 25 millimeters

Af/mm —0.5 —0.4 —0.3 —0.2 —0.1 0 0.1 0.2 0.3 0.1 0.5

hy, /mm  0.16 0.19 0. 20 0.23 0. 25 0. 25 0.25 0.25 0.25 0.22 0.18

he /mm .60 0.52 0. 45 0.43 0. 39 0. 36 0. 40 0.45 0.48 0.56 0. 62
y 0.267  0.365  0.445  0.535  0.641  0.695  0.625  0.556  0.521  0.393  0.290
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Table 6 Relationship between weld shaping and laser focus position in laser welding HE130 alloy

with the thickness of 0. 35 millimeters

Af/mm —0.6 —0.1 —0.2 0 0.1 0.2 0.3 0.1 0.5 0.6 0.8
hy /mm 0,19 0.24 0.31 0. 35 0. 35 0. 35 0.35 0.32 0. 28 0.25 0.22
he /mm 0. 69 0.63 0.52 0. 40 0.42 0.43 0.43 0.55 0.62 0. 68 0.75
v 0. 275 0. 381 0. 596 0. 875 0. 834 0. 814 0. 814 0. 582 0. 452 0. 368 0. 293
# 7 0.80 mm E HE130 § & HEREMNBERESHEESNENXR
Table 7 Relationship between weld shaping and laser focus position in laser welding HE130 alloy
with the thickness of 0. 80 millimeters
Af/mm —1.0 —0.6 —0.2 0 0.1 0.2 0.3 0.1 0.5 0.8 1.2
hy, /mm  0.46 0. 54 0. 65 0.72 0.75 0. 80 0. 80 0. 80 0.78 0.75 0.70
he /mm 0. 81 0.79 0. 63 0. 53 0.52 0.51 0.52 0. 53 0. 69 0.7 0. 86
v 0. 548 0. 684 1. 032 1. 359 1. 442 1.482 1.538 1. 509 1.131 1. 014 0. 814
#8 2.0 mm B Ti-55 § &M RENEERESHEERANENXR
Table 8 Relationship between weld shaping and laser focus position in laser welding Ti-55 alloy
with the thickness of 2. 0 millimeters
Af/mm —2.0 —1.0 —0.5 0 0.2 0.1 0.6 0.8 1.0 1.2 1.5
hy, /mm 1,36 1.54 1.62 1.75 1. 80 1. 98 2.0 2.0 2.0 1. 89 1.76
he /mm 1,16 0.98 0.78 0. 65 0. 66 0. 68 0. 68 0. 70 0.73 0. 80 0. 96
v 1.173 1.572 2,077 2,692 2,727 2,912 2. 941 2. 857 2,740 2,363 1. 833
£9 2.5mmE TG A HAEEMNEEREEHEESTENXR
Table 9 Relationship between weld shaping and laser focus position in laser welding TC4 alloy
with the thickness of 2. 5 millimeters
Af/mm  —3.0 —2.0 —1.0 0 0.2 0.4 0.6 0.8 1.0 1.2 1.5
hy, /mm  1.73 1.92 2.10 2.25 2. 38 2.16 2.5 2.5 2.5 2.5 2.45
hy /mm 1,30 1.18 0. 87 0.78 0.76 0.79 0. 80 0.79 0. 86 0. 94 1. 10
v 1.331 1.627 2.114 2. 885 3.132 3.114 3.125 3. 165 2. 907 2.660 2,227
10 AENEREGSHLEENREESMUE
Table 10 Optimal laser focus position of titanium alloys with different thickness
Titanium alloys HE130 HE130 HE130 Ti-55 TC4
Thickness §(h,) /mm 0.25 0. 35 0. 80 2.0 2.5
Af,, /mm 0. 06 0. 11 0.29 0. 65 0. 90
hy /mm 0. 38 0.42 0.52 0. 68 0.82
hy /mm 0.30 0.31 0.42 0. 51 0. 66
75 0.79 0. 81 0. 81 0. 80 0. 81
v 0. 658 0. 831 1.538 2.911 3. 019
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Fig. 3 Relationship between the optimal focus position

and thickness of titanium alloys
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