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Fig.1  Laser solid forming TC4 alloy sample for residual stress 

testing
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Table 1  The parameters of laser rapid forming

Laser power/
W

Scanning speed/
mm·s-1 

Powder feeding rate/
g·min-1 

Flux of shielding gas/
L·min-1 

Laser spot diameters/
mm

Increment of Z/
mm

2100 5 3.005 7.5 3 0.3
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Fig.2  Schematic diagram of residual stress measurement of plate 

sample: (a) distribution of test points and (b)distribution 

of resistance strain gauge
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Table 2  The residual stress date of three conditions
As-deposited LSF+annealing LSF+solution aging

Test point 
number Y/MPa Z/MPa Test point number Y/MPa Z/MPa Test point number Y/MPa Z/MPa

1-1 –58.24 11.62 2-1 6.81 32.59 3-1 –27.77 21.21
1-2 –87.75 –82.34 2-2 –41.24 0.52 3-2 –55.57 –15.36
1-3 –114.88 –69.00 2-3 –49.01 –2.87 3-3 –20.61 14.70
1-4 –65.67 –30.87 2-4 –32.67 5.74 3-4 –7.86 15.08
1-5 42.16 83.93 2-5 19.36 73.24 3-5 90.09 33.38
1-6 32.32 12.99 2-6 –77.12 –44.38 3-6 –25.09 23.12
1-7 43.27 0.73 2-7 –14.89 –26.49 3-7 –68.28 –45.33
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Fig.3  The residual stress along laser scanning direction: (a) Y

and (b) Z

–30  –20  –10    0    10   20   30

Distance from Center of the Sample/mm

–100

–60

–20

20

60

100

R
es

id
ua

l S
tre

ss
 o

f Z
 D

ire
ct

io
n/

M
Pa LSF

LSF+annealing
LSF+solution aging

a

–30  –20  –10    0    10   20   30

Distance from Center of the Sample/mm

b
–100

–60

–20

20

60

100R
es

id
ua

l S
tre

ss
 o

f Z
 D

ire
ct

io
n/

M
Pa LSF

LSF+annealing
LSF+solution aging



� 5� %&'�6RSTEFGHIJK TC4WXYZV¯° ±777±

�����
�Ü	Û�ù�*#�ÉºA´�	/

. 3 ÙE¯m	M�ó·Ó��!18^nBCXY
¼9èÇ
��²���¾:«(J��È��
Î

Ô	Ú�	������Õ0 YnBCXY¼9
%

&4	{k���ó�Õ0 ZnBCXY¼9
%&

4A 
Õ 3JTi-6Al-4VÖ8��Ú"#J
È×�G[16]

A

Ùd	y¬"#
ØF	RV
ÙÈÚ#SÛÜÚ#

ºÝÊ°AM�ó)*^	����F
�¼Þß�

��Ä�(1	y¬="�t
àá	Þ��ÏÂ


���â	z5��úûPù�����
�
A

 9"":;<=1 Ti-6Al-4V>�4?@AB[16]

Table 3  The tensile properties of Ti-6Al-4V alloy at different 

temperatures

Temperature/º b/MPa 0.2/MPa /% /%

20(HB 5432-1989) 895 825 10.0 30.0

400 645 508 17.3 60.1

500 583 401 26.5 78.1

600 413 212 47.9 93.8

700 245 89 118.0 99.0
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Fig.4  The residual stress normal to laser scanning direction: (a) as-deposited, (b) annealing treatment, and (c) solution aging treatment
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Influence of Heat Treatment on Residual Stress of Ti-6Al-4V Alloy
by Laser Solid Forming

Zhang Shuangyin, Lin Xin, Chen Jing, Huang Weidong 
(State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: The residual stress of Ti-6Al-4V alloys by laser solid forming was measured adopting the standard strain gauge technique 

involving hole drilling method. Sample treatments were divided into three conditions, that is as deposited, annealing and solution aging 

treatment. The results indicate that the residual stress exhibits the similar distribution along the laser scanning direction ( Y) and normal to 

the scanning direction ( Z). At the location of laser starting scanning, the stress is lower. The largest stress is the compressive stress at the 

center position and transformed to the highest tensile stress at the location of ending of laser scanning. It can also be found that the 

residual stress exhibits bigger compressive stress near the substrate, and with increasing of the cladding layer, it develops to lower tensile 

stress at the top of sample. After annealing treatment, the stress decreases averagely Y for 59.8% and Z for 72.3%, respectively. After 

treating by solution aging, the stress decreases averagely Y for 64.7% and Z for 67.8%, respectively. Heat treatment was found to relieve 

and adjust the residual stresses of laser solid forming Ti-6Al-4V alloy effectively.

Key words: laser solid forming; Ti-6Al-4V; heat-treatment; residual stress
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