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Deformation Control of Laser Forming Connection of Thin-walled Structure Based on
Temperature Difference Tensile Method
XUAN Minghao, WU Bin, WANG Fuyu, XIE Fan
(Aviation Industry Shenyang Aircraft Design and Research Institute, Shenyang 110035)
Abstract: Large scale integration is an important technological direction for achieving lightweight and efficient indica-
tors of modern aircraft. The use of additive manufacturing and laser forming connection technology is a key technical
means to achieve the integration of aircraft structure, and shape control is the core problem that should be solved during
the laser forming connection process. In view of deformation control problem in aircraft thin-walled structures during
laser forming connection process, deformation control technology of laser forming connection for TA15 thin-walled
structure was investigated, and simulation calculations and experimental verification were carried out based on tempera-
ture difference tensile method. The results indicate that the static temperature difference tensile method can effectively
suppress the deformation of thin-walled structure connection compared with the conventional connection mode. The
deformation amount of thin plate with 4 mm and typical thin-walled part is reduced by 49.6% and 24.4% , respec-
tively, and the connection deformation amount is decreased with the increase of preheating temperature of base
material.
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Fig.1 Connection specimen by simulation
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Fig.2 Simulation model by static temperature difference tensile
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Fig.3 Simulation results of molten pool temperature under both

connection modes at the same moment

AF I & /mm
247
222
1.98
1.74
1.50
' 1.20
1.02 2.465 13 mm
0.78
0.54
0.30
0 (a) WS

AT B /mm

1.28
1.10

0.68
. 0.55

0.43

0.31
I 0.07 1.281 59 mm s
(b) B AN IR 2SR e

B4 WA ERBEXEMH RV EET Y EIHALER
Fig.4 Simulation results of deformation amounts of additive

forming connection by both connection modes
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Fig.5 Numerical model and dimension of thin-walled typical

component
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Fig.6 Images of cooling fixture and typical component by tem-

perature difference tensile method
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Fig.7 Data processing of typical component after connection
34 REHERSH

3 2H 3 A T S 45 W ARORE £ 3D LB IR 45
W 8, e KAZIE 5 WA 1, Hovb i ML B2 4, 1 3 25

i 2 07 A0 T 2 AP R A I 22 A 0 B R A I B

54 6.89,4.40 Fl 3.47 mm. X 56 UE B , P Fh iR 22 B A
T 34T LA i RE S5 48 SO BUE 1% H2 A8 T R 2 A 250
ER B IR 22 Rk RO T o B 3, BB s/ T
49.6% , AR TRyl /N ER BE S 0 FLAE R T ar i o AT L GE i
T 22 P AT DA AR B4 2 XU BE R] R B TR A R
NI 3 /) 32 B X RE A 22 T 0 T 3 0 B U5 T 3
T R OB A B ARk v IR A A AL IR B R T A 0 B A
71, VSN AR IE .
3D G T
@Eg:o%oo
Y 0.0000

7 68925
% 6.8925

3DLE# 1
i 22 2% e

X 0.0000

Y 0.0000

Z 44009

i % 4.400 9

10 mm

2% 3.466 2

(©) BB N 1
B8 3MEBEMXTHERFHERSEEBLER

Fig.8 Deformation results of thin plate specimens after connec-

tion under different connection modes
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Tab.l Maximum deformation amounts and inhibiting effects

of thin plate specimens under different connection modes
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Fig.9 Typical thin-walled parts under different connection modes
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Fig.10 Deformation results of typical components under different

connection modes
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Tab.2 Maximum deformation and inhibiting effects of thin-

walled typical components under different connection modes
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Fig.11 Specimens under different base metal preheating

temperatures
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Fig.12 Deformation detection results under different base metal

preheating temperatures
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Tab.3 Maximum deformation results of laser deposition connec-
tion at room temperature and base material preheating tempera-
tures of 200, 300 and 400 ‘C
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