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Advanced technology of superplastic forming and
diffusion bonding with laser pre-welding core sheets

WANG Da-gang, CHEN Ming-he, WANG Ning, XIE Lan-sheng

(College of Mechanical and Electrical Engineering,

Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: In view of the traditional multilayer hollow structure superplastic forming and diffusion bonding (SPF/DB)
process which leads to a poor reliability of welding core interlayer, a new method based on laser pre-welding for core
layers was raised up for the aircraft rudder of four TC4 (Ti-6Al-4V) titanium alloy layers with composite hollow structure.
With the experimental study and corresponding finite element simulation analysis carried out, a forming method of the
four layers aircraft rudder body part was developed based on the new SPF/DB process of laser pre-welding core sheets.
The results show that: adopting the new SPF/DB technology under the conditions that at the temperature of 920 C,
vacuum degree of 5X 107 Pa, and the maximum pressure of 1.2 MPa, the rudder body part is qualified reaching a
welding rate above 95% and wall thickness distribution uniformity greater than 90%,and controlling the grain size growth
in 35%.
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Fig. 1 Original microstructure of TC4 titanium alloy
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Table 1 Chemical components of TC4 titanium alloy (mass

fraction, %)

Ti Al \% Fe C N H O

Bal. 5.5-6.5 3545 03 0.1 0.05 0.0015 0.2

F2 WML N TCA KA A ERE

Table 2 Mechanical properties of TC4 titanium alloy at room

temperature
Uo_z/MPa O'b/MPa E/GPa 0/%
942 962 112 12
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Fig. 2 Schematic illustration of SPF/DB process for rudder:

1—Cavity die; 2—Face sheet; 3—Core sheet; 4— Laser

welding position
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Fig. 3 Photo of core sheets after laser welding
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Fig. 4 Photo of face sheet after post forming
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Fig. 5 Relationship between gas pressure and time during
SPF/DB process
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Fig. 6 Cloud picture of thickness distribution
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Fig. 7 Photo of rudder after forming
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Fig. 8 Photo of partial cross sections of rudder
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Table 4 Thickness distribution of rudder shown in Fig. 8

Location No. Simulated Measured
thickness/mm thickness/mm
1 0.46 0.46
2 0.52 0.46
3 0.45 0.43
4 0.82 0.90
> 0.4 0.4
6 0.50 0.48
7 0.42 0.44
8 0.76 0.78
? 041 0.42
10 0.49 0.47
1 0.50 0.46
12 0.45 0.47
13 0.42 0.49
14 0.39 0.47
15 0.72 0.71
16 0.42 0.50
17 0.42 0.46
18 0.43 0.47
19 0.80 0.84
20 0.49 0.53
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Fig. 9 Microstructure at junction of vertical rib and face sheet



1540 A G

2013 4F 6 H

Bl 10§ HOEs AL RO L

Fig. 10 Microstructures of each part of diffusion bonding shown in Fig. 9: (a) Zone a; (b) Zone b; (c) Zone c; (d) Zone d
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