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Research on Hybrid Manufacturing Technology of TC4 Titanium
Alloy Connecting Box for Aircraft

WANG Rui' ,FENG Jun',LI Hui', YANG Jian' ,MA Jiankai’
(1. First Aircraft Institute of AVIC, Xi’ an 710089, China;2. State Key Laboratory of Solidification Processing, Northwestern
Polytechnical University,Xi’ an 710072, China)

Abstract ; Taking TC4 titanium alloy connecting box as the object,the hybrid manufacturing technology of TC4 forging and laser
three- dimensional forming was studied. By studying the influence of laser processing parameters and substrate preheating
temperature on the hybrid manufacturing process of forging and laser three - dimensional forming, the optimal processing
parameters of material additive manufacturing were determined. According to the design model, the TC4 titanium alloy
connecting box was fabricated on the forging matrix by the optimal manufacturing process. The dimensions and internal defects
of the parts were tested nondestructive, and the mechanical properties were evaluated. The load bearing test of TC4 titanium
alloy connecting box was carried out. The results show that when the laser power is 1 500 W, the scanning speed is 15 mm/s,

and the preheating temperature of the matrix is 400 °C ,the TC4 titanium alloy connecting box part manufactured by additive
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meets the manufacturing requirements ,and passes the 100% bearing test.
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Tab. 1 Hybrid manufacturing process parameters

5 o E A I E R /mm - s YBE B2/ mm #EHByH/g + min”!
1 1 500 15 4.5 12
2 2 500 15 4.5 12
3 2 500 10 4.5 12
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Fig. I Additively manufactured samples
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Fig. 2 Macroscopic microstructure morphology of the bonding zone
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Fig. 3 Microstructure morphology of heat affected zone
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Fig. 4 Sampling location of tensile specimen and its dimension Fig. 5 Stress strain curves of different specimens
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Tab. 2 Mechanical properties of samples with different process parameters

i e BRHTIL 58 B/ MPa Jifl i 5% £/ MPa (%)
1 953.80 0.4 859.74 £3.2 12.50 £0.24
2 915.00 +8. 1 824.23 +7.8 14.13 £0.45

3 916.86 +10.5 814.60 +5.5 15.28 £2.25
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Tab. 3 Test process parameters of different substrate preheating temperature

KFEG TR BEE/C Ih#E/W A EEE/mm - s B H 2/ mm E¥FE/g - min~!
4 A BAR 1250 10 2 12
5 200 1 250 10 2 12
6 400 1 250 10 2 12

P 6 2 B AR A [ AR FE 1 TC4 & & 5 A
T KRR AR I DX RO 2UE 35 I, AT o il LA
H, NZE A, S5 o ARBCRTERUD, A o Y%K
BNZ,

1% Hy TC4

A A Al A [ ARG B

B 2= PRI B 45 R 3k 4, NSRrP  H BEE JE K

TARIRLE (TG, 456 DR S 2R B R M. Y
R JE AR TTER 200 °C i BAT B4F B0 K 3R 5 B
fﬁﬁ&‘lﬁ-‘x‘fﬂ’]ﬂ?} P BIR T 1z 56 2 0 i G 52 BE 42 8
IR TR B 400 C i, 454 XS B9 P4 58
JE R 968 MPa F18.7% .

(a)ik ¥4 (b)ik £S5 (c)ik 6
[ 6 FEARAS ] PG E R RO S AR

Fig. 6 The microstructure morphology of the substrate at different preheating temperatures
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Tab. 4 Mechanical properties of samples at different preheating temperatures

R A e PRI 5/ MPa JiE R 54 B/ MPa R FE(%)
A FiAA 948 + 14 875 +21 9.0+1.0
200 C 963 +12 896 +20 11.5+1.3
400 C 968 + 16 924 + 14 8.7x1.1
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Fig. 7 Schematic structure of hybrid manufactured connection box
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Fig. 10 Special contrast test block for ultrasonic testing Fig. 12 Process flow chart
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Tab. 5 Load condition
A TS F_/N F /N F /N M_/N + mm M_/N + mm M /N - mm

T 7?()1’,4 7T()l§4 o —8.(715377 o 0 - 7_()‘7 0 -

2 2.0KE4 4.5k4 -1.2F4 0 0 0

3 1.0ES 1.0ES 0 0 0 0
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Fig. 13 Test piece support and loading site
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