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Electron Beam Welding Application on Titanium Alloy Bulkhead Frame

Li Xiaolong, Pan Jiandong., Qiao Zhongsheng, Zhang Hai
(Structure Department, Chengdu Aircraft Design and Research Institute, Chengdu 610091, China)

Abstract: The titanium alloy bulkhead frame is one kind of the important components in the aircraft structure. It
could be fabricated by using the new method of electron beam welding(EBW) for parts assembly. An introduc-
tion is taken on the disadvantages of mechanical joints and submerged arc welding for titanium bulkhead frame
parts assembly, and the advantage of EBW is distinct compared to the other two methods above. The building
block approach is adopted in the research of series tests. Firstly, based on the welding specimen tension tests,
the heat treat procedure of TC4-DT after welding is obtained according to specific parameter comparison. Sec-
ondly, the data base is built by doing series of experiments of standard specimen in tension, also for fracture
toughness and crack growth rate. Finally, the EBW of TC4-DT titanium alloy bulkhead frame is successfully
applied on the specific aircraft after doing short beam experiments and component experiments. Results show
that good mechanical properties of the welding joints is verified, and the weight reduction is distinct compared to
the mechanical joints.
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Fig. 1 Typical welding joint of EBW
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Table 1 Chemical compositions of TC4 and TC4-DT alloy
& WAy PR L %

M 5
Al Y Fe C N H 6] Ti
TC4 5.50~6. 80 3.5~4.5 <0. 300 0 <0.100 0 <0.050 0 <0.015 0 <0. 200 0 Ha
TC4-DT 5.60~6.35 3.6~4.4 <0. 250 0 <C0.050 0 <0.030 0 <0.012 5 <0.150 0 HAe

3 B A 2 R UE 0 568 AE 4 R PR 6 BE R —
i e 7 A 2 % (R B 5 s AR R DI A G o
Lo TREREG SBOE G A L A R AR

Wy Bt 4l m it or . 1 P RGP Y RAL
TC4 BRE BAE 205 A & VBB 7 205 45 1 B ik
e, niE 2 R,
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Fig. 2 Parts assembly of titanium alloy bulkhead frame
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Fig. 3 Numerical modeling of the TC4-DT
blukhead frame(partial)
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Table 2 Dimension of the bulkhead forging parts

HE 43 Bt KRR R SF
C 1520 mm X1 000 mm 70 mm
X 1520 mm X1 300 mm X 70 mm
C 1520 mmX 1 000 mm X 70 mm
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Fig.4 EBW specimen in tension
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Table 3 Experiments of hot treatment (K, =1,room temperature)
JEw g Y Pk B R../MPa Rpo.2/MPa A/% Z/'% &%

1 550 °C /4 h, 4" 826.0 769.0 9.7 34. 2 JE4E T HRIURE 4P 4
2 600 °C/2 h, ¥ 820. 0 725.0 9.4 27.2 JRaE T IR T
3 600 °C/4 h e 836.0 760.0 7.6 24. 8 SR AE T AREURE , 41 P {E
4 650 °C/2 ho ¥ 860. 0 803. 0 8.9 23.8 T AE T R EURE , 417 (8
5 650 °C/4 h, ¥ 887.0 797.0 9.4 30. 7 JRaE T HRIURE 41T S
6 680 °C/4 h, ¥ 813.0 710.0 9.3 30. 4 JR4E T HRIURE 4T 4
7 730 °C /3.5 h, ¥ 871.7 816.7 11.8 45.2 TR0k T R EURE L 4135 (8

TE R UL 5 Rpo, o N IR R JE 5 A S E A1 35 7 S ¢

3.2 EBW REBEELHZHEILEHR

DA 3.1 0 PR Ak B 2 O A T R R
PLARGR E | Wy 20 B R ALY R R RS, ik
da/dN BN R, J2& 52 BLHLAR 2548 K 77 i F g
AT AE PR L BEARET L TEAH TR B 42U R N

B A PE TR  TCA-DT s 2 25 00 3 1 W
5T TCH Bk A &7 L A SCTAT I A R
U TCA-DT 4 i B 5 0 4 S i
R AP 5 % . I 5 i 4% 1 5406
BB Sk IR 0 5 S 4 4



ot 10 %

164
(a) $rfiid A
Hfi: mm
xs 'Y
2= s]e)
we Qo 8 e
N 2-groite Ova/
"""" o= (e sT] S
3> _______ (O 3
pessses P r—————xin,
_______ e I -
=] [ o W3
o — : A
B E
14 37
40 +0. 40 4< % 4015 g -
100 _0.8 E [0. 18]
|| B

(b) W7 2440 B2 1R

A7 mm
nEy
2- @12.5 3" 08 o4
L[o.1]a] \ 08/ Lo t[Ae Lt
®E
2| & @)
EETe] e 1 2
Y [L]o. 1]A]8] ‘ =| 8
o [ B p—
Slw 1 5‘_1
LS |.] -
~ o+ ]
i =
- e
A A 10 +0 1
W A, o I
62 5 10 5

(o) REPYJEHHE

K5 JyeetERenlee

Fig. 5 Specimens of mechanical properties
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Table 4 Experiments of tension and fracture toughness

Wr5E I A FHE B U Al PRI S5 4 ®

S 3 S BRI B9 1 Ru:Rpo 2 » SRS R BE I 5 T RE A AR 4 S fif 32
JREE b TR RORE TR 24 1 AZ Y THEM I 60% , A S B Y
SR B /AR AT B 4

b 201 7 . L ). b 220 %)

W7 43 2 BLgE [t FHORE Py Kic PR K TR 2L AR T BE A

Y ARG O ANE 6 s, SR8 b
R

1
© 0505E-0911SHEU 2 BEM
0.1 | * 0505E-09115HEIK (XA J2) K26 12
0505E-09 115HIL IR O )1 J2) 148 T L
20.01_ 0505E-09 115HE I (-1 J22) 54 2 j rrrrr E
é - " FRUECTIRE
= 10° : 2
= -
= 5
= 107 B
\'9 P
10° FRHECTIARE
R=0.1
107
10 100

Ny 3B R FYE ] (A K) / (MPa » m'™)
Bl 6 TCA-DT k& & Bhb 5 F AR 45
P bR CT IRAE R Gy R
Fig. 6 Fatigue crack propagation rate for TC4-DT
alloy and TC4-DT EBW joints
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Fig. 7 Short EBW beam of TC4-DT and stress analysis

<

OO

8
o

Ca) BUHE G 9 48 32 58 1

%3 /MPa
900
l 810
720
630
540
450
360
270
180
I 90.1
0.16

(b R Jy 73 M

8 A BRI B Bhn 20 g 43 Hr
Fig. 8 Modified short EBW beam of
TC4-DT and stress analysis
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Fig. 9 Dimension of EBW short beams

Table 5 Dimension of EBW short beams as shown in Fig. 9

KJE A/mm K B/mm
60 60
52 60
30 60
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AT A RO B B AR

#6 EREARXE

Table 6 Short beam group tests

WA WS A/ mm B ERE/ M EBW RIRE/ 1

30 3 3
i @] 52 3 3
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Fig. 10 Ultimate strength of short beams
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Fig. 11 EBW short beam fatigue experiments with
flange width of 52 mm
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Table 7 Experiments of short beams with flange width of 52 mm

N ) IR omax/ MPa (e S| FENLE TR W 95 A /IR B 5T /IR BREEMD/%
1-1 57 613
1-2 145 865
1-3 138 671
650 Ry 98 169 95
14 78 941
1-5 100 729
1-6 97 147
3-3A 138 964
3-4A 85 098
3-5A 55 757 82 843 95
650 EBW
3-6A 98 738
3-7A 113 010
3-8A 43 937
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