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Application of All Friction Stir Welding Technology on the Launch Vehicle Tank
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(2 China Academy of Launch Vehicle Technology Beijing 100076)

Abstract Friction stir welding technology has become the manufacturing trend of launch vehicle aluminum tank
due to the characteristics of less weld defects small welding deformation high joint performance and so on. This pa—
per analyzes the rocket tank structure composition and the main weld structure characteristics and systematically stud—
ied all the key technologies used to realize the all{riction-stir-welded tank manufacturing including conventional fric—
tion stir welding technology phased array ultrasonic inspection technology and repair welding technology. The results
of this paper has been gradually applied to the longitudinal weld the main weld of the dome and the circumferential
weld of the launch vehicle tank.
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Fig. 1 Application of friction stir welding technology in the American aerospace products
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Fig.2 Schematic diagram for the structure and main seam of the launch vehicle tank
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Fig.3 Schematic diagram for the FSW process with the tilt angle
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Fig.5 The three kinds of pins in engineering application of FSW
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Fig.6 The second generation pin tool

(2)
” ( 6) Oo
( 3) “ +
” ( 7)
. 0°
0.5° ~1°
7 “ + ”»
Fig.7 The third generation pin tool
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Tab.1 Mechanical properties of the joint with the
different friction stir tools
/(°) /MPa 1%
2.5 325 ~335 5.5~7.0
0 320 ~335 4.5~8.5
1 320 ~340 4.5~8.0
2
70% 3.5% o
2.1.3

Fig.8 Two representative control modes in the

application of friction stir welding
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Fig.9 Retractable pin tool for the circumferential welds
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Fig. 10 Principle for the retractable friction stir welding Fig. 11  Retractable track of pin

(a) (b) 25% () 50%
http: //www. yhclgy. com 2016 6 — 15 —

?1994-2017 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



|
o
W

&
(=]

JREEIE YR i
&

-6.0

13

Fig. 12 Sectional morphologies of weld seam for simulation of retractable FSW technology
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Fig. 13 Relation of weld depth and sampling location
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Fig. 14  Schematic of retractable track
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Fig. 15 Effect of retracting speed for mechanical properties
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Fig. 16  Elimination of keyhole
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Fig. 17  Comparison of the NDT results of the kiss bonding and lack of penetration
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Fig. 18 The NDT results of the wormhole defect
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Tab.2 Repair welding schemes for the different (
defects of the tank welds 19) . 4
N FSW . FSW “ + FSW »
+FSW “ + FSW »”
6
3

Tab.3 Effect of welding times on the mechanical

6 mm 2219 properties of the joint

1 ~3 3. / /MPa 1%
0 340 6.0
s 1 343.3 5.67
2 341.7 6.33
3 338.3 7.0

19 +
Fig. 19 Repairing technology for the solid-state filling or fusion filling + FSW
4
Tab.4 Tensile strength of the repair weld for
the key-hole defect ( 0.7
/MPa 1% 3.5%) .
330 ~345 5.0~7.0
+ FSW 335 ~345 5.0~8.0 o
+ FSW 280 ~295 5.0~6.5 3
N o 6 mm 2219
250 ~ 265 MPa N
3.5% - 4 ~8 mm 2219 °
( 20). 3.1
CZ -3A
. 2008
CZ -3C
2009 4 15
20 \CZ -5,
Fig.20  Morphology for the FPW sample
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Fig.21  Application of FSW in the longitudinal weld of the tank barrel
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Fig.22  Application of FSW in the main welds of the @3 350 mm dome
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Fig.23  The first all 4'SWed tank with the vertical assembly mode
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Fig.24 The FSWed tank with the diameter of @3 350 mm produced by the horizontal assembly
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