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Abstract

In recent years, friction stir welding (FSW welding) is used in China's rocket fuel
tanks. At present, the use of chucking in the welding process of rocket fuel tank lack
of standardization, resulting in the record of tank’s circular degree and accuracy up
and down, even some surfaces emerge micro sunken. To design a suit of special
combination fixture for rocket fuel tank in the friction stir welding process is
extremely urgent.

Rocket fuel tank is mainly composed of three parts, can be divided into two main
parts, which are thin-wall cylinder and both ends of the hemispherical work piece.
Generally, the hemispherical work piece is welded by six scalloped segment metal
plates at first, then weld with end cover. It requires a complete set of welding fixture.
Due to the limitation of the FSW welding machine’s rotating, after welding the
longitudinal seam between two scalloped segment plates, the work piece and fixture
need to rotate 60 degrees to continue longitudinal seam welding. It needs designing a
specific configuration rotary working-table to drive the fixture and work piece rotate
together. When designing the thin-wall cylinder’s fixture, there is no need to design a
new working-table because of the standard machine.

The design process: Analyze the locating surface and clamping surface of fixture’s
need on the basis of FSW'’s operational principle and work piece’s structure; Draw the
initial 3D model in Pro/E, design outline dimensions; Optimize the whole size and
shape of fixture, considering the practicability and modify; Figure out volume and
gravity on the basis of the hemispherical work piece fixture’s size, design the
corresponding rotary working-table on the basis of other date; Force analysis and
check; Assemble parts in Pro/E; To draw 2D diagram in AutoCAD according to the

3D part model and assembly model; Show the assemble in Pro/E.

Keywords: rocket fuel tank; fixture; rotary working-table; design; cylinder; the

hemispherical
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1

4) W 10-6 EEMRHFR MR R 5L Z, =189. 8 Mpa?;
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FER 5 — i S [ R, U8 S h>0. 07d, HX h=4mm, J%#HERALE A2 58mm,
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KEFERE (D
T1=9550 X p1/n1=9550 X 0. 855/1860=4. 39 N.m
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56 T=12.65 N.m

(d)

3-3 /MERHRZE

Ft:%:264N

2

tan o,
cosp

F=F = 96N

r

F,=F tan f=0N

31




KEHRRIEFE FSW IR A 5 Sk B it

&/ To.015]
A0, 0083
|4 [o. 015
0.8
0.8 :U 0.8
0.8 ar '
-t RS
— - e Tl () o
20 J
' 8
o=
[
=
30 40 28 6 18 | 20
B 3-4 KiskeHh R~

FECPATIH S R R (a)

SRR

I-T #0H S

2-2 A AR

FHB=Ftx41/96=113 N
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il 5 e o 4B T PR RS

I-1 #
(M12+T2)
o, =——=4.42Mpa
w
2-2 FH
(|v| 22+T2)

=1.17Mpa

(51:

w
B [0, ]=60mpa, BB+ AIGE L E .
R B~ 18 3-5,

33



KEHRRIEFE FSW IR A 5 Sk B it

a0 41 Do
Ft l
(a)
F
= 2640 N. mm
m
(b)
M 678b N.
(e)
T 12650 N. mm
(d) ]

3-5 RiGEimReiz &
3.8 METIEAREHE

R W T 3-6, 3-7,

[T

& 3-6 [EI% TIF &R B LA

34



WAL TORSEAR LB RS0

3-7 B T AR &% B R

35




KEHRRIEFE FSW IR A 5 Sk B it

248 MRERRRI

4.1 M I I E5Sh

(D L. Ak SERmEs &
(2) JEHR: FAEAE 0.02 mn
(3) FHEALE: A b5 BRI B i B, JHERE £ 1 5 e Bk 4 7 4l
(4) AT EM IR : RIS, MBI R, Ak,
RN BT E AR ©2250° mm, HLRESE Ra=3.2um
RN RIS R B AR ©2230,, mm, FLEEE Ra=3.20m
(5) AHEAZE . WEERMR L BRI F 5

4.2 REKNEHFR

(1) WhE AL TR

F T A R0 BE AR R, 2B R Bk Sk il 1) i ) A AE , FENR SR AL 1Y
ARSI AR OBl g SR, AR e i I L 5 A ity I LA R VHERE FR A4 TE x
BT FRORLE, DRI SCEERR AN Ol e H AL FATE Y B B m g, DL A
19 ity & L T8 A FE AR IR Z AR o
(2) Hi5E I BN

R AT Z AR PR ] €, TSR B2 A ) A R 5 R L
o FRBREE AT R S IR, SRR R 1k [R5 TAE & W 2 T AR I 77 AR
RS IR i HLAR 0 T AR T
(3) FEMLIH I TSR 0

SENLRZETE S BN T 50, T A BRI I T 5 AR 45 A . f 4k
SRR RAT [R5 SR R VP22 0. 05 mm); Xt JHEBE fE 42 (4 [ A P S R
PO A, i

D) #fiE 2 IR 58 %

BUE 2 DR I J5 TR a0 1] 4-1 B

2R AN ER EAR 2230 mm, [HAEEEY 0. 025, ERGE|AZEELR N 6 4,

36



WAL TORSEAR LB RS0

FHRERE Ra 9 3.2 wmo e (ZREIE ol = BROK/NIRAR TR 1 728, BB AR BE 120°
TR — NI ST . PR ERTE D EAR 600 mm (3 RFEDUER, %

Foo7 AONIRET 3+, RS N ITRE AL S R4T .

50

L MII _ L] = H@'L‘v/

0. 025

22302,

HAER
1. ¥# 43,
L&EEESEERR
3 FEEEAc,
4 EEBEEA.

ﬁﬁ%ﬁ%ﬁ%ﬁ%ﬁﬁwlm

g 1 A3%|

B 5 = [FAE FIEHELE
L M WIEIKY

EEE 20135

Bl 4-1 FEEERAR AR R AC A
2) WE e B o 72
S FLA v ) —HE B0 R 1B 4-2 B

37




KEHRRIEFE FSW IR A 5 Sk B it

1726

=
=
(]
—_

1. ## 45,
1 EFEEAEERR
3o EERAC

e v

b3

LEEER.
2330
mikamw ol
| mmsn | o = |BE F 195117
press e s
=

Bl 4-2 FEERAR AL IR

SJ& 5L A i 368 3 T 5 Aok PR 1 5 R PO I R P . A i e TRD T ) ) ORI ELAR
2250 mm, BRGB|AZELN 6 K, MK Ra N 3. 2um. AuHOfL5 EiA

4, [ FRYF2E 0.05 mm, ERMRIANESINS %K.
3) Wk A S N E
S FLA v ) —ZE B 1B 4-3 B

38



WAL TORSEAR LB RS0

@2000
@ 1800

N\
2375

100

1726

200

1376

675
iz}

o s d
1 #das:
2 FiEFEHHEERR,
3. Ad R A2
4L EBREFR.

ok o B e [EEARI 1:30
CEES VT N e e .

ﬁmjgm g = |BE FLIEFE LI
B mEE | 20153 - =
| TECTHETTEN —

B 4-3 ARG R TR

i A e H AT S e S PAARAR 5 T 5 7 e 5P BRI AR . SRR N R BE ARy
1800 mm, 5-ERIAA] REA R IRZ, FRVFIRZEN 0.005 mm, BERMGF|IAZE
HHN 5 G, HKERLN 1.6 um.

4) e SRR S A%

H T T BE f] 4 15 P BRI AE ARSI 75 B Se e 5, P DURER it e 145
18, TAFERC SN T ahFe 1523l al DUl DR . /Mg EAZN 150 mm, 4k
FEERAHAE LA 3. 2 um,

RN AL NS, PRSI BRAT I R 5 R AR e AR — .

NEE, JRJBE, RRZEH HEREIANR .

39



KEHRRIEFE FSW IR A 5 Sk B it

gs o

Hof W
1. dS:
2. kRS B R,
3. R EE .

me o

L. FE

HRER

&3

2. R EEE SRR,
3. EEE .

4R EE . 4 @R EE.
¥ s mpRER  ELRe
plsl =g |5 = = FITHELIFE pag |5 5 HE F18FRIF
pal sen [wvi] WIETAY SEes miy) MIELAY
B 4-4 PR ERER
12.5
HE
)
=
2
1 =
ol =
=)
HRER
L ES.
LREFEEEEEEHR:
3. REEE A,
sERZE.
= o EefAl| 1:20
I R | 1 L4
E@ Ezm |0 o [BE ElTRIE
EE| EHE | 2013.5 e -
LB ITBTAZF

B 4-5 kAR

40




WAL TORSEAR LB RS0

4.3 FiERERREE

RO W T 4-6, 4-7, 4-8,4-9,

$200

I- #%ﬁl/ f
1/ 2 3/ t/ 5] 6/

Bl 4-6 fa e B AT B AL A
7

@700

RERRE

- 4500 -
Bl 4-7 fa ke BRI R R AL I

41



KEHRRIEFE FSW IR A 5 Sk B it

2330

4-8 kI BT R AL

Fg| & XM REE E
7 BRET RE: 1 4
6 S B A 45 1
5 PREZJHEMK| 45 1
4 | REJKE 45 2
3 NES przp S 4
2 [+ 4H 45 4
1 | kAL 45 1

B 4-9 fa Ak BN B B4R

42



WL TORE AR T (G830

% 5% AutoCAD 5 Pro/E Bii-Eifr

5.1 FHENT

AutoCAD #2325 [H Autodesk A7 B X T 1982 4E I & (¥ A shit LM UAH B it 3
i, AT 24z &L PRI BT ORI ANEE AR =48 Wit . DWG Sk S FH #xe )
Z IR R —, W LU AT N R BB T R B R R R
o AEBISCREER BT . TE G LR R M4 B = 4T ENThae, Befsik it
SN . A B AutoCAD Hhom R B SRS 4 ) T B, CTH AT EUBIE 0 5 M 2]
SERRIRERE . A sk B RN w4 T vT DU R PR A b B AT S, O
IARITH 56 GE B . AutoCAD B RAFIHH P 5tiH, i 52 B B el an 247 77 0
{E ] LABEAT S P/ . AutoCAD HAT VZ (iGN, & nl AE S P AE R FF
FI T F SRR CAE S FIigqT,

Pro/Engineer ¥EAEE M 2L ESHH AR AR (PTC) jift T 1) CAD/CAM/CAE —
A =4 . S EUGERR, —RSENER N REF N HZE, £ H =4k
U A 5 A A, R INA E UL CAD/CAM/CAE B2 —, Rl 1
[ Py 7 it BT SR L 4 A

5.2 Z4HiRR!

b b B = 4ERRAR B R

43



KEHREIEAE FSW A5 H 21 5 e Bk it

& 5-1 PEREAIE 3D B

&l 5-2 fafkJe R 3D &

44



WL TORE AR T (G830

EL6oE B&

ARSCAEAF AL SR ST T H AT A A7 BR T A e B R e B Sk L
SN T KR AR AE SR BE R R B A rh B2 Y 38 10 e BAR Y, et 1 A
RS B8R Y S L A7 5K (R AT AT 1 o 285 R8BI S B 1 ke FR B R h 5 B
ORI EEE), FrlAiit 17— Bl TR G SRk R EC SR 2R A 5 il
B (A LR 12 s K T ORI R IS P e AR L o et LA LI S AR AT 11
R I B A2 L8 S AR S5, FEARE I BE AR IR R PR BT — NS R 32 7045
W AR AR AR 1) i 7 BRI ¥ B b v e At 5 K i, SRt
[ e 22 A 2H 2R ] 5

45



KEHRRIEFE FSW IR A 5 Sk B it

SE MK

(L E . bk AR B RHEB/OL]. http://baike. baidu. com/view/2772670. htm
2013-04-26/2013-4-20

[2] F k. iR B AR AR R AL [D]. 3. 2011

[3] sxiaodongl974. ] JKE Lo AR H BT [D]. HEESCHE. 2012

[ATPERRAT IR KA. s 1) il i P BE SR HI R R TP AR LA 201020248278, 8,
2010-07-06

(5] PaAE Tk K22 WU R B0 S WU 2 0 2= WL M), 55 )\ S5 80 i

. 2010. 186~272, 360~ 383

[6JfaTeesf, ERmT o, HLms] B IMD. 58 TR, &5 A AR AL, 2009. 213~242

[719ME, BRIERE, B S0A. MU SR IM] . 35BS %5#0E HARAL. 2010. 174~201

(8] A Eh. BRAT I v 148 0 N L5 ZE R R v [T _Lifg Al 1 4% A B A ) L Sl
HLJ . 2010. Vol31 No. 4

(9] J3is=, BRNE. JET A% 5 350 23 O30 Pk BRI B BB S S s Sk 2 i (). 2B 1T
4R, 20124

(101 5KHE, SRy, BEE AR EE PR L 1052 40 BT (7). 483 %R 2006, 28 (6) : 857786
[11] ZEA42 5 HUAR IR B TS 08 (M. Ak 2 Tl Wittt 2009-8

[12] W. M. Thomas, E. D. Nicholas. Friction stir welding for the transportation
industries[J]. TWI. 1997-6

[13] K. Kumar, Satish V. Kailas. The role of friction stir welding tool on material flow
and weld formation[J].www. elsevier. com. 2007-8

[14] REZ. BRI SR E SLENUR I B BT v i R [T, HUBCCR2IT 2007 4258 2 3]

[15] VEZ5. MEER ACFEHIZEME IR T]. T GAINIL) . 2004-9

[16] BETS, AT, Bk TIE G HE IR ()], # TLEAR AR, 2008 44 6 1]

[17] ddfangkuaisan. =4EREZINIEEE A% TAF & it [EB/OL].

http://wenku. baidu. com/view/61672555f01dc281e53af0c6. html. 2011-12-08/2013-4-20
(18] F %A, Hoda [l TAE & Bt -1 [EB/OL].

http://wenku. baidu. com/view/7e22704cfe4733687e2laad4. html. 2011-09-15/2013-4-20

46



WL TORE AR T (G830

B

G AL AW RIS ], A iR 5 1 21 He B 7S .
TEENV R TE I A], FRAEZEZL 22 T B B AN RO 4R 5 R R 78 i B b g vt o Al ™
BRSSP BVR RGP, RS S SRR I AR AR X, IR R MR e AU 4 3K o
MR I3 2000 H IR A TSR, 222 IR 2445 T 400 it A AR K 52
Fio 2PAER, ZZIMAMUAE AL B4R DR QIR S, FRIRGEAE-AR, 408 Bk
PATCIMAS IR G, B R ST B, FREE 7] 2 38 T 2 7 dig 00 [V U R A R 2
LA !

FER SR TE R bR, BRI OAETOVE T, MR E N PR 8 S I 58
B, A2/ [, ARG IR E MR, b0 1A K — BAELE
BRERSCRRIE, A B T A M BTt P A B i), 7K LTS 1 2 UM F 4 28
(5 IR IR 15 TR IRAC R B iy IO S RE, AR AT !

Fe Jo U R A B —— T B K S D 4 SRt 3R AR

47



KEHRRIEFE FSW IR A 5 Sk B it

MR
Bk — AR
Ad B4, 10 5k
A3 4K 5 7k
A2 B4R 2 7k
Al E4K 15k
e 5T 27
e TR TR
IEED TR TR
EE ST 8 70
ERE IR 137
=N PSRETTA AR AV 13
=an LB RS R R 13
TEuE 16 5 BT B R 13
e T BT W R 13
e BB N B 13
T R L
w§+ ERLRE 13

48




