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Advances in spinning of aluminum alloy large-sized complicated
thin-walled shells
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(1. State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an 710072, China;
2. School of Materials Science and Engineering, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: Large-sized complicated thin-walled aluminum alloy shells are the urgent needs of the development of
aero-space high technology. Large-sized complicated thin-walled aluminum alloy shells with transverse inner ribs
(LCTAASTIR) are one representative of those. But Multi-pass compound spinning of LCTAASTIR is one of the
complicated plastic forming processes under the action of multi-parameters and their coupled effects. In this work, a
modeling platform for the process was developed and some finite element models for the whole process were established.
The characteristics of uneven deformation behaviors during the process and the forming mechanism of defects were
investigated. The laws of different deformation behaviors on the quality of ribs were revealed, the decisive parameters on
deformation behaviors were obtained, and the reasonable rules of blank, process and die parameters for the spinning
process were determined. The achievements of this work are of significance to developing advanced theory and
technology of precision plastic forming for LCTAASTIR.
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Fig.12 Equivalent plastic strain distribution during the third pass spinning: (a) t=10.29 s; (b) =30.98 s; (c) t=45.98 s; (d) =56.27 s;
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Fig.13 Plastical deformation behavior of unfittability and under-filled inner rib at large spinning clearance: (a) Before deformation
of inner rib; (b) During deformation of inner rib
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Fig.21 Tangential tensile strain of blank workpiece during spinning: (a) Forming stage of non-rib region; (b) Forming of round

corner in inner rib region; (c) Stage after forming of round corner in inner rib region; (d) Localized over-thinning
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Fig.23 Effect of workpiece diameters on stress
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Table 1 Analytical table for proper parameters
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Subsequence of  Optimized Relationship between index and factors as well as tendency
Judging index significance of =~ combination
factors of parameters R f C
Hoop compressive stress C>R>f C3Ryf5 Monotone decreasing Monotone decreasing Monotone decreasing
Tangential tensile stress C>R>f CsRHf; Monotone decreasing Monotone increasing Monotone decreasing
Thickness difference C>f>R GRyf5 Concave Monotone decreasing Concave
Thickness deviation C>R>f CoRyfs Concave Monotone decreasing Concave
Fittability C>R>f R \f3 Monotone decreasing Monotone increasing Convex

R—Nose radius of roller; /—Feed ratio of roller; C—Spinning clearance.

<)
(=)
(=}

(@

Hoop compressive stress/MPa
(O8] N W D 3
S & o & 9
S S (=] (=) S
; : : ;

N}

(=]

S
T

100 . . . . . .
20 25 30 35 40 45 50 55

Spinning clearance/mm

25 ANl Hs (] B PR 1 He B A AT T 4 g

1000
(b)
<
[a W
S 800}
2 600
5 4007
g
on
§ 200f
F

0 : : : :
20 25 3.0 35 40 45 50 55
Spinning clearance/mm

Fig.25 Hoop compressive stress(a) and tangential tensile stress(b) at different spinning clearances
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Fig.28 Effect of process parameters on forming quality of workpiece with inner ribs: (a) Maximum tangential tensile stress; (b)
Under-filled degree of inner rib; (c) Thickness difference in non-rib region; (d) Inhomogeneous deformation degree in large tapered

angle; (e) Inhomogeneous deformation degree in small tapered angle; (f) Inhomogeneous deformation degree in inner rib region
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Fricti fhici 2 1.0}
riction coe 1c1ent.between 0.1 015 020 2
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Nose radius of roller, R/mm 4 6 8 %D 0.8F
Feed ratio of roller, f/(mm-r ") 0.8 1.0 1.2 :cé
(]
Working angle of roller, 5/(°) 0 10 20 5 0.6l
Rotation speed of mandrel, #/(rmin"") 100 120 140
n
0.4 . L ' : . .
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Effect of process parameters on inhomogeneous
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Fig.31  Structural diagram of mandrel for spinning of

large-sized complicated workpiece with inner ribs
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Fig.32 Average response of different quality indexes with
biconical roller to factor levels: (a) Hoop tensile strain;

(b) Radial tensile strain; (c) Inhomogeneous deformation degree
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Table 3 Comparison between biconical roller and arc roller!'”*?
Hoop tensile Radial tensile Inhomogengous
Roller strain strain deformation
degree/%
Biconical roller ~ 0.020 2 0.506 5 35.7
Arc roller 0.0196 0.6220 36.1

7 HEREANGREEREERTKS
B E A et i iE

AT R EIRBIE SR A IE I PEAT AT e, G
R NHUHIBE 35 e Sk AT o R B A i B e AR g 4K
R, BT LA BN S R ) 22 08 IR A T s
WK, BRAT T U ZOR e, ik 34
FRUT 2B IR, FERE LAY N R S A RE 5T
W e A R 7 51 G SRR kA _E, BETEsR
FHIANL SPIEVEARTEAT LA B IR L R AL EL A
4 SUIEAIR

B34 JigFEAT
Fig.34 Spun workpieces

8 ZERIE

rPERE s BRI R AT IR S R BOR P LK
TEAIESRAUA JE H bro MIPERIRR . B2kl AR
e REEELLRIR P BB R R RORS AL . R IRk
A SEHZ H AR 2@ AR, AR, XA B
PERCMERIE SR, i LSO I R 2 D B R 1 A1 H
TR IR RS K R 2R RE S AR A e
o A AR . A SR £R18 T R B R



2548

A G A R

2011 4E 10

AN LS5 R, AR ) PR B S R B 5
WG R 1P S U S BROTER, ATy
SPEVEARIEAT W RO BRI ORI R, B, T2
AL S K A5 AR 77 TR Ut g o 5t
R Je R Y B2 25k TR e A 22 T U O T T R A J T 43¢
A AR e B O R R B e A i IR
ARSI A K AN RE ) BA TR i SR
T BV SR X

REFERENCES

(11 EdRA, DR, B R, TARY A A bn s i Bk2 2244 i
HeBTEREARD]. AR HEETAR, 2006(6): 42-43.
WANG Zhen-jie, MA Shi-cheng, YANG Jun, WANG Dong-po.

Spinning technology for curvilinear shape workpiece with inner

ribs[J]. Astronavigation Manufacturing Technology, 2006(6):
42-43.
21 ok W, X0, e BE S OB A R L0

FEHUARHUD]. VMR TREEAR, 2007, 43(4): 109-112, 118.
ZHANG Tao, LIU Zhi-chong, MA Shi-cheng. Technologic
research and numerical analysis of spinning of cylinders with
inner ribs[J]. Chinese Journal of Mechanical Engineering, 2007,
43(4): 109-112, 118.

[3] G&ﬂﬂﬁﬁ’ KR PR A A < R AR D B S MO T2

. IVE TR AR, 2007, 14(6): 109-113.

ZHANG Li-peng, LIU Zhi-chong. Research on power spinning
forming process of aluminum alloy cylinders with inner ribs[J].
Journal of Plasticity Engineering, 2007, 14(6): 109—-113.

[4] ik, FEEL, TR, TRA, 9 ’c:r'x, XL AR

P T i 7 % #F)?mj:ﬁlzﬂ/iﬂﬂ/rﬂuﬁﬂf CEE TR AR,
2005, 12(S): 172—-174.
MA Shi-cheng, TANG Zhi-hong, WANG Dong-po, WANG
Zhen-jie, SUN Ang, LIU Miao. Simulation analysis of forming
process of parts with lengthways inner flange[J]. Journal of
Plasticity Engineering, 2005, 12(S): 172—174.

[S] JIANG Shu-yong, ZHENG Yu-feng, REN Zheng-yi, LI
Chun-feng. Multi-pass spinning of thin-walled tubular part with
longitudinal inner ribs[J]. Transactions of Nonferrous Metals
Society of China, 2009, 19(1): 215-221.

(6] BETCAL, VLMD, RRIKE. A S In) Py i B B4 st i 1%

(7. MRR: 5 T2, 2002, 10(3): 287-290.
XUE Ke-min, JIANG Shu-yong, KANG Da-chang. Power
spinning deformation of thin-walled cylinders with longitudinal
inner ribs[J]. Materials Science and Technology, 2002, 10(3):
287-290.

(7] YUREDS, BRI, ERRNE, Gk L 1) R T R ) PRER
JiE He R TE LB 55 [T]. 4B BA, 2008, 33(5): 88-91.

JIANG Shu-yong, GU Xiang-dong, LI Chun-feng, ZHANG Jun.

Study of deformation mechanism of backward ball spinning of

[10]

[12]

[13]

[14]

[15]

[16]

[17]

thin-walled tube with longitudinal inner ribs[J].
Stamping Technology, 2008, 33(5): 88-91.

HEE, U, 1 5, RS A MOBEEERDE A 4 BE H
TEBUE R SRR [T]. bR LAZ24R, 2006, 42(12): 192-196.
XIA Qin-xiang, YANG Ming-hui, HU Yu, CHENG Xiu-quan.

Forging &

Numerical simulation and experimentation cup-shaped
thin-walled inner rectangular gear formed by spinning[J].
Chinese Journal of Mechanical Engineering, 2006, 42(12):
192-196.

WONG C C, DANNO A, TONG K K, TSUYOSHI M, LIM K B,
YONG M S. A study into cold rotary forming of precision metal
components[J]. SIMTech Technical Reports, 2007, 8(2): 65—70.
2R, BRORE. EERERRE B HE TR AR s I R B K 23 A 0]
HBRBA, 2008, 33(1): 56-59.

LI Ya-fei, CHEN Hui. Defect analysis of spinning aluminum
alloy taper parts with thin wall[J].

Technology, 2008, 33(1): 56—59.

Forging and Stamping

AR, B, AREER, M. MRS T B O
L*a*h)f‘a‘ﬁ[J]A HBEBIAR, 2005(5): 58—60.

LI Ya-fei, CHEN Hui, XU Xin-tai, DU Xin-liang. Spinning
process research on the circumgyration sheet metal of thin
wall[J]. Forging and Stamping Technology, 2005(5): 58—60.
AR, B o o B S A T P A 8 T S
fﬁmﬁa‘ﬂiﬁLh, 2005(6): 55-57.

LI Ya-fei, CHEN Hui. Feasibility research of spinning on
circumgyrate sheet abnormity metal[J]. Modern Manufacturing
Engineering, 2005(6): 55-57.

DAVIDSON M J, BALASUBRAMANIAN K, TAGORE G R N.
An experimental study on the quality of flow-formed AA6061
tubes[J]. Journal of Materials Processing Technology, 2008, 203:
321-325.

RFIR. TSR R HE BRI O 10 R 5
2000, 11(1/2): 65-67.

T E AU TR,

SONG Yu-quan. The prospect of successive partial plastic

forming[J]. China Mechanical Engineering, 2000, 11(1/2):
65-67.

I - RN 7 A SN =R S S

Jie s 3o i o B JE A Ak (0] %E'ﬁL%E%TE, 2008, 15(2):

115-121.

ZHAN Mei, LI Hu, YANG He, CHEN Gang. Wall thickness
variation during multi-pass spinning of large complicated
shell[J]. Journal of Plasticity Engineering, 2008, 15(2): 115—-121.
ZHAN Mei, YANG He, ZHANG lJin-hui. Establishment of 3D
FEM model of multi-pass spinning[J]. Chinese Journal of
Mechanical Engineering, 2007, 20(4): 19-23.

KL STARHE T A s R 1 B SR ) BUE ST [D]. 1 %
PEIE AL R, 2009: 75-79.

MA Fei. Research on the key problems for power spinning

process of complex conical parts with transverse inner rib[D].

Xi’an: Northwestern Polytechnical University, 2009: 75—79.



#2145 10

i < K2R S M BE e A T ATT S

2549

(18]

[20]

[21]

[22]

[24]

[26]

M A, &
Wk, & )r'ZJ &, #TF ABAQUS (M2t
ACBIREHRIT R [T, i TREERE, 2010, 1(2): 184—189.

JIANG Hua-bing, ZHAN Mei, YANG He. Development of
pre-process module of NC tube bending based on ABAQUS
software using python[J]. Advances in Aeronautical Science and

Engineering, 2010, 1(2): 184—189.

RO, &M, HOE, ¥R B A REEIWTEES
PR 2 T R B I 55— 38 OO BUEE X AT (0], MR R T,

2011, 19(1): 121-126.

WU Tong-chao, ZHAN Mei, GU Chuang-guo, JIANG Hua-bing,

YANG He. Forming quality of the first pass spinning of

large-sized complicated thin-walled shell[J]. Materials Science

and Technology, 2011, 19(1): 121-126.

R, &M, KRR, WOE, B & RN R
A BE 5 £ T8 UCE s P 8 T IE RO BT K S T]. P

BT R FARBRERR, 2011, 29(1): 74-81.

WU Tong-chao, ZHAN Mei, JIANG Hua-bing, GU Chuang-guo,

YANG He. Exploring effects of spinning gap on forming quality

of second pass spinning of large-sized complicated thin-walled

shell[J].

Natural Science, 2011, 29(1): 74—81.

LHIIGE. AT A i BE 5 4 2 TE U Hs BB LB R BRI =

YEATRR T4 HT[D]. P22 PEAL TR, 2007: 33.

MA Ming-juan. 3D FE analysis on deformation mechanism and

Journal of Northwestern Polytechnical University:

laws of multi-pass spinning of large complex thin-walled
shell[D]. Xi’an: Northwestern Polytechnical University, 2007:
33.

RGO, AR R AL IR ERE 7T A Hs TR A BRIC 23 # A
WD) P22 PEAL LKA, 2010: 39, 84-89.

WU Tong-chaOA FE analysis and experimental study on spin
performing of large-sized complicated thin-walled aluminum
alloy shell[D].
2010: 39, 84-89.

WL AR IR P Rk SRR T AR e e T AN 1A A T
F[D]. Pz Pidb kK%, 2010: 34, 38, 54-62.

GU Chuang-guo. Research on inhomogeneous deformation

Xi’an: Northwestern Polytechnical University,

during spinning of curvilinear generatrix thin-walled shell with
transverse inner rib[D].
University, 2010: 34, 38, 54—62.

HeP TG, B oK A A AR RE ST AR e O R B BRI S [D
V22 PHIE TR S, 2011: 40, 68—69.

JIANG Hua-bing. Research on key technical problems of large

Xi’an: Northwestern Polytechnical

complex thin-walled aluminum alloy shell spinning[D]. Xi’an:
Northwestern Polytechnical University, 2011: 40, 68—69.

W PR ) R S R SR LB R X (D). v
% Eiuikjs%,zoll:n

CHEN Fei. Research on forming mechanism and law of rib
during spinning of parts with transverse inner rib[D]. Xi’an:
Northwestern Polytechnical University, 2011: 37.

BAI Qian, YANG He, ZHAN Mei. Finite element modeling of

[27]

(28]

[29]

[32]

[34]

power spinning of thin-walled shell with hoop inner rib[J].
Transactions of Nonferrous Metals Society of China, 2008, 18(1):
6—-13.

BAI Q, YANG H, ZHAN M. Specific techniques in FE process

modeling for spin-forming of a thin walled shell part with an

inner hoop rib[J]. Steel Research International, 2008(1):
609—615.
JEl ik SARBE JRHE AT ik Iy i Hs BB AT BRICRAU 5 1R IR T

JYD]. W% PEAL TR, 2007: 38.
ZHOU Qiang. Research on the power spinning of cone parts

with discontinuous wall thickness using 3D FEM and
experimental investigation[D]. Xi’an: Northwestern Poly-
technical University, 2007: 38.

EE - I | X SE o ¥ 7B R et
Lemaitre 1 Wr 2845 W 2 JLAE e Hs e b g I 0]. s o

#, 2011, 32(7): 1309-1317.

WU Juan, ZHAN Mei, JIANG Hua-bing, CHEN Fei, YANG He.
A modified Lemaitre crack criterion and its application in
spinning[J]. Journal of Aviation, 2011, 32(7): 1309-1317.
2% BE MBS A TSRS R D], 154
PEAb Ak K%, 2011: 29-38, 58-66.

WU Juan. The study on crack and forming limit of complex cone
spinning based on damage theory[D]. Xi’an: Northwestern
Polytechnical University, 2011: 29-38, 58—66.

BT Y. BE T 45005 B0 K 23 T e e 2R T 55 1 T 1 R 4
[D]. PH%e: VUL TR ERPRL 24, 2009: 42-49.

HU Li-jin. Prediction of radial crack and analysis of forming
limit  during Xi’an: Northwestern
Polytechnical University, 2009: 42—49.

ZHAN Mei, GU Chuang-guo, JIANG Zhi-qiang, HU Li-jin,

YANG He.

splitting  spinning[D].

Application of ductile fracture criteria in spin-
forming and tube-bending processes[J]. Computational Materials
Science, 2009, 47(2): 353—365.
Mook & M RAE B oA
BE ST 2% K6 A T Hs AN 329 50 2 T 1 5% 1R
2010, 18(S1): 29-33.

CHEN Fei, ZHAN Mei, GU Chuang-guo, YANG He. Effects of

. T ESHO A A
MR RLS T Z,

process parameters on the inhomgeneous deformation of
thin-walled complicated workpiece with inner ribs[J]. Materials
Science and Technology, 2010, 18(S1): 29-33.

WE, £ M W &, K, S kL BRI
[l = 4E G oo BT [J]. MEVRLSE 5 T2, 2008, 16(2):
167-171.

XU Yin-li, ZHAN Mei, YANG He, ZHANG Jin-hui, MA Fei.
Springback law analysis of cone spinning using 3D FEM[J].
Materials Science & Technology, 2008, 16(2): 167—171.
Mobd, & B & % R R R ETESRKK
S 7 R BE 754 5 D T j:ﬁ}Z)T/ﬁKEJE SEAT[I]. BEE TR AR
2008, 15(4): 67-71.

CHEN Gang, ZHAN Mei, YAND He, LI Hu, HUANG Liang.



2550

A G A R

2011 4 10 H

[36]

[37]

[38]

[40]

FEA of power spinning of complicated thin-walled shell based
on orthogonal optimization[J]. Journal of Plasticity Engineering,
2008, 15(4): 67-71.

ZHAN Mei, YANG He, JIANG Zhi-qiang, ZHANG Jin-hui. 3D
FEM analysis of forming parameters on cone spinning based on
orthogonal experimental design method[C]//Proceedings of the
Oth International Conference on Technology of Plasticity.
Gyeongju: Korean Society for Technology of Plasticity, 2008:
197.

MA Fei, YANG He, ZHAN Mei. Plastic deformation behaviors

[41]

on the workpiece shape and size and process parameters for
shear spinning of aluminum alloy type thin-walled shell[C]/
Proceedings of the 9th National Annual Conference on Stamping.
Changsha, 2008: 223—-229.

I - 7R M= T IV B R SR L A et
¥ A T B BB 8 B b [E, ZL 200810017454.4[P).
2011-02-23.

ZHAN Mei, YANG He, MA Fei, ZHOU Qiang, HAN Dong.
Mandrel for the spinning of workpieces with inner ribs: China,

Z1.200810017454.4[P]. 2011-02-23.

and their application in power spinning process of conical parts [421 & K, B A, A M, RN R P HE T A5 e

with transverse inner rib[J]. Journal of Materials Processing T R e ge AL Bk (0], ULBRR 22 5 R, 2009, 28(12):

Technology, 2010, 210(1): 180—189. 1580—-1583.

MA Fei, YANG He, ZHAN Mei. Research on the metal flow in MA Fei, YANG He, ZHAN Mei, HU Li-jin. Optimum design of

power spinning process of parts with transverse inner a forming roller for power spinning process of conical parts with

rib[C]//Proceedings of the 8th International Conference on transverse inner ribs[J]. Mechanical Science and Technology,

Frontiers of Design and Manufacturing. Tianjin, 2008: 453—459. 2009, 28(12): 1580—1583.

MA Fei, YANG He, ZHAN Mei. Research on the blank (431 f& g, S0, B &, IRIRIE. BEReS Hon AR ek

selection in the power spinning process of parts with transverse S s OB I RE R T]. 8RR EER, 2006(5): 144-147.

inner rib[J]. Materials Science Forum, 2007, 561/565: 885—888. ZHAN Mei, MA Ming-juan, YANG He, XU Yin-li. Influence of

&M, RUEB, BN, B & BA R R TR iE roller parameters on power spinning of thin-walled shell with

BOEBIIERRAT 5 L ESHWF[CY/ I8 4 E v 2% special shape[J]. Forging and Stamping Technology, 2006(5):

RESBILE. Kb, 2008: 223-229. 144-147.

ZHAN Mei, WU Tong-chao, CHEN Gang, YANG He. Research (e BRIH)
BaHIRE T

Wity RILE, BEZNHEEREIEYE, HEOEeR¥PrH LRALE, HK “9737 LWWMEHL

FUALHR, BEEEZE 07 Ml “mPEseRe B flis” Sudfnom N, BxR “973” HliEdisk “ =1
M) BRI PR RO G ST Bdke s i st AL P AL T RESA R R (2010—2011 1E
B SR G E A TTN, P CMORRIE” WS, B TR A R B, 4 AR RS R
T OV FAT I o A6 o P RS B AR A P S B I BORS 1 28 s P [ il e 22 JO PS4 5 (A 5 T
PRI, KRR 400 245, {EMVERIE AR Topl WIT) UP RFWIC 3R, RIEF R, [FHR LA TR
FHED 2 9 T, SREZCEWIEA] 9 I, 3K ICTP NHAR S, IMPT HEFFHA .



