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Abstract

Curvilinear generatrix spinning of cylinders 1s a techniques that is based
on tube spinning.

In this paper, aiming at U-shape gland, with the analysis of deforming
features and rule of deforming for curvilinear generatrix spinning of cylinders,
finite element theory is applied to process of deformation, which provide
experimental analysis and manufacture of realistic product for complex
spinning of cylinders with necessary reference.

Taking boundary condition, contact, friction and spatial trajectory into
account complex spinning of cylinders according to the dimension and
deformation with realistic work-piece. ANSYS software is applied to 3D
numerical simulation of U-shape gland. The stress and strain distributions on
shaping are obtained, and the plastic flow law and deformation mechanism of
the metal with respect to U-shape gland deformation were analyzed. Figuration
of U-shape gland, rule of variety of stress, strain and spinning force with ratio
of thinning and feeding, the thick of the work-piece and the diameter of the
roller were analyzed. In the end, associate with experiment, all kinds of vices
of U-shape gland deforming were analysis as well as how to be.

From the result we can see that it is feasible to shape up the U gland with
the process method of spinning. The method of numerical simulation can

provide important consult to factual production.

Keywords ANSYS/LS-DYNA; curvilinear generatrix cylinders; force of

spinning; numerical analysis; U-shape gland
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HWIER; mmidd, XShTHREZEKEN, FRRBDIFE TR
HBESMEREREGT AARMRINIE L, IRMEKEERER.
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Fig.2-11 Successful region of spinning
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SRR RS M S E MR T AT R R, —E R E R
#F R ATLER] 0.7~0.8. BEFZEBIEEGNFEEMNRETETE R=0.55
AR, BEHEFERNEEREERFTERHITEERELE. RGFIERE
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AT, MZBMERER, AUTEFEERTEZREB K. B, WEL
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FEEENAGAEANEREEMTRAMNFER AR L EAE#HIT T
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3.1 3|8

PR RATE R A Sz, hEEWHEM L, EBFir
BEHLRE TREERNBEST. BT LRESRAEHNERTE. U
R, BHSTENERENE. AXBAPYEERETE. £X5EE
RN B R R SR AR A 2y A — RFUBR ST, BTN AER. BT
RIS RBIN S, N ET] HE T S Bl E f R ok
EIEEBR. ARG R, ZTEAYSEZENTER, REHEA
B HEEE EmERAFEA, (tANGALKGF G EAKE.

BRTEEA—MNERHEE EH ENATEERELREHEE
AL . F A PR 7Ty BT 7R THE ML R o T B R 0 ik A BB 2 14
BRI, TUKRENDE. M. MBS MEEERIEE N
Wik, ] LUR e R SRR ER LA R, R, HEEREEE,
BRIt 2, 38 A] CATRE Gk B B P A A OB R B % AT SERR N TR,
—IHEKREE . AERRHEESHMEREE, 87 HEEMNER,
A LRSS H B EE— MR PEEA, IHERLTERREN R

7, WANTLEER.
XA RAOEHENRERERBBRKMBER, HSRINHKE
ANSYS ¥, KRZEEHBHFRTER.

3.2 RTEEBEBUHFRTEEMEL

B,

3.2.1 kYR B ik

AT HEMEREA R ARIBRE, 5SIAT S EHREATTHTE.
BAEA R T E YR RREN M ENES—RK R ES /AT S5 6
X e SCAEYERAEDY. 4 =0 i, WERSEHETES Vo, Wik LK
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e AR TR F A8 X
{E— S P AL B AR R x (=1, 2, 3). WILE BN+, W KRETE
W, WM TER A TRHTE. P ATEEHEEIT Q A, HAEAR
R x (i71,2,3). MMRSPABRRES, BREEHHEDE 3-1 Frx.

.M

& 3-1 MicrERE
Fig.3-1 Description of object

B, WTE—HATS, ZEAELRRIREAN
x, = x,(x,%,,%;,1) i=1,2,3 (3-1)
YIFE P R R E MR TR . BIMIEL (=1, 2, )R M
MR ERBRRYIBRESI(EE ), FRAY AR (material description)
BRI H (Lagrange) #iid, H¥ x,(i=1,2, M+ HFAPEHBTE, X
Mt R EESIN R SRR R SHEPRE . B—MiEREZ (L)
W 75 3585 A 25 18) iR (spatial description), 'L x; (=1, 2, 3)F r fE R 3719
LE, XFHIE AR ABRBI(EulendiiR, Hd x, (=1, 2, )F 1 BRAKRP A
B, FR#BENTIRTESAZBEEZNNIATREEZZRE, TTRW
REANFAFEmETFRE—E x, (=1, 2, )RS . REW, DBEAR
b2 LA FE A KPR, B L 24N IR TE Vo A RERFER D T2
&, TP A R L AR M A SH IRERE R ARNESRE. B
, KRAYRHERRKEREE S FERRE, MERHERNEES TR
PRI A% T 5 T Y ) RO,
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3.22 HWENXTEERTEINGIE

YEZH T, éﬁﬂu@%ﬁ N W

'x, = ” N, xf
rxf = : Nerf
) f-m.rxI — c Nk r+mx:'r (3_2)
°x, = ﬂ N, ‘u
u: =iNkuf
et ! :f
"uk ﬁﬂmfﬁﬁ%hﬁ
Nk—fﬁ,'ﬁ k fITE R
—BIUHETANEE
ER—ERTAZE AAHG2REHaATHERHNMEBEE, T2
o[&. Jral& U= {R}-4{F) (33

HhRA AR R EITEEERS, [k YUl [k YUl {FiaaR
[, 0CuroeiSoe,°dV s | (S8, aV R | (S,8.e,°dV WIHRTHEMER,

By
k.= [ o[B.] [ck[B.Tav (3-4)
(k1= Bl s[skBy T av (3-5)
o[F] =L, o[B, L [sTav (3-6)
st (B, ]%0![B . LR B 2R PRI 2 M T
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A KF T FMIT AR
€L [S]—Kirchhoff 5 7 ¥ 5% B 48 1

3.23 ¥ AKMFAIE

HT&BHHEBEMAWXRRFTIEEENR, B EENETENME
BizE R, WEHXREMREXR.

HAr, KANEHXRTARE: —MHE2EBERJETHER), &H
—FMEEEH BRI ER). ROMTRTESXHEEER, T
b AR ENEE L.

ERTRHBEHEEITESY, BERANEHFRE, JUMNDNERRE
HHEICH SRR BE, ERMANEREREET AW TERE LR
BN E L AP,

NTE&BMER R EREYR&, HFREREILRER, {Hia
Ut Ry AR TS R R B — S AT R

K2R T 38 58 M I — D 2 HE ) 55 /N 3R P 3 90— D o Y T =X, AE
[/, REFH PRSI AA R R EIE, KAF BRI A (e
VAWM ST REBE N ERBEHRERN AR FEERA LR, REEHE
FIN AR DR BN DA RG R ERER, NI RENSH
N 53453 7 SR A9 5 N m B AN S AR RO T vE N A3 BRET

T FRERRESBIER A

T, = Dy, e (3-7)
A D, — WEBHKE

o) — TR H R EIA R B

ey —B /R B B AR R K
REEPERBHER, T EEBEEEAE, SRS Es—SnriEsk
7 D,y o
BEFEAN BB AEA

: E Vv : . .
G, :m[(&jﬂ«{-m%ﬁ,)sﬂ—a zlcrg.:‘ (ij.k0=1,2,3) (3-8)
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i = 1 o, e (3-9)

2—2  2do l+v
-0 |[14+——
3 347" E

AH 5, —RFARRFS
o " ——& 4 A B A
MBI ERTHERTE o =1
g AR a” =0
TR a” =0
RG-HRENERHELEM LRI, o, AINNTTE: o, AN
B o, ANESE; o AERNA: & AERBYEND, EABMHBE,
v ATHR L
EAG-)NH T RERARTIHH, o, Bh1), &, M He,, B
PN T o BUARTEN S 1, BRG-HRAG-8)ER

[ ' 1 =

E V T,:Th
= 5§86, +——38 6, —a° ? 3-10
P T ey | O T 1oy T SR 2 g [ G-10)
S RG-HFAR, 3-10), G5
E| v T T, ]
D, =—1I8,8,+——88, —a"- ! 3-11
My | RO Ty T T 2r2(1+ 2 H &) -1

X, W F&HREEEMEH =4emBuTr, WIMuB N
K HENRG-DHE, BRI T FEER L EHNEHFERG-11), eEFE
HF/MMiB/PNEREN, BERT AR ATENER.

324 BEEAKWIEHEAFEXAS TLAR

3241 HEEANEETE N TIELXKENE, £FEARSRESED)
REN, NEREMERZKNUE. KNRMN IV RIELMRER.
AR RARA S MR FE TN, LAEBMREITHALE, HERY
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el R T Al -2 i 3

BIE AN, KHZBL KRBT

KM Lagrangian #5d . fiWATE = O R FE AU AR & Ox , ¢ B
I TERIAAR A x, , t+ A BT ZIBIALFE ARG ¥ x, . AP, Z& BiRfeE
WIERINTE, 4 TR LIRS E.

WEMBEBAR A 0, Ar, 2Ar, ..., t NZIRE, FIE BT EEE
LRI A RN B SETE.
RINAERSR T BT t+ A N ZIFE, KRR

j+m I+N0_U51+breg f+&IdV:f+.ﬁfR (3_12)

Rep g RHKEEELAE
e, — TN RS | LB

M R—A i R T

1| Ju, ou, | 1] o6u ou, |
5. e =8~ — s || O COn, 3-13
il 2 {8'+mxj o ¥x | 2 _a”mxj 0" ¥x, (3-13)
i‘+ﬂIR — J‘+N I+Nﬂ5u1 I+A1dV + '[l-m r+&tri5uj r+mdS (3_14)

K Y f—ERED®E EEIS
“Of—ERERE L ME S RE
u,—BENBRENSE i 0B
3242 TL2F NEMNNELRKBEEITEG-12), ERMNNTFr+ A
ZIDL TG, ZRYENTFENEREBEEN, YRS RIS ENN
MR, THE, AMXREEBLN I EmMAELE RS,
AT R t+ A R FFERE, BE XA Lagrangian #1T#E. ©F
PR RETE, AL t=0 MZPRENEEBEEN TLIER T ERL t=t it
ZERESAEEREGER UL#BR A,
RN EEZSNE T.LIER K.
TLTZERNFERAE: AG-12)FAGC-1OTHTERSBYE t=0
NZIMATEE X . FREG-1HFHIMMBH TR e XY
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1+Ar , t+AT . t+At, O _
[, ¥ vds = | i,%ds (3-15)

teit o trist _ t+&f £ 0O .
I‘“s f: dv = _L, 0JS1 av (3 16)

FEIX B, FAMRBE A S Y R £ B R R EBUE FH K BT PHATE t+ Ar i
Zigifr e, TR, AERG-12)4#) Cauchy N2 A

J:NV I+NGU§I+NEU r+de — .[V I+£||t.}ISi}5;+ﬂr8y []dV (3_17)

Herpry, ™58, & trar WZUEFE t=0 B ZIAL 2 X Kirchhoff N /15K &
Pl F/RD&E, 8, &5% t=0 WNZIP A TETE t= Ar BRI Green N AR K
EHH-RR T ENE G

HBFEREG-15). REIOFRCINRAHERG-12)F, A
T 0 W ZIAL RIS RTE t+ Ar BT ZUA. FE RS 5 2. BT

‘LV I+.’_BI'SH§ I+NSU UdV=E+&IR (3'18)

Hear, "YRA\TFTAEHA

"R= [ "5n6udS + | % f.6u, AV (3-19)

B t+ Ar ISZIRG R T A 3R 4 A& AR t B 0 B Y ) R R A R 3% B Y

MMNAEZ N, FRiGE NS a2 MIEStE 2 2, Kirchhoff

ST ATETRKE, BHSEMMNEEEREAN TLYE

[, 0CunonBoe,"aV + | 8,8, dv=""R— [ (S8, °dV (3-20)

3.3 EhESSHBRITE

AXCH, BeEMIASM U REHBN, ERS53nTaEEss,
FAE—ENEIENES P LR TAFRRE. ZBRAENIIEI T, HKOE
Zhas A R oik.
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3.3.1 BESTBIRTZERES

ARG X S1 904, EIEREIE A bR R 404

NV SEF 10 H ) — AR A X ) B2 &5 44 BT 5% 0 38 1y 2 B st (1] A
(EAIFTIE- X

EBIEMTE RITESD, MU S8 g HEAERRME, BiXF {g)
AR ARB R B, R T IE B BE &Y, BN

ai=la}x » z 1) (3-21)

AT S EHEE G FmEE G} . AR S BHERRRTHE
— RPN, —BRRXASFHAISTHERIKERE,

{d}=[~Hqf (3-22)
oh, [N RE AT PR EER. YA THEREN, FEREHE
TU{%%‘J%HE’J%EFI’E‘ EEBMAMT, BILARNERNN 5% 8
k205 F k)

e} =[Blq) (3-23)
{o}=[D]Blq} (3-24)
(EXE AR . NARFIN H AR — N 2R, SIS REERE ¢
AL
T AR AR, %S BB AR T A
RIEXOERE, SIABEIMERNZE, SHLTFEERE,
M, BAESVRE R RS EERE T BTSSR, RS, BE
WBAPELGSHASHRNERS R, RTEIEA R T
2.

[M¥g}+(CHal+ (K e} = {RG) (3-25)
fmnsxwﬁLmﬁﬂ EARBRERHHERENEETE, T
“HEEA B, ERBEEEEAYS, FURTERTER N
Eﬁ%ﬁ%ﬁﬁﬁﬂﬂﬁ
AN ERTENEABRES MR TN, REHFERT
LR —RE, TR RN AR ENERR.
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332 TISSHMBRITEN—BTE

N SIS A RTER, —REEBL TR

(DEHER ZFZBSH AN, A2 TRESITAED
Fl, MR ERG ATREA—FE. #ln, SOt BERERS IEPH
SEMEMNE, BENSSTT, I TEBMENRY I ESEHIRER
Wi mAR, R EERENSEWKHART R MR

QYR ITath Bt EEEBIL B ufrEERE, BRI T
FRR. fERhAGR, BRRIERERMES, BRuStEGEE AR
JRFERE, RABAEEERMGER T ERE. PuRERMEEYE XA —
B B M T SR ERE

QYREHEREEN THEFEZEHSRTHEEEMRERERENEGHWE
FEMERERE, MR BT A,

GHEERES SHNESSHEHEHRESRE, S8 L
X, CH—AEESSHEERE. ESESHEHETEME. ELHER. &
SHE. EANEMESHEERS, HPEFENSHERFME. #E
RHEAMESHEEL. BEIFESTHENESSHHFRTE, KBN—2
EREHBINARAFEENRE, —BEAWRNSHIREDERE.

Gy ath BRI ERAEDEEEAT, WM. EEM
EERTANE, KEFETETRUSNENEER S,

O ERMEBNER SthxlER, NHEESRH#TLERNLE, H#&
—EANETR, UMREGHEBIZERFEMNE Esh B N ER. 5
Satd, GHEEMENEEHANERERERR, SHRREEHZE
RS EEr, HARESSHATEETIRFRFIH.

3.4 BRINTHITHEHE

HalZEE s LRI R mLEA P, cTFEMBERXTEHBHYERTHE
GEEESARKRYE.,  KXEXAEAFEZESE, WX EEFRFXHM
ANSYS/LS-DYNA #1 LSDYNA3D. ABAQUS/Explicit %&; 5 —H R FHkE
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NEEE, W ANSYS. Mare &. BB “E3” BIgF— B E B4R HR
SAB R TiZE B BT AR . EEANEE, WHHE 2846053 R
SE—RZIMNEESHEE L, BEEXESHERBENALE, X
kA HETH R 2R, RORERRIEERE, NEREBRFE,
At EF ARG, BN STFEN T KM EES) 5.

BZEmb . BR0/G MERE. SEIEEEMEFSEE. BRI
WA EAEEER. EE. BEURERBEEET R LT HES SR E,

3.4.1 EBERAEIRS

ANSYS/LS-DYNA EKH W0 ZE 2 FEX BT a5k 88, R5ERA
—AHEEREFSESMMGEWE T RIS EhFE &M . ERTEIETT
W, B REZ IV E AR, AT EREREM, DIV S mERE i,
EFHRAREIGEN I PERITATF ZIEKZE)

Mi=P-F (3-26)
7 250 B Ja) B T i B (e AP 2 hnaE B A
il, =M (P-F), (3-27)

HABREHERA I MAMSRESROREBER, FUSKRFENE
FERABRGIN, AR RKBESLFE. EMYANMEETEBRTY
PRRBRNEREN R BN, BUEY TR

I R O ES R IR B A R, B E NE B E S LK
BEENT, HXNEERZRWEM ERi— A0 E B 5 S B3 B R
=GR L VST ¥ 3

- N 1+At +N‘m .
U, + 5 -ul . (3-28)
YRR IR & R L i R BT iR AL, #E T BB 4

R AT R R

oy

u

Wn, = U, + A p W (3-29)

2

XA, EREEFSE, /RE®ETHEINFFEFERIMER. S1E T 0
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WA, BEXEEE B K, ATRE - PR HE RN
i 2 B A3 A FE IR IEEEN R
(T RUE I FETE

i, =(M)" (P-F), (3-30)

i} 1} (6] 2 7~ 3R 47
ﬂ~%=%%+&¢wgﬁm“ﬂf (3-31)
] ope = U]+ A, s (3-32)

QFETHHE RENTER:, HHEETNREE de;
MIEBEBRRUENS) o
c.. = flo,,de); (3-33)

LW EAN T F,, .
GBEr+A N, EEFEE 1.

3.2 BERNEENIEIN W IERIOLREN

A FEREFN SR S MBI E S E R g4
B, FRAWEARKIMEN AP K. BELER 2K kRS, B4
WEIERE, FEMURS, mWHKEVIRRNERREEEZRE, RER
RIS, R EREA I AT IE-

A TERRER T RBFEDT BT Z /D A3 BRI B R
HIREEN I F AR b b A A — ek e R E A B R R R
HHREFRIFERBE AT A DT BT RBERNALER. AN E
AT EAANFEERIEIERE, FRARSRE. B TERERES.

BT, SIRERSRTEERIEL, XBS58/ Rt R
R P P A0 Sl XIS 0 T SR ST B AR T B/ B TG B R T T AL Bt
e RARATER, 2ERRUXNTHALEERNTEREXBS A HERF
FRLIERE. B, BEERERSMEEK, EXTERRTETO8E.
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AENBTEROEEEEERE PRI RERNLETE, HE
THBYRKEERFRIOEHFEEANRBLTE, SRV oHESR
LS-DYNA, UAFREFFAHMNERFEMBERTEN—BHR, AEEE
PR G T BRI

32



F4E FTHEREESIEEWEEER RS HE

F4E EHEESHEIBUESREBICSERAIE

it

4.1 9]
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R EENEHN B =F RTRENE S RERERITRERR, FFXT 5
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HEBRUHELEFARBELE KREHUT LN R:

(DB FRTHEEY, SEEFEERNET. HEEBERMERE. MK
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(365 BT IR AL TR, B4 3P,
REFHEFRELZZEBL ELPBRRITRESHEAEEER, B8
TRBERERNS . N AEE, HEHENERERENEMNEER
TESRWBRMIT T 048, FXNmE8ENSEEmERERITT AE.

4.2 ANSYS/LS-DYNA B) =& F & IhéE
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Fig.5-18  Variation of effective strain with the diameter of workpiece
B 5-19 A& 5-20 BB 7R N R EE N H AR AL

850
520
490 r
460
430 [

400 1 1 L 1 1
50 70 50 110 130 150 176
BERHR/m

R 1 /MPa

B 5-19 HFHHMHHERERAER

Fig.5-19 The relation between effective stress and the diameter of workpiece
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