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Abstract: Due to the characteristics of light weight, high strength and good corrosion resistance, titanium tubes have
been widely applied and needed in the fields of aviation, aerospace and weapon. Considering that the existing processes are
difficult to manufacture long, thin-walled titanium tubes with large diameter in efficiency and at low cost, a new tube form-
ing technique by combining ring-rolling and tube spinning ( called rolling-spinning) is developed. In the rolling-spinning
process, blanks experience continuous local loading forming under the line contact action in ring-rolling process and point
contact action in tube spinning process. These forming characteristics would lead to complex deformation history, inhomo-
geneous microstructure and fracture, which would finally affect the performance of tubes. Therefore, based on the two-
phase self-consistent model and Oyane criterion, a macro-micro finite element model coupling the damage effects is estab-
lished. Using this model, the macro deformation behaviors, microstructure and damage evolutions are investigated. The re-
sults indicate that after the rolling-spinning process, the strain and « grain size are largest in the outer zone of the work-
piece, while the strain and « grain size are almost same in the inner and center zones of the workpiece; the temperature
and volume fraction of o phase decrease along from the outer surface to inner surface of the workpiece; the fracture would
occur in the inner surface of workpiece during the spinning process due to the coupling effects of positive stress triaxiality

and high strain rate.
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Fig. 3 Finite element model of rolling-spinning process
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Fig. 7 Distributions of equivalent plastic strain in rolling—spinning process: (a) after rolling, (b) after transition, (c) after spinning
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Fig. 9 Distributions of strain rate in rolling—spinning process: (a) after rolling, (b) after transition, (c) after spinning

50
Rolling CocIJIing Spinning n P1
40 | A A e P2
_}\0 3 | A P3
5 |
=
T 20 '
< |
3
@ 10t . :
[ ]
4 a °
or ° l [ ] .
|
0" 2 4 6 8 10 12 14 16

Time/s
FE10 N, T ARSNZ RS AR A L - i P AR A
Fig. 10 Variations of strain rate in inner, center and

outer zones in rolling-spinning process

4.1.3 BEHHSH LT

WFFEARTT T TALS SR 4 5L - e 2 A8 v i R B2 19
SRR, a1 FE 12 frRt L B 1 e,
WEUG, TAFAMEREE s, hilikz, SMIUlEAR,
El 1la iR, XEFMETHELE, PO AR F 58K,
PG BEIR R ; Iz, BT RS, Bk
PAL SRR RTHHEXT IR RN AR R DN,

NT11

857777 (& 744.898
850.091 | 742.563
842.404 | 740.529
834.718 738.494
827.031 736.495
819.345 734.425
811.658 732.390
803.972 730.356
796.285 728.321
788.599 | 726.386
780.912 %, 724.252
773226 722.217

(EL A 5 SLAR AN S0 R R AR AN S ik, DAY o A 8 R 4
A, WOREEREARAT BT B TE AN AR B NN/, i L
O 55 RSl R AN S i) SR H ok, P 5 A S fk i AR
RR, MEMARZ, RERMK, £hEBLEE
(E11b), iy TERALRS A O f e, PR A5 4h
PRI 22RO, PO AR SR R R 22, T
FCG T AR 2 B 2 BEAT AR AL 2, DIl T T 45
o TAFhaR, B A EEERR T e S, didh
B P A R AN | DA A E AT AR T T I
B ALY o S AR A X5 S BB I A X 4 fih
TARER, [FIRERRIR I, IS () 11e), ARl
P T B4 5 T AR S M e A, il R R R
. i AMIE e T A% DX il AR I m AR, AR B,
AR R A, VRS A I R S A Y
BEAEHT, SECTAE X EGRTHE R . R XA E A
D T AGEBE, R RE, i TR A9 IRLEE A
(K 12)aTE N, LM s, IR TR,
AR R AR 5, PRSI S, PO L

— A, AMIRE TR, AR IR E R RO, 15 F
300 C 54,

NT11

Y

349.486

B AL-eesd P IREM T (a) HELF; (b) BBEEE,; (o) IER

Fig. 11  Distributions of temperature in rolling-spinning process: (a) after rolling, (b) after transition, and (c) after spinning

4.2 WHMALFELNE
4.2.1 A atathBRofoHL Tk
ST o MBS 2 A3 AR % TALS Bk & &M

PERESZMA AR K22 LI o IS B KR RSy
RFE, HREAR T TALS G S5 - 23 22 P i ROR
AL, IE 13 14 R B 13 W LA



280 H [ A e ik

535 %

850
800F 17
750f
700} 57
650f
600f

550+ 1—— After rolling
2 ——— After cooling
3— After spinning

Temp./°C

W

500f
450

40000 03 04 06 08 10
Normalized Radial Distance Up
B 12 WA AR A

Fig. 12 Distributions of temperature along radial direc-

Bottom

tion of workpiece

W, SR, WA o AR BB, AR Al R
o IR TASCEL - e 4 it BRI AR o AR IR B KL
O3 A I A AR R AN O R IO R B Y, 7R

SDV35 T ~ SDV35

(Avg: 75%) (Avg: 75%)
0.525 0.549
0.522 0.549
0519 | 0.548
0516 | 0.548
0.513 | 0.548
0.509 0.548
0.506 0.547
0.503 0.547

+10.500 0.547
0.497 0.547
0.494 | 0.546
0.491 0.546
0.488 0.546

H AR Y BB R 0 o M AR RS B0y A 5 A
TR R R 0 N, AL-Jie gt AR P AR o A
BB /3 A SR E G A VI G . 4L, S
PN DX S5 1) o 4 A B0 B0 R IR, M DX 38 1) o s (&
13a) , X5 R LG8 5, JEAR
Bt WM BG, TR EA o MIEBSEOHE, BN
HNZE o FIRFR B3 A 5] (18 13b) , X 5% Al B iR
G 3, BEIEE (B 13¢), 7EHER TAEX £
AT 5 50 L o 0 X35, WA o LA B0 B A A
8B, RO T RS A e R R R AR R, Rl R
T, OB R, Wk o FRIRRL BT,
IXJE PR ORI X3 5 R i, R R A T, A
4 LEN, WELE, 14 o MERFB0H N 2402
i, 2 A RE , P14 o MIRBU N EOR 1A
T W A 5] BEFESE, ¥4 o ARELAT B0
18] RN ) A2 0D

_F[b] spvss

(Avg: 75%)
0555

B3 ALl id B o MBS BT 544G (a) 3RELE; (b) #BHLEE: (o) TRER

Fig. 13 Distributions of volume fraction of a phase in rolling-spinning process: (a) after rolling, (b) after transition, and (c) after spinning
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Fig. 15 Distributions of grain sizes of a phase in rolling-spinning process: (a) after rolling, (b) after transition, and (c¢) after spinning
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Fig 19 Distributions of relative damage values D in rolling-spinning process: (a) after rolling and (b) after spinning
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