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Fig.1 Principle of spatial tube bending-

twisting process
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Fig.2 Bending modes for spatial tubes

bending-twisting process

0 = A B R 5 3 Y
HEEYES
1 REEBIERTF
PRBIEFE T § Bl e
PFRUY 5 B 55— A B2 1 P 3 2
B0, TR RS T 1 1% 55 B
PR B R Z A AR N OE R
SCHR [4]~[6] FPHERIBIEHEF $ 13T
BER:
_AG 1

As T (1)

A, AG FT As R B IR E] PN e B
(RIS F R AL UERE B, « o e
BFHZR EAT— S A RIBER
2 EEEMELE

123 1A R O S LA A hn 2%
BB T2, i sh s [l i 42 (] 2
WA BY) IEE R A, T ]
FE— B FEEE AR B I vty [
R ]2 v s 22 ) 6 i % 1 %o 45 i)
B R A ] it HAT 35 K )
I EE G | A e B ORI

[P AR B 0K e FH O S A
6 SRR S A — g I IS S
ER G B 3 F 2 AL E e
Fo FEMREDF e nl @ M
FEMLFNG SO S 1 515 shis
FE Sy pot IRE B 1, Z [A1AY EUAEL, 24
TGS Bty A" 57 Tt A A
FERL O ZIRAII, 1 BUR(EL; 295 Bhis
ety A' LT RERE O FNiG B
B Z A, 1, BUEAE

Rtz sth 5t

TE L AT, R s (e
B M BIE BRI RN R
oG S S e S D R BE RS 1,
BRSSP RIBE RS 1 T SR,
FASE o JCHERE ff R IR
AR @ /v, LLRAE R RTE R (Ah
& D FERE o) AR L
i E LTS n FIIRE R K) 55
FSES

20184E 561 16 10] « it BlEHA 27



LI ¥
iﬂ‘ﬁi@‘ COVER STORY

Mg AR, DAERTE S 10mm x
3mm (HA D x JEE ¢) RS (b
BHEPEWE 3 FR ) MRS, T
SR S5 s PRI [=44mm.

e ME RS A A e T2
o B ER RSO e BRI E FELE
M [-2.0,2.0] ASCHEMFEEFRUE
A5 [EEBRLOR e BRI K
e RUKHUE g —2.0.-1.0.0.,1.0 F1 2.0
(U DX (0] 45 B S ) o ZEWF 58 AN [F)
w/v FER B, L o/v
BUEh 0 ARFRaEE fhal e, LA IUE
B A S MR
1 T TEEERERL

£ ABAQUS/Explicit H 4 7
ERIINEO T = W A T K= E Y SR |
A Y 2L FE A R 0 / br B R (L
(] 4 ), 5540 B 70 BB 45 4 1 B 3k
o BB AETER, MR
C3D8R. sl | [E i BN JEH R NI
A, B ICR Rk R3D4, BB )45
fl 2T i, EERR R ECK 0.1,

2 REAHR

RIS L Y 2
[i] 7 25 41 5 U 1 5 LD 1
5) bk T, AL R HLAEZE A4 an &
6 JIT7Is [ 2 452 PN S 15 A () O
B, B AR [ A 11 55 3% B sE
B PR, fEET ATOS =4EotiH
AU B 45 R R AT 0 2 A (UL
7),I4E Creo = 4EBA43A 55 T Fi kxR
YHERE e i T o5 = 5, DASRAS SR AR
FEE5R

BB M F EAT— AL
2tz p fgeR o nlmad(2) 3
=R

1 _a
;_ a’ +b°
b
a’ +b°
A, a Fl b SN =ER RS T
A B LR U SE R AR R

R E Rt
TEATE AR A AE T AL T

(2)

T =

28 WisshiEEEA - 20184 61 & S 1610]

250 1
200
g _ (Ez(0<F<E)
% 150 | sz
E wpERE | RIRARBR | MRRRSRE | VA
B 100 H E/GPa o/MPa o,/MPa u
f 68.4 149.2 2282 03
50 W fi SREEREC WA R
/ (kg'm” /% K/MPa n
2.71x10° 11.9 296.76 0.1122
0 I I

0.02 004 006 008 010 012 0.4
HIDE ¢
B3 HRNANEXRRERNZFHESH

Fig.3 Strain—stress curve and mechanical properties of pure aluminum
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Fig.4 Numerical model for typical spatial tubes forming
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Fig.5 Typical machine for spatial tubes bending and twisting
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Fig.6 Mechanical structure of the bending unit
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Fig.7 Three dimensional digital scanning
for specimen
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Fig.8 Relationship between rotation angle of mobile die ¢ and

torsion x (acquired from pure bending)
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Fig.9 Forming results for spiral tubes
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Fig.10 Influence of /v on torsion 7 and torsion adjust index $
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Investigation to Forming and Springback of Spatial Tubes in

Bending-Twisting Process

ZHANG Zengkun, WU Jianjun, SHANG Qi, LI Feifan, ZHAN Xuepeng
(School of Mechanical Engineering, Northwestern Polytechnical University, Xi’an 710072, China)

[ABSTRACT]

Based on the elastic-plastic forming theory and Finite Element Method (FEM), a numerical model is es-

tablished to investigate the forming of spatial tubes in spatial tube bending-twisting process. Investigations are focused on
three aspects, including the forming principles of spatial tubes under combined bending and twisting, the variations of form-
ing parameters under different eccentricities of fixed die and the non-linear relationship between the eccentricities of fixed
die and the torsion adjustment indexes. The conclusions are: (1) In spatial tubes bending-twisting process, the real bending
radius can be influenced by the rotation angles of mobile die and clamp. (2) The equivalent bending points acquired from
pure bending are not suitable for spatial tube bending, due to the fact that the torsion adjustment index at equivalent bend-
ing point can be influenced by other factors (eccentricity of fixed die, clamp rotation speed, etc). (3) If the twisting angle
keeps constant, the torsion adjustment index will increase accordingly with the increasing of clamp rotation speed, and de-
crease with the increasing of eccentricity of fixed die.

Keywords: Spatial tube; Springbcak mechanism; Numerical simulation; Bending-twisting process; Torsion adjustment index
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