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Fig. 1. Main components of the rotary draw bending die [3]
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Fig. 2. a) coordinate system used for the model; b) stresses acting to the bending region in 3D; [7]
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Fig. 3. Stress acting on a small element of the tube
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Fig. 4. Empirical effective stress—strain laws fitted to an experimental
curve
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Fig. 6. Distribution of axial strain in the bent tube
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Fig. 8. Dimensions of the tensile test sample according to ASTM-A370
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Table 1. Summary of mechanical and Physical properties of aluminum
tube used in experiments

slade Sk
VE /A% UTS (MPa) il LS plSioci
SOVARNY§ 0, (MPa) cops /¥ gl s

i (%) «Jsko b3l Sl

YA N e G5 sl
YVE/YAY K (MPa) (plSoxial gy

SAIY E (GPa) Sl Jsio

|I¥Y Vogely o ps

vag- p (kg’) J&

4 Sl ol wlad Jue o &0 i oS gl
A5 00> o ]
sl odbperdals P8 Sy ) Al b (il ol chagly ool 5
2y ool S yis g oadplonl S o 0 a5 T2 ps g g L g
looles Ginyss (sl w1 oolitol ¥ Sealtyd gy U fS ) e
Tobe O olod 48 5 T & o oled 5l gl 1B gglaw b
by ol sl b ooliel Tt 18 g5 5 oSS b oled
oS ogsle B 5 Ayl /)lis B o) [ B gl 5 S Kb
Lol sl oboslita] ity sles Lyl ¢ 2aalS SISkl o j) g
Gl ot 13 crgr cdlg) o555 B b olas e iy o5 53
o Lansgs g ol y13,leis 035,13485 B oo calg) L3 51 (sl
b ol " piS Jae jl g8 g0 pSme o3 B (55, g ((Sgyan
RIS hgy 4 A ()3 de)yd eadplnl slaingh 4 argi b
B gl &S0l o c(silotnd 5 (275 @S o alio g g0
B 5 dllos B olas psba sl idgr gy 4 aniél Ay
s B ol daw sl g /) SBhaol cps dgd /S o)l>
5 e alpd gl b laes 53 b iy o/ 0 SWasl s o)
sylg alg) 51 s @0 )Lt 15 51 ooliel b Lo ,Lid s IS og50
ey U8 B 9 Z joe Jo (Slgd gy o B S > 0
Jloelx e sliwly )3 (Jad ©)gots (o3 CJBL plojon 5 o3 glad
Ol (S yess o8 (slatog dlg) sl csinplell Coond 3 08

Step

Dynamic Explicit

Surface to surface
Kinematic Contact method
Coulomb

Rough

Load

~N N B W~



55 B FFY asio AYAY Lo Y o)lad O

ol aS" 4isS ylod Ll odbodly L VY S 50 Jlow HLid e

ol b 1 g e oSy b Jlos L5 o390 Wb 4 33,5 o
! oA.J}G)l&

Fig. 12. Sample formation in non-pressure fluid conditions
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Table 2. Geometric and material properties used by Khodayari [17]
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Fig. 15. Comparison of the predicted thickness by the analytical
model with the experimental results of Khodayari
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Fig. 17. comparison between the deformed cross section of the pre-
dicted by Analytical model with initial tube cross section
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Table 3. Comparison of Khodayari's experimental results with the re-

sults of analytical models Tang [7], Wang and Agurval [11] and present
analytical model
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Fig. 16. Analytical model prediction from bent tube cross section by
Khodayari in the middle of bend region (section A-A)
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Fig. 19. Effect of the internal pressure on the cross-section distortion
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Fig. 18. Effect of the internal pressure on the change of the wall thickness
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Fig. 20. Comparison of simulation results with experimental results, a-
Thickening, b- thinning, c- cross-section distortion
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Fig. 22. Effect of using wiper die on tube bending, A-without
wiper die, B- with wiper die
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Fig. 23. Effect of using wiper die on tube bending, A-without
wiper die, B- with wiper die
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Fig. 21. Effect of internal pressure on multiple defects, a- thickening,
b- thinning, c- cross-section distortion
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Fig. 24. Effect of internal pressure on multiple defects, a- thickening,
b- thinning, c- cross-section distortion
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Fig. 26. Effect of the internal pressure on the change of the wall thick-
ness a-thinning in the extrados, B-thickening in the intrados
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