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A Study on the U-bending of Rectangular Hollow Tube by the
Eccentric Extrusion and Bending Process

Jin Hoon Kim and In Tai Jin

Abstract

The eccentric extrusion and bending process for the forming of the curved rectangular hollow tube is
newly developed. Generally, the bending process of hollow tube is the secondary process followed by
the extrusion process of the hollow tube from the round billet. So, many defects such as wrinkling and
the difference of wall thickness can be happened during the secondary bending process. In order to
avoid the defects, the new process named as “the eccentric extrusion and bending process is suggest-
ed and applied to the U-bending of rectangular hollow tube. In this paper, the kinematically admissi-
ble velocity field between the dies surface and the internal plug boundary surface is developed for the
curving velocity. By the using of this curving velocity field, the curvature of extruded products can be
calculated with the parameters such as eccentricity, dies length, friction constant, aspect ratio.

Key Words : Eccentric Extrusion and Bending Process(¥4 4253 712%), Bending(F371),
Extrusion($}%), Upper Bound Analysis("371¥), Eccentricity(H4]), Curvature(Z8),

Rectangular Hollow Tube(A123)
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Table 1 Initial condition of UBT analysis

Inlet speed (V0) 10mm/sec
Billet radius (RO) 40mm
Eccentricity (RE1) . 0-14mm
Dies Length (YA) J 20-80mm
Friction constant (m) l 0.4-0.8
Land Length (L.L) 10mm
Reduction Area (R.A) 80%
Billet thickness (TR) 10mm
Product thickness(TB) 5 mm
Yield stress (Y) 120 N/mm?2
Aspect ratio (A.R) 1-25

Fig. 6 Straight contour of dies & plug (A.R=2.5)



3.2 o8 S=% siMAnt
Fig. 72 2% % Zoagddre] £l 3340
£ Ho{Fm glon, Fig8e FAAAR fle A9
wgdAe] 28 %I'_*‘_%Ei Ho3m

3
S FREPHAANA

b

ol
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Fig. 8 Contour plot on tube dies surface (RE1=0 mm)

Fig. 9 Contour plot on tube dies surface (RE1=14 mm)
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Fig. 10 The relation of eccentricity and extrusion pressure
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Fig. 16 The relation of friction-constant and extrusion
pressure (YA=20~30)
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Fig. 17 The relation of friction-constant and product
curvature (YA=20~80)

4. DEFORM™-3D0]| 2|8t ARZFEEHHSE T
ETRH0| BASEEHIIE SN

Table.2¥ DEFORM™-3D Al E#loldE & 2714
Ao gy, F8E75 Y9 UHoR A AF
¥l HailA Ao 23 235 DEFORM™-3D Al
Edold sidoM= el & 4 AU} Fig.18, 19%
Table.29] dH2AE AMS 4248 RE UgHMAE
FE7MF ARl AHE BdET 3¥ET 9
HAlol oA Fo] BT & ¢ Utk

¥ REAZ U3 B3 AT

Table 2 Initial condition of DEFORMTM-3D simulation

Inlet speed (VO) 24.5mm/sec
Billet radius (R0) B 40mm
Eccentricity (RE1) ) 4, 12mm
Dies Length (YA) 70mm
Friction constant (mj 0.4
Land Length (L.L) 10mm
Reduction Area (R.A) 80%
Billet thickness (TR} 10mm
Product thickness (TB) 5mm
Aspect Ratio (A.R) 1

a) front view b) side view

Fig. 18 Result of DEFORM™-3D (RE1=4, A.R=1)

a) front view

b) side view

Fig. 19 Result of DEFORM™-3D (RE1=12, A.R=1)

SR LMIESBIX/ATA A5E, 19983 /503



(3)
DEFORM™-3DE A48t B4
QAelE A <+ U

7ol A HEe=n FELaTES ]
o] LAY} 74 9

N

=]

(1) I.Gillanders, 1984, “Pipe and Tube Bending
Manual”,
pp.16~62.

(2) AAH,1995, "DAAFY FEIBA AF FY
Aol #et A7, Faduga =53, A3,
pp-371~380.

(3) KA BB, 1996, “Hil LTHOMA ) B,
T, Vol.37, No.426, pp.711.

(4) AN, HAZ, 1997, A48 dwie] Al ¢&A

AES FYAL B AT, FF a7t E Y
#, Vol.6, No.1, pp.46~52.
(5) AAEFASE AU, 1997, "F

Gulf Publishing Company, Houston,

3o AYGET

504 | AR AMIIBEE[K]/ATE A55, 1998

6

7

®

©)

o thated A A1 g el 4 2 DEFORM™-3Def} 2 8 &
Fapua’, §22471288 973 AG U=
4, pp45~48.

A%, 4AE, A4, 1997, “F
A 4E 713l A 2A F37 843 DEFORM™-
3D o) & FPHMH R, FZLA71BEE 975
Agadis =84, ppd49~52.

ARE, Ao, 1997, 331:]- 12 A8 B
AgAA Y B HEI9e I8 FREER T
g AN, d=2471583, Vol .7No.2,
pp.177 ~185.

ARE, W g, AAE,1998, “FEriole A=
Bgo) W FEAEY v ERT FIAAHA",
AT hATEE BEAGEYI =S,
pp.254~257.

AR R REREZSD, 1989, "HdLINTE
FOAFEEBEOEN ", BENIT,
Vol.30,N0.336,pp.43 ~ 50.

2 TEAEY ¥



