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A Study on Characteristics of Bending Deformation for the
Copper Pipe by Double Ball Mandrel
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Abstract : In general, copper tubes with high corrosion resistance, high thermal conductivity and high
mechanical properties for the transfer of pressurized fluids are used in industry. When the copper pipe
is being bended, wrinkles and wall thinning, and ovalization occurs in the pipe. In this study, a double
ball mandrel was designed to improve the thickness reduction rate and the circular deformation rate,
which occurs when bending the copper tube. The performance of the bending system with double ball
mandrel has been verified by the simulation that is performed by using Deform 3D to compare with the
thickness reduction rate and the circular deformation rate according to the bending angle of the soft
material. As the result of simulation, it has been verified that it can reduce the circular deformation rate

and damage value on the upper side of the pipe.
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Fig. 1 Schematic diagram of bending system
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Table 1 Mechanical

composition of material

properties  and  chemical

Mechanical properties | Chemical composition
Tensile

strength ﬁglrg};s; Cu |Pb|Fe| P | Si
(N/mm?2)

315 50.1 99.95]1 0 | 0 [0.023| O

Table 2 Experimental conditions

Material Cu pipe

Diameter g 28.58 mm

Thickness 1.25 mm

Cycle time 1 cycle for 4 sec

Allowable thickness

of bending part 1.0 mm

Bending degree 90°
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Fig. 3 Symmetry plane for pipe
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Table 3 Material properties of model

Material C1220
Young’s modulus 264 MPa
Poisson’s ratio 0.38
Thermal expansion 1.3E-4

coefficient

Table 4 Friction set for the material

Relation Friction
Forming Die - Tube 5.0
Pressure Die - Tube 0.7
Clamping Die - Tube 0.12
Shaft Mandrel - Tube 0.08

First Ball - Tube 0.7
Second Ball - Tube 0.7
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Fig. 5 Slicing face of bending pipe

el ojsk WA A AAT Y43} A e
g Q7] W] FHel AAS WPE + U=
= MIDAS F 300RAR ol B 101@

o
Fig. 4= WY & T Fd(crack)e] HUAE
A F3H= £ (damage) EE A5k YEIHS]
o 4x & 9 o)F AHE-E 583 AlE
Eﬂon @J"’Jr JIHE FS FAANA LA &
Ao R e AR o]
& AT P 2 w9l
SR ZA et
A B T medo) dFdd



23 o

i

ks]
pil

4
g FABES

=

=

il

il

o

o] ue}
2

Aoz ARdEY. da ES AEIAS WEY F

15%%

-
w
Hr

Aol YERA

Fig. 59 o] B@e| FAWs} by 2 3

el

Nfo

o] °F 9272 UElton o]

(part)e] F7| <}

E

X
N

o
s

X
T
NI
o)

Fig. 62 &% WFol A7}t

UER AT

1

Hlo

x

AL oF 0.08%2] FA

-

]

dol a2+

o] A 22.48%, °]
TEA 7] A

Bo] A 256%2 F A5 BT ¥

[e]

=

1

ksl
o

A2ES 12.5%

n

ga

7
T-oll

el

!
4 RAE7} 7bg 2 ele) Mol 2l v

tAth o]F e g

w3t HERf AT
Asz
B

=

3

A
g

70 80 90
&— Single ball
Double ball
60 70 80 90

—— Double ball
60
-

—a— Single ball

50
40
Bending angle [deg]

10 20 30 40
Bending angle [deg]
0 20 30

to bending angle

10
0ld
25

[ %] wonanpas ssauany adyg

Fig. 6 Circular deformation rate variation according

[ %] 1e1 vonewIopp JeNdN)

W
R

+
o

<
w
o
umo
il

.Z_l
o)
B
7
a3l

s

o

Fig. 7 Pipe thickness reduction variation according

87

Y]
=2

AAEIZOHS|X| H243H X4, 2020'H 8

=

=
[«

to bending angle



2) °]F & ARES A9, MW HAFA
B 26.08 mm, AP oF 8.
gzt BS AEstY w3ede AR oF

3) FAR =] FAGALEL A3 B H¢
22.48%, ol B9 A%, 22.56%%= <F 0.08%2 F
AZaE& Fdo] JAT 1 zol7} v Es

& 5 At

Author contributions

J. H. Jeong; Writing-review & editing,
Conceptualization, H. C. Park; Writing-original draft.

References

1. J. W. Jeon, S. M. Lee, H. S. Jeong and J. R.
Cho, 2012, "Comparison of springback analysis
and experiment for circular tube bending", Joint
conference on The Korean Society of Mechanical
Engineers, p. 266.

2. J. H  An, D. C. Ko, C. J. Lee and B. M. Kim,
2008, "Spring back prediction in bending process
based on DOE and ANN", Spring Conference on
The Korean Society of Mechanical Engineers, pp.
171-176.

3. C. W. Park, 2010, "A study on petronas of
bending forming analysis", Autumn conference on
The Korean Society of Mechanical Engineers, pp.
493-494.

88 TYHAAHSTRIX| H243 M4z, 2020 8@

4.

10.

RPN

J. W. Jeon, S. M. Lee, H. S. Jeong and J. R.
Cho, 2012, "Comparison of springback analysis
and experiment for circular tube bending", Joint
conference on The Korean Society of

Mechanical Engineers, p. 266.

. H. J. Kim and C. M. Lee, 2007, "A study on

the bending process for precision pipe forming",
Korean Society for Precision Engineering, Vol.
24, No, 6, pp. 58-65.
(https://doi.org/10.7736/KSPE.2007.24.6.058)

. S. D. Mun, 2011, "Development of bending

machine with high efficiency and precision
forming",  Journal of the Korean Academic
Industrial Society, Vol. 12, No. 1, pp. 7-14.
(https://doi.org/10.5762/KAIS.2011.12.1.007)

. H. W. Lee, S. Y. Jung, C. kim, S. M. Han and

H. Y. Cho, 2008, "A Study on Prevention of
Molding Defects in 1.5D Hot Pipe Bending",
Autumn Conference of Korean society for

Precision Engineering, pp. 329-330.

. D. W. Jung, J. H. Jeong and J. R. Cho, 2013,

"A study on forming analysis for the soft pipe
bending process of thickness guarantee", Journal
of the Korean Society of Marine Engineering,
Vol. 37, No. 1, pp. 66-71.
(http://dx.doi.org/10.5916/jkosme.2013.37.1.66)

. H. C. Park, B. S. Kim and J. H. Jeong, 2018,

"A study on Forming Analysis for Copper Pipe
Bending Process Improvement", Journal of the
Korean Society for Power System Engineering,
Vol. 22, No. 3, pp. 60-65.
(http://dx.doi.org/10.9726/kspse.2018.22.3.060)

H. C. Park, B. S. Kim and J. H. Jeong, 2019,
"A  study on Characteristics of Bending
Deformation for the Copper Pipe", Journal of
the Korean Society for Power System
Engineering, Vol. 23, No. 3, pp. 51-56.
(http://dx.doi.org/10.9726/kspse.2019.23.3.051)



	이중 볼 맨드릴에 의한 동파이프의 굽힘변형 특성 연구
	1. 서론
	Abstract
	2. 장치 모델링 및 설계조건
	3. 결과 및 고찰
	4. 결론
	References


