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A Study on the Bending Process for Precision Pipe Forming

Hyun Jin Kim" and Choon Man Lee”

ABSTRACT

The arbitrarily-bended pipe is widely used in a heat exchanger system. Thus, the pipe bending process has
important role in performance and productivity of heat exchanger system. The purpose of this study is to
investigate the bending process for manufacturing of sound pipe. And, the spring-back effect and the variation of
pipe thickness should be controlled effectively. The change of spring-back ratio and the thickness variation of

pipe according to the change of bending radius, bending angle and pipe thickness are analyzed by FEM analysis.
The analytic results are compared with the experimental data, accordingly the results show good agreement. The
method of the analysis can be applied for manufacturing of precision bended pipe.
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Fig. 3 Finite element model of pipe bending unit and workpiece

Table 1 Input parameter for analysis

Fig. 2 Pipe Bending Machine

Analysis classification | Elasto-plastic & Contact

22 wEt 24 2E3
Fig. 3& stolZ 3¢ FA9 fgasudold, Element type Shel
ol 2As Fohe V& RdPste} e 3

91, 2% o= sto|z o] 29 2} 238 $0] Friction factor 0.1
IJ=E &y A 4¥e= 2dY S0 ¥9 . Updated Lagrangian
] h

Thol9} A thols BF BTPO|DE FY 2 Computational approac Fomulation 9,10
Q& o] Z(Copper pipe)E.th o] ZAol 27] o
Fo] Wyo] Bdslr Fevin 71AHE o ZA 23 MA EA

- - . =9
(Rigid body) 222 28& FARAS. FIZE g0 g9 gngs Soixe guna §

AR T e NP v - S A I
oA JAR ATl AFINES sgew, gojm oo A BAY AARAE AFIEE B
o val AviHoz A0l B A ol FY  oiga m o S B e
e e e a s 71291 B2 solel 9asiBo) aiga) oz e
e A S o %a B AASA. Fig 4ol AYANB G4E e
9 48 TOHES SRS AIEE o Aol sholx Yoz agez nAw

DR U U2 YA g1 go|Ly 5 5
_ g W AaePe BAN) A8 Holzef Yol
2% BT FANod)) 2 Y VHS 2B z908 ol AWe ARSAD, FANE 1o

g #MME 937l A 2 A MRS

60



CRIALISEHR] A 24 B A6 2

AW 2 49 wgor AEFHQ AojxE &
a3t} Instron A7 E o] &3le] UFAFPE
Ty o, 739 AFL YT F o, Hi9
% Wl 539 AAE o] fste] W SYY
£& T3 Fig. 59 JYEhRIch Fig. 59 23E
BEste FFsrsiao] AL FoolZo B4
A& 38141, Table 20 YEFASITH &44 A
& FYP37] J8ME 2 TH-HMYE ME(True
stress- strain curve)= T R3}0], Fig, 69 gz =
e AT

0.08 6.10 0.15 0.25

Strain

0.20 0.30

Fig. 5 True stress-strain curve for specimens

Table 2 Property of specimen

Young's modulus 28,370 N/mm’

Poisson's ratio 0.31

Yield stress 59 N/mm?
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Fig. 6 True stress-strain curve for copper
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Fig. 7 Spring-back ratio according to bending angle
of pipe with thickness 0.6 mm
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Fig. 8 Spring-back ratio according to bending angle
of pipe with thickness 0.8 mm
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Fig. 9 Spring-back ratio according to bending radius
of pipe

Table 3 Comparison of spring-back ratios and Af
according to bending radius

Bending | Bending .
angle | radius | P B 4o 0,
o ratio
) | (mm)
20 0.9435 5.21
90 30 0.9400 5.50
40 0.9320 6.19
20 0.9484 6.30
120 30 0.9446 6.70
40 0.9370 7.62
20 0.9528 7.16
150 30 0.9484 7.79
40 0.9400 9.05
20 0.9561 8.02
180 30 0.9497 9.11
40 0.9424 10.54
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Fig. 10 Spring-back ratio according to pipe thickness
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Table 4 Comparison of spring-back ratio according
to pipe thickness

Thickness Spring-back ratio
(mm) 90° 120° 180°
0.6 0.9320 0.9370 0.9424
0.8 0.9331 0.9383 0.9423
1 0.9343 0.9397 0.9442
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Fig. 11 Spring-back ratio according to bending angle

Table 5 Comparison of spring-back ratio of
experiment and analysis
Bendin ing- i
ing Spring-back ratio Difference

angle
© Experiment | Derivation (%)
90 0.9514 0.9320 2.04
120 0.9572 0.9370 2.11
140 0.9619 0.9394 2.33
160 0.9653 0.9412 2.50
180 0.9686 0.9423 2.71
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Table 6 Output for control of bending angle

Bending radius| Target angle Bending angle

(mm) ) ")

40 90 96.44

40 180 190.76

20 90 95.06

20 180 188.09
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