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Adaptive Three-Point Bending Controller through Real-Time Springback
Estimation for Beams

Seung-Cheol Kim*, Sung-Chong Chung**

% Abstract —J 7

In order to automate straightening process of deflected beams, an adaptive three-point bending controller is studied,
which estimates and controls springback of beams under three-point bending. An analytical load-deflection model for
three-point bending of beams with circular cross sections is derived nondimensionally. In spite of vanations of material
and process parameters, this model can be applied to springback estimation by measuring real-time values of reactive load
and deflection of the beam. A hydraulic punch stroke controller is designed to take real-time controls of the permanent
deflection of the beam. The validity of the proposed system is verified through experiments.
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Fig. 2 Moment-curvature diagram for a beam with circular
cross section
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Fig. 3 Deflections of an elastic-plastic beam of circular cross
section
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Fig. 5 Nondimensional load-deflection model

—1.2597 + 4.6038F' — 3.4394 F'*

+1.0956 F"*
(1S F'<14)
—22180 + 73288 F’ — 96794 F"*
+63876F" —21063F" +2776.5F"
(14<F' <1.7)

(8)

A7) e 4z Fakel A4
&5 F'=F/Foln.

Aot 2& ojgd RYEREH dAgton Azyuls
F387] o9 3WEY TN @ ke Ay b
% Fig 5% o] 2AH4 o2 FAT & gk 72 A of
A gEazEc e Badde A4 C o] g3, g

5 =815, % w34

65

3 ol Bagdde 4 (92 RdNE 24 2 4
Sk 2e1a Beg 9 Sgelne eadddn
o) Fleshgst HaAsHl 44 C,2 P+ Qnk ol
gol A Wrd ¢ 8344 2de qFY 24

EAo BAgle] shtel duz E3E & e oMo
ek

2.3 dAIZt ATl =H

B =79 34 E—&% 238 359 NAFo2RY
219 3lE-2 A 2 S o] &l Aoz #AY ~
ZYWe PG dSFoN BT ddte 4
g g Aojstnat she oitk”

2a19l 8247 Rd2RE 49 ¥ dE3He A
a4ugeE &, = ogd 2o

8, = 8, -8; ()
azla gAEdYde A4 C9 71E7le Ad C
HaahA 1o} Hog Falyd azyuizre Hxjo) i
9 shFgke] €t

8, = F, (10)
agEE AA AEEEe g2 Zo] Ay A
AAes 2 Egkel Aold FEMAHFE Fotod
&g 4 3t

8,=8,-6,=6.8,-Fy) (an
o9} 7o] Ao dol &l s ug A
EA B aan @49 s Y BozRE A
& & ook aeg Agud Fol dAtes gg2

she BRU4EE 24 eolol Buk oW 1Y F87 WS
£ 23 @A+ gk
S k£ e o] B

€712 vEid F glnk

a0 g2A9 7]

7te
A7b =m, AA kg & g
AAGE R A ot 2T dHHQ) BhE-2
AcA 239dgdMe atg-AA 71
ARG B} ZolAA drf. 1Rz

aeh 71N B8 Ao e e ol
3 o ofl A

i wo
e

TAME 7HsE



ofy
[

ox
ol

Load Ceil
LVDT Reading

Digital Filter

Calculation
ky = OF | 38

g

No4| Initializati }7
Yes
Point vese] 02 start
oading ? {Range C ,)
5 Vos Plastic range start
(Range C ,}
v Unload start
p ***] (Range C )
Yes CallEnd
A

&

&

Yos-» &, Observer

nterrup!
End

4

Fig. 6 Real-time control algorithm
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Fig. 7 3-point-bending process model by linearized punch
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Table 1 Experimental conditions

No. Diameter Length Hardness Heat»rreated
(mm) (mm) (HRC) | thickness(mm)

1 16 300 45 12

2 30 300 50 12

3 40 300 55 1.2
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Fig. 8 Schematic diagram of straightening machine
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Fig. 9 Load-deflection diagram of beams
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