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ABSTRACT

Bending process is the one important process in the sheet metal forming in
many industries, the main problem of bending process is the spring back
phenomenon which is happens after removing the punch. This research involves
theoretical and experimental study of the effect of holding time on spring back
value of sheet materid in V-bending die with 90° with different rolling direction
and different holding time (0,10,20,30) min. (Al —Si) aloy having the thickness of
(2 mm) were employed as the work pieces materia for al experiments. The results
reveadled that as the hold time increases, the spring back decrease and spring back
ratio increases.
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INTRODUCTION

pring-back is a common phenomenon that occurs in sheet metal bending
Safter unloading due to eastic recovery. When the bending process is

removed at the end of deformation operation dastic energy remains in the
bent parts causing if to recover partially to word its origina shape this eastic
recovery is called spring back. It could be defined in terms of spring-back ratio Kg
(the ratio between the produced and desired bend angles). Various efforts were
made to andyze the spring-back phenomenon analytically, experimentally, and
numerically for different shapes, and process and material parameters [1- 3] . Most
of the analytical studies focused on V- die bending. Previous studies [4- 6]
conducted on spring-back in V-bending showed that the spring back was
influenced by the bend radius, punch speed and punch angle and also a few
important literatures are briefly discussed here. Wang et. a. [7], reported
mathematical models for plain-strain sheet bending to predict spring back,
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bendability, strain and stress distributions and the maximum loads on the punch
and the die. Vin et. a. [8] reported, ‘three section” mode for air V-bending. The
material behavior was described by the Swift’s equation and the change of Y oung’s
modulus under deformation was addressed. Gau and Kinzd [9], investigated the
influence of Bauschinger effect on spring back in sheet metal forming. Inamdar
and Raval . al. [10] ,reported the simulation program for the prediction of punch
travel to bend the plate at desired angle, gap formation under the punch and spring
back in V-bending process. Mori [11], proposed to control the spring-back of the V
bended part by utilizing CNC servo press to reduce the sheet thickness at bend
angle Yoshida [12], studied a crash forming method to reduce spring-back of the
part made of high strength sted sheet. Yanagimoto,j.Oyamada [13],studied the
effect of many parameters on spring back phenomenon at worm and hot condition
and study the effect of hold time at this condition, he founded that the spring back
decrees with increase of hold time. Zhu L, Beaudoin [14], presents outline of a
simple bending test to study rdaxation at stress levels the evolution of stress and
development of plastic strain with time are assessed through a simple analysis of
spring back and the micro plastic processes that lead to permanent deformation of
the bent metd are wdl characterized by a model developed by Garmestani and
Hart. In recent research has been considered the different parameters which
affected on spring back phenomenon.

This research aimed to study the effect of hold time on spring back vaue and
spring back ratio at room temperature.

BASIC THEORIES OF SPRING BACK

Since dl maerials have two zones of deformation, the easticity zone and the
plastic deformation zone is followed by some dastic recovery after bending when
the load is removed. In bending, this recovery of easticity caled spring back,
which can easily observe by bending a piece of sheet metal. Spring-back
phenomenon is shown in Fig.( 1) the final bent radius is larger than before the
process. Spring-back occurs not only in flat sheets or plate, but also rod and bar
with any cross-section [15] [16].
Spring back, defined as the increase in included angle of the bent part relative to
the included angle of the forming tool after the tool is removed. This is illustrated
inFig. (1) and expressed :
Springback =0 -0, | Ks=op/ o [16] Where:-
as = angle after spring back
ap = angle of bending tool
K= spring back ratio

EXPERIMENTAL WORK

M aterial used

Aluminum alloy which the chemical composition is shown in Table (1) isused as a
work piece with (2) mm thickness
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Specimen preparation

The specimens for tensile test were manufactured according to ASTM [E8- 55]
in different rolling direction (0, 45, and 90) degree [14]. And the specimens for
spring back test were manufactured these specimens must fit the die and punch
with a suitable clearance about (1mm) with a V-die. A rectangular sheet of 50 mm
of width and 150 mm of length which cut in different direction, Parald,
perpendicular and (45) degrees to the rolling direction represent the three factors of
the planar anisotropy.

M echanical testing

1- Tensiletest

The tests were run with INSTRON machine with velocity (50 mm/min)

for different direction of rolling and mechanica properties shown in Table (2)
which represent the true stress-strain curves of (Al — Si ) dloy in three different
directions of rolling.

1- Springback test

Two parameers are used which effect on the spring back phenomenon, as
follows: Rolling direction Parallel and perpendicular rolling direction and (45°)
represent the three factors of the planar anisotropy. And the other parameter is the
hold time, different rang of hold time can be used as shown (O, 10, 20, 30) min.
these tests done on V bending die with 90. A semi closed 90 V- dieis designed and
used to conduct bending process. The die assembly is installed on the comparison
side of 100 KN testing machine (INSTRON MACHAIN ) The V- die bending
processes are conducted under constant force .The experimental setup for the V-
diebending illustrated in fig.(2)

RESULTS AND DISCUSSION

Figures (3 to 10) show comparison between spring back and spring back ratio
calculated with different rolling direction at different hold time. Figures (3-8)
Shows the effect of hold time on spring back and spring back ratio. May be found
that the hold time is linearly proportional to the spring back and spring back ratio
and when the hold time increased the spring back is decreased and spring back
ratio incresse this related to the rdaxation of material because, when a meta is
deformed, hardening usually occurs to some extent and is caused by generation and
rearrangement of dislocation sub-structures in the material. And Holding time
causes lower degree of stress relaxation. After a certain holding time, some éastic
strain is converted to plastic strain and the stress decreases [13] [14].s0 springs
back reduce and spring back ratio increase in different direction of rolling,
although the effect of rolling direction with hold time on spring back and spring
back ratio shown in figure (9 and 10) from the experimental results due to that the
metals give different flow strength in different directions in the plain of the sheet.
Parald (0°), perpendicular (90°) and (45°) degrees to the rolling direction as shown
in table (2), this mean that the materia is anisotropy this has a great effect on the
material properties therefore lower spring back found when rolling direction angle
(90°) than (45°) and (0) direction . And may be found that decrease of spring back
value when change for hold time from (0 to 30 min.) are 12%, 25% 37.5%
respectively in rolling direction angle (90°) , at (45°) rolling direction found
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decrease spring back value 12% , 22% , 32% and at (0°) rolling direction found
decrease spring back value 9.3% , 14.6% and 26% respectivdy this different in
values refer to the same reasons which illustrated previously .

CONCLUSIONS
The present work has reached the following conclusions:

1- Therolling direction has a greater effect of spring back and spring back ratio
where the lower spring back found in rolling direction angle (90°) than (45°)
and (0) direction.

2- The holding time has an affected on spring back and spring back ratio, when
the holding time increases, spring back decreases and spring back ratio
increases.

3- The lower effect of holding time found in rolling direction angle (90°) than
(45°) and (0) direction.

REFERENCES

[1]. Marciniek, Z. JL. Duncan, S.J. Hu, Mechanics of Sheet Metd Forming,
Second Edition, Butterworth-Heinemann Press, 2002.

[2]. Da Sisva Botdho, Da Sisva Botdho, T. E. Bayraktar, G. Inglebert,
Comparison of Experimental and Simulation Results of 2D-draw-bend spring-
back , Journd of Achievements in Materials and Manufacturing Engineering
Vol. 18 pp.( 275-278) , (2006).

[3]. Chen,F.-K. S.-F. Ko,” eformation Analysis of Spring-back in V-bending of
Sheat Metal” Journal of Achievements in Materials and

Manufacturing EngineeringV ol.18, pp. (339-342) , (2006).

[4]. Leu, D-K C-M Hsieh, The Influence of Coining Force on Spring-Back
Reduction in V-Die Bending Process , Journal of Materids Processing
Technology, pp.( 230-235), (2008) .

[5]. Tekiner, Z. An Experimental Study on the Examination of Spring-back of
Sheet Metals with Several Thicknesses and Properties in Bending Dies, Journal
of Materias Processing Technology Vol.145 pp.(109-117), (2004).

[6]. Tekaslan, O. U. eker, A. Ozdemir, Determining Spring-back Amount of Stee!
Sheet Metal Has 0.5 mm Thickness in Bending Dies , Journd of Materids and
Design Vol.27 ,pp. (251-258), (2006) .

[7]. Chuan to Wang, Gary Kinzel and Taylan Altan, “Mahematical modeing of
Plane-strain bending of sheets and plates” J. Mater. Process. Technol., vol.

39, pp. (279-304), (1993).

[8]. deVin, L.J. A. H. Streppd, U. P. Singh and H. J. J. Kals, “A process model
for air bending,” J. Mater. rocess. Technal., vol. 57,pp.( 48-54), ( 1996).

[9]. Jenn-Terng Gau and Gary L. Kinzel, An Experimental Investigation of the
Influence of the Bauschinger Effect on Spring back Predictions, J.

Mater. Process. Technal., vol. 08, pp.(369-375) , (2001).

[10] Rava Experimental H. K. & Theoretica Investigation of Bending Process,
(V & Three Roller bending), PhD dissertation, South Gujarat niversity, India,
2002.

3387

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

Eng. & Tech. Journal, Vol.30, No.19, 2012 The Effect of Hold Time on the Spring Back
Phenomenon in a V- Dies Bending Process

[11]. Mori, K., Akita, K. and Abe “Spring-back Behavior in Bending of Ultra
High-Strength Sheets Using CNC Servo Press”, Int. J. of Machine Tools &
Manufacture, Vol. 47,pp.(321-325), ,( 2007).

[12]. Yanagimoto, J. and Oyamada, K. Spring-back of high strength sted after
hot and warm sheet forming, Annds of the CIRP,Val. 54 (1), pp.( 213-216),
(2005).

[13]. Yanagimoto,j.Oyamada Spring back free isothermal forming of high-

strength stress sheets and aluminum alloy sheets under worm and hot

forming condition Int.Vol. 46,pp. (1324-1328), (2006).

[14]. Zhu L, Beaudoin AJ, MacEwen SR An assessment of in service stress
rdaxation of a work-hardened duminum magnesium aloy. ASME J. Eng.
Mater Technol. Vol.126 ,pp.(157-163), (2004).

[15]. Cupka, V. T. Nakagawa, and H. Tyamoto. Manufacturing Processes for
Engineering Materials 5th ed. Kalpakjian Schmid, (2008).

[16. Grover, M. P. Fundamentals of Modern Manufacturing, Pp.(509-511),
(1996).

[17]. Annual book of ASTM standards 0303 ,E8 ,ASTM, 2004.

Table (1) The chemical composition for (Al- Si ) Alloy.

dement |Si |Fe | Cu | Mg Zn Cr Ni Pb Mn | Al

% 0.6/0.19|0.01| 0.0043 | 0.019 | 0.004 | 0.012 | 0.006 | 0.004 | 99.2

Table (2) The M echanical Properties of (Al —Si ) alloy in different directions.

Property 0 degrees | 45 degrees | 90 degrees
Y oung’s modulus 69 Gpa 69 Gpa 69 Gpa
Yield Strength 118 Mpa | 130 Mpa 137 Mpa
Ultimate Tensile Strength | 131 Mpa | 142 Mpa 143 Mpa
% Elongation to Failure | 6.2 % 3.8% 4.5%
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Figure (2) The experimental setup for the V-die bending.
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Figure(3) Therdation between spring back and hold time
at paralld rolling direction (0)°.
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Figure (4) Therelation between spring back and hold time
at (45)° direction.
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Figure (5) Therelation between spring back and hold time
at perpendicular ralling direction (90)°.
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Figure (6) Therelation between spring back ratio and hold time
at parallel rolling direction (0)°.
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Figure (7) Therelation between spring back ratio and hold time
at (45)° direction.
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Figure (8) Therelation between spring back ratio and hold time
at perpendicular rolling direction (90)°.
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Figure(9) Therdation between spring back and hold time
at different rolling direction.
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Figure (10) Therelation between spring back ratio and hold time
at different rolling direction.
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