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ABSTRACT

One of the major problems in sheet metal forming processes is the elastic recovery of sheet during
unloading of punch, called spring-back, which affects the dimensional accuracy of the product. This
phenomenon will affect by various parameter such as process parameter and material parameter, etc.
This paper deals with a review on Spring-back in Sheet Metal V Bending Process for the various
materials are CK67 steel, aluminum and stainless steel.

I. INTRODUCTION

The sheet metal forming process involves a combination of elastic—plastic bending and stretch
deformation of the work piece. These deformations may lead to a large amount of spring-back of the
formed part. It is desired to predict and reduce spring-back so that the final part dimensions can be
controlled as much as possible.

One of the most common metal working operations is bending. This process is used not only
to form parts such as flanges, seams etc. but also to impart stiffness to the part by increasing its
moment of inertia. The terminology used in bending is shown in figure 1.
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Figure 1: Bending termi-nobg, Figure 2: Terminology for spring back in Bending.

The outer fibers of the material are in tension and the inner fibers are in compression.
Theoretically, the strains at the outer and inner fibers are equal in magnitude and are given by the
equation.
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II. SpringBack

Because all materials have a finite modulus of elasticity, plastic deformation is follow' by
elastic recovery upon removal of the load; in bending, this recovery is known as springback. As
shown in Fig. 1, the final bend angle after spring back is smaller and the final bend radius is larger
than before. This phenomenon can easily be observed by bending a piece of wire or a short strip
metal. Spring back occurs not sheets or plate, but also in bending bars, rod, and wire of any cross-
section. A quantity characterizing springback is the springback factor Ks, which is defined as follows.
Because the bend allowance is the same before and after bending (see figure 1), the relationship
obtained for pure bending is from this relationship, Spring factor, Ks is defined as:
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where Ri and Rf are the initial and final bend radii, respictively. It can be noted Fromeqution 2 that Ks
depends only on the R/t ratio. Where R is the minimum bend radius. A springback factor of Ks =1
indicates no springback, and Ks=0 indicates complete elastic recovery (see figure 3).
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The amount of elastic recovery - as shown in figure 4 - depends on the stress level and the modulus of
elasticity, E, of the material; hence, elastic recovery increases with the stress level and with decreasing
elastic modulus. Based on this observation, an approximate formula has been developed to estimate
spring back: In this equation, Y is the uniaxial yield stress of the material.
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3. Spring-back of CK67 steel sheet
3.1. Effect of sheet thickness

The influence of sheet thickness on springback in V-die bending at various sheet orientations
for punch tip radii 2 mm and 4 mm, respectively. The values on the vertical axis may be positive or
negative. The negative value of spring-back is called spring-go. By increasing the sheet thickness
from 0.5 mm to 1 mm, the amount of spring-back and spring-go decreases; i.e. the sheet bend angle
becomes closer to the die angle. There was an exception for the thickness 0.7 mm at the punch tip
radius 4 mm. Fig. 5. Shows the effect of the sheet thickness on spring-back at various sheet
orientations for the punch tip radius. As it is seen from the figure, by increasing the sheet thickness,
the amount of spring-back decreases. This is in agreement with the results obtained for V-die bending.
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In sheet metal forming processes, the less the spring-back or spring-go, the better be the process
parameters selected. According to the diagrams, the experimental and simulation results are in good

agreements. [1]
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Fig.5. Effect of sheet thickness for punch tip radius 2 mm; V-die bending.
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Fig. 6. Effect of sheet thickness for punch tip radius 4 mm; V-die bending.

3.2. Effect of punch tip radius

The changes in the spring-back/spring-go versus punch tip radius for orientation 90° at various
sheet thicknesses in V-die bending. As the results show in the illustrated figures, for any of the sheet
thicknesses, at a certain value of the punch tip radius there is no spring-back/spring-go. The spring-go
phenomenon occurs at smaller punch tip radii. By increasing the punch tip radius, spring-go is
converted into spring-back; at punch tip radius 2 mm there is only spring-go, and at punch tip radii 4
mm and 5 mm there is only spring-back. The experimental and FEM simulation results showed that
the spring-go characteristic occurred at the punch tip radius less than a certain value, and the amount
of the spring-go decreased as the punch tip radius increased. In addition, the amount of the spring-
back increased as the punch tip radius increased. The thickness of the sheet is very vital to select a
suitable punch tip radius for the reduction of the spring-back/spring-go phenomena. For instance, for
thickness of 0.5 mm, R = 3 mm is a suitable radius.|[1]
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Fig. 7. Effect of punch tip radius for orientation 90 ; V-die bending.
Dr.S.Prabhakar Page 61



International Journal on Recent Researches in Science, Engineering and Technology, Vol.7, Issue 3, Mar. 2019.
ISSN (Print) 2347-6729; ISSN (Online) 2348-3105

——4—— Experimental ’ ——&—— Experimentall : Exy
——&—— Simulation | ——&—— Simulation ——a—— Simulation

Springback(deg.)

Springback(deg.)
Springback(deg.)

2 3 4 5 2 3 4 5 [ 2 3 4 5
Punch Tip Radius(mm) Punch Tip Radius(mm) Punch Tip Radius(mm)
(a) Orientation 0 (b) Orientation 43 (¢) Orientation 90

Fig. 8. Effect of punch tip radius for thickness 1 mm; V-die bending.

4. Spring-back of aluminum and stainless steel

There were obtained 22 data groups grouped around die width parameter. Recorded
measurement results were subsequently analyzed, and several springback graphics were obtained, a
few appeared in this paper. Next, some of them for stainless are shown from Figs. 3 and 4 under the
same die width and die radius (50 and 2 mm, respectively) and different thicknesses. Springback
values in air vee bending must be positive, negative values appearance means that bending has
changed into bottom vee bending. This situation has occurred in some aluminum specimens when the
die width (wd) was the smallest (16 mm). Because of that, these values have not been taken into
account in this study. Fig. 5 shows the values around zero for that experimental condition, and the
evolution of the springback for the other die widths (50, 35 and 22 mm). [2]
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Fig. 9. Springback vs. final bending angle graphic of: (a) Imm and (b) 1.5mm stainless.
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Fig.10. Springback vs. final bending angle graphic of: (a) 2mm and (b) 3mm stainless.

5. Spring-back of stainless steel sheet metal

Average curve of each graph was drawn, and corresponding spring-back equations formulated.
Polynomial curve method has been found to be the most appropriate among the tried five different
methods here. Results from the first and second methods were presented for all thickness values in
Fig. 13. In Fig. 13, Method 1 requires that the gap between the punch and female die be equal to the
thickness of the sheet material, and the punch be held on the die for 20 s. Method 2 requires that a gap
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between the punch and female die equal to the thickness of sheet material be given, but the punch, not
held on the die, be removed as soon as bending is over. According to the results obtained, the more the
punch load is held on the sheet metal, the lesser spring-back values become. That is to say, holding the

punch load on the sheet metal more increases the bending time, but decreases the value of spring-
back. [3]

wd 50mm.
18 T 25 o ® Al avsrage v. + Stainless average v.
% :I/DJ:J’D/E — Lineal [Al, average v.) — - Lingal {Sramles.s average v.)
E 14 0.5 20
T 12 // ) i 1 i
£ 01970 g -owd35mm a 15 _’,Fr_{
o F-1r-= O 4 o Bg -
8¢ 422 F LooeeT Ty -
, wd 22mm. B
T 6 R ) +3
§ . 9T g $ ol —fr it
2
2 o @ T /{
g W T6mm. 0 — —
o m = S & 5 10 15{ 2, 25 30 35 40 45 50 55 60
Final angle, Bf ) = wo/t ratio
Fig.11. Springback vs. final bending angle Fig. 12. Springback vs. wd/t
graphic of 1.35mm aluminum, different ratio graphic, aluminum and stainless.

S. Spring-back of stainless steel sheet metal

Average curve of each graph was drawn, and corresponding spring-back equations formulated.
Polynomial curve method has been found to be the most appropriate among the tried five different
methods here. Results from the first and second methods were presented for all thickness values in
Fig. 13. In Fig. 13, Method 1 requires that the gap between the punch and female die be equal to the
thickness of the sheet material, and the punch be held on the die for 20 s. Method 2 requires that a gap
between the punch and female die equal to the thickness of sheet material be given, but the punch, not
held on the die, be removed as soon as bending is over. According to the results obtained, the more the
punch load is held on the sheet metal, the lesser spring-back values become. That is to say, holding the

punch load on the sheet metal more increases the bending time, but decreases the value of spring-
back. [3]
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Fig.13. A combined presentation of the spring-back graphs obtained from both first and
second methods.
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As thickness of sheet material and bending angle increase, there is an increase in the spring-
back values, too. An increase in bending angle affects spring-back more than the thickness of the sheet
material. It is known that springback depends on the material and parameters of the process.
Dimensions of die, bending angle, and especially press depth are very important to spring-back. So
some crushing is noticed around the bending points of the materials, which are pressed between the
die and the punch. Thus, crushing around the bending fields prevents sensitive determination of the
spring-back value. [3]

Conclusion

Parameters Influencing Spring-back in sheet metal forming process for various materials are
CK67 steel, aluminum and stainless steel was reviewed for V-die bending processes. Can minimize
the spring-back to increasing the sheet thickness resulted in a decrease in the spring-back, optimum
punch tip radius was reduced spring-back, The bending angle to the rolling direction, suitable die
designs, bending radius, punch penetration, increasing the time to keep the punch on renders decrease
in the spring-back value. Holding the punch load decreases the spring-back value etc.
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