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ABSTRACT 
 

Springback is one of a significant problem in the sheet metal forming. There are a number of effort taken in 
predicting and quantifying the springback experimentally. In this research, few design and process parameters 
that affect the performance of the formed sheet had been outlined. This paper will  review the springback 
measurement approaches via experimental method. The discussion involves with the theoretical background of 
the springback,  recent approaches and most of the studies conducted and reported. Most of the studies and 
parameters taken into consideration in the experimental will be discussed in details. The recent issues and 
problems within the current approaches will be highlighted. The paper also raised the issue of twist forming 
process, where the amount of springback found to be larger, and this process is much more complex process 
compared to other bending processes. 
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Introduction 
 

Springback is one of major geometrical defect in sheet forming processes (Abdullah et al., 2011). Part 
shape error due to severe springback is considering as one of the manufacturing defect. Springback can only be 
controlled and minimized but quite difficult to be eliminated. For that reasons, understanding the mechanism of 
the springback is very important. The definition of the springback can be summarized as a condition that occurs 
when sheet metal or alloy formed, and the material has a tendency to partially return to its original profile due to 
the elastic recovery of the material upon unloading (Ramezani et al., 2010; Marretta et al., 2010, and Carden et 
al., 2001). It is not only influenced by the tensile and yield strengths, but also by thickness, bend radius and 
bend angle (Wang et la., 2004; Li et al., 2002 and Esat et al., 2002). 

In most of research, finite element is the main tool being used to understand, predict and improve the 
component defect through springback (Chou and Hung, 1999; Narkeen and Lovel, 1999; Papelux and Ponthot, 
2002; Schwarze et al., 2011; Shen et al., 2010 and Yu, 2009). In addition, there are few other tools that have 
been employed in predicting and measuring the springback such ANN (Bozdemir and Golcu, 2008), optical 
method (D’Acquito and Fratini, 2001 and Abdullah et al., 2011) and optimization using a statistical method 
such as ANOVA and Taguchi method (Lee and Kim, 2007; Meinders et al., 2008 and Song et al., 2007). 
Recently the topic on springback measurement and compensation has devoted attention from researchers. The 
studies can be discussed into physical and numerical approaches. The physical parameters can be further 
explored into material properties and process characteristics as well as their sensitiveness. Typically within the 
former parameter, the issue of isotropic and kinematic hardening (Vladimirov et al., 2009), Bauschinger effect 
(Gau and Kinzel, 2001), evolution of elastic properties (Sun and Wagoner, 2011) and elastic and plastic 
anisotropy (Li et al., 2002) were raised. While the later, mostly the problem of sheet thickness, friction 
coefficient, blank holder force, tool geometry, contact pressure, temperature and unloading procedure were 
discussed (Li et al., 2002; Greze et al., 2010; Osman et al., 2010; Zhanga et al., 2007). Springback can be found 
in various types of sheet forming, for example, Zhan et al., (2011) in creep age forming (CAF), they found that 
to predict the amount of springback is the greatest challenge and from their review there are three significant 
experimental methods i.e. three point bending method, four point bending and cantilever bending device. 
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The paper will review the most common experimental research used in measuring the springback. The 
paper also raised the issue of twist springback that also affect the efficiency of bending process of sheet metal. 
The paper starts with introduction and follows by basic concept of springback measurement and calculation. 
Then the experimental approaches will be discussed in details. In this section, few raised issues and factors that 
may affect the springback and limitations of each approach will be presented. After that, the phenomenon of 
twist springback will be explained. Here, the limitation of the presented experimental approach will be 
highlighted for measuring the springback in the twist bending process. The paper ends with the conclusion and 
recommendation for future works. 
 
1.1 Basic Measurement of Springback: 

 
Basically the measurement of the springback is about the same, which refer to the fundamental theory of 

bending process itself. Based on the definition, the springback can be described as a deviation of the sheet after 
unloading as shown in Figure 1 and can be represented as below (Behrouzi et al., 2010); 

 

 
 

Figure 1: The basic concept of springback measurement, θ (a) unloading and (b) loading. 
 
And the springback can be represent as; 

 

            (1) 
 
Where Ri and Rf represent the initial and final radius respectively. While T and E represents the thickness 

and Young Modulus of the workpiece material. In other case, (Osman et al., 2010) measure the amount of 
springback by springback ratio, K which can be expressed as;  
 
K = θf /θi               (2) 

 
Where θf  and θi are the final and initial bend angle respectively. 
In creep age forming (CAF), Jeshvaghani et al., (2011) measure the amount of springback based on 

percentage of deflection before and after forming.  
 
Springback (%) = 100(dmax/δ)            (3) 

 
Where dmax is the maximum displacement and δ is the deflection after unloading. Based on the literatures, 

the springback show the angle deviation in degree or percentage of deviation. 
 

2.0 Experimental Approaches: 
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Several experimental geometries including air bending including U-bending and V-bending) and straight 
flanging are the most prevalent types of bending that had been utilized in the investigation of the springback 
problem. Recently the split-ring test was employed in assessing the amount of springback in the deep-drawing 
process. It is crucial to predict the springback precisely during die design stage and it becomes the key to obtain 
tight part tolerances and controlling the process. In the next section, the most common experimental approaches 
in studying the springback will be discussed. 

 
2.1 V-Bending: 

 
A v-bending operation is commonly performed by compressing the metal strip between a matching V-

shaped punch and die. In most of the air bending, or free bending, a sheet is commonly supported by two 
shoulders of a stationary die. The required bending angle can be determined from the die opening and punch 
displacement as shown in Figure 2. The springback was quantify based on the deviation of bend and usually 
refer as springback ratio. Figure 3 define the springback measurement for the V-bending method. The 
advantages of the V-bending die are the economical set-up time and fabrication of a wide range of part size and 
complex shape (Thipprakmasa, 2010). It has the advantage over other bending processes, for example, there is 
no need to change the dies to obtain different bending angles (Gajjar et al., 2007). The basic advantages of the 
V-die bending process are as follows: (1) a simple tool design, (2) an economical setup time, and (3) an 
enormous range of sizes and complex shapes that can be fabricated for the part but in contrast result in less 
accuracy (Thipprakmasb, 2010 

 

 
Fig. 2:  V-bending process setup, (a) initial stage and (b) final stage. 

 
 

Fig. 3: Definition of the springback for v-bending, (a) loading, (b) unloading 
 

2.2 U-bending: 
 
The u-bending or in some cases name as deep drawing (depth larger than width) process requires at least a 

blank, blank holder, punch, and die as shown in Figure 4. The blank is a piece of sheet metal, typically a 
rectangle shape, which is pre-cut from stock material and will be formed into the part. The blank is clamped 
down by the blank holder over the die, which has a cavity in the external shape of the part. A tool called a punch 
moves downward into the blank and draws, or stretches, the material into the die cavity. The movement of the 
punch is usually hydraulically powered to apply enough force to the blank. Know that U-shaped part is one of 
the representative parts in sheet metal forming. Side wall curl is one of the main defects found in the forming of 
a U-shaped part (Zhanga et al., 2007). During the forming process of a U-shaped part, the side wall suffers 
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complicated bending and stretching. For example, by introducing a large blank-holder force (BHF) into the 
forming process is useful to remove side wall curl (Liu et al., 2002 and Samuel, 2000). They found that as the 
BHF increased, flow resistance of the material will also increase, the stress distribution through the thickness of 
side wall may be turned to tensile stress over the whole section. Accordingly, springback directions of both sides 
become consistent, which is conducive to decreasing shape distortion (Zhanga et al., 2007). In u-bending, the 
springback can be represented as in the Figure 5. A disadvantage of air bending is that, because the sheet does 
not stay in full contact with the dies, it is not as precise as some other methods, and stroke depth must be kept 
very accurate. Variations in the thickness of the material and wear on the tools can result in defects in parts 
produced.  

 

 
 

Fig. 4: The steps involve in U-bending, (a) initial stage and (b) final stage. 
 

 
 

Fig. 5: Springback measurement in u-bending by comparing the profile after (a) loading and (b) unloading of  
            the plate. 

 
2.3 Draw Bending: 

 
The draw bend test usually it consists of two hydraulic actuators oriented 90° to one another, with a fixed or 

rolling cylinder at the intersection of their action lines to simulate a tooling radius over which the sheet metal is 
drawn. The upper actuator (horizontal) is programmed to provide a constant restraining force (or back force) 
while the lower actuator is set to displace at a constant speed, thus drawing the strip over the cylinder. The 
process can be simplified as shown in Figure 5. The material undergoes tensile loading, bending, and unbending 
as it is drawn over the tooling. At the end of the test, the material is allowed to spring back by removal of the 
specimen from the grips of the fixtures. The parts of the strip outside the formed region remain straight (Hino et 
al., 2003). Ragai et al., (2005) studied the effect of friction to the BHF and found that has an effect similar to 
reducing the clamping force. For most of the cases, the springback in draw bending can be measured based on 
the profile deflection as shown in Figure 6. An important advantage of draw-bending is that thin-walled tubes 
can be bent to desired radii smoothly and accurately 
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Fig. 5: Steps involve in draw bending, (a) initial stage and (b) final stage 
 

 
Fig. 6: The definition of the springback in the draw bending process, (a) loading and (b) unloading 

 
2.4 Straight Flanging: 

 
In the straight flanging, each specimen was bent to approximately 90° using the flanging die set. To 

determine the influences of die corner radius, punch (nose) radius, punch–die clearance, pad force, and sheet 
material on springback in straight flanging. By scaling these photographs, phenomena, such as sheet thinning, 
increase in punch–die clearance, and lifting of the pad could be visualized and measured. Straight flanging is a 
forming operation in which one end of the sheet is bent down along a straight line. The other end of the sheet is 
restrained by a pad and blank holder force. Flange length can be changed easily, and the bending angle can be 
controlled by the punch stroke.  

Among these variables, small R/t ratio is the most critical issue (Livatyali and Altan, 2001). Small radius 
bending is a process, which is difficult to model accurately using a material model based on a simple tension 
test. The bend test can be applied using a specially designed set-up that generates a bending process without 
tension. However, the disadvantage of this method is that the proposed bend test is costly, and the empirical 
parameters are not readily available for most materials. Furthermore, the moment–curvature relation becomes 
even more complex when tool contact is taken into account. Thus, an approximate analysis method based on a 
simple tensile test and in which tool contact is considered is much more feasible. Similarly in other case, 
Livatyali et al., (2003), has analyzed numerically the effects of die corner radius (Rd) on springback successfully 
and clearance ratio (C/t) with some under-prediction.  
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Fig. 7: The process steps of straight flanging, (a) initial stage and (b) final stage 
 

 
 
Fig. 8: Springback definition of straight flanging part at (a) loading and (b) unloading conditions. 

 
2.5 Stretch Bending: 

 
Stretch forming is a metal forming process in which a piece of sheet metal is stretched and bent 

simultaneously over a die in order to form large contoured parts (Paulsen and Welo, 2002). Stretch formed parts 
are typically large and possess large radius bends. The shapes that can be produced vary from a simple curved 
surface to complex non-uniform cross sections. Stretch forming is capable of shaping parts with very high 
accuracy and smooth surfaces (Yu and Lin, 2007). Ductile materials are preferable using this test such as 
aluminum, steel, and titanium. Typical stretch formed parts are large curved panels such as door panels in cars 
or wing panels on aircraft, window frames and enclosures. Stretch forming is performed on a stretch press, in 
which a piece of sheet metal is securely gripped along its edges by gripping jaws. The gripping jaws are each 
attached to a carriage that is pulled by pneumatic or hydraulic force to stretch the sheet as shown in Figure 9. 
The tooling used in this process is a stretch form block, called a form die, which is a solid contoured piece 
against which the sheet metal will be pressed (Clausen et al., 2001). The most common stretch presses are 
oriented vertically, in which the form die rests on a press table that can be raised into the sheet by a hydraulic 
ram. As the form die is driven into the sheet, which is gripped tightly at its edges, the tensile forces increase and 
the sheet plastically deforms into a new shape. Horizontal stretch presses mount the form die sideways on a 
stationary press table, while the gripping jaws pull the sheet horizontally around the form die. The springback 
can be measured based on Figure 10. 

Many studies had been conducted and there are few parameters found to have effect on springback such as 
holding force and die radius (Ouksi et al. In Press). In other case, strain hardening properties of the material, and 
the tensile force were studied by (Clausen et al., 2001). In their study three response parameters were i.e. the 
maximum die force immediately before unloading, the permanent sagging in the middle section, and the vertical 
springback displacement in the middle section during unloading. 
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Fig. 9: Stretch bending process 

 
 

Fig. 10: Definition of springback in the stretch bending. 
 

2.6 Split Ring Test: 
 
The split-ring test consists in cutting a ring specimen from the drawn cup and splitting it longitudinally 

along a radial plan, which is followed by an elastic recovery phase in which springback takes place (Figure 9) 
(Laurent et al., 2009 and Thuilier et al., 2002). The variation of the ring's diameter, before and after splitting, 
directly gives a  measure of the springback and  the amount of residual stresses present in the formed cup. The 
test involves four steps: (i) deep drawing of a cylindrical cup from a circular blank with a constant blank-holder 
force; (ii) unload the formed cup from the tooling restraints; (iii) cut a circular ring from the midsection of the 
drawn cup; and (iv) split the ring along a predefined direction to release residual stresses and measure the 
opening displacement of the ring. The opening of the ring is performed along the rolling direction (RD). 
Experimental springback data consist in measuring the ring gap, G, along straight lines connecting the two ends 
of the split rings, using a three-dimensional measuring machine as shown in Figure 10. 

 

 
 
Fig. 9: From left to right, experimental drawn cup, cut rings and springback after splitting (Laurent et al., 2010) 
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Fig. 10: Schematic representation of the ring cut from the deep-drawn cup (Laurent et al., 2010). 

 
3.0 Conclusion And Future Highlight: 

 
Nett shape manufacturing of engineering components is a major objective of modern material-conversion 

industries and this technology depend on tools in which error-compensation can be affected. Variations in the 
mechanical and dimensional properties of the incoming material, lubrication and other forming process 
parameters are among the main causes of springback variations. The variation of springback prevents the 
applicability of the standardize springback prediction and compensation techniques. 

Twist forming is one of the main sheet forming process currently employ by leading automotive industries. 
However, the process results in severe springback. Even though, it considered as manufacturing error, but for 
this cases to assess springback precisely has been rather challenging task (Lange, 1985). There have been 
already considerable a lot of studies on springback problem as discussed in the previous section, but still lacking 
effort made in the case of twist springback. From mechanics point of view, the twist springback is a result of 
torsional moments in the cross-section of the workpiece. The torsional displacement develops due to the 
unbalanced elastic deformation and residual stresses acting in part to create a torsional moment, which tends to 
rotate one end of the part relative to another. The torsional moment can come from the in-plane residual stresses 
in the flange, sidewall, or both (Li et al., 2011). Load applied in bending is different compared to twisting in 
terms of direction.  Therefore, the direction of the moment may different, thus resulting in a different mode of 
stress distribution. Severe problem comes where, the twisting process involve thickness variation or thinning 
with profile such as propeller blade which has aerofoil section with thicker (<0.5 mm) at the edge and larger 
(>3.0 mm) at the middle. Similarly for the case of severe twist angle, as the twist angle plays an extremely 
influential role to the performance of the part, therefore, larger springback may cause performance is lower than 
the expected. 

For future studies, the presented experimental approach may be utilized for springback measurement in 
twist forming. These approaches have given basic knowledge on springback problem and with some 
modification and improvements so that twist springback problem can be explored. 
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