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 Background: Twist forming and bending are some of the most common sheet metal 
forming process used in automotive industries. Severe springback is considering as 

defect on both processes. Objective: Main goal of this research is to investigate the 

twist springback on aluminum strip. In realizing the goal, several supporting studies 

need to be carried out. For this study, the effect of bending location on springback will 

be studied experimentally. The strip with different length and thickness will be bent 

using V-bending die and the springback will be measured using profile projector at 
varies stroke. The finding of this research may contribute to springback research in 

sheet metal forming. Results: The result depicted that the effect of bending location to 

springback is low and less significant. 
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INTRODUCTION 

 

Springback in one of the problems in bending 

process and consider as geometrical defect. The 

process has been applied in manufacturing of various 

automotive parts. Therefore, this type of defect need 

to be studied and minimized before the 

manufacturing begins. This area has great attention 

by many researchers. The measurement technique 

can be divided into two i.e. contact and non-contact 

method. For non-contact method, Abdullah et al., 

(2013) measured the springback using profile 

projector. Abdullah et al., (2012) had reviewed the 

most bending test performed to investigate the 

springback. Based on their review, most of the tests 

consider the bending location is at the middle, such 

as V-bending, U-bending and stretch bending. In 

minimizing springback, Choudhury and Ghomi 

(2014) suggested extension of the holding time. They 

found that thickness and bend radius are not 

significant to the springback, even though many 

other researchers found the other way, such as 

Osman et al., (2010) and Qin and Mallick (2003). 

In addition, there are few other tools that 

employed in predicting and measuring the 

springback such as Artificial Neural Network (ANN) 

(2008), optical method (Abdullah et al., 2013) and 

optimization using the statistical method such as 

ANOVA and Taguchi method Meinders, T.,  et al., 

(2008). For example, Abdullah et al., (2013) found 

that thickness is significant to the springback, 

whereas the length had less affect. Abe et al., (2012) 

studied the effect of forming conditions to the 

springback. While Ivanisevic et al. (2013) focused on 

stress state in the deformation zone to observe the 

springback.  

In practice, bending not always carried out at the 

middle of the specimen, it may also perform at one 

end of the part.In addition, the effect of the bend 

location still not get attention from the researcher, 

even though the consequence is still the same, no 

matter bending is carried out. The most related work 

had been carried out by Leu (2013). In his work, few 

parameters that may effect to the position deviation 

and springback had been studied.  

The main aim of this research is to study the 

twist springback of non-uniform section of an 

aluminum alloy strip. To achieve this, there are few 

fundamental investigations need to be carried out. 

Before further explore on the more complex issue of 

the non-uniform section, there are several issues on 

uniform section that need to be studied and 

understood. This study will focus on the effect of the 

bending location to the springback of aluminum alloy 

strip. The experiment was carried out using V-

bending process.  

 

Bending And Twist Forming: 

Before further discuss about the problem, both 

bending and twist forming process need to be 

understand. Twisting or twist forming can be 

considered as the twisting of an object due to an 

applied torque. In sections perpendicular to the 

torque axis, the resultant shear stress in this section is 
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perpendicular to the radius, which can be represent as 

in Figure 1 where two forces from different direction 

act at each end of the cross section area of the work 

piece. C is the center which not involves any changes 

in terms of location during the forming or in other 

words, displacement is assumed to be zero. 

 
 

Fig. 1: The twist forming loading mechanism 

 
 

Fig. 2: The bending loading mechanism 

 

Experiment Setup: 

For V-bending experiment, the die set is 

prepared and as shown in Figure 3. The die and 

puncher were made from D2 tool steel material and 

the experiment was performed using the same 

machine.  The die valley radius, punch radius and the 

die opening are constant at 90
o
, 2 mm and 32 mm 

respectively as illustrated in Figure 4 (a) and (b). In 

this case, the die radius and punch radius has the 

same value. Distance from die opening edge to the 

end of the work piece determine the bending point 

location, a as shown in Figure 4 (a). In the 

measurement of the springback, the Rax Vision 

Mitutoyo Profile Projector (PC 3000) machine was 

used. In the measurement, the 2 lines technique was 

employed to measure the angle as shown in Figure 5. 

In this case, the difference between the angle after 

loading and after unloading is defined as springback.

 

 
          (a)                                                                            (b) 

 

Fig. 3: (a) V-bending bottom die; (b) V-bending setup. 
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(a)                                                                              (b)  

 

Fig. 4: The definition of v-bending process, (a) initial and (b) end. 

 

 
 

Fig. 5: The profile projector used in measuring the springback. 

 

RESULT AND DISCUSSIONS 

 

The experiment will be performed and the 

springback pattern will be only observed based on 

the variation of bend location. Three different 

specimen lengths (45, 60 and 90 mm) are use, while 

the thickness, t of the specimen is 1.0 mm and 3.0 

mm. The distance, a from the edge of the specimen 

to die opening is 2, 4 and 6 mm. The loading pattern 

at different value of a can be seen in Figure 6. The 

result is on 1 mm thickness and 45 mm length 

specimen at 5 mm stroke. It is obvious that, the bend 

location is much affect the load required. For 

example, the maximum load required is 430 N, 423 

N and 405 N respectively. As shown in Figure 7, not 

much effect of bending location on springback can 

be observed. Only small amount of different can be 

observed at even at larger stroke. At the beginning 

i.e. at stroke of 5 mm, larger deviation can be seen. 

Again similar pattern can be seen for the specimen 

with 60 and 90 mm length, as shown in Figure 8 and 

9. Even though for Figure 8, at the beginning of the 

stroke i.e. 5mm  and 7 mm stroke, large deviation 

can be seen. In contrast, the degree of the springback 

is about the same at the end of the stroke. Similar 

pattern of springback can be seen in Figure 9, but not 

as large as in Figure 8. 
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Fig. 6: The load pattern of the bending at different bend location 

 

 
Fig. 7: Strip with 45 mm length and1.0 mm thickness. 

 

 
Fig. 8: Strip with 60 mm length and 1.0 mm thickness 

 

 
Fig. 9: Strip with 90 mm length and 1.0 mm thickness 
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Fig. 10: Strip with 45 mm length and 3.0 mm thickness 

 
Fig. 11: Strip with 60 mm length and 3.0 mm thickness 

 

 
Fig. 12: Strip with 90 mm length and 3.0 mm thickness 

 

Conclusions: 

Based on the study, there are few fundamental 

observations, that may contribute to larger research 

scope in the area of twist forming and springback can 

be made; 

 

i. Twist forming or twisting can be differentiating 

to the bending process by the mechanism of loading 

i.e. direction of the force. 

ii. The load neither in twist forming nor in 

bending not only applied at the middle. It may be 

applied at any location on the strip. 

iii. The results show that, the bending location will 

not affect the amount of springback. 

 

For future works, springback pattern will be 

further investigated on a strip with non-uniform 

section, experimentally and numerically.  
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