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Abstract - The automobile industries are aiming at reduction of weight of the vehicle body. This goal can be achieved by 
adopting the technology of Tailor Welded Blanks (TWBs). TWB is an outcome of joining of two or more than two material 
having same/different thickness and/or properties prior to any forming operation. As the TWBs involves weld zones in 
between the parent blanks, there is inhomogeneity in term of material properties in it. Due to this inhomogeneity TWBs are 
associated with disadvantages like weld line shift and formability reduction during the forming operation. Many efforts are 
made to improve the formability of homogeneous blanks which has resulted in the forming process like Single Point 
Incremental Forming (SPIF). In this research work, forming behavior of TWBs during SPIF process has been investigated in 

terms of weld line shift, strain across the weld, force requirements and thinning. In order to save valuable resources like time 
and material, simulation methodology has been adopted for the investigation which is performed using ABAQUS/Explicit. 
First, the simulation methodology has been validated using available literature results and then present study has been 
extended for further investigations. As concluding remarks, it has been found that the load requirement, weld line shift and 
strain produced across the weld is less for SPIF process compared to the Limiting Dome Height (LDH) test. 
 

Keywords - Single Point Incremental Forming, Tailor Welded Blank, Forming, Limiting Dome Height, Weld line shift, 

Thinning, ABAQUS/Explicit.  

 

I. INTRODUCTION 

 

Automobile industries are one of the fastest growing 

industries in the developing countries like India. The 

ultimate aim of such industries is to reduce the weight 

of the vehicle body which can lead to the better fuel 

economy of the vehicles. One of the methods of 

reducing the weight of the automobile structure is the 
replacement of material and because of that 

manufacturers have replaced steel material with 

aluminum. Another method to reduce the weight of 

the vehicle body is adoption of Tailor Welded Blank 

(TWB)technology. TWB is outcome of joining two or 

more than two material having different material 

properties/thickness/coating prior to any forming 

process. AsTWB involves welding of materials 

having different thickness/material 

properties/densities, the overall weight of the product 

will decrease(Parente et al. 2016, Riahi and Amini 
2013). Figure 1 represents the typical example and 

application of TWB. As indicated in figure 1, the part 

of product where high strength is required at that 

place thick/strong material is kept and where low 

strength is required, thin/weak material is placed.  

 

 
Figure 1 TWB made from aluminum used in Inner door panel 

of car body [TWB Company, LLC, USA] 

In old days, blanks were formed and it was followed 

by welding of formed blanks and because of that 

different dies were required to form different blanks. 

In TWB, first welding is performed and then forming 

is done which requires single set of dies and that 

leads to reduce the cost of manufacturing(Parente et 

al. 2016). 

 
Despite of many advantages, the application of TWBs 

is restricted as it is subjected to limitation of weld line 

shift(Suresh et al. 2017) and formability 

reduction(Kesharwani et al. 2015, Panda and Kumar 

2008)during the conventional forming operations. 

Due to the efforts made by researchers to improve the 

forming processes, advance forming processes have 

been introduced to the manufacturing industries. 

Single Point Incremental Forming (SPIF) is one of 

the advance forming processes which comes in the 

category of incremental sheet metal forming 
processes. The working principle of the process is 

represented in figure 2. 

 

 
Figure 2 Schematic representation of SPIF process (Desai et al. 

2017) 
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In SPIF process, blank is clamped from the edges and 

deformation is provided with the help of spherical or 
hemispherical tool (Desai et al. 2014) in incremental 

manner. The tool moves along the predefined path 

and deforms the blank in small increments. As the 

process involves local deformation of blank the load 

requirements in the SPIF process is less compared to 

the other conventional forming methods(Gatea et al. 

2016). Due to the local deformation provided by tool 

the blank is subjected to bending and stretching 

simultaneously which results in to the improved 

formability of blank compared to the other forming 

technologies (Gatea et al. 2016).The main parameters 

associated with SPIF process are incremental depth, 
forming tool type, tool rotational speed, tool feedand 

major responses(Desai et al. 2015, 2017) are forming 

time, geometrical accuracy and thinning of the blank.  

The TWB has limitation of low formability compared 

to the base metal and SPIF results in to the better 

formability for the homogeneous blanks therefore the 

combination of both the mentioned technologies can 

be explored. So, in present work behavior of the 

TWBs during the SPIF process is explored. In order 

to save the important resources like material, time 

and cost, numerical methodology to simulate the 
SPIF process for TWBs is adopted. 

ABAQUS/Explicit method is used as simulation tool 

and the methodology of simulation has been validated 

by performing Limiting Dome Height (LDH) test on 

TWBs and compared with results of available 

standard available standard literature. Further, 

responses like weld line shift, strain distribution, 

force requirements and thickness distribution has 

been investigated for SPIF process. 
 

II. SIMULATION STRATEGY 
  

Panda et al. (2009) carried out formability analysis of 

diode laser welded tailored blanks using LDH 

test.Similar experimental and simulation conditions 

are maintained during the present simulation study. 

Simulation of two forming processes have been 

carried out namely LDH test and SPIF process.  

 

2.1 LDH Simulation  

(a) Material properties  
During simulation, base material properties were 

assigned as per the table 1. The property of weld 

material was assumed same as the stronger material 

participating in the TWBs(Panda et al. 2009). The 

material having high yield strength is considered as 

the strong material in a TWB. So, for example, TWB 

made of HSLA and DP 980, yield strength of DP980 

is having high magnitude so it is considered as the 

strong material and weld material is assigned same 

material properties as strong material i.e. DP980. 

Similar strategy has been applied to all the TWBs like 
HSLA-DP450 and HSLA-DP800.The details of 

material properties adopted/assumed are represented 

in table 1. During simulation, few properties were 

assumed to have some appropriate values. It was 

assumed that all the materials were following the 

standard Power-Law material behavior.  

 
Table 1 Material properties used/assumed for simulation (Panda et al. 2009) 

Grade 
Thickness 

(mm) 

Yield 

Strength 

(MPa) 

UTS 

(MPa) 

Strength 

Coefficient 

(MPa) K 

Strain 

hardening 

exponent n 

Density 

(kg/m3)* 

Elastic 

Modulus 

(GPa)* 

Poison’s 

ratio * 

HSLA 1.14 413 463 756.8 0.18 7.8 x 10-6 205000 0.28 

DP450 1.20 298 491 835.1 0.20 7.8 x 10-6 200000 0.30 

DP800 1.25 544 885 1404.1 0.15 7.8 x 10-6 200000 0.30 

DP980 1.17 534 950 1510.0 0.14 7.8 x 10-6 200000 0.30 

*assumed  

 

(b) Modeling and assembly 

Three instances were modeled namely hemispherical punch, blank and die. The hemispherical punch and die 

were considered as analytical rigid bodies assuming no deformation is produced on punch and die. Blank was 

considered as deformable body. Figure 3 indicates the assembly of modelled instances in the ABAQUS/Explicit. 

The dimensions of all the instances were kept as reported by Panda et al. (2009).  

 

 
Figure 3Assembly of the instances. 
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(c) Interaction between punch and blank 

In order incorporate the friction between punch and 
blank, surface to surface contact was considered and 

penalty contact approach was adopted and friction 

coefficient of 0.125 was definedPanda et al. (2009).  

(d) Boundary conditions and Meshing LDH test 

involves pure stretching of blank during the forming 

operation and in order to incorporate that blank edges 

were fixed and all degree of freedom were fixed. 
Punch was given displacement in such a manner that 

it deforms the blank and required shape can be 

obtained. The simulation condition adopted during 

the simulation are reported in table 2. 

 

Table 2 Simulation Conditions for LDH test 

Hemispherical Punch Diameter (mm) 101.6 

Blank Dimensions (mm2) 150 x 150  

Punch Speed (mm/min) 2 mm/min 

Meshing element Linear Quadrilateral Element  

Weld Zone 
Weld zone considered having a width of 10 mm (from hardness 

profile(Panda et al. 2009) 

 

2.2 SPIF Simulation 

During simulation of SPIF process similar material 

properties were assumed. The tool of hemispherical 

end was modeled as rigid body. Blank dimension, 

friction coefficient, meshing and width of weld zone 

was kept same as it was in LDH test. The initial 

position of the SPIF tool was considered on weld and 
initial movement was given towards the strong 

material. The target geometry to be formed was also 

kept same in order to compare the responses like 

weld line shift, load requirement and strain across the 

weld. The different simulation conditions adopted for 

the simulation of SPIF process of TWBs are indicated 

in table 3. 

 
Table 3 Simulation Conditions adopted for simulation of SPIF 

process 

Hemispherical tool radius 
(mm)  

2.37 (Al-Ghamdiand 
Hussain 2015) 

Tool starting point and initial 

movement 

Weld zone to strong 

material 

 Tool feed (mm/sec) 15  

Tool rotation (RPM) 0 

 

III. RESULTS AND DISCUSSIONS 

 

In this section, first, results regarding validation of 

simulation methodology has been reported followed 

by the simulation results of the SPIF process for the 

TWBs. 

 

3.1 LDH test results 

In the simulation study performed by Panda et al. 
2009, separate thickness and properties was not 

assigned to the weld zone of the TWBs while it is 

considered in the present simulation study. In present 

simulation study, weld zone has been modeled by 

creating partition on the blank and individual 

properties and thickness are assigned to it during the 

simulation. This particular approach is known as 

“Weld Zone” (Zadpoor et al. 2007)approach. The 

average value of thickness of parent material is 

assigned as the thickness of the welded zone. So, the 

effect of considering the thickness and properties of 

weld material on predicting the weld line shift is 

reported in this section.  

The formed component after the LDH test is shown 

in figure 4. The weld line shift can be observed 

towards the strong material of the TWB. During LDH 

test, when the blank is deformed, both strong and 
weak material undergoes same amount of load but as 

the weak material is having low yield strength, it will 

be deformed more compared to the strong material. 

Due to this, the weld linewill experience shift from 

the weak material towards the strong material as 

material is not having any provision of movement due 

to the encastre boundary condition at edges. 

 

 
Figure 4 Weld line movement in the formed component during 

LDH test 

 

In order to study the weld line shift during the LDH 

test, a node path is created on the weld line and 

deformation of this path is recorded. The weld line 

shift during LDH test for published and present study 

is represented in figure 5.  

 
Figure 5 weld line shift comparison between published (panda 

et al. 2009) and present study. 
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Form figure 5, it can be observed that the nature of 

weld line shift predicted by present simulation study 
by incorporating properties of weld zone is in better 

agreement with the results of reported study. 

Specifically, the peak value of weld line shift 

predicted by the present simulation is closer to the 

same of experimental study performed by Panda et al. 

(2009).It also observed that the shift of weld line in 

only on strong material side of the blank. From the 

above performed simulation study, it can be 

concluded that the weld zone approachis suitable for 

predicting the weld line shift for TWBs during 

forming operations like LDH test. Similar approach 

has been utilized to predict the forming behavior of 
the TWBs during the SPIF process. 

 

3.2 SPIF results 

In this section, comparison of both the forming 
process for the responses like weld line shift, load 

requirement and strain across the weld has been 

reported for the similar simulation conditions and for 

same target geometry.  

 

(a) Load requirement  

Conventional forming techniques/tests like deep 

drawing, stamping and LDH test involves global 

deformation of the blank during the forming 

operation. In case of SPIF process, the blank is 

formed in to final shape by application of small 

magnitude of force in incremental mode and it also 
involves the localized deformation of the blank.  

 

 
Figure 6 Load vs. Displacement comparison for LDH test (Panda et al. 2009) and SPIF process 

 

Due to this, the load requirement in SPIF process is 

quite low compared to the conventional forming 
methods/tests for similar experimental conditions.  

 

Figure 6 represents the comparison of load 

requirements for SPIF and LDH test for forming of 

similar component under same experimental 

conditions. Further, it can be observed that during 

SPIF process, the load requirement is almost constant 

with the overall depth of the formed part unlike, in 

LDH process overall load requirement gradually 

increases with increase in the depth of the forming.  

(b) Weld line shift 

The comparison of weld line shift during the SPIF 

process and LDH test has been compared and 

reported in figure 7. The weld line shift observed for 

the SPIF process is quite low compared to the LDH 

test. The nature of weld line shift for LDH test is only 

towards strong material while for the SPIF the trend 

is sinusoidal in nature. 

 

 
Figure 7 Weld line shift comparison between LDH test (Panda et al. 2009)and SPIF process (Present study) 
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Figure 8 (a) shows the weld line shift and (b) shows 

the tool initial position and movement of tool during 
SPIF of TWB having material combination of HSLA-

DP450. During forming, tool movement from weld 

material and it travels towards strong material and 

come to its original position through a circular path. 

After that, tool deforms the blank as per the required 

wall angle and incremental depth and this cycle 

repeats till the desired shape is formed. The 

maximum weld line shift is observed in section-B. 
The deformation of weak material is the reason 

behind the peak. In section-C, weld line shift is 

observed towards weak side which is due to the tool 

dragging effect which takes place because of friction 

between blank and tool. Minimum weld line shift is 

observed in section-A and it is towards weak side.  

 

 
Figure 8 Weld line shift and tool movement for TWB (material combination of HSLA-DP450) for SPIF process. 

 

In section-A, after planner movement of tool, the 

weld zone of blank is being deformed by incremental 

downward movement of tool. Here in section-A, tool 

is not crossing the weld zone, so there will be no tool 

dragging effect and because of this very negligible 

weld line shift is observed in section-A. Due to the 

mentioned phenomenon during forming of blank 

during SPIF, sinusoidal nature of weld line shift is 
observed unlikely to the conventional forming 

techniques.Figure 9 indicates the weld line shift 

comparison for two different combinations of weld 

material in TWB for SPIF process only. It also 

indicates the effect of yield strength ratio of 

participating blank on weld line shift during forming 

as well. Yield strength ratio may be defined as the 

ratio of yield strength of strong material to the same 

of weak material. The TWB combination HSLA-
DP980 and HSLA-DP800 is having yield strength 
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ratio of 1.29 and 1.31 respectively. High value of 

yield strength ratio represents more inhomogeneity in 
terms of material properties of parent materials and 

that will result in to more amount of weld line shift. 

Any kind of inhomogeneity like material, thickness or 
coating will lead to more and more weld line shift.  

 

 
Figure 9 Weld line shift comparison between different combination of TWBs for SPIF process 

 

(c) Comparison of forming height 

With the help of SPIF process, component of same 

size and shape was developed as it was developed 
using LDH test. Figure 10 indicates the comparison 

of formed component and forming height for 

different combinations of TWBs for SPIF only. 

HSLA-DP980 combination was given forming height 

of 20 mm and forming height of 30 mm was for 

HSLA-DP450 and HSLA-DP800. More forming 

height results in to more thinning/straining of the 

blank. In figure 9, on X- axes distance along the weld 

line is indicated. The distance along the weld line 

between 30 to 60 mm and 90 to 120 mm indicates the 
wall region of the formed cup where more stretching 

is observed as these regions are subjected to bending 

and stretching simultaneously. The distance 90 to 120 

mm along the weld line is the center part of the 

formed component where there is no interaction 

between tool and blank due to which there is 

minimum stretching is observed.  

 

 
Figure 10 TWBs formed in to hemispherical shape using SPIF process 

 

(d) Strain across the weld  

Another comparison was made between published 
and present study and that was regarding strain 

distribution. As discusses in the previous section, for 

SPIF, the distance 30-60 mm along the weld line on 

both the side of center of the formed component 

undergoes more stretching and bending and due to 

that more strain is observed in those mentioned 

regions of TWBs as represented in figure 11 (a). For 
LDH test, as it involves global deformation of blank 

and due to high contact area at center between blank 

and punch, more straining is observed at the center of 

the formed component.  
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Figure 11 Comparison of major strain distribution between LDH (max. strain-0.42) (Published study by Panda et al. 2009) and 

SPIF (max. strain-0.34) for TWBs. 

 

On comparison of magnitude of strain, maximum 

value of strain for SPIF was 0.40 and for LDH it was 

0.75. The low straining in SPIF is due to local as well 

as incremental deformation applied on the blank. 

Similar comparison for HSLA-DP980 is represented 

in figure 11 (b) and same set of reasons are applicable 

for this case as well.  

 

(e) Thickness distribution  
Thickness distribution in the formed component was 

also investigated and it was found that maximum 

thinning is observed in the wall section as shown in 

the figure 12. As discussed in the previous section, 

the wall region (distance along the weld line 30-60 

mm and 90-120 mm) is subjected to more thinning 

because it is subjected to bending and stretching due 

to the deformation imparted by SPIF tool. There is 

minimum interaction between blank and tool at the 

center of the blank (distance along the weld line 60-

90 mm), therefore less amount of thinning is 
observed in it.  

 

 
Figure 12 Distribution of thickness in TWB after forming 
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IV. CONCLUSIONS  
 
In the present study, investigation on forming 

behavior of TWBs during SPIF process was 

attempted. Different combination of TWBs was 

considered and responses like weld line shift, load 

requirements, thinning and strain across the weld 

were investigated and reported.  

 

From the numerical investigation presented following 

points can be concluded. 

 ABAQUS/Explicit can be used as a numerical 

tool to simulate the forming processes like LDH 

and SPIF. 

 Weld Zone approach can be adopted to predict 

the forming behavior of TWBs and it can lead to 

improved prediction of weld line shift during 

LDH and SPIF. 

 The amount of load required to form a 

component in SPIF is less compared to the LDH 

test because SPIF involves localized and 

incremental deformation of blank. 

 The thinning observed in TWBs during SPIF 

process is more in the wall section of formed cup 

as it is subjected more amount of bending and 
stretching.  

 For LDH maximum strain is observed near the 

center of the formed component whereas, for 

SPIF it is observed in the wall section of the 

formed cup. The amount of strain produced in 

LDH is more compared to SPIF process. 

 The nature of weld line shift for LDH is only 

towards strong material whereas for SPIF it is 

sinusoidal in nature. Added to that the magnitude 

of weld line shift for SPIF is less compared to 

LDH process.  

 As the yield strength ratio increases the weld line 

shift during SPIF increases for TWBs because 

increase in yield strength ratio represent more 

inhomogeneity in the TWB material. 
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