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Abstract. A new simulation framework of Double-Side Incremental Forming (DSIF) is proposed to capture the 

influence of the machine compliance in the forming process. The bodies of the tools are modelled as elastic bodies 

while relative damping and velocity boundary conditions are imposed in order to utilize the mass scaling to speed up 

the simulation. The simulation results showed enlarged toolgap due to the machine compliance will affect the contact 

maintenance, thickness distribution and geometric accuracy in DSIF.   

1 Introduction 

Double Sided Incremental Forming (DSIF) has been 

proposed by several institutes since 2007 [1,2]. 
Compared with the common Single Point Incremental 

Forming (SPIF) in which only one tool (forming tool) 

deforms the sheet metal, DSIF utilizes a second tool 

(supporting tool) on the other side of the metal sheet as 

shown in Figure 1. The supporting effect from this 

additional tool helps to prohibit undesired bending within 

the surrounding unclamped region during the forming 

process, thus enhancing the geometric accuracy. 

Furthermore, the squeezing effect between the forming 

tool and supporting tool will generate a normal pressure 

thus altering the local stress triaxiality of the material, 
leading to enhanced material formability [3,4].  

 
Figure 1 Illustration of DSIF process 

 

However, the aforementioned benefits can only 
prevail when the contact between two tools is well 

maintained. In order to control the contact condition in 

the process, the accurate positioning of the tools is 

required, especially for the displacement-controlled DSIF 

machine as shown in Figure 2. However, the tool or the 

machine stiffness in a typical custom-built DSIF machine 

is not negligible. In this case, the forming force will 

elastically deform the tool/machine, and by doing so, 

influence the tool position which will change the tool 

contact condition. Taking a formed truncated cone as an 

example: as the tools move deeper, and the forming force 

becomes larger, the contact will gradually be lost, due to 
the enlarged tool gap between two tools as reported in 

[2].  

 
Figure 2 Displacement-controlled DSIF machine in 
Northwestern University 
 

The aim of this work is to investigate the influence of 

machine compliance in DSIF with the aid of a validated 
simulation model. In this context, the machine 

compliance incorporates the deformation caused by both 

the tool and the machine. A new simulation framework of 

DSIF is first introduced which can capture the influence 

of the machine compliance. With different machine 

compliance inputs, the simulation results show different 

forming forces and the thickness distributions regarding 

the same toolpath. It has been observed that an early 

thinning will happen in the low stiffness cases while the 

thinning will be postponed in a rigid tool setup. 
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2 Methodology 

The explicit integration method is selected in this work 

due to its computational efficiency in the large simulation 

model and the robustness in the contact problem [5]. 

Particularly, the LS-DYNA Explicit solver is utilized in 

our case. In our work, the forming tool tips are modelled 

using rigid shell elements while the metal sheet is 

modelled using solid elements which can capture the 

through-thickness shear and the normal pressure [6], as 

shown in Figure 3. The size of the solid element is set to 

be one-fifth of the sheet thickness, thus implying five 
elements through the thickness. The critical time step for 

simulation is limited by the minimum element size and 

the contact setup. For our setup, the initial time step was 

of the magnitude, 1 * 10-8s, which requires an excessive 

amount of computational steps considering that DSIF is a 

slow quasi-static process. In order to accelerate the 

simulation, the time step is scaled up using mass scaling, 

and additional global damping is applied to partially 

dissipate the stress waves caused by the artificial dynamic 

effects. Additionally, the tool speed is increased to 750 

mm/sec to further speed up the simulation, as stated in 
Table 1. 

 

 
Figure 3. Simulation setup with a von-Mises stress contour 
  

It has been shown that the aforementioned simulation 

setup can effectively decrease the computational time 

while still offering an acceptable accuracy with respect to 

the final surface strains and deformation history. 

However, incorporating the machine compliance into the 
current simulation setup is not straightforward. One of 

the most difficult challenges is the artificial inertial forces 

applied to the tools due to the considerable amount of 

artificial mass added to the now deformable tool. 

Furthermore, the tools are travelling at accelerated speeds 

which compounds the deflections experienced by the 

tools due to inertial forces.  

To circumvent the issue of artificial tool deflection 

due to inertial effects, three modifications have been 

made to the previous simulation model. First, the tool 

body is modelled with four, 1D beam elements rather 
than deformable solid or shell elements. The use of beam 

elements allows for the approximation of lateral 

deflections in the tool while also preventing the need for 

small elements, which implies a significant reduction in 

the required amount of additional mass to maintain the 

required stable time step. Moreover, the effective value of 

machine compliance can be adjusted by modifying the 

Young’s modulus, the beam section area, and/or the beam 

length. Secondly, a velocity boundary condition, instead 

of a displacement boundary condition is applied to define 

the tool motion. The displacement boundary condition 

cannot guarantee C0 continuity in the acceleration profile, 

which can lead to spurious forces applied to the tool 

during a change in direction in the toolpath. On the other 

hand, a smooth velocity definition can help to constrain 
the maximum acceleration in the simulation and suppress 

the unnecessary inertial effect. Finally, relative damping 

is applied on the tools to locally dissipate any additional 

dynamic oscillations with respect to the defined tool 

motion (see *RELATIVE_DAMPING in the LS-DYNA 

keyword manual [7]).  

 
Table 1. Summary of simulation parameters 

Original Tool 
Speed 

(mm/s) 

Original 
Time Step (s) 

Total 
Elements 

Number 

Global Mass 
Damping 

Factor 

5 ~1x10-8 409,743 25 

Accelerated 
Tool Speed 

(mm/s) 

Time Step 
with Mass 
scaling (s) 

Total 
Simulation 

Time (8 
CPUs) 

Relative 
Mass 

Damping 
Factor 

750 4x10-6 10 days 20 

 

3 Results and conclusion 

This introduced simulation framework has been utilized 

to simulate the forming of a truncated 63o cone. The 
machine compliance in the simulation was set to 1.25 

um/N, which is the same order of magnitude as the 

machine compliance found in the Northwestern 

University (NU) DSIF machine. As shown in Figure 4, 

the simulation does well in predicting the part geometry 

when compared to experimental results. Moreover, 

although there is no fracture criterion applied in the 

model, a critical thinning phenomenon is still observed. 

The location where the thinning happens coincides with 

the fracture location in the experiment as shown in Figure 

4.  
 

 
Figure 4. Experimental/simulation results comparison  

 

To further investigate the effects machine stiffness, 

two additional values of the compliance were 
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implemented. The first configuration utilizes a typical 

rigid tool setup where compliance is negligible. The 

second configuration utilizes a compliance value of 0.1 

um/N, which approximates solely the tool compliance in 

a typical DSIF setup. The comparison of the forming 

forces of the supporting tool (in-plane forming force) 

among these three cases is shown in Figure 5. As can be 

seen, different tool compliances will dramatically change 

time of loss of contact and the forming force; maximum 

forming forces from 500 N to 1500 N were observed. 

And the typical maximum in-plane forming force 
observed in NU experimental setup is around 500 N. The 

machine compliance will also change the thickness 

distribution. A stiffer machine setup will tend to postpone 

the critical thinning point as shown in Figure 6, i.e, 

improving the process formability of DSIF. 

 

 
Figure 5.  In-plane forming forces comparison 

 

 
Figure 6. Thickness distribution comparison 

 

In conclusion, the change in the tool gap due to 

machine compliance is pivotal in maintaining contact 

between the tools and the sheet, especially when the 

DSIF machine is using displacement controls. The 

simulation results show that the implementation of stiffer 
tools in DSIF raises a higher forming forces, especially if 

a well-established contact condition between two tools is 

maintained. Moreover, the thinning condition is also 

observed to be influenced by machine compliance.  
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