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Abstract  This paper discusses major input variables necessary for process simulation and focuses on how to (a) 

evaluate the formability and quality of incoming sheet material, (b) estimate the flow stress of sheet materials 

using uniaxial tensile and biaxial bulge tests, (c) evaluate the performance of lubricants and the coefficient of 

friction in forming Al and AHSS using the Cup Draw Test, (d) prepare input data to predict and avoid forming 

defects and springback and (e) use the capabilities of the servo-drive presses and the CNC hydraulic cushions. 

1  Introduction 

The use of advanced sheet materials, presents new 

challenges in process simulation due to the material’s 

higher strength and low formability compared to 

conventional steels. Challenges include: (a) 

inconsistency of incoming material properties from 

different suppliers, (b) fracture during forming, (c) 

higher contact pressure and temperature rise during 

forming, (d) higher die wear leading to reduced tool 

life, (e) higher forming load/press capacity, and (f) 

large springback leading to dimensional inaccuracy 

in the formed part [1]. 

2 Flow Stress (True Stress/True 
Strain) Curve 

The engineering stress/strain curve, Lankford 

coefficient (R-values), and elastic modulus of the 

material can be determined through the tensile test. 

However, in the tensile test the material is deformed 

in uniaxial loading state and the strain path is linear. 

As a result, the strain at fracture is small.. Therefore, 

the material properties obtained from the tensile test 

may not accurately represent the behavior of the 

material in a real stamping process.     

      Hydraulic bulge and viscous pressure bulge test 

(VPB) allow the determination of flow stress under 

balanced biaxial tension.  In the Viscous Pressure 

Bulge (VPB) test [2], the fluid is replaced by a 

viscous material and therefore there is no splashing 

of the fluid after the burst of the sample in this test. 

 

Figure 1: Example - Flow stress curve for 1.2mm DP980 

obtained from the VPB test, the tensile test and the new 

proposed combined methodology. 

     In the VPB test, used at CPF-Ohio State 

University, the pressure and the dome height is 

measured during the test. Then, through inverse 

analysis, the flow stress curve is determined.  

Another method, as developed at IFU-Technical 

University Stuttgart, involves the use of Digital 
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Image Correlation (DIC) to measure the dome height 

and strains in the deforming sheet during the test.  

     Using the data from tensile and VPB tests, a new 

methodology is proposed to determine the flow stress 

data from combination of the tensile test and the 

bulge test, Figure 1.   

3  E-Modulus and Anisotropy 

Both the E-modulus and the anisotropy parameters 

are determined with the tensile test, i.e. at relatively 

small strains.  

     It is then assumed that these values, obtained from 

the tensile test remain constant throughout the 

deformation that takes place during practical 

stamping operations.  Nearly all commercially 

available FE software packages for sheet forming 

process simulation work with these assumptions.  

However, it can be expected that both anisotropy and 

E-modulus values vary with the deformation at large 

strains. 

4  Forming Limit Diagram (FLD) 

In the usual Nakazima method, for determining FLD  

a hemispherical punch (Limiting Dome Height – 

LDH test) Is used with samples of different 

geometries to obtain various major and minor strain 

values at necking and/or fracture [1]. This method is 

time consuming and expensive.  Therefore, a 

methodology is suggested where the forming limit 

diagram is determined using only three points 

namely; a) uniaxial tension, b) plane strain, c) biaxial 

tension.  

     Using this new method, the flow stress data and 

the FLD can be determined simultaneously. Two 

tests ( LDH and VPB tests) are conducted for 

determination the strain values at fracture for plane 

strain and equi-biaxial loading state and the major 

and minor strain at fracture for uniaxial loading state 

is determined using an appropriate formula [2]. 

     As an example, the proposed methodology is used 

for 0.96mm thick DP600 at IFU- Stuttgart University 

and the result is compared with FLC obtained from 

conventional Nakazima test, Fig 2. However, 

additional studies are needed to establish the method 

to obtain the FLD, using 3 data points only [2].  

 

Figure 2: FLD for 0.96mm DP980 determined using 

conventional Nakajima test and proposed 3 point method 

5 Lubrication and Coefficient of 
Friction (COF) 

In forming of high strength materials, lubricants must 

also act as a coolant and remove the heat generated 

from cold working and friction at the interface, and 

be a thermal barrier to avoid excessive heat transfer 

to the tools from the part, [2].  As  an example, 

Figure 3 shows the temperatures obtained from the 

simulation of a 55mm deep drawn 1.2mm thick 

DP980. 

 

 
 

Figure 3: Prediction of the temperature rise during the 

deep drawing of 1.2mm DP980 (part size is about 470mm x 

300 mm) – max temperature = 205 C 

 

     Most of the well-known laboratory tests such as 

Twist Compression Test (TCT) or Strip Drawing Test 

(SDT), do not emulate the conditions that exist in 

practical stamping operations [1].  Therefore, a new 

so-called Cup Drawing Test (CDT) is used to 

evaluate different lubricants and determine the 

Coefficient of Friction. In this test, a cup is drawn 
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such that the flange is left around the drawn cup.  

Measurement of the flange draw-in length is an 

indication of the lubrication performance. The larger 

is the draw-in length, or the smaller is the perimeter 

of the remaining flange after cup drawing, the better 

(lower COF) is the lubricant for a given Blank Holder 

Force.  Also, an approximate COF for each lubricant 

is determined inversely through FE simulation.  The 

CDT is routinely used to evaluate lubricants for 

stamping applications [2]. 

6 Simulation of Forming in Servo 
Drive Presses 

Increasingly, in stamping industry, mechanical servo 

drive presses equipped with hydraulic CNC cushions 

are used.  Thus, increase productivity and reliable 

process control can be achieved.     Servopresses 

allow, within limits, to modify the ram velocity 

during the forming stroke.  The Blank Holder Force 

(BHF) can also be adjusted in function of ram stroke. 

A study is ongoing to evaluate the formability of the 

AHSS and Al 5182-O using a nonsymmetrical die set 

and 300 ton Aida servo press with a CNC hydraulic 

cushion. 

     As an example, Figure 4, shows the actual formed 

part at 75mm draw depth and the simulation results 

of drawing Al 5182-0.  It was found that the 

simulation results, obtained using the VPB test data 

were closer to experimental thinning measurements 

at the critical corner of the part. 

 

 

Figure 4: Aluminum panel formed by 300 Ton servo drive 
press and simulation results of the same operation 

 

7  Conclusions and Future Work 

Virtual stamping of new high strength and light 

weight materials, require accurate determination of 

material properties (flow stress, E-modulus, 

formability), the Coefficient of Friction, and the 

appropriate FE model (mesh size, simulation 

parameters). In general, several assumptions are 

made in die and process design, especially in the 

simulation stage: 

     a) The material properties and the true stress/true 

strain data are given, based on tensile test standards.  

This information is curve fitted to an exponential 

form, σ = Kεn to obtain the K and n values.  Thus, 

the information is extrapolated with unknown 

approximations.  It is more appropriate to use the 

flow stress curve that is obtained from the 

combination of uniaxial tensile and biaxial bulge test. 

     b) n-value.  It is generally assumed that the “n” 

values is a constant.  Studies have shown that this is 

not the case, especially at large strains for some 

AHSS. 

     c) The E-modulus and the anisotropy coefficients 

are assumed to be constant.  However, both these 

values vary  with strain and data obtained only from 

tensile test may not be sufficient. 

     d)  Friction and lubrication.  The experimental 

results of CDT show that the lubricants can be 

evaluated and the COF can be determined using this 

test.  The result of this test can be more reliable than 

other laboratory tests.   
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