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Abstract 
  
Sheet metal forming involves deformation of sheet metal to achieve the desired shape. Stainless steel has considerable 
potential in forming applications, due to its interesting range of mechanical properties. The materials high strength-
to-weight ratio and considerable elongation and work hardening properties mean it can be used in home appliance 
products. In the present work the formability of different types of stainless steel used in sheet metal forming of 
cooktop is studied. Main part of work is finite element simulation of sheet metal forming of cooktop using hyperform 
and L S Dyna software and correlation with experimental results. The simulation results show that the formability 
improves as strain hardening coefficient(n) and anisotropy parameter(r) increases. The optimum blank thickness is 
0.6mm with stainless steel AISI304 as the suitable sheet metal in cooktop forming. 
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1. Introduction 
 
In sheet metal forming a flat thin sheet metal blank is 
subjected to plastic deformation by tensile loads into a 
three-dimensional shape, often without significant 
changes in sheet thickness. It involves conversion of 
flat thin sheet metal blanks into parts of required 
shape and size. The process is carried out on the plane 
of the sheet by tensile forces with high ratio of surface 
area to thickness. These processes are extensively used 
for manufacturing of simple to complex shapes and 
producing large number of variety of components for 
various industries like Home appliance, beverages, 
automobile, marine, aerospace, defence, nuclear and 
other sheet forming applications. 

In deep drawing, which is also called cup drawing 
or radial drawing, flat thin sheets (blanks) are formed 
into cavity or cup shaped components by pressing the 
central portion of the sheet into die opening using a 
punch to draw the metal into the desired shape. Blank 
holder is loaded by a blank holder force, which is 
necessary to prevent wrinkling and to control the 
material flow into the die cavity. The punch is pushed 
into the die cavity, simultaneously transferring the 
specific shape of the punch and the die to the blank. 
During the forming stage the material is drawn out of 
the blank holder-die region and the material is 
subjected to compressive and tensile stresses in this 
portion. When a very high blank holder force is 
applied, the deep drawing process becomes a 
stretching process. Hence sheet metal forming 
processes are tensile in nature and the amount of 
deformation that can be achieved in a single stage may 

be limited by the onset of tensile instability, necking 
and/or tearing and the required shapes are obtained 
with minimum defects or defects free component. The 
punch load is limited to the maximum tensile load that 
can be carried by the wall of the cup. This maximum 
force limits the depth of flange that can be drawn 
.Friction conditions at the tool-metal interface are very 
important and controlled by press conditions, 
lubrication, tool material and surface condition to get 
the shapes required in the application. 

Now-a-days there is great demand for sheet 
forming applications for high strength sheet materials 
like stainless steel because of corrosive resistance, high 
strength and durability. Deep drawing of high strength 
materials at ambient temperature, there are some 
limitations due to higher mean flow stresses the 
material becomes harder, which leads to necking or 
facture occurs at the punch corner radius of the deep 
drawn cup due to this higher draw ratio is not 
achievable. Wrinkles are observed in the work piece 
when the blank is not clamped or when the BHF is 
improper. This defect is observed in the parts during 
deformation when the blank material passes through 
the blank holder the Draw Bead bends and unbends 
the material. Stainless steels are work horse material 
used in various industries for various applications due 
to its excellent mechanical properties.  

Mechanical properties for AISI304, AISI430 and 
AISI439 material are required to carry out finite 
element (FE) analysis of forming the material at 
different conditions. Formability of these materials can 
be estimated through specific characteristics of the 
sheet undergone during the deep drawing process. The 
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maximum thinning is one of the commonly used 
characteristic of the formability, which can be 
measured in deep drawing. Thinning is measured as 
the maximum reduction in thickness of formed part 
from thet of the original thickness of the blank, which 
can be produced in a single stroke without failure or 
fracture. Thickness of the drawn cavity is an important 
factor which governs the quality of the cavity. In the 
present study  the thickness of the drawn cavity were 
found through finite element simulations using the 
explicit finite element code, LS-Dyna. These 
simulations will be validated by performing the deep 
drawing experiments on the blanks of the same size 
used in simulations and compare the results. 
 
2. Material and Experimentation 
 
Today steel sheets accounts for more than half the total 
steel consumed. This is also used in home appliance 
products like cook tops, ovens and etc. Austenitic 
Stainless Steel 304, 430 and 439 (AISI304, AISI430 and 
AISI439) sheets are being extensively used in 
architectural, food industries, sanitary, marine, 
defense, chemical industry, cryogenic and nuclear 
industries etc., and due to its excellent corrosion 
resistance in seawater environment it is a workhorse 
material for marine applications. The composition of 
AISI430, AISI430 and AISI439 are shown in Table1. 
Due to presence of Chromium element it improves the 
oxidation resistance at high temperature and also 
improves corrosion resistance, It has a low carbon 
elements due to which the wear and friction properties 
are improved and a lower susceptibility to inter 
granular corrosion. Stainless Steel sheets with 0.5 mm 
sheet thickness in cold rolled and annealed are used in 
the present study. The use of AISI430, AISI439 and 
AISI430 steel sheets has important Production parts 
for manufacturing the integrated panels and tiny to 
complex parts, minimizing the number of joining parts 
like welding and also decreases the number of steps to 
form a component. A data acquisition system is used to 
obtain Punch load applied to blank, punch 
displacement, Blank holding force from the hydraulic 
press and the computer system with software is 
connected to obtain Forming Limit Diagrams (FLD). 
Rectangular blanks of 0.5mm thick were made on a 
wire cut EDM machine of different sizes. The blanks 
were made into rectangular shape of different sizes in 
the increment of 0.1 mm from 0.5 mm thickness 
onwards. Lubrication was applied at the tool and blank 
interface so that the friction can be reduced. The blank 
is placed on the die. Later, the punch is lowered and 
drawing operation is performed. The lubrication used 

for the reduction of friction between die, blank and 
punch assembly is molycote. It contains Molybdenum 
base material which is highly effective. Deep drawing 
experiments are conducted for the blanks of 0.5mm 
and 0.6mm thickness. The maximum blank thickness 
which is successfully drawn at room temperature was 
determined. Through experiments for both materials it 
would be found out that the maximum limit reached 
when part is fractured at burner cavity. 
       
3. Finite Element Simulation 
 
Generally, in any experimentation most of the time is 
consumed in trial and error methods and involves a lot 
of valuable time and money. To overcome this 
problem, by computer modeling and simulation called 
Finite element methods (FEM) is introduced which 
simulates the actual process and thus saves valuable 
time and money. FE simulation technique evaluates the 
behavior of components, equipment and structures for 
various loading conditions including applied loads, 
pressures. Finite element analysis is a computational 
method for predicting how existing object will react to 
force conditions etc. The analysis of whole structure is 
obtained by analyzing the individual finite elements, 
having due regard to their individual positions within 
the mesh and being totally dependent upon the 
assistance of an automatic computer. Many commercial 
available finite element analysis software like 
Dynaform, Hyperform, ABAQUS etc., available to 
minimize the number of experiments for optimizing 
the experimental work. 
 
3.1 Hyperform 
 
A finite element code HYPERFORM with LS-DYNA 
(solver) is used to simulate the conventional and warm 
deep drawing forming processes. This code is used to 
simulate different types of sheet metal forming 
processes like stamping, deep drawing, bending, 
stretching, etc. and to find the Punch load and 
displacement, stress, strain and thickness distributions 
etc. The effect of varying the design parameters of 
forming tools and process parameters on the final 
component can also be studied. The HYPERFORM-PC 
software consists of pre-processor. Post processor and 
solver is LS-DYNA. The models of tools and work pieces 
are constructed using this software. The input models, 
such as die, blank, blank holder and punch were 
constructed in pre-processor hyperform. After the 
surface is created fine mesh was done to the blank. The 
hyperform tooling was show in the Fig.1 and Fig.2. As 
the ccoktop part is complex in nature we need to carry 

 
Material    Fe     C    Mn     S    Ph     Si    Cr     Ni     N     Al    Ti 

AISI439 79.96 0.03 1.00 0.03 0.04 1.00 17.00 0.50 0.03 0.15 0.46 

AISI430 81.06 0.12 1.00 0.03 0.04 1.00 16.00 0.75 - - - 

AISI304 70.18 0.07 2.00 0.03 0.045 0.075 17.5 8.00 0.10 - - 

Table 1. Chemical composition 
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the forming in two stages. In first stage simple crash 
form (fig.1) option is used to form the primary part 
used in the second stage, later in second stage the 
output file of first stage is imported and the final 
forming operation is done(fig.2). In the present work, 
Belytschko-Tsay thin shell elements are used for the 
blank and the tools because of lower computational 
time i.e. 4-noded Belytschko-Tsay shell elements take 9 
microseconds per element cycle i.e. it consumes 30-
50% less processing time than the others. Modeling of 
blank and tools, Quadrilateral and triangular shell 
elements are used. In case of determination of thinning 
and cracks, as the blank size is increased, the number 
of elements used will be higher.

  
Fig.1 Forming Stage I  
 
Material properties of AISI430 and AISI439 are 
measured and calculated on universal testing machine 
(UTM) are used to run the simulation. This material 
model uses the lank-ford parameters 0 and 90 degrees 
to the rolling direction in simulation along with the 
material properties.. Very carry out the simulations for 
different combinations of blank thickness, material and 
anisotropy direction (lank-ford parameter).

 Fig. 2 Forming Stage II 
 
4. Result and Discussion 
 
Deep drawing simulations were performed in 
hyperform version 13.0 with LS-Dyna version 971  

Parameter AISI304 AISI439 AISI430 

Mass Density 
(RO) 

7.89 * 
10^3 
[kg/m^3 ] 

7.89 * 
10^3 
[kg/m^3 ] 

7.89 * 
10^3 
[kg/m^3 ] 

Poisson’s 
Ratio (PR) 

0.3 0.3 0.3 

Young’s 
Modulus(E) 

210[GPa] 210[GPa] 210[GPa] 

Yield Stress 
(SIGY) 

326[MPa] 313[MPa] 347[MPa] 

Strength 
Coefficient(K) 

721[Mpa] 485[MPa] 543[MPa] 

Strain 
Hardening 
Coefficient 
(n)  

0.6 0.21 0.19 

Anisotropy 
Parameter (r) 

1.22 1.66 1.25 

Table.2 Material properties  
 
solver for forming. Material properties of AISI304, 
AISI430 and AISI439 are measured and calculated on 
universal testing machine (UTM) are used to run the              
simulation. The properties of stainless steel that are 
calculated are shown in Table 2. As discussed in 
simulation the material is anisotropic. Deep drawing 
simulations are performed as per the tooling setup on 
blanks of different thickness. Marciniak and Kuczynski 
method of FLD model is used to simulate the process in 
both stages. Deep drawing simulations were performed 
in LS Dyna as per the real conditions. Fig.3 and 4 shows 
the simulated drawn cooktops from the blanks of 
0.5mm and 0.6mm thickness at room temperature 
conditions and forming limit diagram (FLD) of the cup.                                                                                                  
The FLD’s indicate the combination of maximum 
principal surface strains that the blank can withstand 
without failure or necking under all possible conditions 
of the process. The sheet materials which have the 
uniform distribution of strains will have a better 
formability than of the other. The simulations are 
performed with various combinations of material, 
thickness and anisotropy directions. Fig shows the 
formed cooktop from 0.5mm thick AISI430 blank. 

 
Fig. 3 Formability plot 
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There is high thinning observed at the side wall of 
burner which shows necking and failure from the FLD. 
Fig. 5 shows the formability plot where we can see that 
forming is not safe as there are indications of fracture 
in the burner walls.  

 
Fig.4 Forming Limit Diagram 
 
At room temperature, when 0.5 mm thick AISI304 
blank is drawn there is no necking observed from the 
FLD and formability plot shows no cracks, so the 
forming is safe. Similarly we performed simulation on 
different combinations of material grades, thickness 
and anisotropy direction. From the simulation results it 
is observed that as the strain hardening coefficient (n) 
increases the formability improves and the similar 
behavior is observed in case of anisotropy parameter 
(r) i.e., the formability improves as r value is  higher 
but there is no significant change observed in 
formability when the rolling or anisotropy direction is 
varied. 

 
Fig.5 Formability Plot 

     
Fig.6 Forming limit Diagram 

These simulation results are further correlated with 
the experimental results and correlation error is 
calculated which is to be less than 10%. 
 
 
5. Conclusion 
In this investigation formability of AISI304, AISI430 
and AISI439 is studied on the cooktop with different 
blank thickness. It is observed that AISI304 has good 
formability. Percentage thickness reduction is about 
21.32% which lies in the safe zone. Thickness 
reduction should not be more than 30% and AISI304 
shows less thickness reduction which shows no 
necking in the cooktop. From FLD we can see that there 
is no crack formation as none of the points cross FLC. It 
was found that as strain hardening coefficient (n) and 
anisotropy parameter (r) are higher the better is the 
formability. Even though ‘r’ is less for AISI304 as 
compared to AISI430 and AISI439 but ‘n’ is very high 
therefore AISI304 shows good formability and is more 
suitable stainless steel for metal forming. It was also 
found that the optimum thickness in sheet metal 
forming of cooktop in 0.6mm with AISI304 as the 
stainless steel grade.   
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