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Abstract – 

The objective of this paper Design, Develop standard format 

for design calculations, Manufacturing, & analysis by Using 

Hyper Mesh [Hyper Form] for the metal forming process and 

their application in product design, production, and forming 

process planning of Mahindra & Mahindra Tractors body part. 

During the last two-decades significant efforts have been made to 

develop new forming-tools.  Innovation in tool-structure designs 

has been a driving force to the development.  Based on a review 

on tool-designs  reported  recently,  innovative  tool-

structures/systems are classified, strategies  and  approaches for  

tool-design  innovation  are  discussed,  which are followed  by 

introducing a new forming-tool concept.  Finally, some issues on 

further development are outlined.  Issues mainly focused on the 

forming die design in which blank is formed or bends along 

curved axis. So, no excessive thinning or tearing of the metal 

takes place. Also the guide pillars and guide bushes are replaced 

by the heel guide & Heel blocks for better rigidity who are the 

very well guiding members of the die. [Which are easily available 

in MISUMI standard parts [catalogue]. Hyper form is a unique 

finite element based sheet metal forming simulation software 

solution, which provides engineers at any stage of product design, 

with quick, valuable and reliable information, reducing the 

overall product cycle, as well as to create and analyse conceptual 

die design. 
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1. INTRODUCTION 

It is known that a crucial part of the production of a sheet 

metal stamping die is essentially the development of a die-

face design aiming a tooling surface geometry that gives a 

fully developed blank shape a defect-free stamping form 

within the necessary quality constraints. The design of 

stamping tooling elements starts with the part geometry as the 

basic input data and the methods engineers try to determine 

the minimum number of operations for a given stamping form 

in order to reduce the forming tooling costs while satisfying 

the objective stamping criteria [1]. The methods engineer 

conducts various try-outs for the forming process design 

continuing up to the end of workshop try-outs until to the 

mass production phase of the stamping part. Since both the 

stamping die-face design and the plastic workability of the 

sheet metal determine the characteristics of blank 

deformations, additional care should be paid in the forming of 

high strength steels to adapt to the lower formability and 

higher spring back deformations [8]. In line with the 

advancements in the computer aided design and analysis may 

be carried out reliably in computer generated virtual design 

environment, and the methods and component takes the 

advantage of the finite element method based simulation in the 

prediction of the probable formability. Problems, such as 

cracks, wrinkles or excessive thinning, related to the die- face 

designed for a given stamping form. It is also attain- able to 

estimate the final part geometry after trimming operation and 

spring back deformation. In this paper, following a short 

review of the stamping die design practice; a computational 

methodology is presented for the assessment and control of 

part face deformations during the sheet metal forming 

processes.  The proposed approach  is employed in the 

forming  process design for a M&M tractor body member 

based on the computer aided design and analysis by using 

Hyper mesh [hyper form]. The die-face deformations are 

taken into account in the computer aided design of the process 

tooling. The part formability analysis and spring back 

deformations are conducted. The relative differences between 

the ideally rigid and deformable forming interfaces are 

discussed, and the assumption of an ideally rigid die-face 

design is fulfilled by increasing the punch casting wall 

thickness. 

2. PART FACE DESIGN CONCEPTS 

The part face design for a sheet metal forming die may be 

defined as the composition of a complete surface geometry 

that deforms a sheet metal blank plastically into a desired 

stamping shape. The design process starts with basically from 

Design calculations & part geometry as a basic input data, the 

methods engineer firstly decides on the drawing direction by 

tipping the part to the most favourable axis, and eliminating 

the risk of an undercut. Then, using the material formability 

and minimum allowable thickness, the amount of stretching 

deformation is determined and the number of stretch-draw 

operations is estimated.  Using the  half-thickness  offset 

geometry  of the sheet metal part the designer sets additional  

surfaces for the punch face by extending the part edges, 

filleting  the sharp edges and by unfolding  the flange-type of 

geometry in the CAD environment. Using the material 

properties and the amount of maximum stretching 

deformation, the maximum achievable drawing depth is 

estimated, and a set of drawbar and counter bar surfaces may 
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be added to both punch and die in order to minimize the 

deformation gradient during the initial stage of the forming 

process. After deciding on the press operation  type, the binder 

geometry is generated using a set of flat or developable 

surfaces, and usually integrating with the draw-bead and 

contra bead elements in order to restraint the material flow 

over the punch in an controlled manner [5]. After the creation 

of punch and binder interface, their geometric counter parts 

are developed usually by offsetting the surfaces with a 

clearance amount that is typically a few present larger than the 

sheet metal thickness using the CAD software. At this stage 

using the allowable thinning of the part, the amount of stretch, 

and the blank size estimate may be done using the volume 

constancy assumption. 

Once the methods engineer has created an entire 

geometric Description of the blank and die faces in a CAD 

environment, the finite element analyses may be performed in 

order to investigate the process feasibility in terms of the 

formability, part geometry after spring back and forming loads 

by assuming an ideally rigid die construction [6, 7]. The finite 

element simulation of the stamping process is done usually in 

two steps. A forming analysis is conducted to determine the 

metal deformation for a given punch and binder loading and, 

secondly, the spring back deformations following  the removal 

of the tooling is computed with the forming stress Distribution 

and the deformed geometry from the forming step as the 

inputs along with material thickness distributions  [8]. 

Depending on the relative qualities of the process and material 

parameters, several virtual try-outs may be necessary in order 

to reach the optimum tooling geometry and forming elements. 

At this point, the forming loads and the type of draw action is 

determined in accordance with the available press line 

specifications. Finally, the complete stamping tooling surface 

is approved and submitted to the draw die construction and 

manufacturing department. 

In the automotive industries, the design and construction 

Practice of stamping dies is adopted according to the sheet 

Metal type and draw action in accordance with the type of  The 

chosen manufacturing press [1,3,9]. Usually, an in-house Die 

design and construction standard is followed in the material 

selection for the die elements including the detailed 

specification of casting and heat treatment procedures. Using 

the developed die-face design as the starting dimensions for the 

punch, upper and lower binder elements, the guidelines given 

in the in-house standard are employed in the dimensioning and 

integration of the major structural elements, such as the lower 

and upper die adaptor plates, punch and binder castings, Heel 

post and Heel guides and wear plates. Additionally, by 

selecting press tool action, the bolster–ram geometry and 

punch stroke completely define the forming die construction 

[4,10]. The use of a CAD system at this phase allows the 

design engineer to build a virtual prototype of the upper and 

lower halves of the forming die using a number of geometry 

parameters such as the inner ram shut height and the geometry 

of the adaptor plate, punch and binder wall thickness or 

position of blank holder balance blocks. A number of position 

analyses of the punch, die and blank holder elements during a 

complete forming cycle are conducted to control the 

interference and overlap to eliminate any inconsistency 

between the ram stroke and amount of drawing. 

3. THE PART SHAPE CONTROL 

The sheet metal forming process is a compound system 

made up of the stamping die and the blank, and involves a set of 

mechanical interactions with the press and the foundation 

structure that provide the necessary forming energy [4,5,10,11]. 

Assuming an ideally rigid die construction connected to the ram 

and bolster plates of an ideally rigid press and neglecting all 

die-face distortions help the methods engineer designing the 

forming process following a pure geometric modelling 

procedure only [8–12]. Otherwise,   it would be an enormous 

engineering effort to include all of these mechanical systems in 

a computational model that is intended to simulate the sheet 

metal deformation response during the forming process. It is 

therefore the most practical approach to isolate the forming 

interface, i.e., the part design and the blank, from the remaining, 

and to model the blank deformations under the forming forces 

generated during the frictional contact with the purely 

geometric description of the part face design. Moreover, this 

proposition has found widespread use in the industry for even 

large inner panel draw-dies in the case of conventional sheet 

metals. In addition, a side trust is generated in the forming of 

large-scale structural parts with non-symmetric profiles, which 

may apply remarkably high loads on the balancer blocks and on 

the wear plates between the punch and binder elements 

increasing the wear and distortion of Hill posts. In these cases 

the deformations of the production tooling may be included in 

the computational modelling of the forming process. 

Considering  process-only part, there are time-dependent 

interactions of the sheet metal blank and the forming inter- face 

bringing about large changes in the blank shape when compared 

with the scale of part distortions. Consequently, the process-

only part should be simulated using a finite element formulation 

based on large-strain and finite incremental deformation theory 

due to the kinematic characteristics of the blank deformations 

[8]. On the other hand, small deformation transients 

superimposed on to the large displacements histories 

characterize the deformations of the draw-die elements during a 

single forming cycle. For the process-only part, the forming 

simulation   uses the geometry information from part design as 

rigid surface entities and the blank as an elastic–plastic 

deforming body, and the time-dependent displacement-driven 

binder and punch motion realize the forming process. The 

major outputs are deformed geometry and production stress 

distributions of the blank after spring back and the forming load 

histories as well as the frictional contact stress distributions 

over the part elements. The finite element analysis of the 

complete part design for a given press cycle provides the 

displacements of die- face material points, and the updated part 

face design may be fed back to process. Also the computed 

elastic–plastic stress–strain histories during a complete press  
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4. INDUSTRIAL APPLICATION 

The engineering methodology outlined in the previous 

section is employed in the structural assessment for the 

stamping die design of a front-side cab body member before 

the tooling production (Fig. 2). The strength of this part is an 

essential feature in the crash-energy management of a cab 

frame. The conventional design practice for this type of large-

scale structural elements is to use draw-quality steels of 

thickness 1.7–2.2 mm. The commercial availability of 1.5 mm 

HSLA steel with a higher yield stress and moderate level 

formability [7,11] introduced  as a feasible alternative with 

enhanced strength properties  along with an approximately 10–

15% weight reduction. 

4.1. THE FORMING INTERFACE DESIGN OF A 

STRETCH-DRAW DIE 

The forming process design of the part stamping form is 

done following a pure geometric modelling approach, and all 

die-face deformations are neglected assuming a rigid stamping 

tooling. Using the 3-D CAD model of the part, firstly an 

undercut check is conducted in order to determine the 

possibility of forming the part in a single operation. 

5. COMPONENT DETAILS. 
Materials: 

CRDQSTEEL=Cold rolled deformed oil quenched steel 

 Properties:- 

E = 210000, r45 = 1.6, r90 = 1.6, Nu = 0.3 

TS = 315.780, E0 = 0.007, ro = 1.6, n = 0.22 

K = 549.2, YS = 186.16 

5.1 OBJECTIVES 

To develop a standard format for forming die design 

calculations 

To design drawing tool for a given component. 

To analyse effects of various die radius and punch radius in 

the design. 

To identify the weaker areas in the early stage itself. 

To suggest the improvements in the design. 

To obtain the required forming feasibility criteria early in the 

product development stage. 

To obtain accurate blank size for improved material 

utilization.(one step) 

To validate and verify multiple process scenarios. 

5.2 CALCULATIONS 

Shear strength of Material-40kg/mm2 

Material Thickness-2 mm 

Bending Perimeter/Length- 

2*(19.93+13.96+33.88+22.07+3.24+13.35+22.28)+3*(2.52+4.

45+20.83+4.45+2.52)=380 mm 

Cutting or Bending Load= Perimeter*Material 

Thickness*Shear Strength*0.7 =380*2*40*0.7=30.50 Ton 

Considering Over Loading Of 30% 

Total Load=30.50*1.3 =39.65 Ton 

Pad Force Calculations-Final Pad Load=7%of Calculated 

Load =0.07*39.65=2.77 Ton 

Initial Pad Travel=5+5+2=12 

Spring Selection=Lower Spring Specification-SWH 40-65 

Spring Rate-30.7 mm  

Number of Springs Required  =7 Springs Required 

STEP 1: DESIGN OF DIE BLOCK. 

Table no.2.1 Die Block Thickness Selection 

Perimeter(mm) Die Block 

Thickness(mm) 

P≤75 19 

75≤P≤250 25 

P>250 31 

Thicknesses of Die block (Td): 31 mm (From table)                

Die Wall Thickness (A)    = 2×32= 2×62 = 124 mm 

 Die Opening Size (width) =Blank Size - 2(ERA)= 39.14- 

2(0.05) = 39.04mm  

Die Opening Size (length) = Blank Size - 2(ERA) = 127.09 - 

2(0.05) = 126.99 mm 

Length of Die Block (L) = Length of die opening+2A 

=126.99+ (2×62) =250.99 mm 

Width of Die Block (W) = Width of Die Opening+2A 

=39.04+ (2×62)=163.04 mm 

Step 2: Design of Punch Size 

Punch Size (width) = Die Opening Size - 2(C) 

= 39.04 - 2(0.061 = 38.88mm. 

Punch Size (length) = Die Opening Size - 2(C) = 126.99 - 

2(0.061) = 126.83 mm 

Design of Upper Shoe = 1.5 X die plate thickness 

= 1.5 X 31 =46.5mm ≈ 50.0 mm 

Length: - 440 mm, Width: - 350 mm 

Design of Lower Shoe = 1.5 X die plate thickness= 1.5 X 

31=46.5mm= 50.0mm 

Length: - 440 mm, Width: - 350 mm 

Design of Lower Housing:- 

Length: - Total length of Component + Extra 0.3 inch on both 

side=305 + (0.3 X 25.4)=320 mm 

Width: - 460 mm, Height: - 50 mm 

Step 3: Selection of Fasteners  

Root Area for Cap Screw = 0.7854[D – (1.227 × p)] Where, D 

= Diameter of nut (mm), p = Pitch of nut  

Root Area = 0.7854[8 – (1.227 × 2)] ²= 4.16 mm² 

Design stress for socket headed cap screw is 80 to 120 N/mm². 

Load Capacity = Root Area × 120= 499.2 N 

No. of screws required = Stripping Force/Load capacity = 

3000/499.2 = 6 screw 

6.0 FORMING FORCE ANALYSIS USING 

HYPERFORM  
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Fig. 01. The 3-D CAD model of the front-side member 

Configuration of the ram motion direction, so that the part 

is positioned appropriately in the press coordinate system in 

which the pressing-axis became parallel to the part-drawing 

axis (Fig. 3). Using the 3-D CAD model of the part, a set of 

surfaces for the upper die geometry is generated with an offset 

equal to the half of the sheet metal thickness, and a set of 

addendum areas are added to this set of surface geometries. 

Since the part side-lines follow a curved form, the extended 

surface geometry follows approximately a similar form, and 

therefore a sweep binder surfaces and addendum flange are 

generated to complete the die and upper binder surfaces of the 

stamping tooling (Fig. 4). This 3-D composite surface forms 

the forming interface geometry from which the other tooling 

elements are obtained. The punch and binder interface are 

generated by a simple geometric duplication in the CAD 

environment, using their geometric counterparts through the 

thickness offsets in the Pressing and normal directions. At this 

stage, the complete CAD description of the part face design is 

obtained that can be employed in the finite element mesh 

generation for the formability assessment and spring back   

analyses. The punch, binder and the die surfaces is meshed 

with 21,908 three-nodded and four-nodded shell elements in 

total, all curvatures are represented by six layers of elements 

(Fig. 5). The blank of size 128mm X 41mm is meshed with 

four-nodded reduced integration Belytschko-Tsay shell 

elements with seven through-thickness integration points and 

with a size of 5 mm. The blank material has an initial yield 

stress of 80 MPa and an average 18% uniform elongation up 

to necking. The average anisotropy coefficients r0, r45, r90 

determined with simple tests are calculated to be 0.86, 1.24 

and 1.07, respectively. A constant coefficient of friction of 

0.12 is assumed between the blank and the rigid tooling 

surfaces. . All computations are performed on a CORE I-5 

processor computer. 

 

Fig. 02. The undercut check using the 3-D CAD model 

 

 

Fig. 03. The finite element mesh of the forming interface 

The formability assessment and spring back deformation 

Analyses are conducted using the concepts and methodology 

gives described in this study. In the first finite element 

simulation run, the forming loads are Defined using the 

predefined displacement time history Functions for the 

forming interface elements. During the Forming process, the 

punch is kept fixed in its initial position, and both the binder 

and the die are loaded in displacement control, in which a 

constant clearance between the upper and lower binders of 

value 10% higher than the initial sheet thickness is kept 

constant.  
 

       
 

       
 

      
Fig.04.Step by step part deformation 

 

This type loading can  use to simulate a typical toggle draw 

press action. An investigation of the computed sheet metal 

deformations indicated the feasibility of a single stretch-draw 

forming process, and there is no material zone that tends to 
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excessive stretching or wrinkle (Fig. 6). However, the 

equivalent plastic strain distribution does show three 

localization zones that have relatively high values and may lead 

potential stamping failures due to the local material instability. 

The calculated amount of thinning is approximately 25%,(Fig 8) 

which is not an acceptable stamping formability criterion for 

this part. An expected, the fixed clearance constraints between 

the upper and lower binders results in to the high contact forces 

along with higher frictional restraint force on the blank 

increasing the stretching deformations. The plot of the forming 

loads variation indicated a maximum punch force of 816 ton, 

while a remarkably high blank- holder force is predicted with a 

value of approximately half of the punch force. However, 

lowering the sheet metal holding force on the binder areas 

would significantly reduce the amount of stretching 

deformations, as well as the sheet metal thinning, and this can 

be achieved in the finite element simulation model by replacing 

the fixed clearance constraints between the upper and lower 

binders with a force controlled blank holder force. Moreover, 

the overall sheet metal deformation pattern and the predicted 

localization zones indicate the feasibility of a single step stretch 

draw forming process with an appropriate blank holder 

 Loading as a practical stamping design approach for this 

part. A set of simulation runs with a force-controlled binder 

closure using a constant blank holder loads are performed in 

which the blank holder force is increased from 100 to 300 ton 

with 50 ton increments (Fig. 7). The feasibility of the sheet 

metal forming process conditions corresponding to each blank 

holder  Force values are evaluated using both the amount of 

thinning and the shape distortion after the spring back 

deformation. 
 

 

Fig-05 Automatic blank generation 

    

 
Fig.06.Press tonnage 

 

     

Fig-07 Final outcomes from one_step_radioss. 

An examination of the plots of the shape distortion 

parameter and the maximum thinning with the increasing 

blank holder  force, indicate that a blank holder force about 27 

ton would be the limit considering  the allowable   thinning 

limit  of  18%   with the   material (Fig. 8). For higher blank 

holder force values, even though the shape distortions  after 

spring back  deformation  are reducing exponentially  to zero 

meaning an almost  net- shape of the stamping part, the 

material is exposed to relatively high stretching  forces 

bringing about excessive thickness reductions which may lead 

forming failures in the form of tearing. On the other side, 

lower blank holder forces are good from the formability point 

of view; never- the less the spring back deformations are 

enhanced due to the reduced membrane plastic straining 

 
Fig.08.Thinning Percentage 

The result shows that the percentage of thinning is     below 

18%. Hence the design is safe. 

The final stage shows that the profile of hole is exactly same 

than that in original component. Hence the blank extracted in 

one step is true and we use the same blank for actual designing 

of its complete tool. 

 

Fig.09.Die-face shape control of a stretch-draw die 
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A computer model for the stretch-draw die assembly is 

designed to developed part surface geometry for the punch. The 

dimensions of the die design are adopted for a single action type 

hydraulic press. The integration  of the stamping die to the press 

machine is done with the lower and upper die adaptor plates, 

over which all other die construction  elements are dimensioned 

and built following  the guidelines in the in-house die design 

and construction standard [13]. The major design elements of 

the upper and lower die assemblies are punch and binder 

castings, Heel post and Heel guides, the lower and upper die 

adaptor plates, and wear plates. A geometric interference 

control under a ram-stroke of maximum 308 mm is performed 

using a number of position analyses of the punch, die and blank 

holder elements during a complete forming cycle in order to 

make sure a consistent forming process. The height of the 

complete stamping die assembly is calculated to be 522 mm at 

the Forming position, and the overall dimensions are 

determined by the geometry of the ram and bolster plates on the 

manufacturing   press. 
 

5. CONCLUSIONS 

In this paper, an engineering methodology is proposed for 

the quantitative assessment for the accuracy of the ideally rigid 

die hypothesis typically employed in the forming process 

design of sheet metal stamping parts. Following a short review 

of the stamping die design practice, the computational approach 

based on the computer aided design and analysis for the 

determination and control of die-face deformations during the 

forming process. An industrial application is used to 

demonstrate the basic steps, and both the computation and the 

refinement analysis of the die-face deformations of a complete 

stamping die design process are presented.  The formability and 

spring back deformation analyses are conducted for the 

stamping process of an automotive structural  part made of high 

strength steel. The geometric differences between the stamping 

forms determined with the ideally rigid and deformable forming 

interface are discussed, and the effect of die-face deformations 

on the final geometry of the stamping  form is reduced by 

increasing the stiffness of the punch casting. The maximum 

deformation of the punch face is found to be less than the half 

of the thickness of the blank confirming the rigid forming 

interface hypothesis. 

Output -We confirmed that whatever the parameters are 

applied to this component are true and this component is ready 

for the actual forming process 
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