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Abstract— As deep drawing is an essential 

process used for producing cups from sheet metal 

in large quantities. In this paper, we are going to 

design the Die-Set for the warm deep drawing 

process for the material which is difficult to 

deform at room temperature. we are considering 

aluminum alloy in this process with various 

thicknesses. For drawing such a hard material, 

we need the external temperature to the material. 

In this theoretical and numerical calculation, we 

are designing a die-set for a warm deep drawing 

of a cylindrical cup and also the percentage 

reduction for the definite thickness of the blank. 

By considering that performance will be carried 

on a hydraulic press. After that Taguchi 

technique is used to determine the importance of 

process parameters which we have considered in 

this paper. The process parameters were 

temperature, blank thickness, and draw depth. It 

was determined that the temperature of the blank 

has a major influence on the deformation of any 

metal alloy. 
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1. INTRODUCTION 

Warm Deep drawing is a sheet 

metal forming process in which a sheet metal blank 

is heated and is radially drawn into a forming die 

with the help mechanical action of a punch. It is a 

shape transformation process of a sheet to the 

desired shape with material retention. The process 

is considered "deep" drawing when the depth of the 

drawn part exceeds its diameter. This is achieved 

by redrawing the part through a series of dies. The 

flange region (sheet metal in the die shoulder area) 

experiences a radial drawing stress and tangential 

compressive stress due to the material retention 

property. These compressive stresses (hoop 

stresses) result in flange wrinkles. In this paper, we 

are preparing a punch-die set for the blank which is 

difficult to deform at room temperature like 

aluminum 6000 series. Also comparing the 

parameters/results of deep drawing and warm deep 

drawing process of the same material with various 

thickness of sheets. [1] 

 

Fig. 1: Deep Drawing Process [2] 

1.1 PRINCIPLE OF DEEP DRAWING 

 

It is a shape transformation process of a 

sheet to the desired shape with material retention. 

The process is considered "deep" drawing when the 

depth of the drawn part exceeds its diameter. This 

is achieved by redrawing the part through a series 

of dies. The first force is used to hold the sheet in 

contact with the upper surface of the die. This force 

is known as the blank holding force because it is 

applied through the blank holder to catch the blank. 

The other one is provided by the punch. The 

function of the punch force is to form the blank 

into the die cavity. Therefore, consequently, the 

main tools required in the deep drawing process are 

a male punch, a female die, and a blank holder 

plate. [3] 

2. EFFECT OF TEMPERATURE IN METAL 

FORMING 

 

Properties of a metal change with an 

increase in temperature. Therefore, the metal will 

react differently to the same manufacturing 

operation if it is performed under different 

temperatures and the manufactured part may 
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possess different properties like hard material 

which are difficult to deform at room temperature 

will deform after applying certain specific 

temperature to the blank. For these reasons, it is 

very important to understand the materials that we 

use in our manufacturing process. This involves 

knowing their behavior at various temperature 

ranges. In industrial metal forming manufacture, 

there are three basic temperature ranges at which 

the metal can be formed, cold working, warm 

working, and hot working. [4] 

COLD FORMING 

Cold working or cold forming, is a metal 

forming process that is carried out at room 

temperature or a little above it. In cold working, 

plastic deformation of the work causes strain 

hardening as discussed earlier. The yield point of a 

metal is also higher at the lower temperature range 

of cold forming. Hence, the force required to shape 

a part is greater in cold working than for warm 

working or hot working. 

HOT FORMING 

Hot forming refers to an industrial metal 

modification process that involves the bending, 

stretching, flattening, or otherwise physically 

modifying the metal at temperatures greater than 

600°C (1112°F). Hot forming imparts strength to 

the metal and reduces its susceptibility to corrosion 

and other damaging agents. Hot forming is similar 

to cold forming but involves heating the tool used 

to handle the metal as well as the metal itself. It is 

performed by bringing the hot sheet metal into 

contact with the hot die while the hot punch 

descends into the die and shapes the part. The part 

is then held under pressure for some time to 

finalize formation. 

WARM DEEP DRAWING PROCESS 

 

Deep drawing is one of the most widely 

used metal forming processes to produce sheet 

metal parts, especially in automobile industries. 

Warm working is the plastic deformation of a metal 

at temperatures below the temperature range for 

recrystallization and above the room temperature. 

The warm working has positive effects like reduced 

drawing load, the negligible amount of increase in 

thinning, and thickening of a drawn component 

when compared to the conventional drawing, and 

also there is no necking or cracking that occurs due 

to the temperature influence. Some of the metal 

needs some amount of temperature to get deform 

and come into a perfect shape. The temperature 

range most is below the melting point and above 

the recrystallization of the metal like AA6061, 

which is 650˚c and 150 ˚c. So, the temperature of 

metal can be between 150˚c-600˚c for performing a 

warm deep drawing process. [5] 

3. INPUT AND OUTPUT PARAMETERS 

 

Table-1: Parameters 

 

Input  Output  

Blank Thickness Surface finish  

Temperature Percentage thinning  

Draw depth  

 

4. MATERIAL SELECTION  

 

 Classification of different aluminum alloys: 

 

Table-2: Material classification [6] 

 

AA 

with 

Grade  

Form

abilit

y  

Mach

ining  

Corr

osion 

Resis

tance  

Stren

gth  

Typical 

Appl.  

AA 

1100  

E  G  E  L  Metal 

spinning  

AA 

2011  

G  E  P  H  General 

Machinin

g  

AA 

2024  

G  F  P  H  Aerospac

e  

AA 

5052  

G  F  E  M  Marine 

Appl.  

AA 

6061  

G  G  E  M  Structura

l Appl.  

AA 

6063  

G  F  G  M  Heat 

Treated  

 

Where, E = Excellent, F = Fair, M = Medium, 

           G = Good  
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Aluminum AA6061 

 

           6061 is resistant to corrosion even when 

the surface is abraded, which is not the case for 

other Aluminium Alloys. 

            It is the material that is widely used in the 

manufacturing industry because of lightweight 

and easily gets deformed by applying 

temperature. 

           6061 is an alloy used in the production of 

extrusions—long constant– cross-section 

structural shapes produced by pushing metal 

through a shaped die called deep drawing. 

            6061 can be forged into special and 

custom shapes. It has excellent structural strength 

and toughness, good surface finish, good 

corrosion resistance to atmosphere and seawater, 

its machinability is good. It is a good temperature 

friendly and easy to use in a warm deep drawing 

process. 

Composition of AA6061 by Weight %  

Table. 3 Composition [7] 

 

Aluminium (Al)  95.85 to 98.56 

Magnesium (Mg)  0.8 to 1.2 

Copper (Cu) 0.15 to 0.40 

Silicon (Si) 0.4 to 0.8 

Iron (Fe) 0 to 0.7 

Chromium (Cr)  0.04 to 0.35 

Zinc (Zn) 0 to 0.25 

Titanium (Ti)  0 to 0.25 

Manganese (Mn) 0 to 0.15 

 

Mechanical Properties: 

 

Table. 4: Mechanical Properties [8] 

 

Tensile Strength 310 Mpa 

Shear Strength 190 MPa 

Elongation A50 mm 12% 

Brinell Vickers 100 HV 

 

Physical Properties: 

 

Table.5: Physical Properties [9] 

 

Density  2.70 g/cm³ 

Melting Point  650 °C 

Thermal Expansion  23.4 x10-6 /K 

Modulus of Elasticity  70 GPA  

Thermal Conductivity  166 W/m.K 

    5. DESIGNED COMPONENTS OF DIE-SET 

WITH 2D SKETCH 

                       Fig. 2: Initial assembly 

            Fig. 3: Final Assembly 

 
   Fig. 4: 2D Sketch of Assembly  

6. CALCULATION  

       Some of the important calculations and 

assumptions to design a proper die-set for a warm 

deep drawing process. In the deep drawing process 

the force of the punch and theoretical percentage 

thinning is also required as calculated below: 

Taking the following parameters,  

Blank Thickness t= 2 mm (max.)  
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Punch Diameter = 46 mm  

Draw height h = 40 mm (max.)  

 

 Radius of bottom corner (r) = 4mm 

  

 For Round corner cup, if   ratio is between 

10 and 15 

              Blank D =  

           = 98.46 mm   

  

 Radius of Draw ring (Rp) 

                             = 0.8[ (D-d1) x T] 0.5 
                                              =8.194 mm 

 Die radius  

 

         = 4.85 mm  

 Punch Dia. ( = opening die – 2.5 t  

     = 45mm (were t=2mm) 

 Clearance (c) = T + K (10T) 0.5  

                            =2.088 mm 

 

 Force (F) : K *  *d *t * UTS 

     F = 0.02 * 3.14 *46 * 2 * 310 

     = 17054.5862 N = 17.054 KN 

 Percentage reduction (P):  = 100 ( ) 

 

Where, 

 d = inner workpiece dia.          

               D= blank diameter 

 

Table. 6: Dia. with theoretical %thinning values 

 

Sr. 

No 

Draw Depth 

(mm) 

Blank Dia.     

(mm) 

% 

Thinning 

(%) 

1. 20 76.6 39.9 

2. 30 88.19 47.83 

3. 40 98.46 53.28 

 

 From the input and output parameters, we 

have created different levels: 

Table. 7: Levels [10] 

 

Parameters Level 1 Level 2 Level 3 

Temperature 

(˚C) 

200˚C 250˚C 300˚C 

Depth 

(mm) 

20 30 40 

Thickness 

(mm) 

1 1.5 2 

 

 Taguchi Orthogonal array (L9) and 

theoretical results of % thinning:[11] 

 

Table. 8: Orthogonal Array 

No Thickness 

(mm) 

Depth 

(mm) 

Temp 

(˚c) 

Thinning 

(%) 

1 1 20 200 39.9 

2 1 30 250 47.83 

3 1 40 300 53.28 

4 1.5 30 200 47.83 

5 1.5 40 250 53.28 

6 1.5 20 300 39.9 

7 2 40 200 53.28 

8 2 20 250 47.83 

9 2 30 300 39.9 

 

7. CONCLUSION  

 

Based on the design and theoretical experiment 

values, the following conclusions can be drawn: 

  

 The temperature range of metal AA6061 

can be between 150˚c-600˚c to make the 

material more formable for performing a 

warm deep drawing process than at room 

temperature. 

 From the design and theoretical 

experiments values of % thinning, it has 

been clear that the practical values should 

be nearer to this value to get the perfect 

finished product.  
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 From the Taguchi method Orthogonal 

array of L9 is been made to get the first 9 

experiment results. The rest 18 results 

would be similar to the above 9 

experiments.  
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