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Abstract - The objective of this experiment is to compare the draw depth and drawing force in different conditions like Dry, 
Lubricated and Heated of CRCA sheets .Optimizing the draw depth of CRCA Sheet with the help of Erichsen cupping test 
machine. For lubrication, Teflon sheet and Boric acid is used while for heating, the heating oven is used to heat the CRCA 
sheet. The sheet is heated at different temperature range and the draw depth, draw force is being measured. Similar testing is 
done on lubricating and dry conditions. This experiment result defines the change in the elongation of draw depth and draw 
force on the CRCA sheet due to change in the drawing conditions. It was found that drawing of CRCA sheet under 200C° 
show the optimum results in terms of Draw force and draw depth.    
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I. INTRODUCTION 
 
In the whole world, every industry focuses on 
different sections in their company, so that, by 
reducing the cost of manufacturing they can get 
maximum profit and a good quality product .This 
statement also implies on sheet metal industries. 
Drawing is a sheet metal operation and also a 
manufacturing process of metals in which reduction 
of cross section of metal or work takes place. This is 
done by pulling the work through a mold (die) of 
having smaller cross sectional opening. Being only 
the difference in way of applying force, drawing 
process is exact replica of extrusion process. In this 
process work is pulled thought die inlet whereas in 
extrusion it is pushed. Generally in manufacturing 
industry cold drawing is preferred over hot drawing 
operation. As in extrusion there is huge reduction in 
cross section compared to drawing operation as here 
material is pulled not pushed.  To get high reduction 
ratio, the material is drawn through a series of mold. 
There are some defects which get generated during 
this process like wrinkling, puckering and others. It 
also depends upon various factor like material flow 
properties, ductility, die geometry, die material, press 
speed or fracture and lubrication condition. Meiler, et 
al., recently found that improved lubrication can 
increase the process window. He found reformulated 
product having better performance by using a 
complex polymeric ester to replace chlorinated 
additives, fatty acids and sulfur material in metal 
working fluid. .R. Adriano et al has examined the 
effects of various lubricants in stretching forming 
process. For their study they have selected various 
lubricants such as mineral oil, vegetable oil with 
extreme pressure additives and synthetic Fluids, PVC 
(polyvinyl chloride) and polyurethane films [1]. K.F. 
Zhang, D.L. Yin and D.Z. Wu were found that sheet 
under uncoated heated condition required minimum 

draw force whereas maximum was found in uncoated 
dry condition. Fine-grained AZ31 magnesium alloy 
sheets were prepared through hot-rolling process. To 
investigate the mechanical properties of the sheets, 
uniaxial tensile tests were conducted at various 
temperatures and strain rates. The formability of 
AZ31 alloy sheets at warm working conditions was 
evaluated by limit drawing ratio (LDR) tests and limit 
dome height (LDH) tests at temperatures from 50 to 
240 ºC [2]. Reddy et al., found the effect of the blank 
holding force and the deep drawing depth on the 
wrinkling appearance. The study of the influence of 
the blank holding force over wrinkling has been made 
using dies that work according to the standard. The 
values of the blank holding forces as well as the 
height of the wrinkle were measured depending on 
the deep-drawing depth. It  have recently found the 
research work formability of Aluminum 6061 alloy 
Sheet under various forming conditions through 
Erichsen Cupping Test machine. In their study a 
comparison has been done between lubricant coated 
and uncoated (un-lubricated) aluminum AA6061-T6 
alloy sheet using Erichsen Cupping Test [3]. 
 
II. ELEMENTS 
 
1.1. Lubrication 
It is a process by which we can reduce the amount of 
friction between the two mating surface. And the 
material s which is used in this process to reduce the 
friction are called as Lubricants [4].Lubricants may 
be in solid, liquid or gaseous form. Here we are using 
Teflon (1, 1, 2, 2-tetrafluroethylene) and Boric acid 
(BH3O3) as lubricant. These are solid lubricants. 
Teflon is a high molecular weight compound and is 
hydrophobic in nature. It is non sticky and non-
reactive in nature and have self-lubricating property. 
Its working temperature ranges from -73°C to 204°C. 
Boric acid is a lubricant which is environment 
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friendly. Clean Water Act and Environment 
Protection Act does not consider boric acid as 
pollutant. It has coefficient of friction ranging from 
0.10 to 0.02 and it have also self-lubricating and anti-
bacterial property.  
 
1.2. CRCA (cold rolled close annealed) Sheets 
In the CRCA sheets which are manufactured by 
rolling processes and the annealing process too, the 
thickness accuracy of the cold rolled product is 
determined by the cold rolling process. These sheets 
are manufactured by rolling operation and after which 
it is annealed too. The chemical constituents of these 
sheets are Carbon (0.15%), Manganese (1.40%), 
Phosphorus (0.019%) and sulfur (0.007%). Thickness 
and its variation of sheets, which are produced by 
rolling operation, is controlled by force applied, 
which is in automatic control of computers. 
Annealing operation helps in increasing its 
formability by inducing recrystallized structure in 
steel. Annealing also helps in reducing the strain in 
material strip. And last not the least it trimmed to 
desired dimensions [5]. 
 
III. EXPERIMENTAL DETAIL 
 
2.1 Testing Equipment 
 
The cupping test was carried out on a Erichsen 
cupping test machine equipped with Die, punch and 
blank holder as shown in fig. 1 and 2D detailed 
drawing of punch, Blank holder and Die opening is 
shown in fig. 2. The machine was equipped with a 
gauge (plunger type comparator) for measuring the 
movement of the punch with a least count of 0.01 
mm. The distance from the axis of the die to the 
Centre of the spherical part of the punch is less than 
0.1 mm throughout its range of movement. To ensure 
the holding of the test piece, a constant holding force 
of 10 KN was applied. 
 

 
Fig.1 Square Cup Deep Drawing Test Set Up 

 
Fig.2 Sectional View for Square Cup Deep Drawing Test Setup 
Key  
a=thickness of test piece 
h=Depth of the indentation during test 
IE=Erichsen cupping index[6] 
 
 
2.2 Material and Lubrication 

 
Fig. 3 Flow Chart Depicting the Conditions 

 
The test specimen of CRCA sheet is of 180 (length) 
X 90 (width) X 1 (thickness) mm dimensions. The 
blanks were washed with commonly used 
dishwashing detergent and dried in air, before coating 
with lubricants. Since the solubility of boric acid is 
significantly higher in ethanol than in water. Thus, 
solution of boric acid with ethanol was prepared by 
stirring them at room temperature. The solution was 
brushed on both sides of the cleaned CRCA sheets. 
Dry films were obtained within a couple of minutes 
after evaporation of ethanol. The brushing process 
was repeated two more times so as to build a 
sufficiently thick layer of lubricant film. The other 
selected lubricant was Teflon which is in the form of 
solid sheet and used directly without any further 
process. Moreover, the results obtained were also 
compared with CRCA sheet in normal and different 
heating condition. The sheet was heated using electric 
oven up to 250 ºc .shown in fig.4. The temperature of 
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the sheet is checked with the help of Infrared 
thermometer shown in fig. 5 which can measure the 
temperature at the range form -50 ºC to 380 ºC, (-58 
ºF to 716 ºF).this unit consists of optical, temperature 
sensor signal amplifier, processing circuit and LED 
display. Optical unit collected the infrared energy 
emitted by object and focus onto the sensor. Then 
sensor translates the energy into electricity signal. 

 
Fig. 4 Oven Used for Heating 

 

 
Fig. 5 Infrared Thermometer Used For Checking the 

Temperature 
 
2.3 Test  Procedure  
 
This experiment is consists of two different phases. In 
the first phase the CRCA sheet is selected with 
specific length, width and thickness and optimizing 
the deep drawing machine for the test. After this, the 
CRCA sheet is being operated in different conditions 
like dry, lubricated and heated. In case of uncoated or 
dry condition the sheet is placed into the machine and 
different drawing force and draw depth are achieved. 
In case of lubrication, Teflon sheet and boric acid are 
used over CRCA sheet. In case of heating, CRCA 
sheet is firstly heated at certain temperature at which 
the test has to be performed, which is done with the 
help of oven setup. Then the heated sheet is placed 
into the Erichsen Cupping test machine to measure 
the draw depth and draw force. In second phase, the 
draw depth by applying different drawing forces in 
different condition are being analysed and the 
increase in the draw depth is calculated according to 
various sheet operating conditions. The result shows 
different draw depth, these results also show that by 
changing the operating condition of drawing force 
and using the different lubricant and heating 
phenomena various depths can be achieved and 
analysed. Erichsen cupping test machine was used to 

analyse the effect of various lubricants on the draw 
depth and draw force. Fig.6.A.The Hemispherical 
Cup (Before Fracture) and Fg.6.B the crack in sheet 
(after fracture), shows the image of test piece before 
and after fracture in Erichsen cupping test. 
 

 
Fig. 6.A 

 
Fig 6.B 

 
RESULTS AND DISCUSSION 
 
3.1 Application of lubricants 
Table 1 shows the amounts of lubricants employed in 
this study, which were established after some trials. It 
may be noted that the least amount of lubricant used 
in the case of boric acid followed by Teflon. 
 
Sr. 
No. 

Lubricant Amount Of 
Lubricant 
(gm/m2) 

1. Teflon 10.6-12.3 
2. Boric Acid 8.3-9.8 

Table 1: Lubricant’s  
 

3.2 Draw Depth 
Fig. 7 shows the draw depth obtained in various 
conditions before fracture of CRCA sheet. Erichsen 
tests were carried out for dry, lubricated and heated at 
temperatures between 100 to 250 ºC. It is observed 
that the draw depth increases with increase in 
temperatures and reaches the maximum value of 14.2 
mm at 200 ºC, compared with dry, lubricated and 
other heated conditions. At the temperature of 250 ºC, 
due to the continuous decrease of Strain hardening 
component, draw depth declines to 13.2. This 
demonstrates that the optimum temperature to obtain 
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the best deep drawability of CRCA sheet is 200 ºC as 
shown in fig. 7. 

 
Fig. 7 Maximum Draw Depths for CRCA Sheet Under Various 

Conditions 
3.3 Draw Force 
Fig. 8 shows the maximum draw force obtained in 
dry (uncoated) condition whereas minimum draw 
force was obtained in heated condition (250C°). It is 
observed that draw force decreases with increase 
temperatures and reaches the maximum value of 1540 
kgf at dry condition and 1050 kgf at the temperature 
of 250 ºC, due to the continuous increase in softening 
of  the CRCA Sheet. It was also observed that draw 
force for lubricated sheets lie between the dry and 
higher range of heated condition. This was expected 
in uncoated condition, the large amount energy is 
dissipated in the form of heat because of friction 
between die and sheet, thus draw force also increased. 
Due to increase in plastic behavior (in metals) at high 
temperature, minimum draw force was required under 
heated condition. The results are shown in fig 8.  
 

 
Fig. 8:- Maximum Draw Force Obtained For CRCA Sheet 

under Various Lubrication Conditions 
 
Fig. 9 shows the CAD model for the CRCA sheets 
after Erichsen cupping test. This figure shows the 
draw depth of sheet, before fracture under coated 
uncoated and heated conditions. Various heating 
condition were shown between IV to VII, the 
Maximum draw depth for heating condition is shown 
by VI. Draw depth in uncoated and lubricated 

condition for Teflon and boric acid are shown in 
figure I, II and III respectively. 
 
 

 
Fig. 9 Front View (CAD model) of CRCA sheet under various 

lubricants (after Erichsen cupping Test) 
 
CONCLUSIONS 
 
The effect of heating and lubrication was investigated 
in Drawing operation for CRCA sheet on Erichsen 
cupping test machine. The effect of heating was 
compared at different temperatures along with dry 
and lubricated condition under the influence of same 
environment. Based on the tests performed, some 
conclusions are made. Those conclusions are 

1. The Erichsen cupping test indicates, for Drawing of 
CRCA sheet, that the Draw depth increases with 
increase in heating temperature up to 200C ° after 
which it decreased. The optimum temperature at 
which maximum depth is obtained is 200°C, below 
and after which draw depth is obtained to be lesser, as 
shown in fig.7. 

2. It also show that there is increase in depth compared 
to heating at 200°C with dry (26.05%), Teflon 
coating(17.61%) and Boric acid coating (13.38)%. 

3. This test also shows that there is a huge reduction in 
Draw force when heating at 250°C due to continuous 
increase in softening of CRCA sheet as shown in 
fig.8. 

4. It also show that there is decrease in Draw force 
compared to heating at 250°C with dry (46.67%), 
Teflon coating(39.04%) and Boric acid coating 
(25.71%). 

5. This experiment show that due to heating, value of 
tensile strength of the CRCA sheet get changed 
because of that the result are vary. 

6. Therefore, desirable results (i.e. max. draw depth) 
were obtained when CRCA sheet is heated at 200°C 
and least Draw force is observed when specimen is 
heated at 250°C. 

7. Thus, the use of heated CRCA sheet is emphasized as 
it increase draw depth and also reduces the Draw 
force. 
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