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Abstract: Deep drawing is an industrial process that is widely used in the manufacturing sector, specifically in sheet metal works
to make automotive and aerospace components. Various experiments were conducted in ANSYS Explicit Dynamics for six
parameters, namely, die and punch corner radius, blank holder force, blank diameter, friction between die and the blank and
punch velocity. Using the approach of analysis of variance, the six parameters are analysed and tested for the case of minimum
possible punch force and the parameter levels for lowest punch force are predicted. It was found that friction between the die-
blank and blank holding force are the main contributors in punch force and the specific levels of each parameter were predicted,
verified and simulated to verify the conditions needed for lowest possible punch force during deep drawing.

Keywords: Deep drawing, Punch force, Taguchi orthogonal matrix, Friction, Explicit analysis.

I. INTRODUCTION

Deep drawing is a sheet metal forming process that deforms a sheet metal of various shapes, called the blank, by the mechanical
action of the punch [2]. A typical deep drawing setup has the following parts: die, blank holder, punch and a blank. These parts are
custom made for every deep drawing process based on the shape of the final product as well as the size of the blank. In our analysis
we are making use of a circular blank. The die and the blank holder in this case is also circular. The punch in this case is made to be
cylindrical to as the inner surface of the cup is also to be cylindrical [1-3]. The other important parameters necessary for deep
drawing punch nose radius [13,14], die shoulder radius, blank holder force, punch speed, lubrication at various contact areas, blank
thickness, punch force etc. In our analysis we are looking at the effect of punch nose radius, die shoulder radius, punch speed, blank
diameter, blank holder force and lubrication at three interfaces; i.e. blank-blank holder, blank-die and blank-punch; on punch force
and the stress distribution within the cup. The material for the deep drawing process, High Strength Steel has unusually high
Ultimate Tensile Strength and Yield Strength value [4-7], hence increasing the chances of defects in the form of tearing and
formation of wrinkles because of which final product quality is hindered.
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Fig.1. Punch Corner, Die corner radius and blank thickness Fig.2. Simulation setup for deep drawing a cup
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Table 1. Taguchi Orthogonal Matrix Iterations

Exp. A B C D E F Maximum
No. | (mm) | (mm) | (mm) | (kN) (mms’ punch
Y | force (kN)
L1 54 5 5 10 | 0.1 | 0.17 106.09
L2 54 5 6 15 | 025| 0.2 100.96
L3 54 5 7 20 | 0.35| 0.245 95.59
L4 54 6 5 10 | 0.1 | 0.17 123.17
L5 54 6 6 15 | 025| 0.2 151.73
L6 54 6 7 20 | 0.35| 0.245 93.97
L7 54 7 5 10 | 0.1 | 0.17 105.09
L8 54 7 6 15 | 025| 0.2 108.22
L9 54 7 7 20 | 0.35| 0.245 136.06
L10 57 5 5 10 | 0.1 | 0.17 138.17
L11 57 5 6 15 | 025| 0.2 104.72
L12 57 5 7 20 | 0.35| 0.245 70.12
L13 57 6 5 10 | 0.1 | 0.17 125.14
L14 57 6 6 15 | 025| 0.2 85.21
L15 57 6 7 20 | 0.35| 0.245 125.29
L16 57 7 5 10 | 0.1 | 0.17 214.63
L17 57 7 6 15 | 025| 0.2 102.66
L18 57 7 7 20 | 0.35| 0.245 119.24
L19 60 5 5 10 | 0.1 | 0.17 113.51
L20 60 5 6 15 | 025| 0.2 179.73
L21 60 5 7 20 | 0.35| 0.245 88.75
L22 60 6 5 10 | 0.1 | 0.17 130.79
L23 60 6 6 15 | 025| 0.2 158.38
L24 60 6 7 20 | 0.35| 0.245 77.62
L25 60 7 5 10 | 0.1 | 0.17 118.78
L26 60 7 6 15 | 025| 0.2 100.15
L27 60 7 7 20 | 0.35| 0.245 128.41

Table 2. Process parameters and values at different levels

Parameter/Level
1 2 3
Blank
Diameter(mm) >4 57 60
Die Corner
Radius (mm) > 6 !
Punch Corner
Radius (mm) > 6 !
Blank Holding
Force (kN) 10 15 20
Friction Value 01 0.25 0.35
Punch Speed | 17 0.2 0.245
(mms™)
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Table 3. Mechanical properties of High Strength steel

Steel grade | Yield Tensile Elongation
Strength Strength (% min)
(MPa) (MPa)

Strenx 700 | 700 1060 7

CR

EN10131

Table 4. Chemical Composition of High Strength steel used
C Si Mn | P S Al Ni Fe
+
TI
0.16 | 0.4 |18 |0.02|0.01|0.015|0.1 | Balance

11l. METHODOLOGY AND SIMULATION

Simulation of deep drawing process is done using ANSYS Explicit Dynamics is shown in Fig.1. The dimensions used for simulation
correspond to the dimensions of the practical set-up. The assembly consists of a die, punch, blank and a blank holder. The die, blank
holder and the punch were rigid while the blank is a flexible (deformable) part. The parts in the assembly have frictional contacts
with the rigid parts set as target objects each and is varied with each iteration. The contact between the blank and the punch is given
a constant friction value of 0.3 for all the iterations while the contact between the blank and die has a friction value that varies with
the iteration as we have different friction values for the die in cases of dry, lubricated and coated die setup. The die corner
radius and punch corner radius are varied to a certain degree to check its relationship with maximum punch force. The blank holder
force during simulation was the most difficult to carry out as the time step for the force must be changed after the punch displaces a
certain distance as the final cup should not have a flange. The experiment was conducted on blanks of different diameter to check its
relationship with the maximum punch force values simulated.

Taguchi analysis for six-parameters for three-levels was conducted. The parameters were varied across Taguchi iterations (single
three-level L27 design) as explained in Table 1. Analysis was conducted and key values such as punch force were obtained. Taguchi
analysis for punch force is done to find the least punch force value combination of the six parameters, hence using “smaller the
better” solution method. The material of the blank was chosen to be non-linear high-tensile steel with a maximum tensile strength of
1060 MPa. The material characteristics specific to the practical experiment were manually added and altered, as per the need. The
material for the rest of the parts was chosen to be AISI D2 steel. The die is fixed in all direction while the punch is displaced along
only one axis. A cup depth of 22mm is to be simulated which is monitored by observing directional deformation along the axis of
punch. ANSYS Explicit Dynamic requires the user to input an initial velocity which is one of the six varying parameters. A
downward force is applying on the blank holder for a certain period after which the force is retracted. Tearing and wrinkling in the
blank was observed in some cases. All the simulations were conducted for equal number of iterations for homogeneity of results.

Fig.3. Mesh set-up in ANSYS 19 Fig.4. Formation of cup after punch travel.
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Fig.5. Cup formed after deep drawing

IV. RESULT AND DISCUSSION
The Analysis of Variance (ANOVA) is used to achieve optimal levels for each of the six parameters to obtain minimum punch force
and also defining the percentage contributing of each parameter on Minitab 17. Taguchi Orthogonal Array Design is used instead of
Full Factorial Design to cut down on time and money. After analysing the Taguchi matrix, we obtained the main effect plots Means
and SN ratio with respect to Maximum punch force and each parameter, for smaller is better case. In Fig.8, the individual parameter
contributions are found out. The table shows that friction between the blank and the die has the highest contribution. Analysis of
mean as show in Figure 6 shows that an increase in friction value results in the decrease of maximum punch force value. Blank
diameter has a direct relation with maximum punch force value. Increasing the die corner radius increases the maximum punch
force value while it does not vary linearly with punch corner radius value. Blank force has a non-linear relation with maximum
punch force, as does punch speed.
Using Response Optimization in Minitab 17, a combination of parameter levels was found to give the lowest maximum punch force
value, lower than iterations in L27 Taguchi Orthogonal Matrix. In Figure 8. the optimized condition parameters can be used to
simulate the maximum punch force in ANSY'S to compare the value of punch force.
In Fig. 8, contribution order of the parameters to maximum punch force value is shown. The suggested parameters were used to
simulate deep drawing again on Ansys Explicit Dynamics and the maximum punch force value was the lowest when compared to
the L27 simulation iterations done for Taguchi analysis. The value of maximum punch force is even lower than the value predicted
by Minitab 17. Hence, the parameters, friction, blank diameter, die corner radius can be varied to obtain smaller values of maximum
punch force. Desirably, friction has the highest contribution according to ANOVA, hence that can be used to an advantage by
coating the die with some coating or lubricate the set-up, thus reducing the friction to a certain value were the maximum punch force
is lowest/optimum.

Main Effects Plot for Means
Data Means
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Fig.6. Taguchi Analysis results for Maximum punch force and Mean.
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Main Effects Plot for SN ratios
Data Means
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Fig.7. Taguchi Analysis results for Maximum punch force and Signal-to-noise ratio.

Source DF Seq S5 Contribution Adj S8 Adj MS F-Value P-Value
I 2 367.2 1.44% 3e7.2 183.6 0.16 0.857
B 2 1024.1 4.03% 1024.1 512.0 0.43 0.657
c 2 327.2 1.29% 327.2 163.6 0.14 0.872
D 2 2505.2 9.85% 2505.2 1252.6 1.06 0.373
E 2 3307.5 13.01% 3307.5% 1&52.7 1.40 0.27%9
F 2 1355.1 5.33% 1355.1 677.5 0.57 0.576
Error 14 1&536.6 £5.05% 1le53e.6 1181.2
Total 26 25422.9 100.00%
Fig. 8. Analysis of Variance
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Fig. 9. Response Optimization Plot for Maximum Punch Force

V. CONCLUSIONS
The Using Ansys Explicit dynamics and Taguchi Orthogonal Matrix, six parameters were analysed for their contribution in
maximum punch force value for High Strength Steel samples. The effects of the six parameters is substantiated and relations are
observed. Friction is the highest contributing factor in controlling the maximum punch force value for a deep drawing process. The
result owes 65% contribution to error which shows that the L27 matrix is not the right choice for optimization in all conditions. For
the conditions selected in this paper, the optimization is successful and can be reported valid and novel.

VI. ACKNOWLEDGMENT
I am grateful to my university, Vellore Institute of Technology, that gave me an opportunity to conduct this project and gave me the
grounds to nurture it into a research project.

©IJRASET: All Rights are Reserved 562



[4]
[5]

[6]
[’
(8]
[9]
[10]
[11]
[12]

[13]
[14]

[15]
[16]

International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.177
Volume 7 Issue VIII, Aug 2019- Available at www.ijraset.com

REFERENCES
M.T. Browne, M.T. Hillery, Optimising the variables when deep-drawing C.R.1 cups, Journal of Materials Processing Technology 136 (2003) 64-7.
F. Fereshteh-Saniee, M.H. Montazeran, A comparative estimation of the forming load in the deep drawing process, Journal of Materials Processing Technology
140 (2003) 555-561.
Venkateswarlu, G & J. Davidson, M & Tagore, G.R.N. (2010), Influence of process parameters on the cup drawing of aluminium 7075 sheet, International
Journal of Engineering, Science and Technology Vol. 2, No. 11, 2010, pp. 41-49.
Muhammad Ali Ablat, Ala Qattawi, Numerical simulation of sheet metal forming: a review, IntJ Adv Manuf Technol (2017) 89:1235-1250.
Hol, J., Cid Alfaro, M. V., Meinders, V. T., & Huetink, H. (2011), Advanced friction modeling in sheet metal forming, Key engineering materials, 473(Sheet
Metal 2011), 715-722.
M. G. Lee, C. Kim, E. J. Pavlina, F. Barlat, Advances in Sheet Forming—Materials Modeling, Numerical Simulation, and Press Technologies, Journal of
Manufacturing Science and Engineering DECEMBER 2011, Vol. 133/ 061001-1.
Wu-rong Wang, Bo Hou, Zhong-gin Lin, Z. Cedric Xia, An Engineering Approach to Improve the Stamping Robustness of High Strength Steels, Journal of
Manufacturing Science and Engineering DECEMBER 2009, Vol. 131 / 064501-1, doi:10.1115/1.4000333.
José Divo Bressan, José Carlos Cieto, Fabio Henrique Vieira, Luciano S. Bellegard Bastos, Pablo A. Mundz Rojas, A NUMERICAL SIMULATION STUDY
OF DEEP DRAWING TESTING AND EXPERIMENTAL RESULTS OF STEEL SHEETS, USING A COMERCIAL SOFTWARE, Int J Mater Form (2010)
Vol. 3 Suppl 1:231 - 234.
E.Billur, T.Altan, Challenges in forming advanced high strength steels, Proceedings of New Developments in Sheet Metal Forming 2012 May, 285-304.
Ajay Kumar Choubey, Geeta Agnihotri, C. Sasikumar, Experimental and mathematical analysis of simulation results for sheet metal parts in deep drawing,
Journal of Mechanical Science and Technology 31 (9) (2017) 4215~4220.
Jennifer Tennera, Kolja Andreasa, Adrian Radiusa, Marion Merkleina, Numerical and experimental investigation of dry deep drawing of aluminum alloys with
conventional and coated tool surfaces, Procedia Engineering 207 (2017) 2245-2250.
M. Firat, Computer aided analysis and design of sheet metal forming processes: Part | — The finite element modeling concepts, Materials and Design (2007)
1298-1303.
Michael P. Pereira, Wenyi Yan, Bernard F. Rolfe, contact pressure evolution and its relation to wear in sheet metal forming, Wear 265 (2008) 1687-1699.
M. Ahmetoglu, T. R. Broek, G. Kinzel, T. Altan, Control of Blank Holder Force to Eliminate Wrinkling and Fracture in Deep-Drawing Rectangular Parts,
Annals of the CIRP Vol. 44/1/1995.
R. Padmanabhan, M.C. Oliveira, L.F. Menezes, Deep drawing of aluminium-steel tailor-welded blanks, Materials and Design 29 (2008) 154-160.
Mark Colgan, John Monaghan, Deep drawing process: analysis and experiment, Journal of Materials Processing Technology 132 (2003) 35-41.

©IJRASET: All Rights are Reserved

563



d lIsRA

ef n\m
cross’ COPERNICUS

10.22214/1JRASET 45,98 IMPACT FACTOR: IMPACT FACTOR:
7.129 7.429

INTERNATIONAL JOURNAL
FOR RESEARCH

IN APPLIED SCIENCE & ENGINEERING TECHNOLOGY

Call : 08813907089 (V) (24*7 Support on Whatsapp)




