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KEYWORDS ABSTRACT

Rubber die, The deep drawing process is a widely used method for producing metal sheet parts. The main cost
Deep drawing, of the die in this method is to make the matrix. Using rubber matrix saves construction time and
Finite element. production cost. Controlling the deformation of rubber and blank is one of the important issues in

this method. Therefore, in this article, a comparison has been made between the parts produced by
metal and rubber dies. In the following, three-dimensional simulations have been performed using
the finite element method and hyper elastic model. The simulation results showed that placing an
intermediate ring between the rubber and the blank causes a significant improvement in the
production parts and better control of the behavior of the blank and rubber during deformation.
For verification, a die with rubber components and also a die with a metal matrix were made, and
experimental tests were performed for the steel material. The dies were made based on the primary
spacing technique instead of the spring and blank holding system. The maximum percentage of
thinning, the percentage of equivalent plastic strain, shrinkage, tearing, and the force on the metal
mandrel have been investigated and compared in two types of dies for steel workpieces.

Extended Abstract

1. Introduction

casings. The rubber forming method has advantages compared to conventional deep drawing, such as making only

half of the die, in which case the other half will be replaced by rubber. Since high precision must be used in the
manufacture of punch or matrix, in the deep drawing die, it can be said that in die with rubber components, the cost and time
of manufacturing a component, was saved. In deep drawing with rubber, due to the flexibility of a component, the stress applied
to the metal components during the process is significantly reduced, which increases the life of the metal components. In this
paper, the experimental and numerical investigation of the process of deep drawing a square sample was carried out by two
methods, metal die and die with rubber components. For validation, a die with metal and rubber components was made. The
test conditions were the same in the two types of die, with the difference that the rubber matrix was placed in the die instead of
the metal matrix, and the rubber was placed inside a chamber to prevent the rubber from escaping during the process. In the
rubber matrix method, after many tests, a thick metal sheet was used as an intermediary between the rubber and the sheet to
complete the forming process. Simulation of the processes has also been done in 3D using Abaqus finite element software.
Finally, thinning, tearing, and maximum equivalent plastic strain and forming force were compared and investigated for
different situations

D eep drawing is a metal forming process used to form flat sheets into cup-shaped products such as bathtubs and shell

2. Experimental setup

In this paper, two dies were made with rubber and metal matrix. In the rubber die, silicone rubber was used to determine
the properties of the rubber, uniaxial compression test was performed according to ASTM D575 standard.
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Punch and blank-holder for two types of dies were the same. Four springs were used to apply blank holding force. To control
the sheet, the intermediate ring technique according to figure (1-c) was used.

The intermediate ring Rubber Rubber Initial gap

(©
Figure 1. Die with rubber matrix a) Die set b) Matrix without intermediate ring c¢) Rubber matrix with intermediate ring

In the metal die, the rubber matrix was replaced with a metal matrix. Figure (2) shows the fabricated die.

I T R T

Figure 2. The fabricated die with the metal die.

3. Finite element Simulation

The deep drawing process was simulated using Abaqus version 6.14 finite element software. The simulation is three-
dimensional and due to the symmetry in the geometry of the sample, constraints, and boundary conditions, a quarter of the real
model is studied.

Punch

Blank holder

Blank holder

Rubber die
Metal die

(b) (a)

Figure 3. 3D model simulated with a) metal matrix b) rubber die

4. Results
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Figure 4 shows an example of parts shaped by this technique. As it can be seen, by using the intermediate ring between the
rubber and the sheet, the force contribution is more uniform and the wrinkling has been transferred from the corners to the
flange part of the sample. Also, the depth of tension and other specifications of the part are acceptable.

Figure 4. Steel sample formed with rubber matrix die and intermediate ring

The results showed that the use of an intermediate ring between sheet and rubber in a die with a rubber matrix improves
the tensile conditions. Also, using a die with a rubber matrix reduces thinning, the forming force, and the maximum equivalent
plastic strain.
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