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INTRODUCTION 


This section will provide an overview of the die development process. The details of the 

die development process will be discussed in the relevant sections of the report. 

The procedure for the development and production of the coining dies can differ vastly 

from project to project. If a new coin must be produced the development process will 

follow all the possible steps in producing a coining die, from the design of the artwork 

right through to the manufacturing of the coining dies. 

Certain clients will provide the master punch to ensure that the quality of the coins is the 

same as their current coins. The coining dies are then made from the master punch that 

was provided. Other clients will only provide samples of the coin. When a picture or 

sample of the coin is provided, for the contract, all the development steps must be 

followed. The different phases of the development process will now be discussed. 

1. 	 The first step is to obtain the desired design from the client. The design may be in the 

form of a sample coin, a drawing or a picture. The design is discussed with the client 

to establish the client's requirements. These requirements include aspects like the 

depth ofthe design, the level ofdetail of the design and the size of the design. 
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CHAPTER! 

MATERIAL SELECTION 


1.1 Introduction 

Due to the complexity of the die development process it was decided from the onset of the 

project to eliminate as many variables as possible, for each test. This will make it easier to 

control the remaining variables and to correctly identify the mechanisms that control the 

behaviour of the material. The type of material that is used for the dies and the blanks is 

the first variable to be eliminated. 

It was decided to use one specific material for all the dies (i.e. the matrix, the master punch 

and the coining dies), and one material for the blanks. Once the design protocol has been 

established, the Mint can according to this protocol also test other materials and evaluate 

the performance ofeach material individually. 

The selection and material analysis of the tool steel that will be used for the dies will be 

discussed first. After which the selection and material analysis of the blank material will 

be discussed. 

 
 
 



13 MATERIAL SELECTION 

1.2 Dies 

1.2.1 INTRODUCTION 

Once the decision was made to use only one material for all the dies it was necessary to 

select the material. There are many variables within a material but these variables will be 

controlled where possible during the development tests. 

The material currently used by the S.A Mint for most of the dies is Thyrodur 2363 Tool 

Steel (Commonly referred to as Two-Three-Six-Three). The manufacturer is Thyssen. 

The material specifications are given in Appendix A. This is an AlSI A2 (DIN 1.2363) 

type tool steel. The properties of this cold work tool steel include high dimensional 

stability during heat treatment; good wear resistance, high compressive strength and 

medium machinability. The machinability of the material is about 85% if compared to the 

baseline W group oftool steels, which are, rated at 100%. 

It was decided that it would be beneficial to the Mint if the same material was used for the 

development project as was for their dies. A thorough material analysis was done on the 

2363 Tool Steel to establish if this material was suitable for the specific application. Once 

the material has been characterized by means of the material analysis a conclusion can be 

reached on the suitability of the material for the specific application. A decision will then 

be made whether to use the material for the project or to select another material. 
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1.2.2 MATERIAL ANALYSIS (2363) 

The purpose of the material analysis was to: 

• Check the specifications of the manufacturer. 

• Determine the composition of the material 

• Check the distribution of the elements in the material. 

• Check for internal defects in the material. 

• Check the microstructure of the material 

• Check the hardness of the material 

• Check the dynamic response of the material during deformation. 

• Determine whether the quality of the steel is high enough for the application. 

The material analysis forms a very important part of the project. The results of the 

material analysis will help to explain the behaviour of the material during the die 

development and production processes. 

A batch of the Thyrodur 2363 Tool Steel was acquired and held in bond exclusively for the 

project. The decision was taken that only material from this batch would be used for the 

project if the material was approved. By using material from one batch the material 

composition and property variables are reduced. The material specification lies within a 

certain bandwidth but there may be small differences in the composition of the material 

between batches. The properties of the material can also change due to differences in the 

cooling rate of the material during solidification or due to small changes in the annealing 

process. It is therefore advantageous to use material from the same batch throughout the 

project. 

 
 
 



 
 
 



16 MATERIAL SELECTION 

The fIrst method that was used is the XRF or X-Ray Fluorescence method. The 

second method was a combustion process where only the Carbon and Sulphur 

content were determined (LECO). The third method is the OES method. This is an 

Emission Spectroscopy method used to test for all the main elements. Trace 

elements were not tested for. 

It can be seen from the results of Table 1.1 that the composition of the material is 

within the typical values of 2363 Tool Steels. The results agree with the 

specifications given by the manufacturer (See Appendix A). 

1.2.2.2 Chemical Element Distribution 

The chemical element distribution was tested through the width of the material. 

This was done to determine the distribution of the major chemical elements in the 

material. It is important that the distribution be even through the width of the 

material. This analysis reveals important information about the homogeneity of the 

material. If for example there has been diffusion of carbon to the outer part of the 

material it will be revealed by this test. 

The distribution of the elements is a factor, which influences the response of the 

material to deformation. The results of the test are shown in Table 1.2. The 

distance column refers to the location ofthe sample point from the side of the billet. 

The results of Table 1.2 are presented graphically in Figures 1.1 to 1.13. A graph 

was plotted for each element that was tested for in Table 1.2. 

 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



22 MATERIAL SELECTION 

1.2.2.5 	Hardness Test 

The purpose of the test was to detennine the hardness of the batch tool steel 

material that was obtained for the project. The hardness of the billets was 

measured to verify the specifications given by the manufacturer and to check the 

distribution of hardness between the billets. The hardness of the billets greatly 

affects the hobbing process and must therefore be well documented. Currently the 

hardness is not checked on incoming material. 

The hardness of the billets is one of the variables that need to be kept constant at 

this stage and it is therefore important that the hardness distribution between the 

billets be small. Inconsistent results will be obtained during the defonnation 

processes if the hardness of the billets varies greatly from batch to batch. This is an 

unacceptable situation, which can be avoided by ensuring a small hardness 

distribution. This is applicable to all incoming and custom produced material. 

Furthennore it is desirable for the material to be as soft as possible. This makes 

hobbing easier and reduces the stress on the driving die. The procedure that was 

followed to measure the hardness of the billets and the results of the test will now 

be discussed. 

The tool steel batch consisted of five 40 mm diameter billets and sixteen 50 mm 

diameter billets. The hardness of every billet will be tested. Nonnally hardness 

tests of this kind would be done on the outer surface of the material. This can 

however be inaccurate since the surface conditions are not ideal. The surface of the 

 
 
 



 
 
 



 
 
 



 
 
 



 
 
 



27 MATERIAL SELECTION 

1.2.3 TENSILE TESTS (2363 Tool Steel) 

The tensile tests were done to evaluate the elastic and plastic deformation response of the 

material. The material will undergo elastic and plastic deformation during the hobbing 

processes. During the coining process the dies will mostly deform elastically but plastic 

deformation will also occur to some extent. It is therefore imperative to know the 

deformation characteristics of the material in order to evaluate the response of the material 

during these processes. 

To evaluate the elastic and plastic deformation characteristics of the material tensile tests 

were done on the material by ISCOR. The candidate made eight specimens for the tensile 

tests. The fIrst three specimens were made in the longitudinal (casting) direction of the 

material. The Specimens were made according to the ASTM E8 specifIcation. Figure 1.19 

shows the details of the tensile samples. The results of these three specimens are detailed 

in the fIrst tensile test report in Appendix B. All the tensile tests were done according to 

the ASTM specifIcation. 

The next fIve specimens were made according to the British Standard for Small Tensile 

Samples. (See fIgure 1.20(a)). This specifIcation is designed for the use of small samples 

in ordinary chucks. Figure 1.20(b) shows the setup of the small samples in an ordinary 

chuck. Three of the fIve specimens were made in the transverse direction and the other 

two in the longitudinal direction. This was done to evaluate the difference in response of 

the material in the transverse and longitudinal directions. This was necessary because 
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significant amounts of defonnation occur in both directions during the hobbing process. It 

would be inaccurate to only assume response characteristics from the longitudinal 

direction. 

The diameter of the billet was the size constraint on the specimens and thus necessitating 

the use of the small samples. The large samples were made to use as a reference to 

compare to the small longitudinal samples. The results from the small samples appear in 

the second tensile test report in Appendix B. The reader is referred to these reports to view 

the stress-strain plots for the specimens. 

A~--····--~·······,., 

G - Gauge Length 62.5 ±O.l mm 

D-Diameter 12.5±O.2mm 

R - Radius of fillet, min lOmm 

A - Length ofreduced section, min 75mm 

FIGURE 1.19 Round Tensile Samples (ASTM E8 Spec.) 
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,--------------------------------------­

All dimensions in inches 

(a) 

/ 1. Steel ro~ to fit in normal chuck 

I 

(b) 

FIGURE 1.20 (a) British Standard small tensile sample. (b) Setup of small tensile in 

an ordinary chuck. 

The longitudinal specimens revealed a fracture surface common to many tensile specimens 

(i.e. the cup-cone fracture appearance). The transverse specimens also produced a cup-

cone fracture surface but the appearance and failure mechanisms are different. Figure 1.21 

shows the fracture surface appearance of a longitudinal sample. Two distinct regions can 

be identified. The region in the middle of the sample (a) is called the fibrous zone. This 

 
 
 



 
 
 



 
 
 



32 MATERIAL SELECTION 

longitudinal direction the fibers will be broken. The results of the tensile tests prove this 

point. The yield strength and maximum percentage strain is lower for the transverse 

samples. 

cry long 430 MPa, Emax long = 23 % 

cry trans 390 MPa, Emax trans = 18 % 

Therefore it can be said that the material has a lower strength and it can deform less in the 

transverse direction. This information can be used to identifY the cause of die or punch 

failure during the production processes. If excessive strain is induced on the die or punch 

in the transverse direction microvoids can form. These voids can then grow during heat 

treatment and working processes and ultimately cause die failure. When a stress 

concentration is present at the top edge of the punch a crack can initiate at this site and then 

propagate along these flow lines. This point will be discussed in detail in Section 4.9. 

1.2.4 CONCLUSION 

The results of the material analysis revealed that the material is in good condition. This 

will be the only tool steel used for this project. Information is readily available on other 

tool steels and the S.A Mint can easily make an informed decision if a desire arises to 

change to a different tool steel. It was mentioned previously that the S.A Mint does not do 

a hardness test on the incoming material. Considering the importance of the hardness it is 

recommended that a baseline be established by doing a hardness test in addition to the 

material analysis. What the baseline should be will be discussed later. 
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1.3 Blanks 

1.3.1 INTRODUCTION 

The next step was to select a material for the blanks that will be used during the project. It 

was decided to use one of the materials currently used by the S.A Mint. This decision was 

taken to ensure that there would be material available for the project. It would also be 

beneficial for the Mint if a material were selected that they use for their blanks. 

Development and testing can then be done on the material and the results will be 

applicable to the blanks of the Mint. Only one material will be used for the blanks for the 

duration of the project. It was decided to opt for the material that causes the most 

problems during coining. It would not be very instructive to choose a material that coin 

easily. 

There are three types of material that the Mint uses for most of their contracts. They are, 

Steel, Cupro-Nickel (Cu75Ni25) and Bronze (CuZn4.5SnO.5). It was decided to use steel 

for the project since steel is the hardest of the three materials. Steel will work harden faster 

and coin more difficult than Cupro-Nickel or Bronze. It will be easier to spot coining 

defects and more problems will occur during the coining process if the blanks are relatively 

hard. Cost was also a consideration and since steel is the cheapest of the three materials it 

made sense to use it for the project. Once the material was chosen, it was necessary to 

analyse the material to determine its physical properties. 

 
 
 



 
 
 



35 MATERIAL SELECTION 

1.3.3 TENSILE TESTS 

Tensile tests were also done on the material. The results of these tests will provide very 

useful information about the coinability of the blanks since they are deformed plastically to 

a great extent during the coining process. 

Six specimens were made according to the ASTM specifications. Three specimens were 

annealed and the other three were kept in the original state. It was necessary to anneal 

some of the samples because the blanks that are coined, are in the annealed state and we 

are interested in the deformation characteristics of the material during coining. It is also 

necessary to check the condition of the incoming material. The average hardness of the 

annealed samples was 98 Hv. 

The results of these tests are included in Appendix B. It is seen from the results of the 

tensile test that the annealed samples have lower yield strength and a higher percentage 

strain. 

O'y hard = 272 MPa, Emax hard = 36 % 

O'yanneal = 218 MPa, Emax anneal = 40 % 

The lower yield strength and higher percentage strain of the annealed samples implies 

improved coinability of the material. The annealing process and the effect of hardness on 

the coinability ofthe blanks will be discussed during the coining tests in Chapter 5. 
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CHAPTER 2 

COIN DESIGN 


2.1 Introduction 

The selection of a coin design is a critical element of the project. The visual inspection of 

the coins forms an important part of the evaluation of the coining process. It was 

necessary to select an appropriate coin design that would be used throughout the duration 

of the project for the dies and the coins. One design will be used and the results obtained 

during the tests will be generalized. After the design protocol has been established the 

results can be used to develop any circulation coin regardless of the design details and the 

size of the coin. Various circulation coins were evaluated and a list was created of all the 

important attributes that are common to most circulation coins. Many different designs 

were considered and evaluated according to the list. 

A finite element analysis will be done on the deformation of the blank during the coining 

process. The University of Pretoria will do the analysis in conjunction with this project. 

Due to the close cooperation between the two projects certain design decisions were taken 

with the finite element model in mind. 
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The major factors considered during the selection process were: 

1. 	 The design must be a good representation of actual circulation coins in terms of 

design size and depth. 

2. 	 The design must be symmetrical. This was a research decision. The decision was 

made to simplify the finite element model and to help identify coining defects. 

This decision will be discussed in the next paragraph. 

3. 	 The coin should have a design in the centre and lettering on the outside. This is 

synonymous with most circulation coins. 

All the designs were evaluated according to these basic criteria. The design that is selected 

must be able to provide the researcher with ample information about the development and 

coining processes. 

2.2 Design Selection 

The selected design was adopted from a similar design that was used by the MECCANO 

Research Centre for an experimental analysis for the design ofnew coins [1]. The selected 

design and a description of the various components of the design are shown in Figure 2.1. 

A detailed drawing of the design is given in Appendix C. The design that was selected is a 

good representation of actual circulation coin designs. The depth of the design and the 

lettering will be varied according to the test objectives. 
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(a) 

(b) 

(c) 

(d) 

Main Design 

Lettering 

Landing 

Symmetry axis 

-+-----------------------------------------------+--­

coin? 

FIGURE 2.1 Coin design 

A complicated design was selected so that coining defects can more readily be detected. 

The same design will be used for the obverse (front) and reverse (back) of the coin. The 

orientation of the design on the obverse relative to the reverse of the coin will be the same. 

This promotes material starvation, especially in the centre of the design. The design is 

symmetrical about eight axes and the coin is also symmetrical about the horizontal plane. It 

is therefore only necessary to model the top half of one-sixteenth of the coin in the finite 

element model. This translates to a dramatic reduction in computational time and cost. 

There are other significant advantages in using a symmetrical design when it comes to the 

visual inspection of the coin. Coining defects can be explained more easily when a 

symmetrical design is used. The radial and axial flow of material should be exactly the 

same for all sixteen segments and therefore if some of the segments appear to coin 

unsatisfactory a coining pattern can be established and the problem can be pinpointed with 

greater ease. The problem could then be attributed to misalignment of the press, for 
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example. The segments can also be compared with one another to see if a certain coining 

defect repeats itself in all the segments. The problem could then be related to the coin 

design or to defects on the dies. A lot of sharp edges were included in the design. This 

will help to identify the problem areas in the hobbing and coining processes. An extremely 

high force is necessary to produce a perfect sharp edge in the coining or hobbing processes. 

The radii of the lettering and the design will therefore be evaluated after coinage. These 

radii will be compared to the coining force. The minimum force necessary can then be 

determined by evaluating the radii. 

A cutter with an included angle of 25 0 will be used to 

engrave the design and the lettering. This means that the 

design and lettering will slope at an angle of 12.50 from top 

to bottom relative to the vertical axis. See Figure 2.2. 

FIGURE 2.2 Cutter angle 

The test coin was further complicated by the fact that a "full" design was used. The design 

of normal circulation coins has peaks and troughs, which makes it easier to coin since the 

competition for material is lower. The "full" design on both sides of the coin will promote 

material starvation in the centre of the coin. The main design and the lettering will have a 

constant height. This makes it easier to measure the coins and the dies. Details concerning 

the evaluation of the design during hobbing and coining will be discussed in the relevant 

sections. 
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CHAPTER 3 

BLANK DESIGN 


3.1 Introduction 

Blanks are pieces of steel that has been fonned to accommodate the design on the coining 

dies. A blank is basically a coin without a picture. It was previously discussed that steel 

will be used as the core material for the blanks. The size and shape of the blanks must now 

be detennined. Due to resource constraints it was decided to use RSA 50c blanks for the 

project. The RSA 50c is the largest denomination with a steel core in the RSA coin series. 

Since the RSA 50c blanks will be used, there is no need to manufacture special tooling for 

the production and coining of the blanks. It also simplifies the manufacturing process 

since this is a familiar denomination and the order can easily be requested through the 

system. 

3.2 Blank Production 

A new collar will be made because the test coin will not have a serrated edge like the RSA 

50c. The size of the coin was developed according to the current development guidelines. 

Nonnally the blank size will be developed from the coin specifications but in this instance 

the blank size is fixed and the fmal coin size is a variable. The procedure that was 

followed to obtain the die neck size and the collar size will now be discussed. 
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Sizes 1 through 6 were obtained from the RSA 50c specification (Appendix D). 

• 	 Blanking 

1) 	Thickness of Blanks 

SIze: 1.575 ± 20 f.lm 

mm: 1.555 mm 

max: 1.595 mm 


2) 	Diameter of Blanks 

SIze: 21.740 ± 50 f.lm 

mm: 21.690 mm 

max: 21.790 mm 


• 	 Rimming 

3) Thickness (Rimmed) 

The thickness of the rimmed blanks is included in the specification for information 

purposes only, i.e the blanks will not be rejected if they fall outside this specification. 

The rimming process is described hereafter and shown in Figure 3.1. 

size: 1.960 ± 100 f.lID 
min: 1.860 mm 

max: 2.060 mm 


4) Diameter (Rimmed) 

SIze: 21.490 ± 50 f.lm 

mm: 21.440 mm 

max: 21.540 mm 


• 	 Plating 

5) Thickness (plated) 

Once again the plated thickness ofthe blanks are given for information only. 

SIze: 2.050 ± 100 f.lm 
mm: 1.950mm 

max: 2.150 mm 
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