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1. Introduction
Cutting dies are of the most widely used types of press dies
and at the same time they are the most accurate types of
dies that are used to create holes, edges, grooves, etc. on
the work piece.

The clearance between above and below dies in the
cutting molds is considered to be about 0.1 of the thickness
of the sheet to make a proper cut on the sheet. Therefore,
the dies must be made very precisely. On the other hand,
the dies always involved with the sheet and it needs to have
high hardness so that it does not wear out.

Another important issue is the phenomenon of fatigue,
because cutting dies produce a piece in every cycle of a
few seconds and are continuously subjected to cyclic
loading. One of the parameters that can increase the fatigue
life of these molds is increasing the hardness value.
Therefore, the hardness of these molds increases with
several methods.

In 1940, Russian scientist Lazarenko developed the
hypothesis of electric discharge process with wire or
wirecut. Wirecut is an electrothermal process that is used
to make cutting dies. This process has very high
dimensional accuracy due to the lack of contact between
the tool and the work piece. On the other hand, due to the
local increase and decrease of heat, it causes melting and
increasing the hardness of the mold steels.

This study investigated an industrial need of the country,
which is the production of quality cutting dies. By using
the fuzzy inference system, mold hardness changes are
predicted according to three parameters of wire speed, wire
tension, and generator power. Then, with the done
clustering, the optimal amount of hardness is determined
based on the range of variables, and in the final phase,
these predicted results are tested to extract the highest
amount of hardness for the mold.

2. Experimental setup
One of the steels used to make cutting molds is Mo40 steel,

which is an alloy of chromium and nickel. In this steel,
hardness is possible due to the presence of chromium and
strength is possible due to the presence of nickel. This steel
is of medium carbon type.

work

Figure 1. Wirecut schematic

The type of heat treatment that is performed on these
steels is austenitizing, then quenching, and then tempering,
which is used to harden this steel. This group of steels, due
to the fact that they are used as quench tempers, have high
strength and hardness, and at the same time, high
toughness, and therefore, have a high strength-to-weight
ratio. The alloy elements in this steel are carbon,
chromium, manganese, molybdenum, and silicon.

In this research, Mo40 steel, which is one of the main
steels used in making cutting dies, was used. At first, the
Mo40 steel was completely planed using a lathe machine
for uniformity in thickness, and it was brought to the final
dimensions of 320 x 40 mm and 10 mm thickness. Then it
was fixed on the CHARMILLES five-axis wirecut
machine (Figure 2).
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Figure 2. Five-axis wirecut machine and fixing the
workpiece on it

Three parameters “wire injection speed”, “wire tension”,
and “generator power” were selected as input parameters.
Table 1 shows he range of these parameters.

Table 1. Test conditions

Wire diameter (mm) 0/2
Wire material copper
Dielectric fluid Distilled water
Wire injection speed (cm/s) 10-2
Wire tension (kg) 2/5-0/5
Generator power (percentage) 50-10
Initial hardness of the workpiece 45

(Rockwell B)

Using the response procedure method, 20 experiments
were conducted. For each test, a cylinder with a base
diameter of 10 mm and a height of 10 mm was cut from
the workpiece. Then, for the produced cylindrical parts, in
four points, the hardness value with the machine Leeb
Hardness Tester TA-1515 was measured with an accuracy
of 0.1. After removing outlier data, the average data was
recorded.

3. Prediction and optimization

In this research, it is considered to create a fuzzy inference
system to predict and optimize the degree of hardness
based on three parameters of speed, traction and power.
The creation and use of this system is done in three phases:
clustering, extracting if-then rules, and predicting and
optimizing difficulty in the inference system built in
MATLAB software.

4. Validation test

Based on the prediction charts, in order to validate the
model, for the values of stretch 1.67, power 10 and speed
6, an experimental test was performed and the hardness
value was obtained as 74.6, which has a very good match
(2% error) with the model result (75.9) and it is the highest
difficulty value among experimental tests.

5. Conclusion

In this research, the fuzzy inference system was used to
predict and optimize the hardness value according to the
variables of wire tension, wire feeding speed and generator
power in the Mo40 steel wirecut process.

The results clearly show that this system has the ability
to be implemented to predict and optimize the hardness in
the wirecut process. In order to increase the accuracy of
the model, the number of rules was increased from four to
nineteen. Based on the extracted diagrams, the maximum
hardness value was obtained for the values of 1.67 stretch,
10 power and 6 speed. These values were experimentally
tested and a hardness value of 74.6 was obtained, which
has a very good agreement with the model result (75.9)
(about 2% error) and also shows the highest hardness value
among the experimental tests.
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Prediction and Optimization of Mold Steel Hardness in Wire Cut Process Based
on Fuzzy Inference System

Farshad Rabiei Masoud Seidi Zahra Seidy

Abstract Pressing molds are widely used in the industry due to the high speed of parts production. Due to the very low
clearance between the mandrel and the matrix and having complex shapes, the production of these molds is very
expensive and costly. The hardness of the mold and subsequently their fatigue life should be high. One of the processes
that has the ability to create surfaces with high dimensional accuracy and complex shapes is the wirecut process. In this
research, in order to improve the performance and increase the life of cutting dies, the hardness of Mo40 steel is
optimized. For this purpose, based on the method of the response procedure, the design of the experiment has been
designed for the three parameters of wire feed speed, wire tension and generator power. Next, the obtained data are
clustered and then fuzzy rules with three inputs (wire speed, tension and power) and output (hardness) are extracted.
The obtained rules were entered in the toolbox of fuzzy inference systems of MATLAB software. Based on the defined
fuzzy inference system, it is possible to predict the hardness based on the parameters of wire speed, wire tension and
generator power. In the next phase, based on this system and within the range of available variables, the optimal value
of hardness and corresponding variables were extracted. In the final phase, these values were experimentally tested and
their agreement with the obtained value was observed.

Keywords: Wire Cut, Wire Feed Speed, Wire Tension, Generator Power, Fuzzy Inference System, Prediction and
Modeling, Optimization.
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8.5586 80.981 11 69 | 2.6926 94.017 37 43
8.8142 80.413 10 70 | 2.7586 93.870 36 44
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28.1432 37.460 2 78 | 3.7000 91.778 28 52

45.0004 0.000 1 79 | 3.7000 91.778 27 53
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