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Abstract: Predicting the ampere consumption in carbonate rock sawing process is very important for
the determination of the electrical energy cost per unit of production. In addition, ampere consumption
prediction may be used for selecting the optimum operation parameters to obtain high production rate. In
this study, it is aimed to develop fuzzy classification systems to evaluate and classify the carbonate rock
based on physical and mechanical properties such as Brazilian tensile strength, equal quartz content, grain
size, uniaxial compressive strength, Young modulus and Mohs hardness. Varieties of seven carbonate rocks
such as Azarshahr travertine, Hajiabad travertine, Dare-bukhari travertine, Harsin marble, Salsali marble,
Anarak marble and Haftooman marble were classified by developed fuzzy classification system. To validate
the classification’s results, ampere consumption was recorded during sawing process for each studied rocks.
The results of the study show that the three-class fuzzy classification system is capable to evaluate the
carbonate rock saw-ability and ampere consumption during soft dimensional stone sawing process.

Keywords: Carbonate rock saw-ability, Stone sawing machine, Fuzzy classification, Ampere consumption.

INTRODUCTION

The dimensional stones are one of the most important mineral reserves in the Iran. Due to the physical
and mechanical properties of the rocks, predicting the saw-ability of the dimensional stones is significant
for the cost estimation of post-extraction processes and plant design management. Full understanding and
evaluation of the ability of cutting/sawing equipment drives production planners to improve processing
speed and increase production rate. The need for high quality and competitive production in global markets
requires the use of advanced technologies and modern tools in the stone extraction and processing units.
Proper use of these equipment and accurate identification and evaluation of their performance can help
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to increase the efficiency and quality of the processed stones. The sawing machines with high production
capacity and competitive cutting quality are being used in processing plants extensively. The cutting
operation of stones with sawing machines is one of the new methods used in stone process plants. The
machines are mainly used in stone processing plants with high production capacity. In this method, the stone
block is cut by a series of parallel saws made of diamond blades. These machines consume considerable
energy. It is necessary to evaluate the amount of electricity power consumed in these devices.

METHODS

One of the fuzzy methods is the multi-factorial fuzzy method which can be used to solve various
engineering problems. This method involves defining the problem inputs, performing fuzzy operations on
the data, and outputting the problem, respectively (Figure 1).

Figure 1. Steps of Multi-factorial fuzzy Method [1]

In this research, the fuzzy set theory and multi-factor fuzzy classification approach have been used in
order to present a classification system for predicting ampere consumption of the soft dimensional stone
sawing machine in cutting process. The degree of importance determination of the criteria for establishing
a new classification system is the first step of data analysis. The importance of each criterion is determined
by experts. Also, the questionnaires were sent to experts in the field of stone cutting. Then, by collecting
questionnaires, the degree of importance of each criterion was calculated using Fuzzy Analytic Hierarchy
Process (FAHP) and Saaty’s method. The next step is to classify the criteria into three different quality
categories (good, medium and poor). After determining the qualitative categories for each criterion, a
membership function was defined for each criterion. Then, three-class membership functions were provided
for all criteria. In other words, the results of laboratory investigations performed on rock samples are
considered as problem inputs. Fuzzy operations include determining factors, weight vectors, membership
functions, and decision functions (T-norms). Finally, the prediction of the shear ability of the studied rocks
is predicted using the problem output classification system.

FINDINGS AND ARGUMENT

The results of the field surveys for the studied soft stone samples are presented in Table 1. Table 2
shows the comparison of the results of the three proposed classifications for evaluating the saw-ability of
dimensional stones during the sawing process with the Barsanti sawing machine and the average ampere

consumption of the machine.

Table 1. Classification of stone saw-ability evaluation using Wei et al. [2] method

Stone Sample No. Class
A, Medium
A, Medium
A; Good
Ay Good
As Good
Ag Medium
Ay Medium
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Table 2. Comparison of the results of studied stones and the ampere consumption of the sawing machine

Samples Al A2 A3 A4 A5 A6 A7

Wei et al. [2] M M G G G M M

Dubois S}d Prade M M M M M M M
Yager [4] M M M M M M

Average ampere | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max
consumption 97.7 1 110.3 | 91.1 | 107.5 | 81.8 | 88.1 | 88.8 | 98.3 | 87.2 | 96.1 | 96.8 | 106.9 | 95.2 | 104.9
G: Good M: Medium P: Poor

It is obvious that of the three proposed classification systems, the Wei et al. classification system correctly
separates travertine and marble samples. Based on the results of this classification and the results of the
intensities recorded during the cutting process, it can be deduced that from the studied soft stone samples,
samples of Azarshahr, Haji-abad and Dare-Bukhari travertine were more suitable for saw-ability. Also, the
saw-ability of Salsali marble, Anarak, Haftooman and Harsin stone samples is low. The average values of
the maximum and minimum ampere consumption of the sawing machine also confirm this claim. As can
be seen, the maximum value of recorded current ampere consumption for stone samples in the medium and
good classes is greater and lesser than 100 amps, respectively. The same trend is observed for the minimum
values of intake current recorded during the cutting process of the studied stone samples. Thus, the results
of'this classification can be compared with other classification systems as a result of field studies. According
to the results of field studies, five-class and three-class fuzzy multi-factorial classification systems are
suitable for predicting dimensional stone saw-ability after three-class classification system, respectively.

CONCLUSION

In this study, prediction of saw-ability of dimensional stones using rock shear blades was examined
with fuzzy classification systems, according to physical and mechanical properties (such as: Uniaxial
Compressive Strength, Schimazek’s F-abrasiveness index, Young’s modulus and Mohs hardness). The field
investigations were carried out to evaluate the accuracy and precision of the results on seven soft rock
samples in a stone processing plant. During cutting of each of the studied rocks, the amount of ampere
consumption of sawing machine was measured under constant operating conditions. The comparison of the
recorded ampere consumption and the saw-ability class for each stone sample shows good accuracy of the
Wei et al. fuzzy classification system in predicting soft rock saw-abilities. Among the three classifications
examined, We- et al.’s three-class classification system correctly separated the travertine and marble samples
into two good and medium classes. Finally, it can be concluded that by using this fuzzy classification system
based on four important characteristics of the stone, it is possible to categorize soft rock samples into three
categories: good, medium, and poor.
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