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Abstract: The demand for natural stone is increasing with the construction development in Turkey.
In natural stone quarries, frame saws and circular saw machines are preferred for block produc-
tion. Frame saw machine is also known as gang saw and it is the most commonly used for slab
production in stone cutting factories. Therefore, gang saw machine selection is the most signifi-
cant factor in the number of slabs, size of slabs, production time, and cost. Also, cutting machine
performance is important because it can increase productivity and quality while reducing costs.
Overall Equipment Effectiveness (OEE) is a crucial technique for measurement of the perfor-
mance, availability, and quality of the machine. Production Equipment Effectiveness (PEE) is
a method of losses owing to downtime, reduced speed, and quality. However, there is no study in
the literature on how to use effectiveness for stone cutting machines such as gang saw machines,
circular saw machines, bridge plate cutting machines, bridge plate polishing machines, etc. In this
study, 3 gang saw machines have been carried out by evaluating both OEE and PEE. It deter-
mines the time losses. The estimation of OEE and PEE of gang saw machines have been presented
via 23 blocks for every machine. As a result, OEE values have been calculated as 80% and PEE
values have been calculated as 90%. This situation shows that this factory uses the equipment
effectively and slabs are quality for sale.
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1. INTRODUCTION

Nowadays, quality slab production is significantly demanded by natural stone indus-
tries. Therefore, cutting slabs with the gang saw machine is one of the most significant
production processes. The gang saw machine is generally used for slab production
when the block is regular. In addition, performance evaluation increases quality,
productivity, and efficiency. Total productive maintenance (TPM) is an approach to
increase equipment availability and efficiency. Overall equipment effectiveness (OEE)
is the associated metric of TPM. It rates the real capability of machinery in production
by comparing it with the optimal capacity, ideal cycle time, and zero-defect quality
(Hung et al. 2022). The most important outcome of OEE is observing errors in the
system that decreases the effectiveness of the machine. For every factory, the aim is to
produce slabs at a profit with an effective maintenance system. While this system
helps maximize the availability of equipment, machine downtime is minimized due
to unwanted stoppage that affects the overall performance of the equipment (Ahmad
et al. 2018).

Many researchers have studied the performance evaluation in block cutting ma-
chines. Haghshenas et al. (2019) proposed two new models to predict the maximum
electrical current. The aim of the Haghshenas’ study was to carry out the role of the
gang saw machines in the productivity and efficiency of stone-cutting factories.
Bayram and Kulaksiz (2021) investigated the role of segment wear with physical
and mechanical properties and advanced rate in productivity in stone processing
plants. Also, they proposed a prediction chart to be used to provide effective cutting
conditions in diamond segmented frame saws. Sakaoglu (2008) focused on the
productivity and effectiveness of the jig saws used in a processing plant. The reasons
for the low performance were investigated and measures were proposed to increase
the machine performances. Ersoy et al. (2012) investigated the productivity between
block and rubble cutting and they concluded that block cutting is more efficient than
rubble cutting because of size and shape of samples. Bilim (2012) carried out sawing
performances of travertine blocks during cutting with a circular diamond saw. Cut-
ting speed and energy consumption were measured to determine performance meas-
urement. According to the results, the optimum speed was determined for the traver-
tine mines. However, despite the cutting performance of the block cutting machines
is examined, there is no study on the effectiveness of block cutting machines in the
OEE and PEE approaches.

The basic aim of the study is to analyze the OEE and the PEE of the gang saw ma-
chines in Turkey. In this paper, it is applied entropy weighting method to improve the
OEE and the PEE. As far as known, there is not any literature about OEE and PEE
studies on the gang saw machine. Firstly, OEE, PEE, and gang saw machines have
been introduced, the second part is about the entropy method applied to gang saw
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machines and gives the performance of the machines in tables, and lastly results and
conclusion have been given.

2. OVERALL EQUIPMENT EFFECTIVENESS
(OEE)

Overall Equipment Effectiveness (OEE) is a performance measurement technique to eval-
uate the effectiveness of equipments. OEE was initially introduced as part of TPM (total
productive maintenance) in the late 1980s and early 1990s (Norden and Ismail 2012).
OEE has become a renowned tool, therefore very less application of OEE is found in min-
ing, especially in marble mining (Wagas et al. 2015). It is a good indicator and com-
pares the performance with capacity and practices. OEE analysis optimizes the process
which need improvement (Mohammadi et al. 2015).

The goal of OEE is measured the management of the equipment. The advantage of
OEE is that it identifies the reasons of losses in equipment. Advancement of the OEE
will be raised to productivity, profitability, and quality of mining in the future.

Nakajima (1988) introduced the concept of OEE to measure the performance of
machine/equipment in manufacturing industries which considers the various sources
of production losses. OEE is calculated by obtaining the product of availability, per-
formance efficiency, and quality (Afefy 2013; Mohammadi et al. 2017).

OEE = Availability x Performance Effectiveness x Quality Rate. (1)

The loss in availability of equipment involved equipment failure due to technical rea-
sons in case of minor stoppages of equipment during operation. The loss in equipment
performance included the loss in speed of equipment during the operation due to opera-
tor’s inefficiency or substandard material. The defect of the quality accounted the losses in
the product (Muchiri and Pintelon 2008; Wagqas et al. 2015).

It is determined by the relation given below (Elevli and Elevli 2010; Afefy 2013;
Wagas et al. 2015):

Operating time

Avaliability (A) =
ty (A) Loading time

x100, )

Operating time = Loading time — Down time, 3)

Operating time — Speed losses
Operating time

Performance Efficiency (P) = %100, (4)
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Total production — Defect amount 8
Total production

Quality (Q) = 100. (5)

In mining, utilization is used instead of quality, however in stone cutting factory
quality component can be used in OEE because slab production is considered in mar-
ble trade. Literature review in mining industry has specified components which im-
pacts equipment availability, utilization and production performance. Mining litera-
tures on performance improvement and optimization of equipment operations assert
importance of these components as key parameters. These three parameters are useful
for evaluating effectiveness of equipment (Lanke et al. 2016). Utilization of equipment
can only be improved and controlled successfully if an appropriate performance measure-
ment system is used. OEE is a known method as a measurement performance of produc-
tion equipment in manufacturing industries and adapted for mining industry (Elevli
and Elevli 2010). The OEE can be modified with introduction of weight for each factor
in mining application.

Raouf (1994) stated that Production Equipment Effectiveness (PEE) is similar to OEE
considering all parameters are not equally important. A reliable and quantitative ana-
Iytical method is needed to calculate and assign weights (w1, wz, ws). One of the appli-
cable approaches is to use the multifactorial decision making techniques (Kogak 2012;
Lanke et al. 2016). The weighting process are objective weighting and subjective
weighting. Decision in subjective weighting covers expert’s evaluations while deci-
sion in objective weighting takes into account quantitative features (Bakir and Atalik
2018). Raouf (1994) suggested Production Equipment Effectiveness (PEE) as a new
method using different weights that are defined below.

PEE = Availability™ x Efficiency™ x Quality", (6)
W+ W, + W, =1, ()

O<wi<l1,

wi: weight of the parameters.

This study has been carried out for the determination of OEE and PEE of gang saw
machines in stone cutting factory. The focus of this study was to determine effective-
ness of equipment with different weights such as equal weighting method and entropy
weighting method and give suggestions for improvement of the machine.

3. GANG SAW MACHINES

Gang saw machines cut the natural stone blocks completely at once. Gang saw ma-
chines have a rectilinear motion for the rapid sawing of marble blocks (Dormishi
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et al. 2019). These machines are available with 60, 80 and 100 blades. In this case,
the number of blade saws is adjusted according to the plate thickness, and then the
blade-group is lowered to a close distance to the top of the block, according to the
height of the marble. Gang saw machines cut the block along its length and divide it
into large slabs with pre-set thicknesses, thanks to the numerous flat saws that verti-
cally cut the natural stone block placed in the cutting chamber. Because of these
features, gang saw machines have become the constant and important machines of
natural stone cutting factories. They cut the natural stone block placed in the cutting
chamber in different thicknesses (plate thickness 2 cm, height 1.8 m and length
around 3 meters) and slicing the block into large slabs (ganges) (Yildirim 2019;
SFERA Catalog).

Principle of the gang saw process is stated as move the reciprocating movement
from the start point to the endpoint of a cutting stroke. The mutual cutting movement
is generated by the rotation of a crank connected with a rod, which transfers the rota-
tion to the horizontal movement of a frame. The feed motors drive the frame to move
down for the blades cutting into the stone block continuously. The major factors af-
fecting the frame sawing process are the dimensions of the blade; segment and stone;
the value of blade pre-tension; the cutting performance of diamond and diamond seg-
ment; the properties of the stone and the cutting parameters limited by the power of
frame sawing machine (Fig. 1). The cutting forces of the blade and the segments not
only decide the energy consumption but also affect the deformation of the steel blade
and the wear of the segments and diamonds. The stability of cutting will decide not
only the surface quality of slabs, but also the numbers of the slabs split from a block
(Wang ve Clausen 2003). In this paper, SIMEC, SFERA model with 800/100 blades
gang saw machine is carried out as shown Fig. 2. Also, the technical features are rep-
resented in Table 1.

-‘v
Backward stroke Forward stroke
o Bed frame
N
S

yRear hinge guide mechanism

Crank ' ecting rod /" Saw frame Diamond blades and segments
s - / ;
/ < ,/ | - \ The upper
a / cutting speed Ve \ A hinge rod
& ~ 3] Front hinge guide
\ mechanism
L-The lower
7 hinge rod
= &

i e Vs
Granile — feed rate Vy

The lifting mechanism

Fig. 1. Sawing System of the Gang Saw Machine
(Zhanga et al. 2018)
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Fig. 2. Gang saw machine (SFERA Catalog)

Table 1. Technical data (SFERA catalog)

SFERA 800/100
Maximum block width [mm] 2500 Block-carrying trolley motor power [kKW] 1.8
Maximum block length [mm] 3500 Rapid raising/lowering motor power [HP] 9
Maximum block height [mm] 2050 Main motor power [KW] 160
Fn(qe(rsr?]mmended blade dimensions 180 x 4650 | Slow lowering motor power [kW] 1.8
Maximum number of blades [n°] 100 Rapid rgising and rapid lowering speed 236
[mm/min]
Strokes per minute [n°] 85 Machine width [mm] 5500
Blade stroke [mm] 800 Machine length [mm] 13 450
Total water requirement [Lt/min] 1000 Machine height [mm] 5100
Whole machine weight [kg] 55 000

4. ASSESSMENT OF OVERALL EFFECTIVENESS OF GANG SAW MACHINE

23 blocks for every gang saw machine are taken for study. From the data and using the
equation, OEE indicator and the components are calculated. In this paper, performance
of three same gang saw machines cut 69 beige marble blocks are evaluated in block
cutting factory in Burdur, Turkey. In accordance with the cutting plan, dimensional
slabs of 23 blocks with 3 cm and 46 blocks with 2 cm thick were cut. Meanwhile, the
time spent for each block and the amount of product obtained were noted. The results
which are obtained from the factory are given in tables (Tables 2-4) as separately. Each
block has been noted in thickness, width, length, height, number of slabs cut, number of
quality slabs, and number of broken slabs. Added, amount of cut, quality, needs slabs
in m?, and work time, planned time, and unplanned time have been noted.
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In Entropy Weighting Method m indicators and n samples are set in the evaluation.
The first step is standardization of measured values. The standardized value is denoted
as pi, entropy value is defined E; and the weight is denoted as w; and this method is
determined below (Zhu et al. 2020):

Py = n—ljv (8)

E = ©)
P (10)
Sa-E)

In general, the determination of weights is up to the author. There is no route about
how/why is chosen the weighting method. In this study, the main idea is each parame-
ter is not the same. Thus in calculating the weight for each parameter is decided to use
the quantitative properties because there are no objective opinions to find parameters.
For calculating the Availability (A), Quality (Q), and Performance Efficiency (PE) have
given equal weights (0.33). The other weighting method is entropy. When calculating
the entropy-weighting method (Egs. (8)—(10)), Availability: 0.21, Quality: 0.56, and
Performance Efficiency: 0.23 have been calculated.

Depending on the data received, capacity, efficiency, overall equipment effective-
ness and production equipment effectiveness values were calculated and the results
were examined.

5. RESULTS AND DISCUSSION

Overall equipment effectiveness is proposed by Nakajima (1988) and Raouf (1994)
proposed the PEE with weight. In this study, OEE and PEE helped to identify the con-
tribution of different weights to equipment performance. This part summarizes the
results of our analysis based on the OEE and PEE. The aim of this study is to measure
the effectiveness of equipment. Equipment with a high score in OEE and PEE is the
most effective equipment and this analysis contributes most to system performance.
The OEE and PEE contribute to equipment for overall system availability, quality, and
performance efficiency. Analysis of the comparison of the OEE and the PEE will lead
to evaluate the bottleneck for the system.
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To analyze the data with Tables 2-4, objective weighting method is carried out. En-
tropy weighting method needs no expert’s opinions. In Table 5 the summary of OEE
and PEE values are given. PEE values are the average of the PEE with equal weighting
method and entropy weighting method.

Table 5. The summary of OEE and PEE of gang saw machines

1 number gang saw machine
Auvailability Quality Performance OEE PEE
83,.26% 95.87% 98.81% 78.88% 92.60%
2 number gang saw machine
Availability Quality Performance OEE PEE
84.30% 96.35% 96.30% 78.22% 91.95%
3 number gang saw machine
Availability Quality Performance OEE PEE
85.49% 95.72% 99.51% 81.43% 93.74%

The efficiency of gang saw machines was also recorded to evaluate the productivity.
The graph in Fig. 2 illustrates the OEE and PEE per cutting block for 69 different marble
blocks. The dimensions of each block were measured and then, cutting time was kept
for each block. The number of slabs were determined after cutting. According to re-
sults, the performance of gang saw machines are very close to each other. Figure 3
shows that the percentage of OEE’s. It is also found from Fig. 3 that most effective of
the gang saw machine is number 3, followed by 1 and 2, respectively.

The comparison of OEE and PEE

™ 93,74%
81,43%

91,95% H PEE

92,60%
- 78,88%

Fig. 3. The comparison of OEE and PEE

mOEE




168 M.K. VAROL

As a result of the study, the most effective of the gang saw machine is the number 3
with cutting 3 cm thickness slabs. Number 2 gang saw machine is cutting 2 cm thickness
slabs and is the least effective equipment. We also carried out equipment production effi-
ciency. In general, all machines are effective and cutting times vary depending on block
dimensions. Lastly, future studies about OEE and PEE will contribute to the further under-
standing of productivity, efficiency, and effectiveness in block-cutting factories.

6. CONCLUSION

The goal of this study was to investigate the OEE and PEE by identifying the losses.
Breakdown, failure, setup, stoppage, reduced speed and defects in the production were
identified. PEE is the expanded method of OEE by calculating the component with
weights. Here, entropy weighting method was used for determining the weights. This
study shows that cutting marble blocks by gang saw machines is effective way to prod-
uct in smooth slabs. The bottleneck of the system is availability and needs improvement
with decreasing unplanned break. In terms of quality, there is a little broken slabs such
as 6%. Lastly, the performance of the machines are quite well off. When PEE is ap-
plied, the system overall effectiveness increases owing to weights and this situation
increases the quality and trade.
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