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Abstract: In today's decorative stone industry wire saws are frequently used due to flexibility, low vibration and noise
characteristics with high precision The main problem in practice, wire cutting machine; the life of the rope and breaking with
the inability of the time foreseen.A stone cutting machine which is composed of steel rope, cutting tool and drive pulley;
mechanism natural frequency was examined by different design parameters. The forced vibration character trying to determine
to occur by cutting tool contact with the stone, the dynamic loads from the driving the ropes have been identified. Cutting speed
and cutting force In performed analysis is considered as the basic design criteria. Thus, the rope-cutter mechanism design
parameters selection, which will improve the of cutting conditions and are working in the direction to increase the operating life.
Keywords: Wire saw, cutting speed, vibration analysis.

I. INTRODUCTION

In this study; a wire saw with a diamond cutters’ vibration analysis have done which is frequently used in the cutting of hard bodies
in plate form. It is frequently used in today's stone industry because many plates can be cut at the same time as a saw in this
structure. These systems have the disadvantages of multiple plate cuts, less chip removal than a rotary saw, and a smoother surface,
and some disadvantage like the slowness of the cutting speed and the inability to predict the breaking time of the rope carrying the
inserts. Wickert and Mote have worked to determine the modal analysis, eigenvalue and natural frequency of the system with free
vibration made by a rope with a pre-tension motion in the horizontal direction [1-2]. Pakdemirli and his colleagues have been
investigating the acceleration of the rope movements [3]. Huang and Mote have worked on the damping of similar structures, while
Ying and Tan have studied the active vibration control of ropes [4-5]. Naguleswaran and Williams used the Galerkin method in their
analyses to investigate the vibration effect of the pre-tension [6]. In his work, Chen showed that the load on a moving system
between two supporting points of a moving cable increases the natural frequency [7]. Wang et al. have determined the error ratios
of the vibration analysis on the wire saw model, which is considered as a continuous system in work [8]. In Huang and Xu's study,
the fracture zone of the ropes used for stone cutting was examined in micro and macro dimensions, resulting in almost all of the
fracture patterns being fatigue [9]. In a study by Turchetta and colleagues, a better chip lifting amount and homogeneous load
distribution at the cutting edges were obtained in the design of a new stone cutting machine and in the tests made as prototype
fabrication [10].In the data obtained from these studies, the effect of vibrations of the magnitudes occurring in the system during
cutting operation.

Il. CONTINUOUS VIBRATION MODEL
The physical model of the system to be investigated will be considered as a continuous wire passing through variable speed v (t]}
between two drums.
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Fig. 1. Coordinates and geometry

Where F (£} is the prestress in the rope, v (] is the unsteady velocity in the axial direction of the rope, L is the rope length between
the two drums, and & is the stiffness coefficient derived from the connection with the drum.
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The free vibration characteristic of the system given the physical model in the vertical direction is calculated using the Hamilton
principle as follows.

o)
5 [(KE—-PE)dt=0
t1
In the above equation, KE Kkinetic energy, PE represents potential energy. The boundary between the two drums is considered a
boundary condition.
Kinetic energy;

1)

2
Abl(dy d
KE:p—j v v )
2 o|\dt  dx
P, A, v are the density of the rope, the cross-sectional area, and the velocity in the horizontal direction, respectively. w represents

the displacement in the vertical direction, x corresponds to the displacement in the axial direction.
Potential energy is;

L
PE:I[Pe+%e2+FA}dX ?)
0

At equation (3); P represents pre-tension factor in the rope, E modulus of elasticity of the rope, A proportional elongation, F is the
total deflection in the axial direction [3].
Proportional elongation;

(4)

Using equations (1-4), eq.(5) forms;

pA (dyjz dy dy z(dyjz .
—||— | +2—Vv—+Vv | — | +V
2{ t dt  dx dx

)

rdxdt =0

After the required arrangements have been made and high order processes have been eliminated, the following equation (6) has been
obtained,;
2

2
pA(M+vﬂ+ 2Vd_yd_yJ+ (pAV2 -~ P)d—)zl =0 (6)
X dx

Meirovitch proposed a solution by the Galerkin method in his work [11]. Which is;
n
y(x,t)=> g (t)sin(izx/L)
i=1

As mentioned equation (7), Q; refers to the generalized coordinate system. Arranging equation (6-7) eq.(8) forms.

()

pAG; sin(izx/L)+2pAv(iz/L)g cos(izx/L)
R= Z +pAV(ir/L)q; cos(imx/L)
N +(P-pAV?)(iz/L) gsin(izx/L)

(8)
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By using Galerkin method to eq (8);

L
ijj(x)dx=0, j=1,2,...n. 9)
0

w, (x) =sin ( j”%) (10)

If equations (8) and (10) are to be written in equations (9) as a result of the necessary integers,

MG+Cq+Kqg=0 (11)
m; = | (sin(izx/L)sin(jzx/L))dx

!( (izx/L)sin (jzx/L)) @)
fL/2if =]
_{O,ifi;tj

Cj = JL'((27riv/L)cos(i7r x/L)sin (jzx/L))x
° (13)
0,eger i=j
=40,eger i# j,i+ j=2n
aijv/(§?-i%),if i# ji+ j=2n+1
kji:j. [;—Afvzj(in/L)z(sin(inx/L)sin(jnx/L)) i
® | +vri/Lcos(izx/L)sin(jrx/L)
[’:—Afvzj(in/L)z L/2,if i=j

=10 Jf i i+ j=2n
vij/(j*-i?) dfi# ji+j=2n+1

(14)

The general motion equation of the system will determine the matrices derived from equations (12-14). The dimensions of the
matrices to be created will increase the order of the system, which will affect the precision of the result [3]. For the equation (7)
mentioned above, three differential equations are obtained as a result of a three-term series expansion.
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Equation (15) shows that;
The speed and acceleration of the rope in the horizontal direction,
The length of the rope between the drums,
Wire pre-tension,
Wire density and cross-sectional area,
It is understood that the above conditions have an impact on natural frequency.
Table 1. Characteristics of the system

Distance Wire Wire Pre- Wire
between | diameter | density, | tension P | velocity
durms D (mm) ( (N) v (m/s)

L (m) Kg/m"3)
4 7.2 7810 1500 20

With equation (15), system has three natural frequency;

+52.5357i

+15.1658i

+0.0491

Considering that the speed of the rope is 20 m / s in the horizontal direction, it is observed that the natural frequencies and the speed
of operation are not coincident with each other.
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Wire velocity (m's)

Fig. 2. Wire-speed natural frequency change

Figure 2 shows the variation of natural frequency in the direction of movement of the rope in the horizontal direction. Although the
system can be in third order, the other two frequency values will be in the imaginary region and therefore will not be meaningful in
the graph. A range of 45 e / =, which is an attainable speed value, was selected starting from 2 = / s as working speed.
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Fig. 3. Natural frequency change with pre-tension
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In Figure 2, the amount of stress and the natural frequency of the workpiece during the cutting are examined. The wire must be able
to carry out uniform abrasion on the stone. From this point of view, stress is a parameter that directly affects the output of the
system.

I1l. CUTTING FORCES DURING DIAMOND WIRE CUTTING
In the previous section, parameters affecting the natural frequency of a continuous system that is not under load have been
expressed. In this section, it will examine that the contact between the workpiece and the cutting rope and the forces that will be
generated as a result of the progress. Figure 3 schematically illustrates the stone cutting operation.
y L
! .

—
v(t)

o e e

Workpiece
(Stone)

[ Lan

Fig. 3. Stone cutting model

In Figure 4, the force relation between the cutting diamond tool and the stone to be cut is examined for force analysis.

2
E, =mv da &

A B - wda X

1 I —_— -
‘...---'=-|:_ ' . E 2 EQ T da’2
P P+dp

F, = Nda(k + f)

Fig. 4. Effective forces on each diamond cutting edge

Where: P; tension; FS frictional force between cutting tool and stone; Fm the centrifugal force of the cutting tool, and Ft the

normal force between the cutting tool and the stone, J denotes the radius of curvature.
Equations (16) and (17) for the applied forces in the x and y directions of the cutting tool are given in equations.

—F, - Pcos(d;}(P +dP)cos(d?aJ =0 (16)

FLF —Psin[d—:J—(PerP)sin(d—;j o)
da << 1 has known;
cos (%j =1ve sin (%j =0 (18)
2 2

“F.+dP=0 (19)

F+F, —Pda=0 (20)

NJda = Pda-mv*da (21)

N = P(a)/J (22)
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The normal force between the cutting tool and the workpiece has been found to be dependent on the J radius of the rope and the
tension that the rope has caused during the cutting process.

IV. CONCLUSIONS

In this study, vibrational analysis of the stone cutting machine modeled as a continuous system was carried out and the parameters
affecting the natural frequency of the system were examined and it was investigated whether the machining speed of the machine
studied and whether other parameters are in the resonance region of the light. Besides, the operating conditions of the system under
load are examined. It is expressed in relation to the curvature formed in the rope, the friction in the part, and the curvature in the
rope. As a result of the work, it is possible to reach the result that the speed of advance due to the pre-stress in the case is very
important. In the future, it is aimed to obtain the best cutting speed by considering the optimization of the tension with the speed of

progress.
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