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CHATTER STABILITY ANALYSIS APPROACH FOR STABILITY
ANALYSIS OF ROTATING MACHINERY VIBRATIONS

Erol Tiirkes*!

Kirklareli University, Department of Mechanical Engineering, Kayali Campus. Kirklareli/TURKIYE

erol.turkes@klu.edu.tr

Abstract

Vibration caused by mass imbalance is an important factor limiting the performance and fatigue life of the
rotating system. Therefore, a balancing procedure is necessary for rotating systems. Spindle is the main
mechanical component in machining centers. Its performance has a direct impact on the machining
productivity and surface quality of the workpiece. In this paper, regenerative chatter analysis approach is
used for vibrations of rigid rotors with a massless elastic shaft. This approach is firstly applied in literature
by this study. In this study, Stability Lobe Diagram (SLD) is plotted the boundary between stable and
unstable rotations as a function of spindle speed and imbalance mass. SLD process can be easily applied
between spindle length, balancing mass amount, location of balancing mass on rotor etc. variable
parameters and spindle speeds for stable rotating system.

Key words: Rotating machinery, Vibration, Stability analysis

DONER MAKINA TITRESIMLERININ STABILITE ANALIZi
ICIN TIRLAMA STABILITE ANALiZI YAKLASIMI

Ozet

Kiitle dengesizliginden kaynaklanan titresim, doner sistemlerin performansint ve yorulma Omriini
sinirlayan 6nemli bir etkendir. Bu sebeple doner sistemler i¢in bir dengeleme islemi gereklidir. Mil, isleme
merkezlerinin en 6nemli bilesenidir. Onun performansinin igleme verimliligi ve islenen parganin yiizey
kalitesi tizerinde direkt etkisi vardir. Bu ¢alismada, rejeneratif tirlama analizi yaklasimi, kiitlesiz elastik
safth rijit rotorlarin titresimlerinde kullanilmistir. Bu yaklagim literatiirde ilk olarak bu g¢aligmada
uygulanmistir. Bu ¢aligmada Stabilite Lob Diyagrami (SDD), mil hizi ve dengesizlik kiitlesinin bir
fonksiyonu olarak kararli ve karasiz doniisler arasindaki sinirda ¢izilmistir. SLD, mil uzunlugu,
dengeleyici kiitle miktari, dengeleyici kiitlenin Konumu vb. degisken parametreler ile stabil doner
sistemlerin mil hizlar1 arasinda kolaylikla uygulanabilir.

Anahtar Kelimeler: Déner Makineler, Titresim, Stabilite Analizi

* Erol Tiirkes, erol.turkes@klu.edu.tr

Chatter Stability Analysis Approach for Stability Analysis of Rotating Machinery Vibrations 1
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1. INTRODUCTION

Rotating machine elements are commonly used in mechanical systems. For example, machine tools,
aircraft gas turbine engines etc. have rotating equipment. Vibration due to mass imbalance is a general
issue in rotating machine elements. Imbalance occurs if the rotating axis of inertia of the rotating machine
element (rotor) is not coincident with geometric axis of rotating machine element. As known, higher
spindle speeds generate much greater centrifugal imbalance forces. Hence, the tendency of the rotating
machine element towards high power requirements leads to higher operating speeds. Generally, chatter
vibrations are one of the most critical limiting factors considered in machine tool design. The centrifugal
force on rotating cutting system of machine tool becomes periodically variable, reaching considerable
amplitudes and machine tool system becomes shutdown. Therefore, vibration suppression of rotating
machine element is difficult and important engineering problem. Vibration control is necessary in
achieving longer bearing life, spindle life, and tool life in high-speed machining. Also, vibration control is
very important for improving machining surface finish and reducing the number of unexpected
shutdowns. Significant cost savings for high-speed turbines, compressors etc. and power generation
stations can be achieved using a variety of vibration control analysis methods [1, 2]. Many techniques
have been presented to reduce within acceptable limits this vibration on machines: off-line balancing
methods [3], on-line active balancing methods using mass redistribution devices [4-7], and on-line active
balancing methods using magnetic bearings [8-11]. These on-line methods can be applied during rotor

operation if the rotation speed is constant.

The manufacture process in many factories is extremely automated and requires which the turning,
milling, drilling and grinding operations run for predictable time periods to maintaining production
throughput. This means that with existing cutting tools and equipment, machine tools must operate at a
range of operating speeds up to 12,000 rpm, with an unplanned number of holds. Today's modern machine
tools can operate from 16,000 rpm up to a maximum of 80,000 rpm. There is a need to apply High Speed
Machining (HSM) technology to new areas to increase productivity, reduce costs and delivery time, and
increase processing sensitivity of complex features. Cutting performance in HSM is driven primarily by
tool holder, tool and spindle dynamics. Generally, vibration analysis can be easily discriminated from
oscillation effects of machine tools due to the much stricter and lower frequency dynamics of the structure
of machine tools. Cutting tool and work spindle of machine tool interaction critical and difficult to
intuitively predict. Machine tools consist of a machining process, a machining process model, a structural
model and a feedback loop. The cutting force on the cutting tool depends on the feed rate, cutting depth

and cutting speed. This dynamic shear forces cause a relative displacement between the tool and the

Chatter Stability Analysis Approach for Stability Analysis of Rotating Machinery Vibrations 2
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workpiece by stimulating the structural model of the tool and/or workpiece. These displacements then
modulate the cutting feed and/or depth by means of the displacement feedback and possibly cause excited
instability. To solve the stability problem, the system characteristic equation can be derived and solved to
obtain the stability limit with respect to the depth of cut. Problem of rotating cutting tool of machine tool
can be analyzed in one of two methods. The stability analysis can be carried out at stationary inertia
coordinates; the directional coefficients of the force components in these coordinates change periodically
with time. Or, this stability analysis can be done in the rotating coordinate space of the cutting tool, in
which case the directional force coefficients are not time dependent. However, in the latter method, the
two orthogonal coordinates of the cutting tool are dynamically combined as a function of spindle speed.
For rotary tool machining, such as milling, drilling and cylinder drilling, the tool rotation causes the
machining force on each tooth to rotate repeatedly with respect to the inertia coordinate frame. This is
different than stationary tool machining, such as turning or boring in which the force directions are fixed
relative to the inertial frame. Stability analysis for rotating tools is extensively investigated in the milling
and grinding process, but the process is interrupted and therefore changes over time, leading to analysis
methods that are analytically approximate or use time domain simulations [12]. In this study, a chatter
stability analysis approach for stability analysis of a rigid rotor’s vibrations is presented. This approach
was firstly applied for rigid rotors as rotating shaft. Stability Lobe Diagram (SLD) is plotted the boundary
between stable and unstable rotations as a function of spindle speed of machine tools and imbalance mass.
Therefore, firstly, modal analysis is performed for spindle-rotor system in perpendicular to each other
direction. Model analysis of the cutting system is performed by impact force hammer set and CutPro 8
software. Hence, equivalent mass, damping ratio, stiffness and natural frequency of spindle-rotor system

are determined. Acting forces on the rotor are determined by a force dynamometer.

2. MODELING OF DYNAMIC ROTOR SYSTEM

The planar rotor model (PRM) is the simplest model for mathematical modeling. Because, only the motion
of dynamic rotor system in the plane (x-y), that is perpendicular to the rotating elastic spindle (shaft), is
take into accounted. Even though the PRM is pretty simple rotor model, as critical speed, damping effect,
it can be used to investigate the principal phenomenon of rotating disc dynamics as well. The rotor in the
PRM is modeled as a rigid disc supported by a massless elastic spindle mounted on stationary solid
bearings. Also, it is suitable to a solid spindle supported by elastic bearings. A significant development

over the simple PRM is which the movement of the rotor is shown by solid form movement instead of

Chatter Stability Analysis Approach for Stability Analysis of Rotating Machinery Vibrations 3
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particle movement. Although PRM is a single solid rotating disc (rotor) model, it can represent the basic
some event in the movement of the rotor, including the forward and backward whirling under imbalance
force, the gyroscopic effect, critical speeds, and so on. In fact, the natural frequency of the system is a
function of the number of cycles (spindle speed) that can be estimated by this PRM. The geometric and
force setup of the planar rotor model is shown in Figure 1. In this model, the vibration caused by the
imbalance is defined by the particle motion of the discrete geometric center. Here, P is the discrete

geometric center and G is the discrete mass center.

Figure 1. Geometric and Force Setup of the Rigid Rotor Model
Where, 6 is the rotating angle of the rotor, x, y, z are rotor coordinate frame through the geometric center

of the shaft and/or of the disc (O) X'y’ are coordinate transformation with €. P is the geometric center

of the disk, P"is the displacement of the P due to vibration and G is the mass center of the disk. F,,
and Fy are radial, tangential and centrifugal total forces respectively. The equations of motion of the

rotating system with a constant spindle speed (a)Z ) can be derived in the rotational coordinates;

m, X(t) +c, x(t) +k, x(t) =—F, (t)

m, §(t)+c, y(O) +k, y(t) =—F (t) 1)

where mx,y, Cx,y’ and kX7y are the mass, the viscous damping coefficient, and the shaft-stiffness

coefficient on the X and y directions, respectively. Total force (FT (t)) is can be expressed as;

Chatter Stability Analysis Approach for Stability Analysis of Rotating Machinery Vibrations 4
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Fr () =Fr (2 + R (1)2 @)

where radial (F, (t)) and tangential (F,(t)) forces are can be expressed as;

Fr (t) = my &3 (t) = my h(t) &2 (1)

R (t) = mp &y (t) = mp h(t) &, (1) )
Where my is imbalance mass of the rotating disc. For a constant rotating speed

(é(t) =w,t) =0, = cons.), 6 = a is zero. If angular acceleration is not zero (a # 0), the equations of

motion of the system are expressed as;

m, X(t)+c, x(t)+k, x(t) =-F,(t) =—F (t)cos&(t) cos y(t)
m, §(©) +¢, YO +k, y) = -F; ) =-F, ()sino@)sin(t) ()

Where y is angle between F; (t) and F, (t) as shown in Fig.3.

The first position of the rotor

The dynamic} position of the rotor

Figure 2. Dynamic position system of the Rigid Rotor Model

Equations (2) and (3) are substituted into Equation (4);

m, X(t) +c, X(t) +k, x(t) =—m, h(t) \Jo! (t) +a?(t) cos 6(t)cos y(t)

Chatter Stability Analysis Approach for Stability Analysis of Rotating Machinery Vibrations 5
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m, y(t)+c, y(t)+k, y(t) =—m, h(t) 1/coj (t) +a?(t) sin G(t)sin y(t) (5)

Where Q(t)= w/w?(t )+ azz(t) . If angular acceleration is zero (a #* O), the equations of Q(t) is

Q(t)= ,/a)f(t) and y =0 = F; (t) =F,(t). Combining this term with Eq. (5) gives;
m, X(t) +c, x(t)+k, x(t) =—m, h(t) Q(t)cos £(t)
m, §(t)+c, y(t) +k, y(t) =—m, h(t)Q(t) sin A(t) (6)

%
where h(t) = OG(t) is dynamic displacement of through the geometric center of the disk as shown in
Fig.1 and Fig.2 and, f is angle between F(t)=F,(t) and mode X direction as shown in Fig.3.

Hence, dynamic displacement (h(t )) is can be written as;

h(t)=0G(t)=e+r,(t)=e+r, —x(t)+x(t—7) (7)
%

where €= |PG| is eccentricity between Pand G and constant, x(t)=PP’(t) is the present

displacement of the geometric center of the disk from the static position (O) X(t-7)= O_F)V(t) is the
displacement of the geometric center of the disk on the previous rotation with the amount of € of the disk.
Also, rq(t)=rq —X(t)+x(t—7) is displacement between rotation center of the rotor (during static of
the rotor) (O) and geometric center of the rotor (during dynamic of the rotor) (P) of the rotor system. The
values of the ry (t) can be obtained from the case of a centrifugal force equal to the shaft deflection force
(Hook’s law);

Faan(D=Fae (1) = kry(t)=m o [r,(t)+e]

hrd(t)za’zz[rd(t)Jre] - oofzk
m m
a’r%rd(t)=krd(t)=a)22[rd(t)+e] 5 =%
m o
2 _ rg(t)
" T Ta(0)+e] ®)

By resonance condition of the rotating rotor system;

Chatter Stability Analysis Approach for Stability Analysis of Rotating Machinery Vibrations 6
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2 .t 1_ 2
a)zz :(()n rq (e)( r) N r, (t) —e (liT) (9)

Hence, plotting of the stability lobes can be achieved by scanning the chatter frequencies (a)c = a)z)

0, o
around the natural frequency (@, ) of the structure for the r = —% = =<
Wn  Wn

Y mode

Figure 3. Vibration modes and Radial force (Fr(t )) of the dynamic rigid rotor system.

However, for this article & = & is zero. Hence, Eqg. (6) can be written as;

m_X(t) +c, X(t)+k, x(t) =-m, h(t) @’ (t)cos B(t)

m, y(t)+c, y(t)+k, y(t) =-m, h(t) ? (t)sin B(t) (10)

Defining the following terms;
K,(t)=C cos B(t); K (t)=Csin g(t) —  C=w(t)=cons.
The equations of motion can be written as;

m, X(t)+c, x(t)+k, x(t) =—-K, (t)m, h(t)

m, y(t) +c, y(©) +k, y() =-K, [{®)m, h(t) (11)

Chatter Stability Analysis Approach for Stability Analysis of Rotating Machinery Vibrations 7
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By defined the following terms from Eq.(7); e+ x(t — r) = x(t — r); r, — X(t) = X(t).
Combining these terms with Eq. (11) gives;
m, X(t)+c, X(t)+k, x(t) =K, (t)ym, [ x(t) -x(t—7) ]
m, §i(t)+c, y(t) +k, y) =—K, O)m, [ xt) -x(t—7)] (12)
The equations of motions are converted to a form in terms of arc length, (u) instead of time (t) defined
as follows:

dt

where V is the mean linear speed of the disk given by:

n : _— N ,
V= mdn and, where d is the disk diameter [m] N is spindle speed [rpm]. For convenience, the

60
dimensionless equations of motion for this spindle are:

m, (d—“j X'+, (‘3—‘:) K +k, x ==K, ()M, [x(u)~x(u-dr)]

dt
du )’ d
(8] o[ ot -s-so

Furthermore, the equations are then simplified somewhat by dividing the x-direction equation through by

2 2
My (3—?) =m,V 2 and the y-direction equation by my, (%) = myV 2 and defining the following
terms;
~ c ~ k ~ —Kym
Sy = X , kx: xz, F, = x2d
myV m, V m, V
5 Cy Qo Ky E_—Kymd
Y omyv Y myv2’ Y myv2
y y y

By simplifications the equations of motion are gives;

+6, X +k, x=F, (x(u)-x(u-dr))

Chatter Stability Analysis Approach for Stability Analysis of Rotating Machinery Vibrations 8
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c, Y +k, y=F,(x(u)-xu-dr)) (14)

To obtain of the characteristic equation of system, the equations of motion can be written in matrix form
as [13];

1 0](x) [e, 0](x) |k—-F 0](x] [F, o0l|(xu-dz)] [0
" + R i + =~ ~ = = (15)
0 1]y 0 ¢ |ly -F, kLY F, 0fly(u-dn) 0
Taking the Laplace Transform and determinant to find the characteristic equation of system yields;

(16)

ay :ZI/IEX , a3 :(EX +5y)/lgx, a, :(Ey +Cy Cy +(IZX +IEX))/IEX

a = (Cky +Ey (ky +FO))/Fy, ag =Ky (ke + Fy )/ P
Combining these terms with (16) gives:

= 4 3 2 2 = e |o—sdz
E(s)/FX:a4s +ags”+ass +als+a0+(s +cys+ky)e (17)

Setting E(S) equal to 0, this becomes:

, =

sdr _ ‘( +Cys+ky)

A 3 2 (18)
ags” +azs”+a, s +ays+ag

Equation (18) is then separated into two parts:

) - -
S +cys+ky

szd
Ul =€ , U2 =— 7 3 2 (19)
ayS +ags” +ars” +yS+Qqg

Letting s = je the roots of E(s) will occur when U, (jw)| =1 therefore:

Chatter Stability Analysis Approach for Stability Analysis of Rotating Machinery Vibrations 9
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1= 4 2 3 (20)

‘(3.4(0 —drw +Qqg )+ j(ala) —azw ]
Eq.(20) is squared resulting in the following:

~ - 2 2
(ky - a)z)z + Cy2w2 = (a4a)4 - a2w2 + ao) + (ala) - 3.3603) (21)
Expanding this and collecting terms yields:
ajo® +(-2a,3, +a} ) o° +(2a,3, +a; —2a;3, 1) o' +
(22)

(22,8, +af +2k, —Cyz)w2+a§—lzy2 =0

The roots of this equation can now be found. Since (20) was squared to produce (22), the number of found

roots will be twice the number actually found in the system. As a result, only the positive real roots of the

equation need to be examined. Each positive real root @j is substituted back into (19) to find U (jwj) .

The angle of the resulting number is calculated as follows:

1 Im(U(jay))

Re(U(joy))
The angle is then used to generate the values of the delay values, 7 , where;
zik = (aj + 2k7 )/ w; k=0,1,2, ....... (24)

One of these sequences is produced for each root. Sequences of all these roots are brought together and

sorted in ascending order. This sequence represents intervals on the time delay axis. These delay values
are computed at each positive real root and gives a large set for (k =123,.... ) The total set of delays are

then brought together in an increasing order to form intervals of the 7 axis.
3. STABLITY ANALYSIS OF ROTOR SYSTEM
Vibration due to mass imbalance is one of the important factors limiting the performance of a rotating

system and the fatigue life. There are two important control methods for suppressing vibration caused by

imbalance. These are active and passive control methods. Both methods are used to balance the rotating

Chatter Stability Analysis Approach for Stability Analysis of Rotating Machinery Vibrations 10
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system. Active vibration control is more effective and more flexible than passive vibration control. It is
therefore more useful. There are also two types of active vibration control techniques. These are direct
active vibration control techniques and active balancing techniques. Off-line balancing methods in active
balancing techniques [3] are widely used in practice. Even so these techniques are usually time-consuming
and cannot be used if the distribution of imbalance changes during operation. In some studies as in [4-7]
was tried to use some kind of mass redistribution device to actively balance the rotating systems during
operation. This method can be used to determine the vibration caused by the imbalance or the force
transmitted to the base, lateral force actuators such as magnetic bearings [8-11]. All of the above-
mentioned investigations focus on the constant rotation speed condition. This is called the “steady state”.
Due to the assumption of constant speed of rotation, the rotor coefficient method is used to model the
dynamic rotor system. All rotor dynamics equations are constructed with constant influence coefficients.
Estimation of the imbalance, which is very important in the balancing and active vibration control
schemes, is carried out by estimating the effect coefficients. An alternative method to estimate the rotating
system imbalance is provided by Reinig and Desrochers [14] and Zhu et al. [15]. States of the rotor
dynamic system are increased to include imbalance forces. Then, an observer is used to estimate the
determined increased states in their methods. Their methods are also related to the constant spindle speed
case. For this reason, the magnified system is a time-invariant linear system. Luenberger observer
(Luenberger [16]) can be used to estimate the imbalance forces. In addition to the constant spindle speed
(rpm), the imbalance vibration control must be completed for a time-varying transient time to save time
and improve performance in some other situations. For example, a machining tool must be subjected to a
cutting process in which the spindle enters a steady state during high-speed machining. To reduce the
effect of the cutting tool vibration during the cutting cycle, the machine tool's vibration control must be
active during acceleration time. Although several researchers as in (Knospe et al. [17]) have indicated how
to conduct imbalance vibration control during the startup through the critical speed, their basic method is
to interpolate the influence coefficients between different speeds. This is a quasi-steady strategy. Very
little research has been done with rapid acceleration and low damping rate for balancing and active control
of the rotor system. Zhou and Shi [18] obtained an analytical expression of the vibration that induced the
imbalance of a rotor system during acceleration. In this analytical sense, if the acceleration is high and the
damping is low, there may be a free vibration component that appears suddenly in the vibration triggered
by the imbalance. Under these conditions, the semi-steady state assumption does not apply. In addition,
Zhou and Shi [2] proposed a real-time active compensation scheme for the rapid acceleration case. Their

scheme is based on the least squares estimation for imbalance [19].

Chatter Stability Analysis Approach for Stability Analysis of Rotating Machinery Vibrations 11
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The first reported research on chatter stability is done by Merritt [20], who presented a method of
analyzing the stability as a function of cutting depth and speed, and presented the results by so-called a
Stability Lobe Diagram (SLD). In drawing a SLD, three common methods are well-known. The first uses
the Nyquist approach in which the stability is analyzed with respect to chosen cutting parameters, such as
the cutting depth and the speed, and the critical values for each physical parameter are identified. The
second approach is based on a Time Domain Simulation (TDS) which uses a closed loop dynamical
cutting model and is performed for various cutting parameters [21]. The third approach of obtaining SLD
is an analytic prediction technique, developed by Tobias and Fishwick [22]. In this technique SLD is
plotted the boundary between stable and unstable cuts as a function of spindle speed and chip width.
These diagrams provide a means of selecting favorable combinations of spindle speed and axial depth of

cut in end milling, for example, for increased Material Removal Rates (MRR). Following this work,

Fourier series expansion of time varying parameters of the centrifugal total force (Fr) has been
implemented in solving the differential equations of the analytical model in an iterative manner. Fy is
usually assumed linear with respect to imbalance mass of the rotating disk (my) and dynamic
displacement of vibration (h(t)). The centrifugal total force (Fr) is also assumed independent of the

spindle speed (a)z ) However, it is well-known that the centrifugal total force is highly nonlinear with
respect to all rotating parameters. The work presented in this paper follows the footsteps of Tobias and
Fishwick in simulating the cutting stability using an analytic approach [22]. The centrifugal total force
(Fr) direction is assumed constant, and the rotating disk is modeled by a rigid mass and linear stiffness
and damper elements. The force is determined by the x direction motion as given in Eq.(4). Stability of the
system is analyzed using the Nyquist criterion in performing analytic simulations.
h(t)=0G(t)=e+ry —x(t)+x(t—7)

Using equation (12), the closed loop transfer function is obtained as;

X mp CG(s)

== (25)
€ 1+myCG(s)(l-e™®)

The system is modeled as a closed loop controller, as shown in Figure 4,

Chatter Stability Analysis Approach for Stability Analysis of Rotating Machinery Vibrations 12
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Figure 4. Block diagram of regenerative cutting process

where G(s) is the open loop transfer function obtained between the centrifugal total force (Fr) and the
displacement in the x(t) direction. The denominator of the closed loop transfer function is given by

equation (18), and the system stability based on Nyquist criterion is determined using;

m, CG(s)(1—-e ™) =(-10j) (26)
the location of the left side of Eq.(26) is studied with respect to the point (-1, 0j). This is done by first
setting s=jm,

mbCG(a))(l—e_j“’T):—l (27)

Next, this equation is studied in two-parts as given in Eq.(18). The left side of Eq.(18) has unit magnitude
and phase of @ for all positive real frequency values, and it gives a unit circle or a critical trajectory. The
right side of Eq.(18) presents a Nyquist curve, and its intersection with the unit circle determines
U, (jo). Eq.(20) defines these frequency values. Regenerative chatter occurs at a frequency equal to the
closest mode of the rotating shaft/disk system natural frequencies, and it generates a relative motion
between the shaft rotating center and the disk rotating center. Thus, there is always a phase difference
between two consecutive vibration wave forms, and it is given by
€ _9

K+—
27 N

(28)

where K is the number of waves in one period, ¢ phase difference [rad], wg rotating shaft/disk system

frequency [ s] ;N is spindle speed [rev/s]. This equation corresponds to Eq.(24), where

2k +¢ 60
rT=— n=—

29
27 g T @)

U;(jw) and Uy (jw) defined in Eq.(18) are simulated in Fig. 5, where for values between larger and

smaller than the obtained positive real values of @;, U, curve is simulated to show if it enters into or

Chatter Stability Analysis Approach for Stability Analysis of Rotating Machinery Vibrations 13
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exits the stability region, or the unit circle. Since two roots exist, one is shown to enter while the other
exits. At each delay valuez given in Eq.(20), two positive real roots exist and at these values the unit
circle is intersected. The SLD is obtained by determining the imbalance mass of the rotating disk my, for
a given range of spindle speed. The limit values of imbalance mass of the rotating disk is obtained from
Eq.(26) with the help of Eq.(28) as
-1
Mbjim = E(l_e—_jg) (30)
or, by considering only the real values,
1
2CRe(G(jw))
The SLD obtained for the two degree of freedom model in Fig. 1 is given in Fig. 6. A Matlab program

Mpjim = (31)

was written, in generating both Fig. 5 and Fig. 6.

0.5/

Imaginary
[=]

S
o

-1 0.5 0 0.5 1
Real

Figure 5. Unit circle and Nyquist curve
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Figure 6. Stability Lobe diagram for dynamic system.

Stability of this system was investigated by applying t decomposition form to Nyquist criteria. The
centrifugal total force, which changes in the course of time, proportionally with the dynamic reaction

forces occurred from the external perpetual forces on the rotating system, is a general acceptance of linear

modeling. For this reason, the constant component of the centrifugal total force F, is neglected but

variable component F, produced by dynamic load is taken into account. According to the Nyquist

criteria, the right side of this equation expresses Nyquist plane curve U, and the left side expresses critical
orbit U;. Thus, the positive real root of this equation gives the chatter frequency of the system as seen in
Fig. 5. The above mentioned analytical method is the determination of the natural frequency of the system
and mode shapes by measuring transfer functions by using an impact hammer and accelerometer.
Analytical predictions of performance can be done by using this information. This analysis technique is
based on the investigation of stability and plotting the SLD from the solution of the characteristic equation
of the system depending on the critical parameters such as axial imbalance mass of the system and spindle
speed as seen in Fig. 6. This analysis is made with the acceptance that the force process is linear according

to external perpetual force and imbalance mass which doesn't depend clearly on rotating speed.

Chatter Stability Analysis Approach for Stability Analysis of Rotating Machinery Vibrations 15



i,
S,

K,
g,
s

T N

Tiirkes | Kirklareli University Journal of Engineering and Science 3(2017) 1-17

4. CONCLUSIONS

Although the model used is very simplistic and does not account for the most of the system parameters, it
helps the reader get a fundamental understanding of the rotating system dynamics and stability issues. A
two degree of freedom model of rotating system is developed, and the vibration phenomenon is analyzed
to show how it can be prevented. The simulated results determine the critical imbalance mass of the
rotating disk values as a function of the spindle speed. The results show that larger imbalance masses free
of chatter can, in general, be accomplished at large speeds. However, the stability switches are
unavoidable no matter how large the speed is. Large stable gaps occur at high spindle speeds, where the
rotational frequency of the rotating disk is equal to the dominant natural frequency of the rotating
shaft/disk structure. This stability analysis approach can be easily applied between spindle length,
balancing mass amount, location of balancing mass on rotor etc. variable parameters and spindle speeds
for stable rotating system. Hence, system sizing will be achieved by considering elastic modulus (E) and

Yield strength (o) of the system spindle for more stable rotating system.
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APPLICATIONS OF PLASMA TECHNOLOGY IN ENERGY SECTOR
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Abstract

Today, the use of plasma technology in production of energy from waste, biomass and coal has
become quite widespread in the world due to the unique and outstanding features of plasma.
Experimental and theoretical studies have shown that plasma based system in energy production is
a promising alternative to classical system in terms of efficiency, environmental and economic
aspects. Plasma assisted combustion, gasification and pyrolysis are different methods used in
energy production. Considering the plasma technology applications in energy sector, it is widely
used in developed countries like Europe and USA for the energy production from the waste and
biomass, but plasma is generally preferred in eastern countries like China, Kazakhstan and Russia
for plasma coal gasification and plasma assisted coal burning at thermal plant. Different plasma
torch systems (AC, DC and RF) used in these applications are seen in the literature. This paper
gives an overview on plasma technologies in energy production from different energy sources
(waste, biomass, coal) by different techniques such as combustion, gasification and pyrolysis. In
comparison of AC, DC and RF plasma torches in the scientific literature, it has been considered
that AC plasma torch is a prominent technology due to some advantages especially in high power
as megawatt levels. Lastly, economic assessment is presented and estimated budget for system
installation is given for different systems. Although the technology readiness level of the plasma
technologies has a level of maturity (over 6) in our facilities at AR&TeCS (ARTECS Inc., Ankara
University Technopolis, Golbasi, Ankara), the application on the different type of waste
management or plasma assisted coal burning/gasification needs some additional R&D activities
especially in simulation and modelling for obtaining optimum conditions, process development
and controlling of gasification/combustion process. Finally, some technical experience from the
high-power alternating current (AC) plasma system established at AR&TeCS is shared.

Key Words: Plasmatron, High power, Alternative Current, AC, Coal, Biomass, Waste, Gasification
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PLAZMA TEKNOLOJISININ ENERJi SEKTORUNDEKI
UYGULAMALARI

Ozet

Giliniimiizde, plazmanin benzersiz ve olaganiistii 6zelliklerinden dolayr atik, biyokiitle ve
komiirden enerji liretiminde plazma teknolojisinin kullanimi diinyada oldukg¢a yayginlagmistir.
Deneysel ve teorik caligmalar, plazma bazli sistemin enerji liretiminde klasik sisteme verimlilik,
cevresel ve ekonomik agidan umut verici bir alternatif oldugunu gostermistir. Plazma destekli
yanma, gazlastirma ve piroliz, enerji liretiminde kullanilan farkli yontemlerdir. Enerji sektoriindeki
plazma teknolojisi uygulamalar1 g6z 6niine alindiginda, atik ve biyokiitleden enerji iiretimi Avrupa
ve ABD gibi gelismis lilkelerde yaygin olarak kullanilmaktadir ancak plazma komiir gazlagtirma
ve plazma komiir yakma genellikle Cin, Kazakistan ve Rusya gibi dogu iilkelerinde tercih
edilmektedir. Bu uygulamalarda kullanilan farkli plazma sistemleri (AC, DC ve RF) literatiirde
goriilmektedir. Bu makale yakma, gazlastirma ve piroliz gibi farkli tekniklerle farkli enerji
kaynaklarindan (atik, biyokiitle, komiir) enerji iiretiminde plazma teknolojileri hakkinda genel bir
degerlendirme vermektedir. AC, DC ve RF plazmatronlar bilimsel literatiirde karsilastirildiginda;
AC plazmatronun 6zellikle megawat seviyelerindeki yliksek gliglerde bazi avantajlardan dolay:
onemli bir teknoloji oldugu diisiiniilmektedir. Son bdliimde, ekonomik degerlendirme ve sistem
kurulumu i¢in tahmini biitge farkli sistemler i¢in verilmektedir. AR&TeCS’de (ARTECS A.S.,
Ankara Universitesi Teknokent, Golbasi, Ankara) kurulu laboratuvarlarda, plazma teknolojilerinin
teknoloji hazir olma seviyesi olgunlagmis (6 lizerinde) olmasina ragmen, farkli atik yonetimi tipi
veya plazma komiir yakma/gazlastirma uygulamalari, 6zellikle optimum kosullar1 elde etmek,
stire¢ gelistirme ve gazlastirma/yanma siirecinin kontrolii i¢in simiilasyon ve modellemede bazi
ilave Ar-Ge faaliyetlerine ihtiya¢ duyulmaktadir. Son olarak, tesislerimizde kurulu olan yiiksek

giiclii alternatif akim plazma sisteminden elde edilen bazi teknik deneyimler paylasilmaktadir.

Anahtar Kelimeler: Plazmatron, Yiiksek gii¢, Alternatif Akim, AC, Komiir, Biyokiitle, Atik,
Gazlastirma
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1. INTRODUCTION
Recently, the applications of plasma technology are becoming widespread due to its interesting
and superior properties. Although the usage of electric fields to plasma has been started in 1814,
plasma combustion was applied in the 1920’s and further applications was implemented in the
last half of the 20th Century [1].
Plasma is an ionized gas, consisting of a mixture of electrons, ions and neutral particles and
described as a fourth state of matter. A plasma can be defined as “quasi-neutral” which means
that it is neutral enough that electron density nearly equals ion density, but not so neutral that all
interesting electromagnetic forces vanish [2]. Plasmas can be classified as thermal and non-
thermal plasmas according to ionization levels and temperature differences between heavy
particles and electrons [3, 4]. Thermal plasma has many advantages in terms of high energy
density, high temperature and high enthalpy. So, it has been used in variety areas such as
metallurgy, cutting, welding, etching, scientific research and more efficient production of energy
from different types of wastes, biomass and especially low quality coal via plasma assisted
combustion, plasma gasification and pyrolysis [3, 5].
With increasing population and industrialization, all types of wastes including hazardous,
industrial, medical and municipal solid waste have increased in worldwide and efficient waste
management has become an important issue. In addition, waste has been considered as an
important renewable energy source and different methods have been applied in waste treatment
which are combustion/incineration, gasification and pyrolysis. Combustion is an exothermic
process that takes place in an oxidizing environment converting hydro carbonaceous materials into
product gases. The role of plasma in combustion can be by means of different ways including
thermal, chemical and transport phenomena. On the thermal side, due to the high temperature of
plasma, the chemical reactions are accelerated. Chemically, plasma can play a major role to
increase the yield in the chain of combustion and oxidation mechanics due to the reactive radicals
and species such as O, OH and H contained in it. Also, plasma can attend in completely breaking
of big fuel molecules indirectly [6]. Similarly, plasma in gasification breaks down waste into
simple gaseous molecules such as carbon monoxide and hydrogen. But, gasification process is

performed in an oxygen starved environment to avoid the combustion of carbon to CO; [7]. On the
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other hand, pyrolysis process takes place with no oxygen unless partial combustion is needed to
provide the thermal energy needed for this process [8].

Recently, many research and development activities have been focused on conversion of waste into
energy and processes that minimize emissions and integrate the life-cycle assessment of
technologies and materials [9]. Plasma technology is considered as a highly attractive method for
the processing of all waste types including hazardous wastes with its high temperature, enthalpy
and the residence time [10].

On the other hand, coal is still considered as one of the main energy resources of 21* century. But
decreasing of quality and power of coals such as Turkey’s big lignite source has led to the
difficulties in ignition and incineration of it and increased the emissions of hazardous air
pollutions. In order to improve the efficiency of coal combustion, plasma technology has been
started to be used in thermal-power plants in some countries [5]. Plasma-assisted pulverized coal
combustion technology has been tested successfully on 27 pulverized coal boilers in 16 TPP
(Thermal power plant) located in Russia, Kazakhstan, Korea, Ukraine, Slovakia, Mongolia and
China. These tests clearly show the advantages of PFS system which are quick start-up, the ease of
safe flame stabilization, high efficiency and decreased hazardous emissions [11].

Gasification of coal is also considered as one of the most important and effective ways for
converting coal into high energetic gases, called as “syngas” and then to useful chemicals, or to
electricity through the processes of syngas [12]. The use of plasma technologies in coal
gasification provides an efficient and environmentally friendly way for power generation
compared to the classical methods [13].

In Turkey, recent studies show that lignite reserves have reached to 15.9 billion tons [14]. Due to
the energy dependency, Turkey has very strong desire to develop new technology and process to
use its lignite reserves efficiently. But, because of their mostly low quality and high moisture
content, coals cannot be effectively burned using classical systems [15]. The temperature level of
classical incineration using fuel oil is about 1100 K [16]. High temperature, over 2000 K and
chemically active species generated by plasma torches is very effective in a complete coal
combustion [17, 18].

In addition to the huge lignite reserve, approximately 25.800.000 tons of wastes are generated in

one year in Turkey. With increasing population, Turkey aims to maximize the economic
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opportunities in waste management while minimizing negative environmental effect focusing on
new, clean and effective technologies in energy production from waste [19]. At that point plasma
is one of the most important technologies to be applied.

Plasma technology has many advantages compared to auto thermal processes in waste treatment.
Firstly, plasma reaches high temperature comparing to classical systems and plasma contains high
concentration of energy in a small volume of it and high rate of the chemical reactions [20]. The
high-energy density and temperature of thermal plasma offer high efficiency even in a small
reactor [21]. Plasma technology requires compact equipment with small size and the control of
operating regime is achieved simply and automatically allowing short startup and shutdown times
[20, 21, 22]. In plasma technology, enthalpy control is easily established by adjusting the electrical
power which is not possible in conventional systems [10].

In addition, plasma technology is an environmentally friendly technology reducing the hazardous
emissions like tar, CO,, CH,4 and higher hydrocarbons, NOy and SOy [23]. Thus, plasma technology

has been a favorable alternative to other conventional combustion and gasification technologies.

2. PLASMA APPLICATIONS IN ENERGY PRODUCTION FROM WASTE

World Bank has declared that currently about 4 billion tons of all types of waste (1.5 billion tons of
solid waste) are produced throughout the world per year and it is expected to reach to 2.4 billion
tons until 2025 [24]. The simple waste treatment method currently in use is landfilling. Since
landfilling method has become increasingly expensive and difficult to comply with new
environmental regulations, waste to energy facilities have been become widespread [22]. Also,
landfills with methane emissions were recently defined as a main reason of global warming [18].
In Europe, landfill is considered as a missed chance and it is planned to landfill less waste, produce
more energy from waste [25, 26, 27]. Figure 1 shows the methods used for MSW management in
the EU in 2003. In Netherland and Denmark, almost no MSW to landfill is disposed, and in

Belgium, Sweeden, Germany and Luxembourg all landfill is less than a quarter of their MSW [27].
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Figure 1. Municipal waste management in the European Union in 2003 [27].

As mentioned above, the amount of collected municipal waste in Turkey is about 25.800.000 tons
per year and 29% of MSW is disposed via dumpsite and 71% of it is placed in landfill and used in
compost facilities to produce energy. The total power capacity of licensed facilities that generates
energy from the landfill gas is approximately 95 MWe. There are three biomethanization facilities
(Ankara, Adana and Pamukova/Sakarya) with ~147 MWe power capacity that produced energy
from biomass. Turkey population growth rate is 13% between 2004-2013 and population of
Turkey has reached to about 78.741.000 million at the end of 2015 [19]. Parallel to the increase in
the population, the waste amounts increased as expected. The industrialization has created main
source of hazardous waste, and the amount of hazardous waste was reportedly reached to about
1.423.000 tons in 2015 [28]. In order to eliminate hazardous waste by producing energy, new
investments are planning to increase production of energy from waste with an efficient and clean
technology [19].

In all over the world, it is very essential that energy is produced from waste effectively through the
most efficient and clean technologies including anaerobic digestion, mechanical and biological
treatment processes (MBT), direct combustion or incineration and advanced thermal treatment
(ATT) processes as gasification and pyrolysis [27]. The following figure shows that the landfilling
Is decreasing in the EU-27 countries in time and the use of other methods is increasing in waste

treatment.
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Figure 2. MW treatment by type of treatment, EU-27, (kg per capita), 1995-2015 [29]

Waste management is a major issue in many countries because of increasing amount of MSW
and industrial waste. For example, in Japan, due to increasing difficulty to get suitable sites for
landfill, combustion has become an important method for waste treatment. However, because a
considerable amount of hazardous reaction products such as dioxin, heavy metals come out in
conventional combustion and incineration processes, more appropriate treatment method have
been searched for the sake of safe environment. So, in Japan, plasma treatment which destroy
toxicity has been started to study and to apply in these processes [30]. In Utashinali, there is the
only commercial plasma arc facility that treats MSW worked by Hitachi metals and Alter NRG.
Now, there are 87 operational WTE plasma power plants with 2500 MW or about 0.3% of total
national power [22].

The development of plasma gasification process for waste disposal began in the USA, Europe and
Japan in the 1980s. Now, more than 150 industrial gasifiers which are mainly used process
biomass and coal were built throughout the world [22]. Table 1 shows some of thermal plasma
plants in the EU, the USA and Asia.
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Table 1. Thermal plasma plants in the EU, the USA and Asia [21, 10, 31]

Location Material Capacity Date
(TPD)
Europe
Landskrona,Sweden Fly ash 200 1983
Bordeaux, France Ash from MSW 10 1998
Morcenx, France Asbestos 22 2001
Morcenx, France - 137 2012
Kedzierzyn-kozel, Poland ISW 10 2001
Bergen, Norway Tannery waste 15 2001
Kozloduy, Bulgaria LLRW 5 2010
Hirwaun,UK MSW/Industrial ~750 2015
Moscow, Russia LLRW 6.0-9.5 2002
America
Anniston, Albama Catalytic converters 24 1985
Jonguiere, Canada Aluminum dross 50 1991
Honolulu, Hawaii Medical waste 1 2001
Richland, Washington Hazardous waste 4 2002
Alpoca, West Virginia Ammunition 613 2003
USA Navy Shipboard wastes 7 2004
USA Army Chemical agents 10 2004
Hawwthorne, Nevada Munitions 10 2006
Ottawa, Canada MSW 85 2007
Los Angeles, USA Biomass, Const. waste 18 2009
Hurlburt Field, USA MSW/Hazardous 10.5 2011
Asia
Kinura, Japan MSW Ash 50 1995
Yoshi, Japan MSW 151 1999
Mihama-Mikata, Japan MSW/Sewage sludge 28 2002
Utashinai, Japan MSW/ASR 300 2002
Shimonoseki, Japan MSW Ash 41 2002
Kakogawa, Japan MSW Ash 31 2003
Imizu, Japan MSW Ash 12 2002
Maizuru, Japan MSW Ash 6 2003
Lizuka, Japan Industrial waste 10 2004
Taipei, Taiwan Medical and battery waste 4 2005
Osaka, Japan PCBs (Poly chlorinated 4 2006
Biphenyl)
Cheongsong, Korea MSW 10 2008
Pune, India Hazardous waste 68 2009
Nagpur, India Hazardous waste 68 2010
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2.1. Comparison of Classical Incineration and Thermal Plasma Gasification

When we compare classical incineration and thermal plasma gasification, incinerations have large
quantity of excess air, but thermal plasma gasifiers add a limited quantity of O,. Incinerations are
designed to maximize CO, and H-,O, but gasifiers are designed to maximize CO and H,. Because
of oxidizing environment inside the incineration furnace, NOyx and SOy are generated in
incineration process, but due to the reducing environment, NOy and SO generation are prevented.
Temperatures in processes are also different in both processes. Although, temperature of
incineration furnace is around 800 °C which is below an ash melting point causing inorganic
materials in MSW turn into fly ash, temperature of gasification processes can be adjusted above
1500 °C which is above an ash melting point that provides inorganic materials in MSW to
transform to vitrified slag which can be used as a source of building materials [3]. Also, pyrolysis
IS more advantageous than incineration in terms of some reasons. Combustion of syngas resulting
from gasification or pyrolysis with almost no ashes left is much more ecologically highly
beneficial in comparison with methane due to incineration. Throughout pyrolysis and gasification,
less toxic compounds such as dioxins, furans, carbon monoxide and ashes are generated [18].

2.2. Plasma Waste Gasification System

An example of concept of the plasma gasification schematic under consideration by AR&TeCS is
given in Figure 3. In a plasma gasification system, all types of waste, fossil fuels and biomass can
be used as feedstocks. Plasma torch is used as an energy source with high enthalpy, residence time
and high temperature. In gasification process, plasma gasification environment is an oxygen
starved. Output gas is supposed to be cleaned to form pure syngas and it can be used for renewable
energy production like natural gas or as precursor for many chemicals through some conversion

processes [16].
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Figure 3. Schematic of plasma gasification system

Syngas can be used as the raw material by low Btu reciprocating engine generators, gas turbines
and boilers to produce fuel. Also, it can supply essentials to form methanol, ethanol, butanol,
gasoline, diesel, plastic and many other carbon based products that are generated from crude oil
[10, 32, 33, 34, 35].

Another advantage of syngas is that CO and H; in its content can be used as feedstock for the
output of synthetic liquid fuels in operation. Hydrocarbon conversion operating syngas for the
hydrogen yield is to be used for hydrogen production in fuel cell engines. An experimental study
shows that hydrogen conversion of syngas in waste treatment is higher than that of classical
incineration. That can be used for hydrogen production in fuel cell [18].

Moreover, plasma waste treatment compared to classical incineration is more efficient in terms of
electricity generation. Using a boiler with steam turbine, net electrical efficiencies are achieved
from 18% to 22% [27]. Whereas, syngas produced by plasma gasification process can recover up
to 80% of the chemical energy included in the organic substance initially processed and so a
plasma gasification system with a gas turbine combined cycle power plant can aim up to 46.2%
efficiency [36].
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3. PLASMA APPLICATIONS IN ENERGY PRODUCTION FROM COAL

Coal is still considered as one of the main energy resources of the 21% century [5]. According to
the World Energy Council, there are coal reserves in around 80 countries. Some of the coal rich
countries are the USA with the largest amount of coal reserves as 237.3 billion tons, Russia
Federation with 157 billion tons, China with 114.5 billion tons and Australia with 76,4 billion tons.
Turkey is considered as a medium level in terms of reserve of lignite with about 15 billion tons
[15]. The fraction of coal-fired thermal power plants in electrical power generating is about 60% in
the USA and Germany [36] and is about 85% in the Kazakhstan [5], 87% in China and 47% in
Turkey [37, 38].

However, because of the decreasing quality of coal, the difficulties of its ignition and
environmental problems have been arisen. To increase the efficiency of coal combustion and solve
the environmental pollution problems, new plasma fuel-system for the thermal power plant for low
quality coal is developed [5]. Plasma technology providing thermal plasma with its high
temperature and high number of active species, improves the efficiency of combustion of coals
while reducing the need of additional fuel oil and/or natural gas in the fuel balance of thermal
power stations and harmful gas emissions. Plasma-fuel systems (PFS) have been constructed and
tested in different countries as Russia, Kazakhstan, Ukraine, China, Korea, Slovakia, and Mongolia
in 29 boilers with steam outputs ranging from 75 to 670 t/h. [37]. There are three generations of
plasma ignition systems which were designed and tested. First generation plasma igniters which
had a plasma torch with a moving graphite-rod cathode and a water-cooled annular copper anode
were mounted on the Ch-200 boiler at the Baoji TPP. First-generation plasma igniters have been
retrofitted and spread in China to have more boilers with an installed capacity above 160x106 kW
by the Yantai Longyuan Electric Power Technology Company (China). Second-generation plasma
igniters with plasma torches having replaceable water cooled copper cathode and anode were
tested at the Shaoguan TPP (China) in 2000-2001 and third-generation ones with the oscillation-
free startup of plasma torches were tested at the Shenyang power station golden mountain in 2007
[38]. These three generations of PFS developed and tested at thermal power system (TPS) in
different counties are summarized in Table 2 [37].
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Table 2. Commercial tests of PFS at TPS [37]

Quantity of Steam Quantity of
TPS (Location) Test Years boilers with capacity of PFSs at the
PFS, pcs. one boiler, TPS, pcs.
t/h.
Russian Federation
Gusinoozerssk,
Suvorov,
Neryungri, 1994-1998 1-2 170-670 2-8
Partizansk
Khabarovsk
Ukraine
Mironovka 1989 1 230-670 2-4
Kurakhovo 1998-1999
Kazakhstan
Alma-Ata 1996 1-2 75-160 4-2
Ust-Kamenogorsk 1989
Mongolia
Erdenet 1994 1-8 75-420 1-16
Ulan-Bator 1995
China
Baodi 1995 1 75-230 1-4
Shaoyang 1999-2001
North Korea
Pyongyang 1993 1 210 3
Slovakia
Velky Kapushany 2000 1 350 2

4. DIFFERENT PLASMA TECHNOLOGIES

Different plasma torches types such as DC, AC, and RF can be used in plasma applications in the

energy sector. Mainly, four companies which are Westinghouse, Europlasma, Tetronics and

Phoenix Solutions Company (PSC) dominate the current market for high power plasma torches.

Generally, DC plasma torches are developed by these companies. Westinghouse, Euro plasma and

PSC developed transferred and non-transferred DC torches with water cooled metal electrodes.

Differently, Tetronics developed a transferred DC torch with two graphite electrodes which are not

water cooled [10]. Also, other different plasma torch technologies have been developed in some
research laboratories such as Applied Plasma Technologies (USA), PERSEE-MINES Paristech

(France) (MINES ParisTech), Institute for Electrophysics and Electric Power (Russian academy of

sciences), Keldysh Research Center [39, 40], Von Karman Institute (ICP plasma torch) [41] and in
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ARTECS facility (Turkey) collaboratively with Keldysh Research Center [42].

4.1. DC Plasma Torches

DC plasma arc generally consists of three parts, the cathode region, the anode region and the arc
column. The plasma is generated between two electrodes and the resistance of the plasma is used
to convert electricity into heat energy [3]. This technology is not new. Westinghouse established in
1970’s began producing plasma torches for National Aeronautics and Space Administration
(NASA) to be used in simulation of entry conditions in the atmosphere within the scope of space
program “Apollo” [10].

There are two kinds of plasma arc which are transferred and non-transferred DC plasma torches.
[3, 43]. In the transferred plasma arc, firstly the small plasma arc is ignited between the electrode
and the nozzle and then it is transferred to the work piece to be a big arc by the plasma jet and one
of the plasma forming electrodes is included within any single torch body. On the other hand, after
the non-transferred plasma arc is ignited between the electrode and nozzle, continuous working gas
and the high temperature plasma jet is occurred [44, 45]. Plasma arc is created outside the water-
cooled body of the torch so transferred arc torches can generate extremely high thermal fluxes and
radiant heat transfer losses to the cold torch body are reduced. Thus, the transferred arc plasma
torch is inherently more efficient than the non-transferred arc torches [44].

Non-transferred DC plasma torches are separated into two groups which are hot (thermionic)
cathode torches and cold cathode ones which is not electrically heated. Typically, hot (thermionic)
cathode DC torch with a water-cooled ring anode is used for thermal spray coating applications.
Thoriated tungsten is normally used as the cathode material. Generally, cold cathode is preferred in
plasma gasification and chemical processes [45]. Europlasma plasma torches are mainly based on
cold cathode DC torches [10]. Mostly, copper and copper alloy are used for cold cathodes worked
with arc current limited to 1200-1500 A and copper erosion exists too much. Also, different
supplies such as low carbon steel, titanium, stainless steel and copper-nickel alloys and tungsten
have been used as cathode materials [46].

Lifetime of electrodes is important for these plasma torch processes and the cathode erosion rate is
the limiting factor. Found that both the arc rotation and type of gas mixture has a significant effect

on erosion rate. For example, if the arc rotation speed is increased from around 5-80 m/s, the
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cathode erosion rate of an argon-nitrogen arc operated at 100 A is reduced by one order of
magnitude. Also, it is shown that the addition of only 1% nitrogen to argon strikingly decreased the
erosion rate [47, 48]. Different studies are being carried out to increase the electrode lifetime. In
general, revealed that cathode material, plasma forming gas composition, efficiency of the gas
vortex, magnetic field configuration and arc current affects the erosion rate of cold cathodes [46].
The plasma plume of DC plasma torches has generally high velocity (several hundred ms™) and
high temperatures (10000-20000 K). DC plasma torches are exposed to severe thermal, mechanical
and even chemical effects so that they have a critical drawback which is inevitable electrode
erosion which limits the electrode lifetime. Also, DC plasma torches need delicate and costly
power supply electronics for AC-DC current rectification which is another disadvantage of them
[39].

4.2. RF Plasma Torches

The first demonstration of the continuous working of inductively coupled radio frequency
discharged RF torches was realized in 1961 at Lincoln Laboratory, Massachusetts Institute of
Technology [49]. RF plasma torches have no electrodes so the plasma is not polluted by the
metallic vapors [44]. RF discharges is excited and sustained by high-frequency electromagnetic
fields. Power coupling in RF discharges is performed in different ways which are capacitively and
inductively coupled discharges. High frequency RF electric fields (typically 13.56 MHz) creates
capacitively coupled plasma (CCP). RF system comprises of a generator and the reactor with
electrodes. Inductively coupled plasma (ICP) is similar with CC. But the electrode has a coil which
generates electromagnetic field inductively exciting the plasma.

RF inductively coupled plasma torches commonly available at power levels of 100 kW and mainly
applied in the field of spectro-chemical analysis, synthesis of high purity silicon or titanium
dioxide pigments, and ultra-fine and ultra-pure powder synthesis [44]. There is an example of large
scale (1.2 MW) inductively coupled plasma (ICP) which are constructed at Von Karman Institute
by funded European Space Agency (ESA) to be used in re-entry tests [41].

In the sense of RF plasma technology, another study shows that the scale up of it to the hundreds
of KW level, closer to the 500 kW or 1MW and developing the novel powder injecting techniques

in forming plasma will be major improvements of the processing capabilities of the technology
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[45].

Because it is considered that a major drawback of DC plasma torches is the short lifetime of the

cathode and this problem can be solved by RF technology, the development of high power hybrid
RF and DC plasma torches are worked by Applied Plasma Technologies (APT). A hybrid plasma
torch (RF+DC) have been developed with a good energy efficiency (between 80 and 95%) for a
power of 150 kW [50]. In conclusion, although this technology is advantageous due to having no
electrode erosion, now, they are commonly available with limited power levels with high

investment costs [10].

4.3. AC Plasma Torches

AC arc plasma studies have been performed to get high enthalpy gas flows almost simultaneously
in the United States and in the former Soviet Union for the need of simulation of high temperature
re-entry since 1960s [39]. In recent years, alternating current (AC) plasma torches have been used
more extensively in different types of plasma technologies mostly for the application of high-
power plasma generators. In this type of plasma torches, plasma is generated by the energy of AC
current of industrial frequency by heating the gas. Different than the ballast resistance in DC arc
plasma torches for the stabilization of DC arc, inductance coils (reactors) stabilize and regulate the
operating regime of the AC plasma torches, to this respect the electrical power is simplified and
the price is reduced [20].

AC plasma torches consist of mainly single phase and three phases torches. Different works have
been done in USA, Russia, France, Norway, Germany and Japan for about 50 years [39]. Rutberg’s
group of Institute for Electrophysics and Electric Power at the Russian Academy of Sciences in St.
Petersburg has conducted considerable researches on the three-phase AC technology in the former
Soviet Union, later Russia [18, 51]. In Russia, a new design of three-phase AC plasmatron called
“Zvezda” was developed in Keldysh Research Center as the three-arc and six-arc versions with the
power of IMW and 30 MW, respectively. In these plasmatrons, it is shown that the lifetime of
electrode which is the main parameter to determine the working time of plasmatron can reach 500
h [40].

In Turkey, the high-power AC plasmatron test system has been established in AR&TeCS
(ARTECS Anadolu R&D Technology Engineering and Consultancy Company, Ankara University
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Technopolis) and qualification tests have been performed with Keldysh Research Center (Moscow,
Russia) cooperation in October, 2016 [42, 52].

In France, MINES-Paris Tech and TIMCAL worked collaboratively between 2004 and 2009 to
develop the AC plasma technology. PERSEE-MINES ParisTech have researched on three-phase
AC plasma technology to apply in gasification and assisted combustion since 2009. Experimental
and theoretical studies of the three-phase AC plasma system was conducted by two PhD thesis in
2013 and 2015 in France [53, 54].

Because of some weaknesses of DC plasma torch technologies which are limited lifetime causing
to a lack of robustness, poor/limited reliability due to plasma stability, strong water-cooling needs,
and need of AC/DC transformers with high costs, an three phase AC plasma technology has been
developed to be integrated in a plasma electro-burner by the Center PERSEE MINES-ParisTech
[6].

Although the application of alternating current brings additional difficulties caused by the
variability with time of electrical parameters of the power source, AC plasma torches have some
advantages comparing to DC plasma technologies especially in higher power as megawatt level,
rectifiers of DC plasma torches are very complicated and expensive but AC plasmatrons do not
require such complicated devices and are preferred in the application of high power levels. Also,
electrode lifetime is higher in AC plasmatrons [20].

5. EFFICIENCY

General system efficiency is defined as the ratio of the net generated electricity to the energy input

to the system:

. . or] — Power output [MW]
System ef ficiency [%] = Energy input to systom (W] x100 Q)

After all, to get these values, the combustion and gasification efficiencies, besides the performance
of the different prime moves, i.e. steam turbines, gas engines and CCGT units, are to be acquired
[27].

To compare the performances between conventional systems and plasma gasification systems,
different criteria can be used such as cold gas efficiency, LHV (Lower heating value) of the syngas
and the net electrical efficiency [10].
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Especially in thermal design of classical systems, composition of the fuel (feedstock) besides its
energy content which are defined by ultimate analysis, proximate analysis and heating values are
crucial [8]. It is important to normalize the quantities of the fuel (MSW, feedstock) and
concerned elements, as well as to verify that they are based on either the lower heating value
(LHV) or higher heating value (HHV) of the fuel (MSW) [55]. Proximate analysis gives the
composition of the MSW in terms of fixed carbon, volatiles and ash contents, moisture as well as
its lower heating value (LHV). Ultimate analysis shows the elemental compositions of the waste
on a dry ash free basis, in terms of carbon, hydrogen, oxygen, nitrogen, Sulphur and chlorine
[27]. Ultimate analysis is found more difficult and expensive in comparison to proximate analysis
and some standard methods are introduced for determination of the ultimate analysis of biomass
components [8]. Also, for ultimate and proximate analysis, it is recommended that calculated data
and measured data are used in common. Especially for biomass and waste feedstock, calculated
and measured data may easily deviate by over 5%, so measured data must be verified carefully
[55].

Low heating value is described by the following formula [56];

M

Y. (LHV of combustible component (Nm3

) x concentration of component (%)) (2)

With relatively long residence time for gas in the gasifier and high temperature of plasma
gasification, tar products are broken and hazardous yields such as dioxin and furan are to be
disposed. Because of low tar content in the syngas, better net electrical efficiency can be provided
in plasma systems than auto thermal processes. High temperature also admits synthesizing and
degrading chemical species and highly precipitate the chemical reactions. The reactive species
generated by plasma such as atomic oxygen and hydrogen or hydroxyl radicals, also, enhance the
efficiency of process [10, 8]. That can be seen in literature that these species increase strongly the
degradation of the tars with higher efficiency than classical processes [57, 58]. In addition, plasma
gasification is relatively insensitive to the content and quality of the feedstock [10, 8].

Plasma is advantageous compared to conventional system in terms of material yield, syngas purity,
energy efficiency, dynamic response, compactness and flexibility. Enthalpy is supplied by plasma
power which can be regulated independently of the heating value of the feedstock making the

process independent of the ratio O/C and the nature of the plasma medium (neutral, oxidizing or
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reducing atmosphere. On the other hand, precise control of the enthalpy is not permitted in
classical system [10].

Performing the mass and energy balances enable the comparison of the technical performance of
the different waste treatment methods by determining their overall system efficiencies. The fuel
gas production which is the flow of the gas mixture generated by gasification per kilogram of

product (Nm?®/kg) are given as the following when air is used as oxidant in the reactor [56].

air flow rate (Nm3/s) x 0.79
1-(CO+COy+Hy+CH4+C2Hy /100] x feeding rate (kg/s]

Fuel gas production (Nm3/kg)=[[ 3)
Energy efficiency of the process (also called as cold gas efficiency) is described by the ratio of the
LHV of cold gas to the LHV of the waste treated, incremented by the added energy (electric or

fuel) for allothermal processes per kg of waste;

_ LHV of cold gas (k]Nm_3) x fuel gas production )Nm3kg™1)
T LHV of waste treated (k] kg—1)+allot hermal Power (kW)/waste flow rate (kgs~—1)

n 4)

In plasma gasification, the source of electric energy used to generate plasma is to be considered
[10].

Another study in literature [59] shows that gross electrical efficiency depends on the prime moves
which are CCGT, gas engine and steam turbine and defined as the ratio of power output to the

energy provided by the prime mover in equation (5) [27].

Electrical generation ef ficiency [%] = Power output [MW] x100  (5)

Energy input to prime mover [MW]

Because the heat source of the plasma treatment systems is the electrical energy other than
released from combustion, is so independent of the content of treated feedstock and can be
regulated to select optimal conditions [18].

Because the plasma gasification is insensitive to the waste content, for plasma treatment
technology, the vital unit is plasma torch. The performance characteristics, efficiency, the supply
gas, power and temperature levels and electrode lifetime are some parameters of plasma torch

which affect the waste treatment device [18].
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Thermal efficiency of the plasmatron
Using the system parameters (electrical parameters) of a high-power AC plasmatron operated in
ARTECS facility [42], losses for the cooling system and thermal efficiency are determined by the
equation (6):

n=-— (6)

where P is the power in the arcs, W is the heat losses (W=mc(T,-T;)), m is the mass flow rate of the
water, c is the specific heat of the water, T;and T, are the temperatures of the inlet water and outlet
water, respectively. (P-W) is the energy for the working gas heating [42, 60].

Thermal efficiency of the plasmatron in ARTECS facility which is about 75-80% is calculated

using parameters in Table 3.

Table 3. Parameters of High Power Plasmatron in ARTECS Facility

No P n Q h T, To H
[kW] [ka/s] [ka/s] [*C [C] [MJ/kg]
1 1101.79 0.745257 0.118 6.583 16.96 27.16 7.25
2 1011.77 0.757711 0.106 6.046 23.82 33.52 7.52
3 1037.73 0.761923 0.106 5.806 23.28 33.46 7.75
4 1128.47 0.777179 0.125 5.773 23.46 33.88 7.30

Also, enthalpy is determined in the equation (7) [60]
H="+H 7
- 3 + To ( )

Where P is power in the arcs, n is thermal efficiency of the plasma torch, Q is the working gas
flow rate (kg/s) and Hr, is the initial enthalpy of the plasma forming gas. Enthalpy (H) is about
7.5 MJ/kg. Hro=0.288 MJ/Kg at Tgas=300 K.

6. ECONOMIC ANALYSIS

Especially for countries with limited space such as Japan and European countries, the cost of
landfill is high [61]. Also, a tipping fee and transportation of waste to be paid is high where
disposal is difficult and landfilling is subject to some regulations from the EPA (Environmental
Protection Agency). The economics of plasma gasification facility is very appropriate via multiple

income streams although it is complex. Firstly, tipping fees for taking waste is removed with
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plasma gasification and electricity is produced for output. Also, another revenue from plasma
gasification are the valuable products which are liquid fuels, hydrogen and effective syngas. There
are another minor revenue streams which are slag and sulfur for sale [16].

Another cost estimation of a typical plant is given as a feedstock of 3000 tons of MSW per day
with cost over 400 million $ producing about 120 MW of electricity. Also, another estimation is
given for a 2000 tons MSW per day is about 250 million $ with the potential to generate 900 kWh
for each ton of MSW and 1200 kWh/ton if it is equipped with cogeneration auxiliaries [62].

In literature, some different cost estimates are present in different countries. An estimation of the
construction cost of a 750 TPD is 150 million US $ which equals to 0.2 million US$/TPD [16]. In
Korea, 0.39 million US$/TPD is paid for 10 TPD plant constructed. According to a study [3] when
the treatment capacity is increased, thermal plasma gasification processes are more economical due
to decrease of construction cost with increased capacity, profits from the utilization of syngas as an
energy source, and the decrease of total operation costs such as labors cost and overhead charges.
When the characteristics between 10 and 100 TPD thermal plasma plants for MSW treatment is
compared, thermal plasma consumption power is 0.817 MWh/ton and 0.447 MWh/ton, heat loss
from waste product of masses is 16% and 10%, heat loss through system walls 14% and 7% in 10
TPD scale and 100 TPD scale, respectively. Also, energy recycling is not used in 10 TPD, whereas
is used through steam turbine in 100 TPD scale [3].

Another economic analysis [63] made an estimation finding the plasma very competitive in waste
treatment that the cost of landfill burial 105-160 Euros/tonne, traditional incineration 100-140
Euros/tonne, pyrolysis/thermolysis 90-150 Euros/tonnes and plasma methods 70-90 Euros/tonne
and without syngas utilization 100-120 Euros/tonne [18].

So, we may come across the plasma assisted coal or waste gasification or burning as viable or not
economic in some articles [3, 10, 18] while mentioning superiority of the plasma technology

application compared to classical methods for this process in these articles.

7. CONCLUSION

Due to its advantages in mostly efficiency and environmental aspects, plasma technology has been
preferred in energy production from waste, coal and biomass throughout the world. Plasma with

high enthalpy, high temperature, high density, high residence time and reactive species such as
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atomic oxygen and hydrogen or hydroxyl radicals increases the efficiency of conversion reactions
compared to classical systems. In the term of heat balance, gas heating value output is highly
bigger than the electricity input of plasma system.

Also, plasma technology is an environment friendly technology reducing the emissions of
hazardous gases such as CO, CH, and higher hydrocarbons, NOy and SOy. In plasma gasification
process, because of the less tar content in syngas, electrical efficiency is higher than that of
conventional one.

It is seen in literature that different types of plasma torches are used by different companies in
different countries. In comparison of DC, AC and RF plasma technologies, AC plasma torches are
considered as favorable especially in megawatt levels with high electrode lifetime, not requiring
complicated rectifiers and lower cost. For that reason, many research programs on AC type plasma
system development and new applications, like gasification of wastes and coal have been started
[53, 51].

Plasma gasification technology of waste has many opportunities such as reducing the need for
landfills, environmental friendly disposal of hazardous waste. Also, syngas which is final product
of gasification can be used as renewable fuel or precursor of many different chemicals. On the
other hand, plasma technology has some technical drawbacks which need to be improved such as
extending life of the electrodes and stabilization of plasma.

In economic aspects, although different studies exist in literature, typically the installed cost of a
plasma gasification plant is between 0.13-0.39 million US$/TPD (ton per day). When the treatment
capacity is increased with higher TPD scale, plasma gasification processes will become more
economical, means near 0,13 million US$/TPD [3]. Also, for countries with high tipping fees for
MSW and high electric rates, plasma gasification plants can be considered as more economic [62].
The economic efficiency will come from increase of chemical efficiency.

In comparison of chemical efficiency between plasma technology and conventional systems; cold
gas efficiency (energy efficiency) and the net electrical efficiency of the overall process are
principal factors. Plasma is relatively insensitive to the waste content, so it can be used for
gasification of all type of wastes with high efficiency. Also, because the tar content in syngas of
plasma gasification is lower than that of conventional systems, the net electrical efficiency of the

overall process of plasma gasification systems is higher than the classical ones. Apart from the
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efficiency of chemical reaction from the plasma effect, another crucial factor is the thermal

efficiency of the plasmatron itself. Because the cost of electrical energy is considered as a restrictor

factor in this technology, the crucial unit is the plasma torch performance and efficiency [18]. In

this point, the efficiency of plasmatron in ARTECS Facility which is %75-80 is in considerable

levels. Although the technology readiness level of the plasma technologies has a level of maturity

(over 6), the application on the different type of waste management or plasma assisted coal

burning/gasification needs some additional R&D activities especially in simulation and modelling

for obtaining optimum conditions, process development and control of gasification or burning

process. In this respect, AR&TeCS has started to develop a remote sensing, measurement and

control system for hazardous process like plasma gasification and burning with KOSGEB (Ankara,

Turkey), applied Horizon 2020 (European Union) program for a plasma waste gasification project,

and two coal related project to TUBITAK for low quality lignite gasification and burning.
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LR 115 TiP 2 DEDEKTORLERINDEKI iZ YOGUNLUKLARININ FARKLI
MIKROSKOP LENSLERI iLE BELIRLENMESI

Mutlu I(CHEDEF**

Ege Universitesi Niikleer Bilimler Enstitiisii, 35100, Bornova-Izmir

Ozet

LR 115 Katihal niikleer iz kazima dedektorleri ¢evresel radon oOl¢iimlerinde yaygin olarak
kullanilan radyasyon dedektorleridir. Bu dedektorler ile gergeklestirilen radon ol¢iimlerinde
dedektor tizerinde birim alanda olusan iz sayist (iz yogunlugu) optik mikroskop kullanilarak
belirlenir. Kullanilan mikroskoplarin lens 6zellikleri ¢alismadan ¢alismaya degismektedir. Bu
caligmada dedektorlerdeki iz yogunluklar ti¢ farkli biiylitmeye sahip lens (40x, 100x ve 400x)
kullanilarak hesaplanmis ve elde edilen sonuglar karsilagtirilmistir. Yapilan hesaplamalar
sonucunda kullanilan objektif lens biiytkligi arttirildikga hesaplanan iz yogunluklarinin da
arttig1 tespit edilmistir. Kalibrasyon islemi ile bu farklilik ortadan kalkmaktadir. Bu calisma
kalibrasyon isleminin 6nemini bir kere daha ortaya koymustur.

Anahtar kelimeler: LR 115, Radon, Iz yogunlugu, Mikroskop

DETERMINATION of TRACK DENSITIES on LR 115 TYPE DETECTORS
WITH DIFFERENT MICROSCOPE LENS

Abstract

LR 115 Type 2 solid state nuclear track detectors (SSNTDs) are detectors which are widely used
for environmental radon measurements. Radon measurements are performed by using these
detectors are generally presented as track cm? day™ (track density) and track densities are
determined under optic microscopes. Microscopes used in this type studies have several different
type of lens. In this study, track densities on the detectors are studied by using three different
microscope lens (40x, 100x and 400x) and obtained results are compared. As a result of
calculations it was found that track densities are increased with microscope objective lens rising.
The divergent can be eliminate by calibration. This study once again emphasized the importance
of calibration.

Keywords: LR 115, Radon, Track density, Microscope
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GIRIS

Radyasyon hayatimizda 6nemli bir yer tutmaktadir ve bu radyasyonun biiyiik bir kismini
dogal radyasyon teskil etmektedir. Dogal radyasyon ya da dogal radyoaktiviteyi radyoaktif
bozunum serilerinin iiyeleri olusturmaktadirlar. Radon uranyum bozunum serisinde yer alir,
radyumun bozunumuyla olusur ve dogada yaygin olarak bulunur. Yar1 6mrii 3,82 giin olan radon
alfa bozunumu yaparak bozunum {iriinleri olan polonyum ve kursunu olusturur. Katihal niikleer
iz kazima dedektorleri radon ve radon bozunum {iriinlerinin konsantrasyonlariin 6l¢timlerinde

222Rn’un radyoaktif bozunumundan yayinlanan alfa parcacigi

yaygin olarak kullanilmaktadir.
dedektore garptiginda dedektdr yilizeyinde gizli bir iz olusur. Bu izler kimyasal iz kazima iglemi
uygulanarak optik mikroskop altinda goriiniir hale getirilir [1, 2, 3]. Kimyasal iz kazima islemi
sonrasinda dedektdr ylizeyindeki birim alandaki iz yogunlugu mikroskop altinda sayilarak
bulunur. Bu saymm islemi elle ya da otomatik olarak yapilir. Belirlenen iz yogunlugu dolayli
olarak radon konsantrasyonuyla orantilidir.

Katihal niikleer iz kazima dedektorleri (SSNTDs) basit, dayanikli, kararl, yiiksek
duyarliliga sahip olduklari, elektronik donanima ihtiyag duymamalar1 ve ucuz olmalar1 sebebiyle
diger dedektorlere gore onemli avantajlara sahiptirler. Genellikle inorganik 6zellik gosteren mika
ve cam ile organik 6zellik gosteren seliiloz asetat, seliiloz nitrat, polikarbonat ve polietilen tiirevi
kati materyallerden iiretilen bu dedektorler farkli radyasyon tiirlerinin dedeksiyonunda
kullanilabilirler. Bununla birlikte 6zellikle alfa yayinlayicilar ve yaygin olarak da Radon ve
bozunum iirlinlerinin konsantrasyonunun tayinin de kullanilmaktadirlar [4, 5, 6].

Giliniimiize kadar ¢ok sayida ¢alismada kimyasal iz kazima isleminin deneysel kosullarinin
optimizasyonu arastirilmistir. Bu calismalarda uygun sicaklik, kimyasal ¢ozelti ve iz kazima
siiresi gibi birgok faktor ayr1i ayri incelenmistir. Kimyasal iz kazima islemi sonrasinda
dedektorlerdeki izlerin mikroskop altinda sayilmasi asamasinda farkli biiylitme oranli lenslere
sahip mikroskoplarla bu okuma yapilabilmektedir. LR-115 dedektorlerle yapilan g¢aligmalar
incelendiginde de bircok calismada farkli lens biiyiikliigi kullanildigr goriilmektedir. Bu
calismalarda iz sayimlar1 genellikle 40x [7], 100x [3, 8, 9, 10], 150x [11], 160x [12, 13], 200x
[14], 400x [15, 16], 500x [17] ve 600x [18] gibi farkli biiyiitme oranlarina sahip mikroskoplar ile
belirlenmistir. Bununla birlikte literatiirde farkli lensler ile iz sayimi isleminin gergeklestirilerek

karsilastirildigi bir calisma bulunmamaktadir. Bu c¢alismada mikroskop lensinin biiyiitme
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oraninin iz yogunluklarina etkisi aragtirilmistir.

MATERYAL VE METOT

Bu c¢alismada radon 6l¢timleri DOSIRAD, France (LR-115 Film, Tip 2, tek tarafli) film
dedektorleri ile gergeklestirilmistir. Calismada her biri 2 cm x 2 cm boyutunda 30 adet dedektor
kullanilmistir. Dedektorler toprak igerisinde agilan silindirik bosluklara ters kap yontemine [19,
20] uygun olarak yerlestirilmis ve 4 hafta silire ile radona maruz birakilmistir. Daha sonra
dedektorler laboratuvarda %10’luk NaOH ¢o6zeltisinde 60°C’ de 90 dakika siire ile iz kazima
islemine tabi tutulmustur. Bu islem sonrasi dedektorler ¢ozeltiden ¢ikarilmis, saf su ile yikanmis
ve kurumaya birakilmistir. Iz sayimlar1 Leica DM 500 optik mikroskop, Leica ICC50 (3.2 MP)
dijital kamera, Leica Application Suite (LAS EZ) yazilim1 ve bilgisayardan olusan sistem ile
yapilmustir. Iz yogunlugunun belirlenmesi islemi Arias ve arkadaslar1 (2005) tarafindan detayli
olarak anlatilan yar1 otomatik iz sayim metoduyla gergeklestirilmistir [21]. Her bir dedektor
tizerindeki iz yogunlugu ti¢ farkli lens (40x, 100x ve 400x) ile ayr1 ayr1 belirlenmistir. Calismada
kullanilan lensler (40x, 100x ve 400x) dedektdr iizerinde sirasiyla 8.07, 1.28 ve 0.08 mm? lik
alanlar1 goriintilemektedir. Dedektér basina en az 10 adet alan goriintiilenmis [22] ve iz
yogunluklart hesaplanmistir. Calismada kullanilan yar1 otomatik sayim metodu {ic asamadan
meydana gelmektedir. Birinci asamada her bir lens ile bir dedektdrde en az 10 farkli alan

belirlenir, bu alanlarin fotograflar: bilgisayara kaydedilir (Sekil 1, 2, 3).

Sekil 1. 40x lens ile alinan goriinti
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Sekil 2. 100x lens ile alinan goriintii

Sekil 3. 400x lens ile alinan goriintii

Ikinci asamada kaydedilen goriintiiler iizerindeki beyaz izlerin (alfalarin ¢arpmasi sonucu
olusan) belirginlestirilmesi i¢in uygun bir goriintii isleme yazilimi ile rotus yapilir. Bu asamada
oncelikle goriintiiniin  parlakligi ayarlanmis ve daha sonra ise gorinti sSiyah beyaza
doniistiiriilerek yeni bir dosya olarak kaydedilmistir. Uciincii asamada ise kaydedilen siyah beyaz
goriintii iizerindeki izler SCION yazilimi programi kullanilarak sayilmistir. SCION yazilimi
hiicre kiiltiiriinde bakterilerin sayimi ic¢in hazirlanmis bir yazilim olmakla birlikte dedektor
tizerindeki iz yogunlugunun belirlenmesinde de kullanilmaya baslanmistir [21].

Dedektorlerin kalibrasyonu 6zel hazirlanmis kalibrasyon haznelerinde gerceklestirilmistir.
Kalibrasyon haznesi olarak 2 litre hacminde hava ge¢irmeyen cam kavanozlar kullanilmistir.
Calismada kalibrasyon icin 5 adet kalibrasyon haznesine sirasiyla 10, 20, 30, 40, 50 Becquerel
(Bq) aktivitede radyum standarti ve LR 115 dedektorler yerlestirilmistir. Daha sonra bu

dedektorler yukarida anlatilan siirece uygun olarak isleme tabi tutulmustur. Mikroskop altinda
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okuma islemleri sonrasinda iz yogunluklar1 iz cm™ giin™ olarak tespit edilmistir. Kalibrasyon
faktorleri her bir lens biiylitme orani i¢in (40x, 100x, 400x) sirasiyla 0.0016+0.0002,
0.0010£0.0001 ve 0.0009+0.0001 olarak hesaplanmastir.

30 1 y = 0.0016x
R2=0.97
25 - —e—
;’\ 20 T k ’ 1
£
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@ 15 -
C
&
& 10 - >
5 .
0 T T T T T T 1
0 2500 5000 7500 10000 12500 15000 17500
Track Density (tr cm2 d?)
Sekil 4. 40x lens i¢in yapilan kalibrasyon egrisi
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Sekil 5. 100x lens i¢in yapilan kalibrasyon egrisi
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Sekil 6. 400x lens i¢in yapilan kalibrasyon egrisi

SONUCLAR VE TARTISMA

Bu calismada aynmi dedektor icin farkli mikroskop lensleri kullanilarak hesaplanan iz
yogunluklari karsilastirilmistir. Calismada 30 dedektdr ile toprak gazi radon dlglimleri alinmis ve
bu dedektorler iizerinde yaklagik 1000 adet goriintiideki iz yogunluklar1 hesaplanmustir. Farkli
biiyiikliikteki mikroskop lensleri kullanilarak ayni dedektdr i¢in hesaplanan iz yogunluklarinin
arasinda anlamh farkliliklar bulunmustur. Elde edilen sonuglar iz cm™ giin™ birimi ve
kalibrasyon sonucu Bg m™ birimi olarak Tablo 1°de verilmistir. Secilen bir dedektorde 40x, 100x
ve 400x lens i¢in hesaplanan iz yogunluklar: sirasiyla 15156, 26133 ve 29696 iz cm™ giin™

seklindedir (Tablo 1).
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Tablo 1. Iz yogunlugu ve aktivite olarak sonuglarin karsilastirilmasi
Dedektir iz yogunlugu (izcm™ giin™) Aktivite (Bq m?)
40X 100X 400X 40X 100X 400X
Cc1 5341 9207 10545 9.08 9.20 9.49
ca 15156 26133 29696 25.76 26.13 26.72
cs5 7908 12587 14545 13.44 12.58 13.09
c21 6885 10980 13575 11.70 10.98 12.21
C37 46785 78812 87030 79.53 78.81 78.32
Ca2 32645 54930 60969 55.49 54.93 54.87
C45 8618 14215 15515 14.65 14.21 13.96
123 1178 2274 2545 2.00 2.27 2.29
128 2901 4642 5090 4.93 4.64 4.58
129 55078 93947 104000 93.63 93.95 93.60
K9 6883 10900 11456 11.00 10.90 10.31
K18 3037 5024 5818 5.16 5.03 5.20
K20 3054 5234 6060 5.19 5.23 5.54
L11 2658 4868 5090 4.52 4.87 4.58
L20 1052 1846 2118 1.79 1.85 1.96
L34 1397 2523 2424 2.37 2.52 2.18
L35 1359 2656 2666 2.30 2.66 2.40
L38 33612 57524 64484 57.14 57.54 58.00
L41 6884 11980 13454 11.70 11.98 12.10
P21 1353 2243 2545 2.30 2.24 2.29
S2 974 1433 2060 1.66 1.43 1.85
S3 1808 2999 3272 3.07 2.99 2.94
S8 56049 95061 105818 95.28 95.06 95.23
S11 592 1114 1333 1.00 1.11 1.20
S18 52943 89032 100121 90.00 89.00 90.10
$26 591 1013 1212 1.00 1.01 1.00
$28 1174 1955 2181 1.99 1.95 1.96
S35 1412 2134 2424 2.40 2.13 2.18
S36 1291 2290 2909 2.19 2.29 2.60
s44 86114 146876 162666  146.39 146.87 146.40
LR 115 Tip 2 Dedektérlerindeki iz yogunluklarinm Farkli Mikroskop Lensleri ile Belirlenmesi 51
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Tablo 1°den goriildigii tlizere farkli biiylitme oranli lensler ile yapilan Olgiimlerin
sonuglari iz cm™ giin™ biriminde verildiginde birbirinden ¢ok farkli sonuclar elde edilmektedir.
Kalibrasyon islemi ile Bq m™ biriminde hesaplanan sonuglar ise farkli lensler kullanilmasina
ragmen birbiri ile uyum igerisindedir. Bu durum sonuglarini iz yogunlugu olarak sunun
caligmalarin birbirleri ile karsilastirilmasini imkansiz kilmaktadir. Konuyla ilgili yapilan
caligmalar incelendiginde kalibrasyon yapilmadan sonuglarin iz yogunlugu olarak sunulmasi
oldukca sik karsilagilan bir durumdur. Ekvator’ da yapilan bir ¢alismada Katihal iz kazima
dedektorleri kullanilarak toprak gazi radon Ol¢limleri gerceklestirilmistir. Calismada 1986 ve
1987 yillar1 arasinda meydana gelen 4 biiyiik deprem Oncesi radon konsantrasyonlariin énemli
degisimler gosterdigi tespit edilmistir. Calismada elde edilen sonuglar iz cm’? olarak sunulmustur
[23]. Balducci ve arkadaslari tarafindan Italya’ da LR 115 dedektérler ile toprak gazi radon
seviyelerinin belirlendigi bir baska ¢alismada da sonuglar iz cm™ giin™ biriminde verilmistir [24].
Hindistan’ da yapilan bir ¢aligmada ise Mat fay1 boyunca meydana gelen sismik olaylar ile radon
anomalileri arasindaki iligkilerin incelenmesi amaciyla LR 115 Tip 2 dedektorlerle toprak gazi
radon Olglimleri yapilmistir. Calismada dedektorler 15 giin siirelerle toprak iceresinde tutulmus
ve elde edilen sonuclar iz cm™ (15 giinliik dénem igin) olarak verilmistir [25]. Ozellikle
depremler ile iliskili olarak yapilan ve uzun siireli radon Olgiimlerinin alindigi ¢alismalarda
sonuglarin iz cm™ ya da iz cm? giin™ olarak sunulmasi ¢ok sik goriilmektedir. Burada amag
radonun deprem Oncesi nasil bir degisim gosterdigini bulmak ve bir iliski elde etmek oldugu i¢in
aragtirmacilar cogu zaman sonuglar1 kalibre etme geregi duymamaktadirlar. Ghosh ve arkadaslar
tarafindan Hindistan’ da yapilan bir baska g¢alismada da CR-39 dedektorler iizerindeki iz
yogunluklar1 100x lensli mikroskop ile belirlenmistir. Calismada iz yogunluklarinin depremlerle
iligkili olarak olduk¢a genis bir aralikta 300 ile 900 iz m? (48 saat)'l arasinda degistigi
gosterilmistir [26].

Diger tarafta bir ¢ok calismada kalibrasyon deneyleri de yapilmis ve elde edilen
kalibrasyon katsayis1 kullanilarak sonuglar birim hacimdeki aktivite olarak sunulmustur.
Yunanistan’ da yapilan bir ¢alismada 1986’dan 2000 yilina kadar toprak gazi radon 6l¢iimleri LR
115 dedektorlerle yapilmistir. Toprak gazi radon konsantrasyonlarinin 4365 ile 54415 Bq m?
arasinda degistigi bildirilmistir [20]. italya’nin Sicilya Adasi’ndaki Etna Yanardagi cevresinde

yapilan Ol¢timlerde CR-39 Katihal iz kazima dedektorleri kullanilmis ve sonuglar Bq m™ olarak
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sunulmustur [27].

Yukarida verilen orneklerde goriildiigii gibi literatiirde Katihal iz kazima dedektorleri
kullanilarak gergeklestirilen ¢alismalarda sonuglar iz yogunlugu veya aktivite olarak
verilebilmektedir. Ozellikle depreme yonelik ve uzun siireli radon degisiminin incelendigi
calismalarda kalibrasyona ihtiya¢ duyulmaksizin sonuglar iz yogunlugu olarak sunulmaktadir.
Bununla birlikte her ¢alismada kullanilan lens biiyiikliigii farklidir ve bu farklilik sonuglarin diger

calismalarla karsilastirmasini imkansiz kilmaktadir.
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TARIHI EDIRNE GAR BINASINDA KULLANILAN KUMTASLARINDA
GORULEN BOZULMA NEDENLERI
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YKirklareli Universitesi, Miihendislik Fakiiltesi, Insaat Miihendisligi, Kirklareli.
2fstanbul Teknik Universitesi, Maden Fakiiltesi, Jeoloji Miihendisligi, Istanbul.

Ozet

Tarihi Edirne Gar Binasi, Edirne’nin Karaaga¢ semtinde bulunmaktadir. Meri¢ ve Tunca nehirleri
tizerindeki kopriilerden gecen diiz bir yolla Edirne’ye baglanmaktadir. Bina, Mimar Kemalettin
Bey tarafindan gar binasi olarak tasarlanmistir. Edirne Gari, 1977 yilinda yeni kurulan Edirne
Miihendislik ve Mimarlik Akademisi’ne verilmistir. Giiniimiizde, Trakya Universitesi tarafindan

kullanilmaktadir.

Gar binasinda biiyiik holiin yer aldig1 orta boliimiin dis duvarlari, pencere ve kap1 kemerleriyle
silmeler, giristeki kulelerin {ist boliimleri ve kemer duvarlar1 kumtagindan yapilmistir. Binada
kullanilan kumtaslarinda zaman igerisinde bozulmalarin meydana geldigi tespit edilmistir.
Yapilan arastirmada kumtaslarindaki bu bozulmalarin sebepleri belirlenmeye caligilmistir. Bu
nedenle, kumtaslarinin kimyasal analizi yapilmis, petrografik ve mineralojik 06zellikleri
belirlenmeye calisilmigtir. Yapilan bu ¢aligmayla, gelecekte yapilacak olan restorasyon

calismalarina yardime1 olmak hedeflenmistir.

Anahtar Kelimeler: Tarihi Edirne Gar1, Kumtasi, Bozulma, Restorasyon

Ysmail KILIC, ismail.kilic@Kkirklareli.edu.tr
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REASONS OF DECOMPOSITION OBSERVED IN SANDSTONES USED
IN THE HISTORICAL EDIRNE STATION BUILDING

Abstract

The Historical Edirne Station Building is in Karaagag district of Edirne. It is connected to Edirne
through a straight road passing over the bridges over the rivers Meri¢ and Tunca. The building
was designed as a station premises by Architect Kemalettin Bey. Edirne Station was given to
newly established Edirne Engineering and  Architecture Academy in  1977.

Today, it is used by Trakya University.

In the station building, the exterior walls of the middle section where the big hall is located, door
and window arches and moldings, upper parts of the towers on the entrance and the arch walls are
made of sandstones. It is detected that decompositions took place in the sandstones used in the
building over time. It has been tried to determine the reasons of these decompositions in the
sandstones in the research conducted. For that reason, chemical analyses were done on the
sandstones and it has been tried to determine the petrographical and mineralogical characteristics
of it. The research aimed to shed light on the restoration works to be carried out in the coming

years.

Keywords: Historical Edirne Station, Sandstone, Decomposition, Restoration
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1. GIRIS

Malzeme, bir binada bi¢im ve {islubu tasiyan énemli bir unsurdur. Binanin fiziksel biitiinliigiinde
meydana gelen bozulma, malzemenin bozulmasiyla dogrudan ilgilidir. Dolayisiyla restorasyonun
pratikte temel konusu, dogrudan malzemeye yapilan miidahale olmaktadir. Kismen eskimis
malzemeyi yenisiyle degistirme kolaycili1 giinlimiiz koruma anlayisinda yer bulmamaktadir.
Fiziksel yonden zayiflamis bir malzemenin gii¢lendirilerek Omriiniin uzatilmasi restorasyon
anlayisinin bir geregidir. Islevsel ve fiziksel biitiinliigiinii yitirmis durumda olan bir malzemenin
ise degistirilerek yenilenmesi islemi de restorasyon icin gerekli bir miidahale yontemi olarak
kabul edilmektedir. Bu asamada, degistirilecek olan malzemenin Ozelliklerinin, bilimsel
yontemlerle arastirilip belirlenmesi, yeni malzemenin 6zgiin malzemeyle uyumlu olmasi biiyiik

Onem tasimaktadir.

2. MATERYAL ve METOT
2.1. Kumtasi

Kumtasi, kum boyu tanelerin tutturulmasi ile olusan, i¢inde kum modu hakim olan kirintil1 dogal
tastir [1]. Kum boyu taneler heniliz pekismeden once gevsek ve gozenekli durumdadirlar [2].
Caplar1 1/16-2 mm arasinda olan kum tanelerinin dogal bir ¢imento (silisli, karbonatli, demirli
vd.) ile birlesmesiyle olusan kirmntili tortul taslara kumtasi denir [3]. Baglama isini yapan
maddelerin kompozisyonu kayacin dayanimina, masifligine ve tokluguna etki etmektedir [4].
Kumtaslarinda esas olan etkenler mineralojik yapi, tane sekli ve biiyiikligli, ¢imentonun
kimyasal bilesimidir. Tanelerini birlestiren ¢imento silisli ve kalkerli olan kumtaglar1 yap1

islerinde kullanilabilir ancak killi, demir oksitli ve jipsli olanlar ise kullanilamaz [5].

2.2. Tarihi Edirne Gan

Tarihi Edirne Gari, Istanbul’u Avrupa’ya baglayan demiryolu iizerindeki istasyonlardan birisidir.
Kemalettin Bey’in “Sark Demiryollar1 Sirketi” adina tasarladigi dort tren istasyonundan (Filibe,
Selanik, Sofya, Edirne) sonuncusudur [6].

Bodrumla birlikte ti¢ katli, dikdortgen planli, seksen metre uzunlugundaki gar, tugla yigma

sistemine gore gerceklestirilmistir. Biiyiik holiin yer aldig1 orta boliimiin dis duvarlari, pencere ve
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kap1 kemerleriyle silmeler, giristeki kulelerin {ist boliimleri ve kemer duvarlari kesme tasla
yapilmis, dosemelerde ¢elik kirisler kullanilmig, yapinin iizeri ¢elik makasli, kirma bir catiyla

ortiilmiistiir. Sekil 1°de gar binasina ait goriintiiler verilmistir.

Sekil 1. Tarihi Edirne Gart’na ait goriintiiler [7]
Giris dogrultusuna gore simetrik bir bicimde planlanmig olan garin orta bdliimiinde, yapinin iki
tarafiyla da iligkili, yaklasik iki buguk kat yiiksekliginde bir giris holii bulunmaktadir. Girisg
yoniinde, holiin iki yanina, iizerlerinde kapali teraslar bulunan ve simetrik planlamay1 pekistiren,
tizerleri sivri kubbelerle ortiilii silindirik kuleler yerlestirilmistir. Yapinin iki ucuna ve silindirik
kulelerin igine yerlestirilmis dort adet merdivenle erisilen {ist katin tiimiiyle lojman olarak

planladigi anlagilmaktadir [6]. Gar binasinin Sekil 2°de giris cephesi ve plan1 goriilmektedir.

e e e -
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Kumtaslarinda goriilen bozulma nedenlerinin belirlenmesi asamasinda, onarim ¢alismalari
esnasinda kopan, dokiilen pargalardan kiiciik pargaciklar halinde ii¢ 6rnek alinmistir. Bu 6rnekler,
mineralojik-petrografik ¢alismalar ve kimyasal analizlerde kullanilmistir. Sekil 3’te gar

binasindaki kumtaglarinda olugsan bozulmalar goriilmektedir.

Sekil 3. Kumtaslarindaki bozulma goriintiileri [7]
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2.3. Kimyasal Bilesim Analizleri

Kimyasal bilesim, taglarin biinyesindeki oksitlerin ve iz elementlerin toplamini gdstermektedir
Kimyasal bilesim taslarin fiziksel, mekanik ve diger Ozelliklerini etkileyen en Onemli

faktorlerden birisidir

Bu calismada, kimyasal analizler Kanada ACME Analitik Laboratuarlari Ltd.’de yapilmustir.

Kimyasal bilesimi saptamada ICP-Emission Spectrometry yontemi kullanilmistir.

Tortul kayaglardaki temel mineraller ve bu minerallerin bozulmaya ugramasi sonucu olusabilecek

tirlinler Tablo 1°de sunulmustur.

Tablo 1. Tortul kayaglardaki temel mineraller ve bozulma tiriinleri [9]

Kayac¢ Olusturan Bozulma Uriinleri

Temel Mineraller
Kuvars Kuvars, ¢oziinmiis silika
Feldispatlar Killer, Ca, Na, K iyonlar1, ¢6ziinmiis silika
Muskovitler Killer, Na, K iyonlari, ¢oziinmiis silika, jipsit
Biyotit Killer, demir oksitleri, K, Mg, Fe iyonlari, ¢6ziinmiis silika
Amfiboller Demir oksitler, Na, Ca, Mg, Fe iyonlari, ¢c6ziinmiis silika, killer
Proksinler Demir oksitler, Ca, Mg, Fe, Mn iyonlar1, ¢6ziinmiis silika, killer
Olivinler Demir oksitler, Mg, Fe iyonlari, ¢6ziinmiis silika
Granatlar Ca, Mg, Fe iyonlari, killer, demir oksitler, ¢ozlinmiis silika
Altiiminyum silikatlar Kil, silis, jipsit
Magnetit Hematit, limonit
Kalsit Ca" iyonlari, HCO; iyonlari
Dolomit Ca*® Mg" iyonlari, CaHCOjs iyonlart
Demir karbonatlari Ca, Mg, Fe iyonlari, demir oksitler, HCOj3 iyonlar1

Kumtas1 6rneklerinin oksit i¢erikleri Tablo 2°de, iz element igerikleri ise Tablo 3°de verilmistir.

Tablo 2. Kumtasi 6rneklerinin oksit i¢erikleri

Ornek SiO; | AlLO; | Fe,053 | MgO | CaO | Na,O | K,O | TiO;, | P,Os | MnO | Cr,0O3 | LOI
No % % % % % % % % % % % %
1 71.56 6.55 232 | 253 | 6.32 | 183 | 1.28 | 0.43 | 0.07 | 0.04 | 0.098 | 6.6
2 70.97 6.66 289 | 247 | 6.10 | 181 | 127 | 043 | 0.06 | 0.04 | 0084 | 7.1
3 65.10 6.79 259 | 295 | 883 | 1.74 | 1.32 | 0.37 | 0.20 | 0.06 | 0.055 | 9.9

Tarihi Edirne Gar Binasinda Kullanilan Kumtaslarinda Goriilen Bozulma Nedenleri 61



i O,
Sy

& 4
E

Ve

iyl
N _—y

Kih¢&Giiltekin Kirklareli University Journal of Engineering and Science 3 (2017) 56-67
Tablo 3. Kumtas1 6rneklerinin iz element igerikleri
Ornek | Cu | Ba | Zn Ni Co Sr Zr Ce Y Nb | Sc | Ta
No ppm | ppm | ppm | ppm | ppm | ppm | ppm | ppm | ppm | ppm | ppm | ppm
1 11 292 33 136 | <20 | 199 155 44 11 <5 6 <20
2 6 232 27 156 | <20 | 201 109 38 13 <5 6 <20
3 13 248 63 191 | <20 | 305 99 <30 11 <5 7 30

2.4. XRD (X-151m1 Difraktometre) Calismalar:

XRD, minerali tanimlama ve mineralin kristal yapisin1 belirleme teknigidir. Yontemin temeli,

taneler arasindaki mesafenin tespitine dayalidir. Yapilan g¢alismada, ITU Kimya Metalurji

Fakiiltesi Laboratuvarindaki XRD cihazi kullanilmstir.

XRD ¢alismalarinin sonucunda; kumtaglarina ait drneklerin esas bilesenlerini kuvars, feldispat ve

kalsit minerallerinin olusturdugu tespit edilmistir. Sekil 4’te Orneklere ait XRD grafikleri

verilmistir.
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Sekil 4. Orneklerin XRD grafikleri (Q: kuvars, F: feldispat, K: kalsit, m: mika, ka: kaolinit)
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2.5. SEM (Taramal Elektron Mikroskop) Calismalari
SEM caligmalarinda, ITU Kimya Metaliirji Fakiiltesi Laboratuarmdaki JEOL JSM T330 marka

Taramali Elektron Mikroskobu kullanilmistir.  Yapilan SEM ¢alismalarmin  sonucunda;
orneklerde ayrisma ve erime bosluklari oldugu gozlemlenmistir. Ayrisma iirlinii olarak kumtagi
orneklerinde kaolinit meydana gelmistir. Sekil 5’te kumtasi Orneklerinin SEM goriintiileri

verilmigtir.

Sekil 5. Kumtag1 6rneklerinin 1500 ve 3500 kat biiyiitiilmiis SEM goriintiileri
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2.6. Polarizan Mikroskop Calismalar:

Polarizan mikroskop calismalarinda ilk 6énce kumtasi 6rneklerinin ince kesitleri yapilmistir. Sekil
6’da ince kesitlerin polarizan mikroskop altindaki goriintiileri sunulmustur. Kumtas1 drneklerinin
incelenmesi sonucu elde edilen modal bilesim degerlerine gore, Dott’un kumtasi siniflamasi
yapilmis ve kumtasi gesidi belirlenmistir. ince kesitlerin polarizan mikroskop altinda incelenmesi

ile elde edilen sonuglar Tablo 4’de verilmistir.

altindaki tek nikol ve ¢ift nikol goriintileri (10X)

A -

Sekil 6. Kumtas1 6rneklerinin polarizan mikroskop
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1 Nolu kumtas1 6rneginin goriintiisii incelendiginde, taneler es boyutlu, kdseli ve yar1 koselidir.
Opaklar, demiroksitler halinde tanelerin etrafin1 sarmistir. Kalsit ve feldispat ayrismistir.
Magmatik, metamorfik ve sedimanter kokenli kayag¢ parcalar1 boldur. Taneler arasinda matriks
yoktur, taneler arasina demir hamuru girmistir. Plajoklazlar serizitlesmis, ince taneli muskovit
(mika) haline doniismiistiir. Killesme vardir. Tane boyutlarina bakilacak olursa; kuvars 0,03-0,5
mm, kaya¢ parcalar1 0,2-0,6 mm, feldispatlar 0,1-0,4 mm arasindadir. % 58 kuvars, % 18
feldispat, % 6 kalsit, % 3 opak (hematit ve limonit), % 2 mika (muskovit), % 13 kaya kirintisi

iceren kumtasi 6rnegidir.

2 Nolu kumtasi 6rneginin goriintiisii incelendiginde, iri ve ince taneli, koseli ve yar1 koselidir.
Kayag¢ pargalari magmatik, sedimanter ve metamorfiktir. Kaya¢ parcalari boldur. Kuvars tane
boyutlart 0,05-0,5 mm arasindadir. Feldispatlar 0,1-0,4 mm arasindadir. Feldispatlar ayrigmis,
killesmis ve serizitlesmistir. Taneler arasinda matriks yoktur, taneler arasina demir hamuru
girmistir. Tanelerin etrafini Demir opaklar sarmistir. % 56 kuvars, % 19 feldispat, % 6 kalsit, % 3

opak (hematit ve limonit), % 2 mika (muskovit), % 14 kaya kirintis1 igeren kumtas1 6rnegidir.

3 Nolu kumtag1 6rneginin goriintiisii incelendiginde, taneler es boyutludur. Kuvarslar koseli yar1
koselidir. Feldispatlar ayrismistir. Plajoklazlar yer yer polisentetik ikizlidir (pijjama dokulu). Tane
boyutlar1 0,2- 0,5 mm arasinda degismektedir. Kalsitlerde dilinim izleri gérmek miimkiindiir.
Metamorfik kayac parcalari % 2 civarinda. % 55 kuvars, % 18 feldispat, % 10 kalsit, % 5 opak

(hematit ve limonit), % 3 mika (muskovit), % 9 kaya kirintis1 igeren kumtas1 6rnegidir.

Tablo 4. Kumtas1 6rneklerinin modal bilesimleri ve kumtasi gesidi

Ornek Modal Bilesim QF L Kumtas1 Cesidi
No (%) (%)

% 58 kuvars, % 18 feldispat, % 6 kalsit, % 3 Q:65,2

1 opak (hematit ve limonit), % 2 mika (muskovit), | F: 20,2 SUBARKOZ
% 13 kaya kirintist. L:14,6
% 56 kuvars, % 19 feldispat, % 6 kalsit, % 3 Q:629

2 opak (hematit ve limonit), % 2 mika (muskovit), | F:21,3 SUBARKOZ
% 14 kaya kirintist. L:15,7
% 55 kuvars, % 18 feldispat, % 10 kalsit, % 5 Q:67,1

3 opak (hematit ve limonit), % 3 mika (muskovit), | F:21,9 SUBARKOZ
% 9 kaya kirintisi. L:11

Polarizan mikroskop altinda yapilan incelemeler sonucu kumtasi orneklerinin subarkoz ¢esidi

kumtas1 oldugu tespit edilmistir.
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3. SONUC ve ONERILER

Kumtaslarinin dis ylizeylerinde yaklasik 100 yillik bir siire¢ icerisinde yesilden kahverengiye
dogru bir renk degisikliginin meydana geldigi Sekil 7’da goriilmektedir. Bu renk degisikligi tas
yiizeyinden 10-13 mm kadar i¢ce dogru etki etmistir. Renk degisikligi en belirgin olarak distan ice
dogru ilk 5 mm kisminda acik kahverengi olarak goriilmektedir. Renk degisimi 5-10 mm
arasinda, sar1 ve acgik kahverengi tonlarindadir ve belirginlik azalmaktadir. Etkinin devam ettigi
10-13 mm arasinda, renk degisimi genelde sar1 ve belirginlik iyice azalmistir. Kumtasi yiizeyinde

olusan bu renk degisikligine, tasin bilesimindeki, demir oksit (Fe,O3) mineralleri sebep olmustur.

Sekil 7. Kumtag1 6rneginin dig yiizeyinde olusan renk degisikligi

Tarthi Gar Binasi kumtaslarinda goriilen bozulma nedenlerini siralayacak olursak; tasin
biinyesine, suyun girmesi sonucu, ¢imentosu karbonat olan kumtasinin ¢imentosunun ¢dziinerek
bosalmasi; kumtasi bilinyesindeki, feldispat minerallerinin ayrigsmasi sonucu olusan killesme ve
getirdigi alterasyonlar; donma-¢6ziilme gerilmeleri sonucu olusan deformasyonlar; bazi kumtasi
tabakalar1 arasinda kil ve camur ardalanmalari bulunmasi ve zaman igerisinde atmosferik
kosullarin  etkisiyle bu tabakalarin ayrismaya ugramasi; kumtast igerisinde, c¢amur
topaklanmalarinin bulunmasi ve bu topaklanmalarin ¢abuk deforme olarak kumtasi ylizeyinde
ayrismaya neden olmasi; basing, ¢ekme ve egilme gerilmeleri sonucunda ¢atlaklarin olusmasi;
kumtas1 biinyesindeki demir oksitlerin, atmosferik etkiler sonucu, yilizeyde renk degisikligine

sebep olmasi; insan eliyle yapilan tahribatlar olarak siralamak miimkiindiir.
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Iklimin kuru ve soguk olusu, feldispatin ayrismasini énlemektedir. Bu nedenle, malzemenin daha
uzun Omiirlii olmasi agisindan, feldispatik kumtaslarin, kuru ve soguk iklime sahip bdlgelerde
yap1 malzemesi olarak kullanilmasi gerekmektedir. Ayrica, ocaktan tas se¢imi yapilirken, kiltasi,
camurtasi, ardalanmalarinin olmadigl, kumtasinin kalin katmanli oldugu yerlerden, secilerek

¢ikarilmasi 6nerilmektedir.
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iC MEKAN DUZENLEMESINDE ENGELLILERE YONELIK COZUM
ONERILERI

Ali Miilayim**
Kurklareli Universitesi Mimarlik Fakiiltesi, Mimarlik Boliimii, Kayal Yerleskesi, Kirklareli

Ozet

Bu makalenin amaci1 ortopedik engellilerin mekén i¢inde yasadiklar1 problemlere ¢oziim
Onerileri sunmaktir. Bireylerin yapabilecegi eylemler engel durumuna gore degiskenlik
gostermektedir. Bu eylemlere gore gelistirilebilecek ¢ozliim Onerileri ve engellilere uygun donati
tasarimlari ile engelli bireylerin herhangi bir yardima ihtiya¢ duymadan mekan i¢inde yasamlarin
stirdlirebilmeleri saglanabilir. Ayrica 6nerilen diizenlemeleri yapmak, yasal zorunluluktan ziyade,
engelli bireylerin yasam konforunu dolayisiyla yasam kalitesini arttirabilmek i¢in gereklidir. Bu
calismada ozellikle tekerlekli sandalye kullanan engellilerin i¢in i¢ mekan diizenlemesine dair
Oneriler ve gorseller sunulacaktir.

Anahtar Kelimeler: Engelli, I¢ Mekan Diizenlemesi, Yasama Mekani
Abstract

SOLUTION PROPOSAL FOR DISABILITY IN INTERIOR DESIGN

The purpose of this article is to propose solutions to the spatial problems of orthopedic
(physical) disabled individuals. The actions that individuals are capable of doing vary according
to their disability. With solutions and design of accessories, it is possible for the disabled to lead
their lives without help. Moreover, aside from legal requirements, putting the suggestions into
practice is necessarry for the enhancement of the comfort and the quality of their lives. In this
study, suggestions and images concerning regulations of interior design are given especially for
disabled people with wheelchairs.

Keywords: Disabled, Interior Design, Living Space

Y Ali MULAYIM, ali.miilayim@kirklareli.edu.tr
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1. GIRIS

Mekan diizenlemesinde engellilere yonelik tasarimlar1 yagama ortami ana bashigr altinda
dinlenme, ¢alisma ve temizlik ortami tasarimi olarak {ige ayirabiliriz. Dinlenme ortami insanlarin
fiziksel veya psikolojik olarak enerjilerini topladiklar1 bir anlamda yenilenme mekanlaridir. Bu
mekanlarda kullanicilar i¢in higbir fiziksel kisitlama olmamalidir. Insanlar igin en iyi dinlenme
mekanlar1 kendileriyle bas basa kalabildikleri ortamlardir. Bu mekanlarin i¢inde de en énemlisi
konutlaridir. Temizlik ortamlari ise banyo ve WC’leri kapsamaktadir. Temizlik ortamlart hem
mahremiyet acisindan hem de hijyen acisindan 6zellikle iyi tasarlanmasi gereken alanlardir.
Calisma ortami ise dinlenme ortamina gore ¢ok farkli alanlar1 kapsamaktadir. Caligsma ortami da
iki baslik altinda; hizmet tiretilen ortamlarin tasarimi ve tliriin iiretilen ortamlarin tasarimi olarak
siralanabilir. Hizmet iiretilen ortamlar okullar, hastaneler, kamu binalari, sosyal alanlar vb. iiriin
tiretilen ortamlar ise atdlyeler, fabrikalar vb. alanlar1 kapsamaktadir.

Konutlarin giris boliimlerinden baslayarak inceleyecek olursak, hacim bdliimlemeleri,
désemenin yapisi, mobilyalarin tipi, boyutlari, konumlandirilmasi ve gerekli manevra alanlar1 en

cok dikkat edilmesi gereken konulardir.

2. BULGULAR
2.1 Kapilarin Engellilere Uygun Diizenlenmesi

Konut girisi ve mekanlar arasinda gecisi saglayan kapilar ilk karsimiza ¢ikan konudur.
Kapilarin gliniimiiz teknolojisinden faydalanilarak, otomatik kontrollii ve siirmeli yapilmasi en
uygun olanidir. Aslinda engelliler icin tavsiye edilen hacimler arasi1 gegisleri kapilarla sinirlamak
yerine bosluk birakilmasidir. Ancak mekanlarin ve kisilerin mahremiyeti a¢isindan (banyo- yatak
odas1 vb) kap1 kullanim1 zorunlu olabilmektedir. Engelli kisilere 6zel konutlar iiretilmedigi i¢in
kapilar genelde kanathi yapilir ve bu kapilart kullanmak engelliler i¢in olduk¢a zordur. Bu
durumda kap1 bosluklarinin boyutu, agilim yonii ve kapinin iizerinde bulunan mekanizmalarin

yeri kullanicinin hareket kabiliyetine gore diizenlenmelidir.
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Sekil 5. Engellilere Uygun Tasarlanmis Camli Kapi Cizimi (Olgiiler cm) [2]

Kap1 girisleri bedensel engellilere gore diizenlenirken sadece tekerlekli sandalye kullanan
engelliler degil tiim engelliler i¢in uygun diizenlenmelidir. Bedensel engelliler arasinda, tek elini
kullanamayan veya iki elini de kullanamayan, yardimci gereclerle yliriiyebilen vb. gibi birgok
farkli engel grubu vardir. Bedensel engellilerin tamamu diislintildiigiinde, kapilarda temiz gecis
acikliginin yaninda harekete veya sese duyarli algilayicilar kullanilmasi en uygun ¢oziimdiir.
Ellerini kullanamayan engelliler kap1 ontline geldiklerinde kapidaki algilayict sayesinde kapi
kendiliginden agilacaktir. Burada dikkat edilmesi gereken en onemli konulardan birisi kapinin
acik kalma siiresidir. Bu silire hesaplanirken engellilerin, engelsiz bireylere gore daha yavas

hareket ettikleri mutlaka diistiniilmeli ve kapinin agik kalma siiresi buna gore planlanmalidir.
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Fiziksel engelliler kapiyr tekerlekli sandalye ve yiiriitegler ile itmek mecburiyetinde
olduklarindan kap1 iizerinde c¢arpma yliksekliginde koruyucu plaka olmasi tavsiye edilir.

Koruyucu plaka, standartlara uygun ol¢iilerde takilmalidir (bkz. Sekil 5) [3].

Camli kapilarda miimkiinse yayli diizeneklerden kacinilmali, gerekli durumlarda
geciktirici diizenekler, degisken basing veya gii¢ uygulayan diizenekler ya da elektromanyetik
araclar kullanilmalidir. Kapidaki cam alanlar anlasilir sekilde belirlenmeli ve camli kapi
bitisigindeki diger sabit cam panellerden ayirt edilebilmelidir. Gerekli kavramay1 sagladigindan,

manivelali kap1 kollar1, topuz veya tokmaklar tercih edilmelidir [3].

Eﬁﬁm

Sekil 6. Kapilarda Birakilmasi Gereken Temiz Agiklik® [3]

Engellilere uygun kap1 temiz agikligt en az 815 mm olmalidir. Kap1 kollar1 ve kapi
tizerinde bulunan tutamaklar kolayca kavranabilir ve fazla gilic gerektirmeden kullanilabilir
olmalidir. Kapilarda esik olmamasi tercih edilmesine ragmen esik yapma zorunlulugu varsa
stirmeli kapilarda 19 mm'den diger kapilarda ise 13 mm’den yiiksek esik yapilmamali ve mutlaka

uygun egim yapilmalidir.

Sekil 7. Kap1 Genisligi ve Maks. Gegis Derinligi2 [3]

! Cizimler yazar tarafindan yeniden diizenlenmistir.
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Sekil 8. Kap1 Uzerindeki Ekipmanlar ve Gerekli Olgiiler (mm) ® [3]

Kap1 iizerinde bulunan donanimlar da engellilere uygun diizenlenmelidir (bkz. Sekil 8). Kap1
kolu yiiksekligi 100-110cm olmalidir. Kapr gozii yiiksekligi 80cm olmali ve minimum kap1

baslangicindan itibaren kap1 igine dogru 20cm alan birakilmalidir.

2.2 Dinlenme Ortamlarinin Engellilere Uygun Diizenlenmesi

2.2.1 Mutfaklarin Engellilere Uygun Diizenlenmesi

Engellilerin konutlarinda gecirdikleri zamanin biiyiik bolimiinii mutfak, salon ve yatak
odalarinda harcadiklar1 diisiiniilebilir. Mutfaklarda 6zellikle dolaplarin yapisi ve mutfak i¢inde
varsa yemek yeme boliimii tasarlanirken tekerlekli sandalyenin manevra alanina, dolaplara
yaklasma Olgiilerine ve yiiksekliklere 6zen gosterilmelidir. Mutfaklarda yapilan temel eylemler
olan yikama, pisirme vb. eylemlerin daha az manevra ile yapilabilir olarak organize edilmesi
gerekir. Mutfaklarda en fazla dolasim evye ve ocak ve buzdolabi arasinda olmaktadir.
Mutfaklarda miimkiin oldugunca giin 151¢indan yararlanilmali ve mekan yonlenmesi, dolayistyla

pencerelerin konumlandirilmasi en fazla giin 15181 alacak sekilde tasarlanmalidir.

2 Cizimler yazar tarafindan yeniden diizenlenmistir.
® Cizimler yazar tarafindan yeniden diizenlenmistir.
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Sekil 9. Cekmeceli Tezgah Ve Elektrikli Gereclerin Diizenlenmesi [4]

Elektrikli mutfak geregleri belirli bir yiikseklikte olmalidir. (Kapaginin rahat agilmasi ve
cihazin i¢inin rahat goriinebilmesi i¢in gerekli yiikseklik). Ayrica mutfak dolabinin igine

konabilecek mekanizmalar ile bu gereglerin kullanim1 oldukga kolaylastirilabilir (bkz. Sekil 9).

Sekil 10. Tezgah ve Raflar ile Tezgah Alt1 ve Hareketli Dolap Rafi Ornekleri [4]

Tezgah {stii raflarin engelliler i¢in uygun duruma getirilmis olmalidir (bkz. Sekil 10-11).
En ¢ok kullanilan egyalar en alt raflara gelecek sekilde yerlestirilmelidir. Ayrica tezgah alti
mutlaka tekerlekli sandalyenin girisine olanak saglayacak sekilde tasarlanmahdir. Ust dolaplara
kurulacak hidrolik bir piston sayesinde raflar hareketli hale getirilerek engellilerin {ist dolaplari

kullanmasi saglanabilir (bkz. Sekil 10-11).

Sekil 11. Evye Konumlandirmasi [4] ve Kesit Cizimi (Olgiiler mm) [2]

¢ Mekan Diizenlemesinde Engellilere Yénelik Coziim Onerileri 74
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Tablo 1. Fiziksel Engelli Kadinlarin Yardim aldiklar1 Faaliyete gore Dagilimi [5]

100
an
a0
70
60
50
40
30 —
20 — —
T - —

Alman yardim

Yemek Bulasitk yikama  Yiyeceklerin Tiyeceklerin -~ Camasi yikama Yiksekte olan
hazirlama servisi deprolanmast gereglerin
almmasy

Engellilerin en cok zorlandiklar1 hareketlerin basinda yukari1 ve ileri dogru uzanma,
asagiya dogru egilme ve donme hareketleri gelmektedir. Tiim bu faktorler engelli bireyler i¢in
arag-gere¢ ve ekipmanlarin tasariminda yiiksekligin 6nemli bir faktor haline gelmesine neden
olmaktadir.

Odadan odaya esya gétiirmeye yardimer olmasi agisindan yiiriitiilebilen bir el arabasi
kullanilabilir. Kap1 kolu, kulp gibi kavrama ve gii¢ gerektiren hareketlerde zorlanan bireyler i¢in
otomatik kontrollii kap1 ve pencereler veya daha diisiik maliyetli olmasi1 agisindan mekanik
sistemli kap1 ve pencereler tasarlanmalidir[5]. Mutfaklarda elektronik ve mekanik sistemler
kullanilarak hareketli dolap ve tezgah yapilabilir. Dolaplar yukar: veya asagiya hareket edecek
sekilde diizenlenerek, engellinin kullanim1 kolaylastirilabilir.

Protez kol takilmis engelliler en biiyiik zorlugu tutma ve kavrama gerektiren gereglerin
kullaniminda yasamaktadir. Bu durumdaki engellilerin, 6zel olarak {iiretilmis gerecleri veya
yardimcr aparatlart kullanmalar1 gerekmektedir. Koltuk degnegi kullanan engelliler igin,
yiiksekligi mutfak tezgdhina uygun tabureler konmasi ve bunlarin gli¢ yardimiyla yukariya
kaldirarak tasimak yerine tekerlekli olmasi diisiiniilmelidir. Oturma kismindan bir buton
yardimiyla tekerleklerin hareketsizligi saglanarak giivenli hale getirilebilir. Ayrica yiiksekligi
ayarlanabilir olmas1 da ¢aligsma tezgahi ile uyum agisindan énemlidir.

Mutfak tezgahlar1 tasarlanirken tekerlekli sandalyenin girebilecegi bosluklar mutlaka
birakilmalidir. Tekerlekli sandalye tip ve boyutlar1 birbirinden farkli olabildigi i¢in, ayarlanabilir
tezgah ylikseklikleri gliniimiiz teknolojisi ile yapilabilmekte ve klasik tezgahlara oranla ¢ok daha

Ic Mekan Diizenlemesinde Engellilere Yonelik Coziim Onerileri 75
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kullanigli olmaktadir. Ancak bu kullaniciya ek maliyet getirmektedir. Bu uygulamanin
yapilamadigr durumlarda tezgdh altina rayli diizlemler monte edilip alternatif calisma

yiikseklikleri olusturulabilir.

U MUTFAK

|
/7 N L ,/'/'—‘\\_\
'(. AIEC.

—_— ~ /
\‘\‘ Cap 1525 Mm-/' 0 O gg \\ga'im_,//

= QO

Sekil 12. (U) ve (L) Mutfak Yerlesim Planlarn” (Olgiiler mm) [3]

Mutfaklarla ilgili uyulmasi gereken temel kurallar TS 9111 isimli standartta belirtilmistir.
Bu standarda gore mutfaklar L veya U bicimlerinde yapilabilir. U ve L bi¢imli mutfaklarda
tekerlekli sandalye kullananlarin manevralarina imkan vermek iizere en az 1525mm x 1525mm
bos bir alan bulunmalidir. Diger bi¢cimlerde ise bu alanin en az 760mm x 1220mm olmasi

yeterlidir.

Calisma tezgahi sabit veya hareketli olarak diisiiniilebilir. Tezgah sabit degilse, st yilizeyi
ile doseme list yilizeyi arasindaki 710mm - 915mm'lik yiikseklikte ayarlanabilir olmalidir. Tezgah
sabitse tezgah iist yiizeyi ile doseme iist yiizeyi araligi en fazla 865mm olmalidir. 760mm x
1220mm déseme alani olan yerde tekerlekli sandalye kullanan birey tezgaha 6nden yaklasabilir.
Tezgah altinda keskin veya sivri kisimlar bulunmamalidir. Tekerlekli sandalye kullananlarin
masada oturmalar1 ve ¢aligma tezgahii kullanmalari i¢in diz yliksekligi en az 685mm, genislik
760mm, derinlik 485mm olmalidir. Calisma yiizeyi ve masalarinin {ist noktast yerden 710mm -

865mm arasinda olmalidir [3].

Pigirme grubu olarak adlandirabilecegimiz grupta ocak ve firinlar1 sayabiliriz. Firin veya
ocaklarin altinda diz boslugu varsa, buralarda elektrik sokunu ve yanmalar1 6nlemek i¢in temas
eden agik yilizeyler korunmalidir. Firin ve ocaklarin kontrol diigmelerine 6nden yaklasim

saglanmalidir (Kontroller firinin 6n panelinde yer almalidir). Mutfak dolaplari, mutfakta gerekli

* Cizimler yazar tarafindan yeniden diizenlenmistir.
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olan kaplarin ve gidalarin saklanmasi i¢in mutlaka gereklidir. Ust dolaplarin kulpu veya ¢ekmesi
miimkiin oldugunca dolap kapaklarmin alt tarafina yakin olmalidir. Ozellikle iist dolaplarda
kiiciik bir kuvvet uygulandiktan sonra kendiliginden acgilabilen veya kapanabilen pnomatik veya
hidrolik pistonlardan faydalanilmalidir. Alt dolaplar i¢in kulp veya c¢ekme kolu, dolap
kapaklarinin miimkiin oldugunca {ist tarafina yakin olmalidir. Sik kullanilan raflar yerden en fazla
1220mm yiikseklikte olmalidir. Evye ve evye tezgahi ayarlanabilir veya degistirilebilir
boliimlerden meydana gelmis ise, bitmis doseme ile tezgah iistii veya evye kenari araligr 710mm-

915mm arasinda degisen yiikseklikte olmalidir [3].

™M ™

: Max 1220 M
i Max 1220 Mm 1 ax m

(L]

Dolap Ve Raflar {ikarilmadan Once Dolap Ve Raflar Cikaruldaktan Sonra

710915 Mm 710-915 Mm

gikartilarak
ayarlanabilir
tezgah

Sekil 13. Raflar ve Dolaplar Cikarilarak Olusturulan Bosluklar5 (Olgiiler mm [3]

Yiksekligi Ayarlanabilen
Tezgah

4\,
85 |

b %, 710-915 Mm

1220

Min 760 Mm

735

Sekil 14. Calisma Yiizeyleri ve Tezgah Boslugu ile Yiiksekligi Ayarlanabilen Evyenin
Konumlandiriimasi® (Olgiiler mm [3]

> Cizimler yazar tarafindan yeniden diizenlenmistir.
® Cizimler yazar tarafindan yeniden diizenlenmistir.
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2.2.2 Salonlarin Engellilere Uygun Diizenlenmesi

Konutun en fazla eylemin yapildigi (Calisma, dinlenme, hobi, tv izleme.) boliimlerinden

biri olan salonlarda ise yine birinci sirada manevra alanlar1 gelmektedir (bkz. Sekil 15).

¢ |
C—
1220

| 760 1065 |

ekil 15. Oturma Odas1 Gegis Genislikleri’ (Olgiiler mm
Sekil 15. O Odas1 Gegis Genislikl '7(01 1 ) [3]

Tekerlekli sandalye kullanicilarinin, dolasim ve yeterli manevra alani gereksinimleri
oldugundan, genel amacli konutlarda bulunan salonlardan daha genis alana ihtiyaglar1 vardir.
Ayrica koltuklara geciste gerekli ¢oziimler diisiiniilmeli ve yardimci aparatlar konulmalidir.
Oturma grubunun yan kisminda gecis i¢in en az 760mm bosluk birakilmasi gereklidir (bkz. Sekil
15). Oturma grubunun On tarafinda birakilmas: gereken gegis boslugu ise 1065mm olmalidir.
Boylece oturan kisi rahatsiz edilmeden gerekli dolasim saglanabilir. Koltuklarin kolgaklarinin
acilir kapanir olmasi transferi oldukca kolaylastiracaktir. Ayrica gerekli olan yerlerde 180 derece
doniis i¢in yeterli alanlar birakilmalidir.

Konutun higbir yerinde keskin kdseler bulunmamalidir. Duvar koselerine mutlaka kavis
verilmelidir. Ellerini kullanmakta giicliik ¢eken engelliler i¢in acil diigmeleri tek bir diigmeyle
calisan, uzun siire basmak gerekmeyen ve kesinlikle dondiirmeli olmayan o6zellikte

diisiiniilmelidir. Ozellikle akilli telefonlar vasitasi ile uyar sistemleri kurulabilir.

Sekil 16. T.M.M.O.B. igmimarlar Odasi'nin diizenledigi 'Engelsiz Kisisel Yasam Alan1 ve
Mobilya Tasarim Yarigsmasi'nda II. olan PURERoom Ertung Vatanperver’in tasarimi [9]

" Cizimler yazar tarafindan yeniden diizenlenmistir.
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T.M.M.O.B. Igmimarlar Odasi'nin diizenledigi 'Engelsiz Kisisel Yasam Alani ve Mobilya
Tasarim Yarigsmasi'nda II. olan PURERoom’da Engelli kisinin ev i¢inde katettigi yol ¢ok uzun
olamayacagi i¢in sandalyenin akiisli uzun bir siire yetiyor. Kisi yataginda yatiyorsa ve sandalyesi
uzaktaysa yine kolundaki aygit sayesinde uzaktaki sandalyesini yanina getirebilir. Sandalye 120
derece sirt egimi saglamasmin yaninda 15 cm yiikseklik ayari da yapilabilir. Oturma ve
yaslanma kismi terletmeyen ve formunu kaybetmeyen poliiiretan destekli keseciklerden olusur.
Odadaki yatak cevresini saracak tekerlekli bir dig diizenek ve gerektiginde sirt egimi ayarlanabilir
olarak tasarlanmistir. Calisma masasinin dortte {igii istenirse parcalanabilir. Engelli yataginda
calismak isterse parcalara ayrilabilen bu masa yataga kolaylikla adapte edilebilir. Diziistii
bilgisayarla calismak isteyen engelli parcalanabilen bu masanin tizerindeki prizlerle de elektrik
sorununu ¢ozebilir. Odadaki raflar kitaplik olarak kullanilabildigi gibi engelli kisiye aym
zamanda destek de saglamaktadir. Bu tiir yarismalar ve dolayisiyla tasarimlar arttikga engelli

bireylerin yasam kalitesi de buna paralel artacaktir [9].

1220 mm

Sekil 17. Yemek Boliimii Tasariminda Dikkate Alinacak C')lc;ijler8 (Olgiiler mm) [3]

Yemek boliimleri mutfak veya salonla beraber olabilecegi gibi ayr1 olarakta diisiiniilebilir.
Konut sahibinin engelli olmasi durumunda ise yemek boliimiiniin mutfakla beraber olmasi tercih
edilir. Yemek masasinin dlgiileri ve kisi basina gereken bosluk birakilmalidir (bkz. Sekil 17).
Buna gore bir kisi i¢in yeterli genislik 76cm‘dir. Ayrica 48cm masa altinda bosluk diisiiniilmels;

iki kisinin karsilikli yemek yiyecegi yemek masasinda minimum genislik 100cm olmalidir.

8 Cizimler yazar tarafindan yeniden diizenlenmistir.
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Yemek masalarinda duvar tarafindan engellinin masaya yaklasabilmesi i¢cin 915mm bosluk

birakilmalidir (bkz. Sekil 17).

Sekil 18. Tekerlekli Sandalyeliye Uygun Masa Diizenlemesi (Olgiiler mm) [6]

Yemek masalarinda en fonksiyonel olan masa tipi dairesel yemek masalaridir. Bu
masalarda 6zelliklerde dortkenar yerine sadece ortada ayak bulunmasi masaya giris ¢ikislar
oldukea kolaylastirir. Dairesel formlu yemek masasi i¢in gerekli dl¢tiler resimde verilmistir. Buna
gore masanin en az yiiksekligi 68,5cm yarigapi ise en az 48,5cm olmalidir. Masa genisligi i¢in
gerekli alan belirlenirken tekerlekli sandalye genisligi ve kag¢ kisinin ayni anda masay1

kullanabilecegi diisiiniilerek ¢oziim iiretilmelidir.

2.2.3 Yatak Odalarinin Engellilere Uygun Diizenlenmesi

Tekerlekli sandalye kullanan engellilerin yatak odasimi oldukc¢a sik kullanmaktadir.
Stirekli ayni pozisyonda oturmaktan dolayr meydana gelebilecek yorulmalari yatarak veya
uzanarak dinlenerek atarlar. Yatak odasimin her kismi tekerlekli sandalye kullanicisi igin
ulagilabilir olmalidir. Planlamada yatak-pencere ve kapi iliskisine 6zellikle dikkat edilmelidir.

Engel tiirline gore yatak ozellikleri degisir.

Olgaler mm' dir.
-| YERLESIM SEKLI

760 950 1525 760 1400 1525 760 950 7e0 950 1525

Sekil 19. Yatak Odas1 Yerlesim Ornekleri’ (Olgiiler mm) [3]

% Cizimler yazar tarafindan yeniden diizenlenmistir.
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Ortopedik engelliler i¢in yatagin en az bir yaninda miimkiinse iki - {i¢ yaninda uygun
bosluklar birakilmalidir. Yatagin sadece bir yaninda bosluk birakilacaksa engelli kullanicinin 180
derece doniislerde manevra yapabilmesi i¢in bu bosluk en az 1525mm capinda olmalidir. Ayni1
oda igerisinde iki yatak konulacaksa odanin iki yaninda (yataklarin en az bir kenarinda) uygun
bosluk birakilmalidir. Yatak odasinda bulunan tiim mobilyalarin yerlestirilmesinde tekerlekli
sandalyenin gecis ve manevra alanlar1 birakilmalidir. Ve gerekli olan durumlarda transfer igin
uygun mekanik sistemler kullanilmalidir. Yatagin konumlandirilmasinda giines 1s1gmin gelis
yonii ve pencere onemlidir. Tercihen yatak pencereye paralel konumlandirilir.

Yatak odasinda da diger kisimlarda oldugu gibi 180 derecelik doniis i¢in gerekli manevra
alan1 birakilmasi gereklidir. Yatak odalar tek yatakli olabilecegi gibi iki veya daha fazla yatakl

da olabilir.

Sekil 20. Dolap Kullamim (6nden yaklagim) Yiikseklikleri'® (Olgiiler mm) [3]

Yatak odasinda dikkat edilmesi gereken hususlardan biriside elbise dolaplarinin konumu
ve tasarimidir. Elbise dolabina dnden yaklagimlarda en azindan ayaklar iceriye girecek sekilde
cozlimler iretilmelidir. Bunun i¢in en kolay ¢6ziim dolap baza yiiksekliginin diizenlenmesidir.
Genel kullanicilar icin tasarlanan dolaplara gore baza daha iceride olmalidir. Ayrica elbise
dolaplarimin kapaklar1 siirme yapilirsa daha kullanighh olmaktadir. Elbise asilacak yiikseklik

1220mm olmalidir. Daha rahat ulagilabilecek raflar ise 1120mm yiikseklige kadar olmalidir.

10" Cizimler yazar tarafindan yeniden diizenlenmistir.
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Sekil 21. Yandan Yaklasimda Dolap Kullanim Yiikseklikleri (Olgiiler mm) [7]

Elbise dolabinda veya raflarda yandan yaklasimlarda minimum raf yiiksekligi zeminden 230mm

yukarida olmalidir. En {iist raf yiliksekligi rahat ulagim i¢cin 1370mm’den fazla diizenlenmemelidir

(bkz. Sekil 21).

Igine girilebilir ayaksiz dolap

Sekil 22. I¢ine Girilebilir Siirme Kapakli Dolap ve Elbise Asilan Mekanizma [7]

Sekildeki elbise dolab1 i¢ine girilebilir olarak tasarlanmistir. Bir diger resimde de elbise asmak
icin kullanilan bir aparat gosterilmistir (bkz. Sekil 22). Aksesuar yukariya kalktigi icin engellinin
bu yiikseklige ulagsmas1 miimkiin degildir. Bu sebeple yine bir yardimci aparat kullanarak elbise

askilig1 engelli kisinin kullanimina uygun duruma getirilebilir.

82
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2.3. Calisma Ortaminin Engellilere Uygun Diizenlenmesi

Calisma ortami tasarimi hizmet {iretilen ortamlarin tasarimi ve iiriin tiretilen ortamlarin

tasarimi olarak ikiye ayrilabilir.

2.3.1. Hizmet Uretilen Ortamlarin Tasarim

Hizmet {retilen ortamlarin basinda okullar, hastaneler, kamu binalar vb. gibi yerler
gelmektedir. Hizmet iretilen yerlerde diizenleme, ulasimdan baglayarak bina girigleri,
merdivenler, asansorler, koridorlar, hacimler arasi gegisler, temizlik ortamlari, hacim igi hareket
olarak siralanir. Hizmet iiretilen alanlarda 6zellikle sabit ve hareketli donatilarin tasarimi ve
yerlestirilmesi ¢ok Onemlidir. Bu donatilarin igerisinde okullarda siralar, banklar, bilgisayar
masalari, kapilar, 6grenci dolaplart vb bulunurken ayrica bunun disinda asansorler, atdlyeler,
elektriksel donanimlarin ve gesitli gereclerin kontrol diigmelerinin yiiksekliklerinin engellilere

uygun diizenlenmesi gerekir.

Kontrol diigmeleri engellilerin rahatlikla ulasabilecekleri yerlerde ve yiikseklikte
olmalidir. Kontrol diigmelerinin olmasi gerektigi yilikseklikler ve bu diigmelerin ne anlama

geldikleri sekil ile belirtilmistir (bkz. Sekil 23).

Toplant Mekanlannda
Asl Aksesuarlar Istime Zorluklan Igin y
Ses Yukseltict Asansor Dugmelen

lndnksnyon Dcvrelcn

Yangmlarm:

Isitma ve Hava]andmna
Dy

Dugmcla Alarm Telefonu

Lambaougmdm & Tezgahlar

Elektnkli E1
Isiias

Dokunmal Disgmelen

Kabanmah Ra!amlar Ankesérla Telefon

Kolay Anlaglir Ses Sitema  Zor Isitenler Igin Ses
e ~ L Yikseltia

Prizler Min yukseklik
Ayak B oslugu

Sekil 23. Kontrol Diigmeleri Anlamlar1 Ve Yiikseklikleri™ (Olgiiler mm) [1]

1 Cizimler yazar tarafindan yeniden diizenlenmistir.
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2.3.2. Uriin Uretilen Ortamlarin Tasarim

Uriin iretilen ortamlarm tasariminda on planda, hareket ve makinelere ulasim
gelmektedir. Hareket kismi daha onceki konularda anlatilmistir. Makineler ise iiretim sektoriintin
bu kadar rekabet¢i oldugu konumda makinelerin engellilere uygun hale getirilmesi ancak
gelismislik diizeyi yiiksek tilkelerde miimkiindiir.

Tasarim uygulamalari, engellileri sadece sosyal yasama degil, mesleki-ekonomik gelisime
bagli olarak iiretim yasamina da dahil edebilir. Omurilik Felglileri Dernegi hizmet birimlerinde
yapilan bir ¢aligsma ¢ok giizel bir 6rnek teskil etmektedir. Yapilan bu ¢alisma kapsaminda en zor
calisma sahalarindan biri olan tekstil sektorii i¢in bir model gelistirilmis, tekstil makineleri,
ayaklarin1 kullanamayan engelliler i¢in adapte edilmistir. Bu kapsamda bir el-dirsek aparati
gelistirilerek makineye monte edilmistir. Uretime gegilmesinin ardindan da iiretimde kaliteyi
gelistirici calisanlarin verimini artirici ergonomi incelemeleri yapilmistir. Ilk sonuglar da elde
edilmeye baglanmistir. Bahsi gegen bu c¢aligmada da goriilecegi lizere gerekli adaptasyon ve
modifikasyonlar yapildigi zaman oldukg¢a basarili sonuglar elde edilebilmektedir [8].

Is yerlerinde yapilacak diizenlemelerle ortam engellilerinde makineleri kullanmasina uygun hale
getirilebilir. Ortam tasariminda engelliler i¢in gerekli manevra alanlar1 mutlaka birakilmalidir.
Ayrica boliimler aras1 gegislerde, zeminde siirekliligi bozacak kesintilerden kacinilmali, eger
mutlaka yapilmasi gerekiyorsa rampalarla gerekli ¢oziimler saglanmalidir.

Isyeri tasariminda 6zellikle engelliler igin uygun temizlik ortamlari olusturulmalidir. WC, dus ve
kiyafet degisimi i¢in olusturulan bdliimlerde hijyen kurallarma dikkat edilmeli ve bu alanlara
ulasimda gerekli diizenlemeler yapilmalidir. Genel kullanim alanlarinda olusturulan WC ve
duslardan birer tanesi engelliler i¢in diizenlenerek gerekli ¢06ziim saglanmis olur. Yine
isyerlerinde gerek otoparklar gerekse personel girisinde bulunan Onlem amagli bariyerler,
tekerlekli sandalyenin gegisine engel olmayacak sekilde diizenlenmelidir.

Yemek yeme boliimlerinde de yemegin dagitildigi kismin yiiksekligi engellinin rahatga
ulasabilecegi yiikseklikte olmalidir. Bu alanlarda da akiilii sandalyeler, el giicline dayali hareket
eden mekanik sandalyelere gore ¢ok daha avantajlidir. Yemek masalarinda ise yemek yenen
boliimde gecisler zor olacagindan yemegin dagitildigr kisma yakin yerde ve diger insanlardan
farkli olduklar1 hissettirilmeden, gerekli sayida, engelliler icin tasarlanmis yemek masasi

ayrilarak ¢oziimlenebilir.
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2.4. Temizlik Ortamlarimin Tasarimi

2.4.1. WC’lerin Tasarmm

Engelliler i¢in ¢ok dikkatli ve titiz ¢alisarak tasarlanmasi gereken boliimdiir. Konut igi
genel kullanim alanlarindan daha fazla yararlanabilmek i¢cin WC’ler kiigiik birakilir. Ancak
WC’ler engelliler icin mutlaka 6zel tasarlanmalidir. Bu tasarimlarda kap1 genislikleri 81,5cm den
az olmamalidir.

WC i¢in birakilan alanda dikkat edilmesi gereken en 6nemli unsur engelli bireyin iceriye
girdiginde kapiy1 kapatacak kadar bogluk bulunmalidir. Odadan veya koridordan WC’ye giriste
kesinlikle esik vb yiikseltiler bulunmamalidir. Lavabo olarak kullanilacak kisim dolaph
yapilacaksa mutlaka tekerlekli sandalyenin girebilecegi kadar alan bos birakilmalidir.
Lavabolarda yiikseklige ve bataryanin konulacagi yere dikkat edilmelidir. Ayrica WC’lerde
hareket alanlar1 ve 6zel aparatlarin konumlarina dikkat edilmelidir. Islak hacimlerde 6zellikle dar
hacimli olanlarda, hem yerden tasarruf hem de giivenlik agisindan kapilar disar1 agilmalidir.
Ulasilabilir bir hacimde 180 derece doniis i¢in 150cm ¢apinda bir manevra alani birakilmalidir.
Tekerlekli sandalye kullanicilar i¢in mutlaka klozet kullanilmalidir. Klozetler belirtilen sartlart
tasimak kaydiyla duvara monteli veya yere monteli olabilir. Klozet etrafinda birakilacak manevra

alan1 ve transfer boslugu kullanicinin hangi elini kullandigi ile bagintilidir.

150 |
[Kolay) Diyagonal Yaklasim [Zor) |

Dikey Yaklasim [Zor) Diyogonal Yaklasim
[Cok Zor)

Sekil 24. WC’lerde Farkli Diizenlemeler ve Karsilasilabilecek Zorluklar (Olgiiler mm) [9]
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Tekerlekli sandalye kullanan engelliler bir yere uzanmak i¢in siklikla destek alabilecekleri
bir yere ihtiya¢ duyarlar. Bu sebeple lavabolarin, tezgahlarin ve dolaplarin saglamlig1 ayri bir
onem tasimaktadir. Ellerini kullanamayan tekerlekli sandalyeli engellilerde ise otomatik
klozetlerin kullanilmas: tavsiye edilir. Ayrica kapilarin otomatik agilmasi veya cok diisiik
kuvvetle kolay acilabilir olmast gereklidir. Tekerlekli sandalye ve yliriime aract kullanicilart i¢in
klozetin cevresine kaymayi, diismeyi engellemek ve transfer i¢in mutlaka tutunma bantlar
konulmalidir. Bu bantlar kisiye 6zel ayarlanmalidir. Ancak genel kullanimlarda désemeye paralel

veya dik olmalidir [3].

]
C]
o
]
=1
&
=

Lavabo icin Gerekli
‘Yaklasma Mesafeleri

Sekil 25. Lavabolar i¢in Gerekli Olgiiler (m) [9]

Engellilerin WC ve banyoda gegirdikleri zaman diger bireylere gore daha fazla olmasi
nedeni ile WC ve banyo iki ayr1 boliim olarak tasarlanmalidir. Tuvalet bolmesinin derinligi en az
1420mm olmalidir. Derinlik en az 1575mm oldugunda duvara monteli klozet kullanilabilir. Bu
derinlik en az 75mm artirildiginda yere monteli klozet kullanilabilir. Tuvaletler sag ve sol el
kullanimina uygun olarak diizenlenmelidir. Tuvalet bélmelerinde 6n kisimda veya en azindan bir

tarafta yerden en az 230mm olan ayak koyma yeri yiiksekligi bulunmalidur.
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Lavabo ve Klozet icin Yaklasma Ornekleri WCTutunma Barlan

Sekil 26. WC’lere Farkli Giris Tipleri ve Klozetlerde Uyulmasi1 Gereken Olgiiler (m) [9]

Koridorla tuvalet arasinda zeminde siirekliligi kesen yiikseltilerden kaginilmalidir. WC
kapilar1 da oda kapilari gibi diisliniilmeli ve asla daha dar yapilmamalidir. Kapilar disa acilmali ve
tehlike durumunda disaridan da agilabilmelidir. Tutunma bantlar1 dosemeye paralel veya
gerektiginde diisey olarak diizenlenebilir. Tutunma bantlari mekan i¢indeki hareketlere engel
olmamalidir. Tutunma bantlarinin genislik veya ¢ap1 32mm - 38mm olmalidir. Tutunma bantlar

duvara monte edilmisse, duvarla arasinda 38mm aralik bulunmalidir [3].

Klozet duvara veya yere monteli olmasinda sakinca yoktur. Klozet oturma yiiksekligi
yerden 430mm - 485mm arasinda olmalidir. Oturma yiiksekliginin ayarlanabilir olmasi tercih
edilir. Klozet, oturma kalkma pozisyonundan dénmeye engel olmamalidir. Taharet musluklari el
ile kumandali veya otomatik olabilir. Musluk, tuvalet bélmesinin genis tarafinda olacak sekilde

monte edilmelidir. Sifon kolu yerden en fazla 1120mm ytikseklikte olmalidir.

Bideler yerden en ¢ok 430 mm yiiksekliginde ve duvara asili olmalidir. Net genisligi
760mm'den daha kiiciik olan bide kisisel bélmelerinde, bolme en fazla bide kenarinin 6n kismina
kadar uzanmalidir. Lavabonun 6n kisminin altindan désemeye olan diisey oOl¢ii (Tekerlekli
sandalyenin girebilmesi i¢in) en az 735mm olmalidir. Onden yaklasim icin lavabo Oniinde
760mm x 1220mm'lik net déseme alan1 bulunmalidir. Tekerlekli sandalyeyi kullanan kisi klozette
oturdugunda lavaboyu kullanabilmelidir. Muslugun 10 saniye agik kalabilmesi durumunda

fotoselli musluklar kullanilabilir. Lavabo altinda tesisat sistemleri korunmalidir. Ayrica Lavabo
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altinda keskin veya ¢ikintili kisimlar bulunmamalidir [3]. Tuvalette ayna konulacaksa aynalarin en
az 1015mm ile en fazla 1880mm araliginda olmalidir. Asag1 yukari hareket ettirilebilen aynalar

tercih edilmeli aynalarin sabit olmas1 durumunda ise 6ne dogru 10°-15° egik olmalidir.

]
| -
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‘l "g’i' - |
‘ 8 in3 08 1065 Vol

3 H { . 305 305, min |  Tuvaiet
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| ﬁ E of el @l
| E & - o a
| H ' l L '
‘ | gl c 2|
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min 1500 wc

Sekil 27. Tuvalet Bslmesi*? ve Klozet I¢in Gerekli Olgiiler (Olgiiler mm) [3]

Sekil 28. Klozet, Tutunma Bantlari, Kﬁgnhk“ (Olgiiler mm) [3]

Ellerini kullanabilen bireyler i¢in ipli sifon kullanilacaksa standartlara uyulmalidir. (bkz. Sekil
28) belirtilen dl¢iilere uyulmalidir.
Ancak ellerini kullanamayan engelliler i¢in ipli sifon yerine elektronik algilayicili sifonlar tercih

edilmelidir.

12" Cizimler yazar tarafindan yeniden diizenlenmistir.
13 Cizimler yazar tarafindan yeniden diizenlenmistir.
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Sekil 29. Diiz Yaklasimda Transfer' [3]

2.4.2. Banyolarin Tasarimi

Banyo ile diger mekanlar arasindaki baglantida zeminde kot farklarindan kaginilmalidir.
Engelliler i¢in banyo diizenlemesinde en énemli konulardan biri mahremiyettir. Engelli bireyin
tek basina klozet veya dus teknesine yaklasabilmesi ve kendi ihtiyaglarin giderebilmesi i¢in tiim
diizenlemeler yapilmalidir. Banyolara, engellilerin rahat kullanabilmesi i¢in farkli aparatlar (acil
diigmeleri, oturma sandalyeleri, tutamaklar ve telefon) techiz edilmelidir. Tutamaklarin yerleri

belirlenirken erisebilme ve kavrama 6l¢iileri mutlaka dikkate alinmalidir.

2100
3 B
+ * T | /
] T x
- i 500 "
| - Iefenlabir
- O} Ealdirdabilir | 200] - :t:ﬁr:]ﬂdw
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1500 150, . g ¥ q] 150, ]:_ Ty ]
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500 s._% r_,_.a 4 4 askisi
g L P—
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" 1700 & 700 -] Qubuklardan olusgmug
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1200

allernalil pozisyonlar saglar.)

Sekil 30. Engelliler icin WC-Banyonun Bir Arada Olmas1 Durumunda Gerekli Alanlar (Olgiiler mm) [1]

1 Cizimler yazar tarafindan yeniden diizenlenmistir.
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| azs |

G20-0.25

0.90-1.20
1.20-1.80

0.85-0.95

Sekil 32. Dus Taburesi Kullanildiginda Gerekli Olgiiler (m) - Banyo Ornegi [9]

Banyo, tekerlekli sandalye girebilecek ve hareket edebilecek sekilde planlanmalidir.
Zemin kaygan olmamalidir. Kiivet tercih edilecekse 1600mm veya 1700mm uzunluktaki kiivetler
tercih edilmeli ve yerden yiiksekligi en fazla 550 mm olmalidir. Kiivet tabani diiz olmalidir. El ile
veya sabit olarak kullanilan dusun basg siizgecinin en az 1525mm uzunlugunda hortumu olmalidir.
Diisey bir cubuk {izerine yerlestirilmis yliksekligi ayarlanabilir dus kullanildiginda, diisey cubuk
tutunma bantlarinin kullanimina engel olmayacak sekilde yerlestirilmelidir. Oturak kullanilacak
ise emniyetli yerlestirilmeli ve kullanimi sirasinda kaymamalidir. Kiivet kenari, tekerlekli
sandalyeden kiivet i¢cine girmeye kiivet lizerindeki oturaga oturmaya ve kontrollere engel

olmamalidir. Dus teknesi dosemesi ¢ok az egimli yapilmalidir. 915mm x 915mm dus bdlmesi,
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tutunma bantlarina ve duvarlara kolayca erisilebileceginden ve oturuldugunda duvar destek
olarak kullanilabileceginden denge zorlugu olanlar i¢in daha kullamishidir. Yerden en fazla
220mm yiikseklikteki biitiin kontroller oturagin kars1 duvarina yerlestirilmis olmalidir. 915mm X
915mm boyutlarindaki bir dus bdlmesinde biitiin kontroller oturagin karsi yan duvarinda

olmalidir [3].

915mm x 915mm ebatlarindaki dus bélmesinde koruma bordiirii diistiniilmiisse, bordiir en
fazla 100mm yiikseklikte olmalidir. 760mm x 1525mm boyutlarindaki dus bélmesinde, koruma
bordiiriine gerek yoktur. Dus bdlmesi kenari, tekerlekli sandalyeden dus oturagina gegmeye veya

kontrolleri kullanmaya engel olmamalidir [3].
3. Sonug¢

Engelliler i¢in i¢ mekanlarin diizenlenmesindeki temel amag¢ bireyin yasam konforunu
dolayistyla yasam kalitesini arttirmaktir. Bu konuda Birlesmis Milletler sézlesmesinde yer alan
makul diizenleme, ayrimciliga karsi olmak ve evrensel tasarim konut i¢ mekanlar icin de
onemlidir. “Makul diizenleme”, engellilerin insan haklarin1 ve temel 6zgiirliiklerini tam ve diger
bireylerle esit sekilde kullanmasini veya bunlardan yararlanmasii saglamak tizere belirli bir
durumda ihtiya¢ duyulan, 6lgiisiiz veya asir1 bir yiik getirmeyen, gerekli, uygun degisiklik ve
diizenlemeleri ifade eder. “Evrensel tasarim” ya da baska bir ifade ile “Herkes i¢in tasarim”
tirtinlerin, ¢evrenin, programlarin ve hizmetlerin 6zel bir ek tasarima veya diizenlemeye gerek
duyulmaksizin, miimkiin oldugunca herkes tarafindan kullanilabilecek sekilde tasarlanmasidir.
Evrensel tasarimin yedi ilkesindeki temel amag¢ bir liriiniin veya hizmetin toplumun farkli

kesimleri tarafindan kolayca kullanilabilmesidir.

Birlesmis Milletler s6zlesmesinde tanimlar kisminda bahsedilen ayrimeiliga karsi olmak,
makul diizenleme ve evrensel tasarim ilkeleri bir¢ok engel durumuna gore ortak diisiiniilebilecek
prensiplerdir. Farkli bir perspektiften bakildiginda “Engellilerin Haklarina Iliskin S6zlesme” deki
bu ii¢ temel madde birbirinden farkli maddeler degil birbirini tamamlayan maddelerdir. Ornegin
engelli bireylere 6zel giris kapisi tasarlamak yerine tiim kullanicilarin problem yasamadan
kullanabilecegi giris kapist tasarlamak, gerek ayrimcilikla miicadele gerek makul diizenleme

gerekse de evrensel tasarim ilkelerine uyum saglamaktadir. Rampalar imar izni veya oturma izni
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almak icin yapilan bir diizenleme olmaktan ¢ikip ger¢ek fonksiyonunu karsilayacak sekilde
yapilmalidir. i¢ mekan diizenlemelerinde kullaniciya asir1 yiik getirmeden yapilacak tasarimlar
sayesinde engelli bireylerin bir bagkasinin yardimina ihtiyag duymadan hayatlarina devam etme
olanag1 verecektir. Ayrica tiim insanlar icin olmazsa olmaz bir ihtiyag¢ olan “Insan Onuru” ve

“Kisisel Mahremiyet” agisindan da bu diizenlemeler liiks degil zorunluluktur.

Tiirkiye’de engellilerin hayatini kolaylastirmada ve Birlesmis Milletler s6zlesmesindeki
prensipleri karsilamadaki asil problem yasal mevzuatlar degil, egitimsizlik, farkindalik
yaratamama ve denetimsizliktir. Buna ilaveten engelliler i¢in yapilacak diizenlemelerin, mimari
projede uyulmast gereken bir prosediir olarak algilanmasinin 6niine gegilebilmesidir. Bu durum

kisa vadede denetimle uzun vadede ise egitimle ¢oziilebilecek bir problemdir
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Idaresi Baskanlig1 Yayinlari, Basbakanlik Basim Evi, Ankara, 2001

[21] OZI VE DIE, “Tiirkiye Engelliler Arastirmasi1”, Basbakanlik Devlet Istatistik Enstitiisii
Baskanlig1- Bagsbakanlik Engelliler Idaresi Baskanlig1, Devlet Istatistik Enstitiisii Matbaast,
Ankara, 2004
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Kirklareli Universitesi Miihendislik ve Fen Bilimleri Dergisinde fen ve miihendislik alaninda 6zgiin
arastirma makaleleri, derlemeler, kisa makaleler, teknik not, vaka takdimleri, kitap elestirileri ve
bilimsel nitelikli editére mektuplar yayinlanir. Dergi Aralik ve Haziran aylarinda olmak {izere yilda iki
kez yayinlanir. Yayinlanmak Uizere gonderilen eserlerin baska bir yerde yayinlanmamis veya
yayinlanmak {izere génderilmemis olmasi gerekmektedir. Derginin yayin dili Tiirkce ve ingilizcedir.
Dergide vyayinlanacak eserlerin  her turli sorumlulugu vyazar/larina aittir. Makaleler,
http://dergipark.ulakbim.gov.tr adresine gonderilmelidir. Makalenin hakem incelemesi igin kabul
edilmesi durumunda, Telif Hakki Devir Formu tlim yazarlarca imzalanarak editorlige gonderilmelidir.
Dergiye gonderilen makaleler, dncelikle Dergi Yayin Kurulu tarafindan bilimsel icerik ve sekil
bakimindan 6n incelemeye tabii tutulur. Dergi Yayin Kurulu, yayinlanabilecek nitelikte bulmadigi veya
yazim kurallarina uygun hazirlanmayan makaleleri hakemlere géndermeden red karari verme hakkina
sahiptir. Degerlendirmeye alinabilecek olan makaleler, incelenmek tzere iki ayri hakeme goénderir.
Dergi Yayin Kurulu, hakem raporlarini dikkate alarak makalelerin yayinlanmak lzere kabul edilip
edilmemesine karar verir.

Yazim Kurallari / Instructions

1. YaziI timiyle (metin, tablolar, denklemler, gizimler) bilgisayarda diizenlenmeli ve baskiya hazir
bicimde teslim edilmelidir. Yazi, A4 (210 x 297 mm) boyutlu kdgida, Word ortaminda, 12 punto (ana
baslik 14 punto) Times New Roman font kullanilarak, bir bucuk aralikla ve her iki yana yash olarak
yazilmali, kagidin tiim kenarlarindan 25 mm bosluk birakilmahdir.

2. Cizimler ve tablolarla birlikte, makaleler 25 sayfadan, teknik notlar 6 sayfadan daha uzun
olmamalidir.

3. Yazi, elektronik ortamda (CD veya e-posta eki) dergi e-posta adresine veya dergi yazisma adresine
gonderilmelidir.

4. Metin yalin bir dil ve anlatimla yazilmal, Tirkce yazim kurallarina uygun olmali, Gglinct tekil sahis
ve edilgen fiiller kullanilmali, devrik cimleler icermemelidir.

5. Bélumler (i) 6zet ve anahtar kelimeler, (ii) abstract and keywords (ingilizce baslik, 6zet ve anahtar
kelimeler), (iii) ana metin (giris, materyal ve metod, sonugclar vb.), (iv) semboller, (v) tesekkur
(gerekliyse) ve (vi) kaynaklar sirasi icinde diizenlenmelidir.

6. Baslik kisa ve acik olmall, icerigi yansitabilmelidir. Bashk biyiik harfle ortalanarak yazilmalidir.

7. Yazar/larin adlari kisaltmasiz, bashgin altina yan yana, soyadlar biyik harfle ortalanarak 11 punto
boyutunda yazilmalidir. Yazar isimlerinden sonra virgil ve adres belirtmek icin tst simge olarak rakam
kullanilmalidir. Yazismalarin yapilacagl sorumlu yazar isminde mutlaka tst simge yildiz (*) semboli
olmaldir. Adres/ler tam yazilmal, kisaltma yapilmamalidir. Sorumlu yazarin e-mail adresi dipnot
olarak bulunmalidir. Yazar adlari yazilirken herhangi bir akademik unvan belirtilmemelidir.

8. Ozet (ve Abstract) calismanin amacini, kapsamini, ydntemini ve ulasilan sonuglari kisaca
tanimlamali ve 200 kelimeyi asmamalidir. En az (¢ tane anahtar kelime verilmelidir. Anahtar
kelimeler, zorunlu olmadik¢a baslktakilerin tekrari olmamalidir. Baslk, Ozet ve ingilizce baslikl
Abstract birinci sayfaya sigdirilmali, birinci sayfanin altinda on satir bos birakilmali ve ana metin ikinci
sayfadan baslatiimalidir.

9. B6liim ve alt bolim basliklari numaralanmalidir (TS1212).

10. Semboller uluslararasi kullanima uygun secilmeli; her bir sembol ve varsa kisaltmalar ilk
kullanildig1 yerde tanimlanmali, ayrica metnin sonunda (Kaynaklardan 6nce) tiim semboller alfabetik
sira ile (6nce Latin, sonra Yunan alfabesi) listelenmelidir.

11. Matematiksel ifadeler (denklemler) Word ortaminda “Equation Editér” kullanilarak yazilmalidir.
Metin icerisinde gecen denklemler numaralanmali ve bu numaralar satir sonunda parantez icinde
gosterilmelidir.



12. Tablo disinda kalan fotograf, resim, cizim ve grafik gibi gosterimler “Sekil” olarak verilmelidir.
Resim, sekil ve grafikler net ve ofset baski teknigine uygun olmalidir. Her tablo ve seklin metin
icindeki yeri belirtilmelidir. Tim tablo ve sekiller makale boyunca sirasiyla numaralandirilmal (Tablo
1., Tablo 2., Sekil 1., Sekil 2. gibi) baslk ve agiklama icermelidir. Grafik ve sekiller basili sayfa boyutlari
dikkate alinarak g¢izilmelidir. Sekillerin sira numaralari ve basliklari seklin altina, tablolarin ki ise
tablonun Ustiine yazilmalidir.
13. Yazilarda yalnizca SI birimleri kullaniimalidir.
14. Tesekkiir olabildigince kisa olmali, ¢calismaya katkisi ve destegi bulunan kisi ve kuruluslar
belirtilmelidir.
15. Dergimize yayinlanmak Uzere gonderilen makaleler benzerlik kontrol programi ile kontrol
edilecektir. Benzerlik raporu ilgili yayin danisma kurulu lyesine kontrol etmesi igin gonderilecektir.
Benzerlik raporu sonucu yiiksek ¢ikan makaleler igin yazardan diizenleme talep edilir.
16. Kaynaklar metinde koseli parantez ([ ]) icinde numaralanmali ve kaynaklar listesinde metin iginde
verilis sirasina uygun bigimde belirtilmelidir. Yayinlanmamis bilgiler kaynak olarak verilmemelidir.
Ancak tamamlanmis ve juriden ge¢mis tezler ve DOl numarasi olan makaleler kaynak olarak
verilebilir.
Kaynaklarda su bilgiler verilmelidir:
Kaynak makale ise: Yazarin soyadi, adinin bas harfi, diger yazarlar, makalenin tam basligi, derginin
adi, cilt, sayi, baslama ve bitis sayfalari, basildigi yil.
Ornek: [1] Naghdi, P. M., Kalnins, A., On Vibrations of Elastic Spherical Shells. J. Appl. Mech., C
29,5 65-72,1962.
Kaynak kitap ise: Yazarin soyadi, adinin bas harfi, diger yazarlar, kitabin adi, cilt numarasi, varsa
editord, yayinlandigi yer, yayinlandigi yil.
Ornek: [2] Kraus. H., Thin Elastic Shells, New York. Wiley, 1967.
Kaynak bildiri ise: Yazarin soyadi, adinin bas harfi, diger yazarlar, bildirinin adi, konferansin adi,
yapildigi yer, baslama ve bitis sayfalari, yil.
Ornek: [3] Cappleman. 0., Communication in the Studio, FIDE’98 International Conference on
First Year Architectural Design Education Proceedings, Faculty of Architecture istanbul
Technical University, Cilt V, S 48-54, 1998
Kaynak tez ise: Yazarin soyadi, adinin bas harfi, tezin adi, derecesi, sunuldugu kurum, baslama ve bitis
sayfalari, yil.
Ornek: [4] Ozsahin. B., Yalitim Kalipli Donatili Beton Duvarl Binalarin Yapimsal ve Ekonomik
Uygulanabilirligi, Doktora Tezi, Trakya Universitesi Fen Bilimleri Enstitiisi, S 5-9, 2011
Kaynak rapor ise: Yazarin soyadi, adinin bas harfi, diger yazarlar, raporun adi, tiirli, numarasi,
kurulusun adi, yayinlandigi yer, yil.
Ornek: [5] Makarewicz. J.C., Lewis. T., Bertram. P., Epilimnetic Phytoplankton and Zooplankton
Biomass and Species Composition in Lake Michigan, 1983-1982, IL EPA 905-R-95-009, U.S EPA
Great Lakes Natioanl Program, Chicago, 1995
Kaynak internet ise: Eger bir bilgi herhangi bir internet sayfasindan alinmis ise (internetten alinan ve
dergilerde yayinlanan calismalar harig)
Yazarin soyadi, adinin bas harfi, diger yazarlar, calismanin adi, internet sitesinin adi ve adresi, internet
sitesine erisim tarihi
Ornek: [6] Pieper. C. M., Introduction to Activity Based Costing, ATechnical Bulletin From ABC
Technologies, www.abctech.com 1998, Erisim tarihi: 12.10.2014
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Kirklareli University Journal of Engineering and Science welcome materials for publications as orginal
research papers, short communications, technical notes, case reports, book/software reviews and
scientific letter to editors. Kirklareli University Journal of Engineering and Science is published two
issues per year in June and December. Manuscripts submitted to the journal are only accepted if they
have not been or will not be published and should not be under review elsewhere. Manuscript’s
language is English and Turkish. All responsibility of the studies belongs to the authors. Studies
should be prepared in accordance with international scientific ethics rules. Studies must be sent to
http://dergipark.ulakbim.gov.tr.

For the studies accepted for publication in our journal, copyright transfer form signed must be sent
to the journal editorial. Papers are firstly checked for their suitability for technical and journal’s style.
The manuscripts that do not suit journal’s standards or not suitable correspond to the scope journal
are refused with unexplained reason. Manuscripts that are found suitable for peer review will be
assigned to two expert reviewers. The final decision to accept or reject a manuscript will be made by
the Editorial Boards. After review process, the Editorial Boards will inform the authors of acceptance,
rejection or necessity of revision of the manuscript.

Instructions / Yazim Kurallari

1. Text (tables, equations, figures, pictures etc.) should be prepared using Microsoft Word Processor
with Times New Roman font and 12 point (The title 14 point) size. Manuscripts should be written
with 1,5 line spacing on A4 (210 x 297 mm) sized typing paper with 25 mm all margins.

2. The maximum number of pages for original research papers (including tables, figures and
references) should be 25 and for the technical notes should be 6 respectively.

3. Paper should be sent online by the journal web site or should be posted CD by journal
correspondence address.

4. Text should be written in plain language and narrative, it should be free from any spelling or grammatical
errors and the third person singular passive verb should be used.

5. The parts should be in order to (i) Turkish abstract and key words, (ii) English abstract and key
words, (iii) main text (Introduction, Material and Methods, Results, Discussions etc.), (iv) symbols, (v)
acknowledgements and (vi) references.

6. The title suitable for the content should be clear, as short as possible and centered on the page
with the capital letters.

7. All Authors full names should be written as lower case 11 font size in the middle and surname of
the authors should be written capital letters. After authors name and surnames, authors’ addresses
should be stated with superscript numbers (e.g. 1, 2, 3). Corresponding author’s full name should be
marked with an asterisk (*). All authors’ addresses must be typed with lower case 11 font in the
center. The corresponding author’s contact address and e-mail address should be given. Names of
institutions and cities each authors also must be stated. Authors’ name and surname should not
indicated any academic title.

8. A brief, informative English and Turkish abstract, not exceeding 200 words, should be typed in 12
font size. Immediately following the abstract, authors should provide at least 3 English and Turkish
keywords or phrases that reflect content of the article. The key words should not repeat of the title
as possible.

9. Section and sub-section title should be numbered (T$1212).

10. In general, the recommendations of the S| units should be followed. Symbols, formulas and
equations should be written with great care, capitals and lower case letters being distinguished
where necessary. Unusual symbols employed for the first time should be defined by name in the left-
hand margin. Abbreviations require definition when first used.



11. Mathematical expressions should be written by an equation editor (Word format). Each equation
in text should be numbered and numbers should be shown in parentheses at the end of the line.
12. The drawings, photos and graphs except the tables should be given as “Figure” in manuscript.
Electronically submitted figures and graphs are preferred *.jpg or *.tiff formats. Do not give
maghnification on scales in the figure titles; instead draw bar scales directly on the figures. All the
tables and figures must be referred in the text. The numbers and headings of figures must be written
below the figure. The numbers and headings of tables should be written the top of the table.

13. SI (System International d'Unités) units should be used.

14. The acknowledgement in the manuscript should be short as possible and it should be indicated if
any support is given to work by an institution or a person.

15. Manuscripts submitted for publication in our journal are checked a similarity control software.
Similarity report will be sent on the advisory board to be checked. If the similarity control program
report results as high similarity, manuscripts are sent back to authors for them to make necessary
changes.

16. Literature references are to be numbered consecutively in square brackets. The list of references
should be given at the end of the paper in order of their first appearance in the text. Unpublished
data should not be used as references. But MSc and PhD thesis, accepted by jury and the
manuscripts not published yet if accepted for publication with DOl numbers can be use as
references.

References should be provided with the following information:
If the reference is a journal paper: Author surname, first name initial(s), title of the paper, journal
name, volume number, pages, year.
Example: [1] Naghdi, P. M., Kalnins, A., On Vibrations of Elastic Spherical Shells. J. Appl. Mech.,
C29,565-72,1962
If the reference is a book: Author surname, first name initial(s), title of the book, volume number,
editor(s) (if provided), place of print , page interval, year.
Example: [2] Kraus. H., Thin Elastic Shells, New York. Wiley, 1967.
If the reference is a congress presentation: Author surname, first name initial(s), title of the
presentation, name of the congress, seminar or conference, place, page interval, year.
Example: [3] Cappleman. O., Communication in the Studio, FIDE’98 International Conference
on First Year Architectural Design Education Proceedings, Faculty of Architecture istanbul
Technical University, Cilt V, S 48-54, 1998
If the reference is a printed thesis: Author surname, first name initial(s), title of the thesis, thesis type
(MSc. or Ph.D), institute submitted, place, page interval, year.
Example: [4] Ozsahin. B., Yalitim Kalipli Donatili Beton Duvarli Binalarin Yapimsal ve Ekonomik
Uygulanabilirligi, Ph.D, Trakya University Graduate School of Natural and Applied Sciences, P 5-
9,2011
If the reference is a source publication: Author surname, first name initial(s), report name, name of
the organization (if the report is prepared by an organization), report number (if applicable), place,
page interval, year.
Example: [5] Makarewicz. J.C., Lewis. T., Bertram. P., Epilimnetic Phytoplankton and
Zooplankton Biomass and Species Composition in Lake Michigan, 1983-1982, IL EPA 905-R-95-
009, U.S EPA Great Lakes Natioanl Program, Chicago, 1995
For Electronic Encyclopedia and books: Author surname, first name initial(s), title of the paper,
journal name, website name and web address, date of access
Example: [6] Pieper. C. M., Introduction to Activity Based Costing, A Technical Bulletin From
ABC Technologies, www.abctech.com 1998, 12.10.2014
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Biz agagida imzalari bulunan yazarlar, sundugumuz makalenin orijinal oldugunu; baska bir yerde yayinlanmak
Uzere verilmedigini, daha 6nce yayinlamadigini, eger, timuiyle ya da bir bolimi yayinlandi ise yukarida adi
gecen dergide yayinlanabilmesi icin gerekli her tirll iznin alindigini ve orijinal telif hakki devir formu ile birlikte
Kirklareli Universitesi Fen Bilimleri Enstitiisii Miihendislik ve Fen Bilimleri Dergisi Editérliigi’ne gdnderildigini
garanti ederiz.

Makalenin telif haklarindan feragat etmeyi kabul ederek sorumlulugu Ustelenir ve imza ederiz.

Bu vesileyle makalenin telif hakki Kirklareli Universitesi'ne devredilmistir. Kirklareli Universitesi Fen Bilimleri
Enstitlisi Mihendislik ve Fen Bilimleri Dergisi Editorligli makalenin yayinlanabilmesi konusunda yetkili
kilinmigtir. Bununla birlikte yazar/larin asagidaki haklari sakhdir:

1. Telif Hakkin disinda kalan patent vb. bitiin tescil edilmis haklar.

2. Yazarin gelecekteki yapacagi kitap ve dersler gibi calismalarinda; makalenin timi veya bir bolimini Gcret
o6demeksizin kullanma hakki.

3. Makaleyi satmamak kosulu ile kendi amaglari igin gogaltma hakki.

Yazar Adr: Tarih: coif i . imza:
Yazar Adr: Tarih: cof v . imza:
Yazar Adr: Tarih: coof i . imza:
Yazar Adr: Tarih: coof i . imza:
Yazar Adr: Tarih: cof v . imza:
Yazar Adr: Tarih: cof v . imza:

(Yazar isimleri makaledeki siraya gore yazilacak ve Telif Haklari Devir Formu tim yazarlar tarafindan imzalanacaktir.)
Makaleyi Gonderen Sorumlu Yazar:

Adi -Soyadi:

Yazisma Adresi:

Telefon: () Fax: ()

E-posta:

Bu form makale hakem incelemesi igin dergi editorliglince kabul edildikten sonra doldurulup imzalandiktan sonra basil 2
niisha halinde “Kirklareli Universitesi Fen Bilimleri Enstitiisii Kavakli Yerleskesi Degirmencik Yolu Uzeri Kavakl/ Kirklareli”
adresine gonderilmelidir.
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The undersigned authors, we guarantee that our submitted manuscript is original work; it has not been
published and is not being submitted or considered for publication elsewhere, if, in whole or part of publication
of the magazine was published for the above-mentioned receipt of all necessary permits and was sent to
Editorial Office of Kirklareli University Journal of Engineering and Science with copyright transfer form.

We agree to waive the right to assume the responsibility of the copyright of the article and thank signature.
This article is hereby transferred to the copy right of Kirklareli University. Kirklareli University Journal of
Engineering and Science Editor of the publication the article is authorized.

However, the authors reverse the following rights:

1. All proprietary rights Copyrights outside, such as patents.
2. to use, free of charge, all parts of this article for the authors’ future works in books, lectures.
3. the right to reproduce the article for their own purposes provided the copies are not offered for sale.

Author Name: Date: .../ .../ .. Signature:
Author Name: Date: .../..f .. Signature:
Author Name: Date: ..../..f .. Signature:
Author Name: Date: .../ ef oo Signature:
Author Name: Date: .../ ef oo Signature:
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