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This study presents an investigation on Vibratory Stress Relief
(VSR) method inorder to reduce residual stresses in welded parts.
Mechanical properties of the welded parts were compared for the
vibratory stress relieved welded parts and non-stress relieved welded
parts. Firstly, tensile tests were carried out and then the hardness
measurements were accomplished. To investigate the effects of residual
stresses on fatigue life, the residual stress values in front and back of
the welded plates were measured. Three-point fatigue tests were also
performed to show the effectiveness of VSR in terms of fatigue life. It
was obtained that the tensile strength and the surface hardness
ascended slightly and fatigue life increased about three times and
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1. INTRODUCTION

Welding is one of the primary methods used in
joining metallic parts. Welding methods are also used
effectively in fabricating of large steel structures such
as heavy duty machines, ships, bridges and dams.
Strengths and longevity are the most important factors
for successes and fulfilment of such structures under
high fatigue loads. There might be many reasons that
affect the fatigue life in welded structures. The main
ones are the residual stresses, surface processing,
stress concentration and corrosion effects [1]. Weld
zone of the part heats up to the melting temperature
during welding. However, the cooling is slower overall
in the part in comparison to the heating rate. Hence, the
cooling distribution in the welded parts is not
homogeneous and structural changes occur during the
welding process. While the parts that cooled early
have compressive stresses, the parts that cooled later
have tensile stresses. As a result, the welding zone is
forced to gain tensile stresses through the weld seam
direction [2]. In material selection and design, it is very
important to know the residual stress distribution in the
material to be used, in advance. For this reason,
measurement of residual stress is a very common
engineering practice today. Tensile stress in structural
element is generally destructive, which can cause to
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residual stresses on surface decreased after applying the VSR method.

Keywords Fatigue life, residual stress, vibratory stress relief
method, welding

early fatigue failure and stress corrosion cracking and
it could be the main cause. Compressive residual
stresses are generally useful because of propagation of
fatigue cracks, increase wear and corrosion resistance

[3].

Destructive and non-destructive residual stress
measurement methods are used for a long time. On of
the effective residual stress measurement method is
Magnetic Barkhausen Noise method and this method
has become more important today in terms of quick
and reliable results, portability and easy of use.
Barkhausen noise method is based on the principal of
analysing a magnetic noise generated by a
ferromagnetic material during magnetization. A
measurement is made through probes which can be
specially prepared according to the material geometry.
Measurement values are based on magnetic parameter
(MP). Calibration curves are used to find real residual
stress value. Generally, tensile residual stresses in the
material increase the MP values while the compressive
residual stresses decrease MP values [3].

Generally, welding fatigue improvement
methods are studied in two main categories as welding
geometry improvement and residual stress relief.
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Residual stress relieving methods increase the fatigue
life by transforming the tensile stresses in the regions
where the cracks are likely to occur to compressive
stresses [4]. Heat treatment emerges as the most
effective method for eliminating residual stresses for
many years. However, the researchers have been
searching for different methods for stress relieving due
to some limitation of heat treatment such as high cost,
time consuming and inconveniency for every material
[5]. Vibratory stress relief (VSR) has emerged as an
alternative method in the last 60 years. Nowadays, it is
applied in many industrial fields such as
manufacturing, molding industry, automotive industry
and ships industry [6]. It is based on the principle that it
applies vibrations at resonance frequency or near
resonance frequency to the work piece and vibrated
part absorbs the energy that will reduce residual
stresses of the part [7]. It is aimed that dislocations
enter a regular state with absorbed vibratory energy.
So that residual stresses are expected to decrease. VSR
method has been used in previous studies in different
materials, shape, size and weld. In many studies, it was
examined that residual stress descended when VSR
applied after welding process with different
percentage. Moreover, it is also seen VSR increased
the strength of the parts by means of tensile and yield
points, but shifting rate is not very high. Material
damping capability, applied frequency and externally
applied dynamic force are essential and variable;
effectiveness of application can vary on each material
and structure. Time saving, low cost, low distortion,
and applicable for large-scale parts are the advantages
of the VSR method over other stress relieving
processes. A major limitation of VSR, however, is the
lack of thorough understanding of the phenomenon,
resulting in a lack of confidence in the broad
application of the process. Without this understanding
it is difficult for engineers and manufacturing
managers to determine when, where and how the VSR
process can be effectively applied and especially
where fatigue is of major concerns [7]. In 2009,
theoretically the mathematical modeling of vibration
stress relief was theorized. But it was expressed that the
obtained results by experimental studies need to be
compared to empirical expressions in this model [7].
In 2003, the influence of VSR effect on the Ck 35 steel
shaft used in shipbuilding was examined. Different
mechanical tests were applied to investigate the
variation of mechanical properties of the part within
the scope of the study [8]. In another study in 2003, the
effects of VSR on low-alloyed high-strength welded
steels and also the change in residual stresses
distribution on welded plate were investigated [9].
Although there are some papers about effect of
vibration stress relief method on residual stress and the
change of mechanical properties (hardness and
strength), there are only a few of papers about effect
of vibration stress relief method on fatigue life. But it
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is known that this process will improve fatigue life
because of decrease residual stress and increase
toughness of material. This paper presents the results of
the test of vibration stress relieving of S355J2 steel.
Mechanical properties’ differences and residual stress
change were investigated between vibration stress
relief welded parts and non-stress relief welded parts
and the effect of this method on the fatigue life was
studied.

2. EXPERIMENTAL PROSEDURE

In this section, materials, test equipments, conducted
tests, and the selected test parameters used in this work
are introduced.

2.1. Materials

In this study, S355J2 steel formerly known St52-3
was used as a test material since it is widely used in
the metal construction industry. The chemical
compositions and mechanical properties of S355]2

steel declared by the manufacturer are shown in Table
1 and Table 2.

Table 1. Chemical compositions of S355J2 steel.

Standard Designation

Chemical Composition

Standard  Quality C Mn P S Si Cu
EN 10025-2 S355J2

020 1.6 0.025 0.025 0.55 0.55

Table 2. Mechanical properties of S355J2 steel.

Yield Strength Tensile Elongation
b Strength o .
(N/mm ) (N/mmz) (/0) min.
355 470-630 20

2.2.Test Specimens

Separate plates were prepared for tensile, fatigue,
hardness and residual stress measurement tests.
Specimen thickness was chosen as 10 mm. To ensure
that all of the test specimens had the same
characteristics. The large specimens were first welded
and then the test specimens were sampled from the
large specimens. Dimension of large specimens was
600mm X 225mm X 10mm, Figure 1. Metal active gas
(MAG) welding was used during the joining process
of the steel plates. Welding parameters are shown in
the Table 3. One pass weld was made considering
thickness of the plate. After welding process, grinding
process was not performed on the plate root section in
order to avoid residual stresses change. MAG welding
process for residual stress and hardness measurement
samples can be seen in Figure 2. In order to minimize
the residual stress change in fatigue and tensile test
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Table 3. Welding parameters of test samples.

Welding Travel Speed | Welding Wire Speed | Welding Current Welding Voltage
(cm/dk) (m/dk) (A) V)
25 10 270-280 17-28

samples, during laser cut 8 mm clearance was given intervals perpendicular to the welding cross-section
from edge of every sample. Then samples were along a line from the full mid-axis of the welded plate.
processed to their exact size according to standard. Hardness values were taken from both the front and
§00mm | back surfaces of the welded plate. Residual stress

+~ |—30mm P> 36mm measurements were made according to Magnetic

Barkhausen method with Stress Tech Microscan 500-
2 test device and three samples were used. 125 Hz
sinusial magnetic field was used during Magnetic
barkhausen noise measurement, which was adjusted
according to S355J2 steel. The collected Barkhausen
signals Wer(Weiding direction '-200 kHz range and
gsgmm[ :| amplified by v us. 1 vowwun and direction of the
collected values are seen in Figure 4 and Figure 5.
Fatigue tests are carried out to determine the fatigue
strength of materials exposed to dynamic loads. During
the tests MST 322 Test Frame was used. In this study,
three-point bending fatigue tests were performed.
Before the fatigue tests, static bending test was
conducted and four different loads were determined.
The sample used in the fatigue and bending test is
shown in Figure 6.

Kaynak yoni

A

Fig. 1. Fatigue test samples from welded plate

i
g ®
A
R
&
112 [ o | ] 12
350
| Fig. 3. Tensile test sample (dimensions are
} R in mm)
e 7R
Fig. 2. Welding procedure — Residual stress _
measurementsample || | i m——
All mechanical tests have been carried out in
accordance with standards in laboratories with
accreditation certificate. Tensile samples produced 1454
according to TS 287-EN 895 standard as shown in 300
Figqre 3. Tens.ile tests were carrieq out on Zwic.k Fig. 4. Hardness and residual stress
tensile test device with a load capacity of 250 kN in measurement test sample (dimensions are in mm)
university laboratory. Vibratory stress relief process
was then applied to three samples of the six samples.
Hardness measurements were accomplished according ! ——> Distance from weld centre - front face
to Standard Brinell Hardness Method and the Wem,_\\ym
measurement position and direction are shown in
Figure 4 and Figure 5. During the measurement DHT N e
100 hardness tester device was used. The Fig. 5. Welded plate front and back face
measurements were taken at approximately 1 mm measurement positions
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E

| [
ﬁ*‘:| 450

Fig. 6. Fatigue and bending test sample (dimensions
are in mm)

2.3. Application of Vibratory Stress Relief
Process

Vibratory stress relief system has three parts,
which are force producer (vibrating machine),
transducer, control, and accelerometer. During
vibration stress relief process manual system Meta-
Lax 2020 was used as a vibration machine. First
samples were fixed to table. The locations where the
samples are fixed are positioned according to the
impact area determined by the manufacturer according
to the capacity of the device. Resonance frequency of
the complete structure including table and test
specimens was determined by the device. Resonance
frequency, the most effective frequency level to reduce
residual stresses. After the test samples (parts) were
shaken with the force generating part. By taking
continuous measurement with the accelerometer from
the test part, the part is constantly vibrated at desired
frequency. Structure is vibrated at the same frequency
value with transducer and control sections. Figure 7
and Figure 8 show VSR working cycle and VSR
application example. In this work, all the test
specimens were vibrated at 90 Hz for about half an

hour.
Force
5 producer
[ Control ] [Accelerometer]

/

/

Fig. 7. Vibration stress relief working cycle

3. RESULTS AND DISCUSSIONS
3.1. Mechanical Test Results
Numeric results of the tensile tests of three as-
welded parts and three vibratory treated specimens are

shown in Table 4 and Table 5, respectively. The tensile
test results show that the vibration stress relief did not

4/ Cilt 17, Say1 1, Mayis 2019

reduce neither yield strength nor tensile strength. On
the other hand, it is known that the thermal stress
relieving decreases tensile and yield point [10-11]. Tt is
also observed that the vibratory stress relief nearly
does not chance the material strength property and
even improves elasticity modulus and tensile strength.
Elasticity modulus measures substance’s resistance to
being deformed elastically when stress is applied to it.
According to average results of three sample, this
value increased from 197.6 GPa to 211.6 GPa so the
toughness of the test part grew at about 7.1%. Because
of the vibration energy absorption during the
treatment, the bonds between the irregular state atoms
became stronger and as a result of the strengthening of
the bonds, the modulus of elasticity increased.

\ Clamp \

Residual stress
~ | measurement plate

Fig. 8. Fatigue and bending test sample

Table 4. Tensile tests result of as-welded specimens

Sample Yield Tensile | Elasticity
No Strength | Strength | Modulus
(MPa) (MPa) (GPa)
1 398 555 196
2 386 551 200
3 410 548 197
Average 398 551.3 197.6

Table 5. Tensile tests results of vibratory treated

specimens
Sample Yield Tensile | Elasticity
No Strength | Strength | Modulus
(MPa) (MPa) (GPa)
1 412 552 216
2 393 556 218
3 409 555 201
Average 404.6 554.3 211.6

Brinell hardness method was used to measure the
hardness change after the vibratory treatment.
Hardness measurement plate was used as shown in
Figure 4. As aresult of the hardness measurements, the
collected values showed that the applied vibratory
stress relief process after welding increased harnesses
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on both sides of the test part. The front and back face
results can be seen in Figure 9 and Figure 10,
respectively. At the front face, 13 mm from weld center
1 HB enhanced while 6 HB rise was measured at 24
mm from weld center. As for back face, 5 HB and 15
HB change were seen at 9 mm and 13 mm from the
weld center, respectively. When looking at the graphs
in general, the variation in hardness values near the
weld is less, while the hardness values in the regions
farther from the weld are greater. The reason for this
could be the grain size and they type of microstructure
change in the heat-affected zone [10]. Other reason
might be the local work hardening during the vibration
stress relief process.

Welded Plate - Front Face

deformation starts is 2.4 kN and the displacement
value corresponding to this load is 1 mm. In that case,
it is obvious that the test material is ductile and no
fracture occurred during test.

6 3 Nokta Egme Testi

o 1 2 3

4.5 6
Deplasman - mm

155
@as-welded
150 @vibratory... ' 3 )
fa [ Y
T 145 e o°
§ 140
=]
T a o0
é‘ 135
= [ ]
.g 130
ko
2125 )
120
12 14 16 18 20 22 24 26
Distance from weld centre- mm
Fig. 9. Welded plate front face hardness value
155 Welded Plate - Back Face
@as-weled
150 @vibratory... L
145 { BN ]
m
= [ Y
. 140 7
£135 i
] [ Y
Z130 8 °
i)
£125 °
& [} [}
120

8 10 12 14 16 18 20 22
Distance from weld centre- mm

Fig. 10. Welded plate back face hardness value

There is a direct relationship between the
hardness values and the tensile strength of the
material. It shows that when the hardness value of the
part rises, the value of tensile strength increases.
Therefore, the increase in hardness value according to
test results is in good agreement with the increase in
yield and tensile strength. Before the fatigue tests, first
static three point bending test was performed
according to the standard. The yield point of the
material was determined during the static bending test.
The forces to be applied in the fatigue tests were
determined. In Figure 11, the static three-point test
results can be seen. The point where the plastic
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Fig. 11. Three-point bending test results
3.2. Residual Stress Relief Measurement Results

To investigate the effects of residual stresses on
fatigue life, residual stress changes of front and back
of the welded plates were measured by Magnetic
Barkhausen Method. These measurements are based
on magnetic parameter (MP). Calibration curves,
which is specific for each material, must be used to find
stress value. Since calibration curve determination for
used material requires a comprehensive, long and
time-consuming study, residual stresses were
compared as MP value and percental decreases were
determined in this study. Residual stress change
results for three samples on the front and back of the
welded plate are examined in Figure 12 to Figure 17.
The curves obtained from front and back face are
generally similar to those of previous studies in the
literature [3]. After vibratory stress relief process, the
decreases in residual stress values with different
percentages on both front and back face were
examined. Residual stresses descent after vibratory
treatment where the similar results were seen in similar
studies but for different materials [8, 12, 14, 15]. The
amount of reduction in residual stress change
depending upon the application point of vibration,
applied frequency, amplitude and the damping
capability of the applied material [7]. It is considered
that during VSR practice due to vibration energy
plastic deformation may occur and therefore residual
stresses have decreased on samples surfaces. At front

face for 15 sample, the residual stress of welded plate
decreased from 125 MP to 110 MP with 12%
improvement and 20% reduction at the back face near
the weld zone.

Cilt 17, Sayi 1, Mayis 2019 /5
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Welded Plate Front Face Residual
140 Stress 1.Sample i

130 [ weld -\\37/4? = ‘
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—e— as-welded
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Fig. 12. Welded plate front face residual stress —
1. Sample

Welded Plate Back Face Residual
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160 —a— vibratory treated
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Fig. 15. Welded plate back face residual stress — 1.
Sample

Fig. 13. Welded plate front face residual stress —
2. Sample
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Fig. 16. Welded plate back face residual stress — 2.
Sample

Fig. 14. Welded plate front face residual stress —
3. Sample
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Welded Plate Back Face Residual
Stress 3.Sample | ot

weld 4\'?/" 2mn |
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180
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Fig. 17. Welded plate back face residual stress — 3.
Sample
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3.3 Fatigue Result

After static bending test, yield point was
determined and selected four different loads (2.3, 2,
1.6 and 1.25 kN) were applied to the samples for
testing the fatigue life. The tests were carried out at 6
Hz and R=0.9 ratio. Before general fatigue test results,
the displacement behavior difference was examined
under the same load and cycle between vibratory
treated after welding and as-welded test samples as can
be seen in Figure 17. Under 1.6 kN dynamic load, as-
welded part goes from 0.66 mm to 0.7 mm, while
vibration treated part only goes from 0.66 mm to 0.67
mm. This result also overlaps with the increase elastic
modulus previously obtained from the tensile tests.

The Effect of Vibratory Stress Relief on

0.72 .
Displacement
=)
g 0.7
: -
g 0.68
Q
g
I
{ 066 as-welded
vibratory treated
0.64
0 10000 20000 30000 40000 50000
Cycle
Fig. 17. The effect of vibratory stress relief on
displacement
2.4 T
[ ] A @ as-welded
22 A vibratory treated 1
2 & &
Z 13
by
216 —aA
[s 9
1.4
12 ® A
1
1.E+04 1.E+05 1.E+06 1.E+07
Cycle (N)

Fig. 18. Fatigue tests results

As-welded and vibratory treated samples’ fatigue
tests results are shown in Figure 18 and Table 6.
Applied loads were 2.3, 2, 1.6, and 1.25 kN
respectively. It was observed that the fatigue life
increased about three times after vibration stress
relieving process. The main reason for the increase in
fatigue life of vibratory treated specimens is the
tendency to deform less under the same load. The
increase in fatigue tests overlaps with the results of
previous work with different materials, different
thicknesses and different welding types [1, 13].
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Table 6 Fatigue test numeric results

Stress As Vibratory
Sample | Force weld welded treated
No (kN) center (Cycle) (Cycle)
(MPa) Y
1 23 330 | 49500 | 250000
2 2 280 140 000 | 390000
3 1.6 225 | 350000 | 900000
4 1.25 175 | 550000 | 1500000

4. CONCLUSIONS

Tensile test results show that yield strength,
tensile strength and elasticity modulus of the vibratory
stress relieved samples have higher values than the as
welded samples. Vibratory treatment after welding
enhanced the material’s toughness because of the
increase in elasticity modulus. Also it was observed
that the two parameters have different displacement
behavior under the same load. Hardness was found to
be higher in the front and the back of the plates, that
caused the increase in the strength of welded. Residual
stress values were observed less on the front and the
back surfaces of plate according to Magnetic
Barkhausen noise measurement. After vibratory
treatment, the fatigue lives of the test samples
increased due to the increasing the elastic modulus and
decreasing the residual stress in the weld zone. Thus,
the VSR method could be used to increase the fatigue
life of the large welded structures which are working
under heavy cycling loads to some extent.
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GiRIS

Taslama tas1, sert asindirict pargaciklarin
organik veya inorganik baglama malzemeleri ile
birlestirilmesiyle  iiretilmektedir  ve  taslama
makinalarinda yiiksek hizlarla dondiirilmektedirler.
Taslama tasi, i parcasinin ylizeyine yavaggca temas
ettikten sonra referans noktalar1 elde edilir. Taslama,
talagh islem asamasindan sonra daha 1iyi bir
diizlemsellik ve daha diigiik yiizey piriizliligi elde
etmek i¢in kullanilir. Genellikle dokme demirde ve
gesitli geliklerde kullanilir. Bu malzemeler taslama
makinalarinda yaygin olarak kullanilan manyetik
tabla tarafindan tutulabilirler. Taslama tasi,
taslanacak olan malzemeye uygun olarak secilir. Bu
sayede, malzemede olusabilecek olumsuzluklarin
oniine gecilmis olunur. Aliiminyum, paslanmaz celik,
piring ve plastikler taglama tasini ¢elik ve dokme
demirden daha fazla tikama egilimindedir, ancak 6zel
tekniklerle taglanmalart miimkiindiir. Taglama, imalat
endistrisi i¢in ¢ok popiiler bir tekniktir. Farkli
amaglar ve uygulamalar icin dretilmis ¢ok fazla
sayida taglama makinasi vardir. Taslama teknigi
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yaklagik 40.000 y1l 6ncesinden beri kullanilmaktadir.
Kum ve diger asindirict taglarin kullanildig taslar ile
malzemelerde boyut kii¢iiltme teknigi baglamistir [1].
Ik taglama makinast 30 Agustos 1853'te ABD
vatandast Samuel Darling tarafindan icat edilmistir
[2]. A. R. Reynolds, 5 Mart 1867'de [3] bir metal
taglama makinast gelistirmistir. Bu makina ozellikle
ylizey taslama amagh kullanildi ve o zamanlarin
endiistrisi i¢in ¢ok onemliydi.

“Metal diizlemleyiciler” denilen iyilestirmeler
J.H. 1867'de Steenbergh [4] ile tornalama gibi
taglama patenti, A. Thomas tarafindan 1867'de ayni
anda almmustir [5]. Metal plakalarin taslanmasi
patenti 1869'da E.A. Beyaz [6] ve metal taglama,
parlatma i¢in ilk makina patenti J.S. Lane ve J.H.
Pitkin [7] tarafindan 1870'de alinmistir. Metal
sekillendirme  ve  presleme  makinalarindaki
iyilestirmeler, 1874 yilinda M. Newman [8]
tarafindan yapilmistir. Testere taglama
makinalarindaki gelismelere iliskin patent, 1874
yilinda H. Disston tarafindan almmustir [9]. ilk
silindirik taslama makinas1 J.A. Coleman, 1888'de
[10] icat edilmistir.
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ik yiizey taslama teorisi, 1889 yilinda E.R.
Hyde tarafindan yiizey taslama makinasinin
geligtirilmesinde kullanildi [11]. G.W. Watnous,
1891 yilinda honlama taslama makinasinin
yapiminda bazi katkilarda bulunmustur [12]. Yiizey
taglama makinasinda ki en iyi gelistirmeler R.C.
1908'de Matthews [13] tarafindan yapilmustir.

Son yiizyildaki patentler arasinda 1920'de
George B Vernon [14] taslama makinalarinda patent
ald1 ve bu makina 1939 yilina kadar gelistirildi. 1935
yilinda alinan diger taslama makinasi patenti Hormel
August'a aittir [15]. Ramsay M Bell'in “Kayis tipi
Elektrokimyasal Taglama Makinasi” [16] tiizerinde
patenti vardir. 1992'de Gerd Berner, yiizey taslama
tezgaht igin patent almistir [17]. 1997 yilinda, ilk
dikey taslama makinasi Gilbett Filipe Maria Witters,
Johannes Petrus, Van Vliet ve Joop Henk Muller [18]
tarafindan patentlendirildi. 1999 yilinda el taslama
makinast Lee Hsin-Chih Chung [19] tarafindan
gelistirilmis ve patenti alinmistir. 2003 yilinda ilk
taginabilir taslama makinasi Albert Kleider [20]
tarafindan patentlendirildi. 2011 yilinda Murray
David Wilson, Steven David Wilson ve Omer Leon
Hageniers [21] tarafindan “Taslama Tas1 Traglanmasi
icin Coklu Donen Aparat” patenti alindi. 2014 yilinda
Truong, P. Wiggins, R. & Wiggins, S. Tarafindan
[22] bir zemin taglama makinesinin tambur tertibatina
doniis vermek i¢in bir tahrik {initesi gelistirildi. 2014
yilinda] Liaw, Y. J. Kalem, S. K. L.& Liao, Y.
tarafindan [23] pndmatik yilizey taglama makinasi
yapilmigtir. Nishimura, Y. tarafindan 2015 yilinda
[24] taslama makinasi igin taglama aparati1 ve taslama
methodu gelistirildi. Weber, J. Ribbeck, K. M. &
Blasberg, H. tarafindan 2016 yilinda [25] taslama
makinasini disli sistemi ile gelistirildi. Wyman, H.
yilinda 2016 yilinda [26] bir dis bashgmin bir
bolgesinde bir konik dislinin islenmesi igin yontem,
konik dislilerin islenmesi i¢in makine ve bununla
birlikte kullanilmak {izere taglama aleti gelistirildi.

TASARIM GEREKSINIMLERI

Tasmabilir hafif bir taglama makinasinin, ¢
hareket eksenine sahip olacak sekilde tasarlanmasina
gerek duyulmustur. Bunlar, uzunlamasina dogrultuda
x ekseni, enine dogrultuda y ekseni ve dikey
dogrultuda z eksenidir. Hareket sinirlari: x ekseninde
400 mm, y ekseninde 200 mm, z ekseninde 100 mm
seklindedir. Eksenlerin hareketlerini ve taglama
tasinin hizin1 kontrol etmek igin bir elektronik CNC
sistemi gereklidir. Taslama sonucu olusan 1sinin
giderilmesi i¢in bir sogutma sistemine gereksinim
duyulmustur. Sogutma sivisinin masa alani icerisinde
tutmak icin bir toplayict tepsiye gereksinim
duyulmaktadir. Makinanin agirhigini azaltmak igin,
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aliminyum ve honeycomb petek gibi kompozit
malzemeler  kullanmilmistir.  Yapilan  analizler
sonucunda kullanilacak olan sarf malzemelerin cinsi
ve boyutu hafiflik kriterine uygun olacak sekilde
iretilmistir. Yapisal elemanlarda honeycomb petek,
motorlarin baglanti elemanlarinda hafiflik saglamak
i¢in ¢ogunlukla aliiminyum kullanilmistir.

MODELLEME, ANALIZ ve ALT SISTEMLERIN
TASARIMI

Makinanin amaci tagmabilir ve hafif olmak
oldugu icin, miimkiin oldugunca aliminyum ve
honeycomb  petek  gibi  hafif  malzemeler
kullanilmistir. Taslama motorunun destekleri igin
kullanilan malzemeler sehimi azaltma amaci ile
celikten iiretilmistir. Taglama makinasinin genel
tasarimi Sekil 1 ve 2 de gosterilmistir.

Sekil 2: Yandan gorinim
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Step motor ve kizagy birbirine
baglama aparati

Talas biriktirme
legeni
x ekseni kizagy

Ayak y ekseni kizagi
Sekil 3: izometrik gériinim
Taglama Sistemi

EKR Taglama Tasi: Bu yiizey taslama taslart
aliminyum oksit asindirict pargaciklarin seramik
baglayicilarin  entegrasyonu ile dretilir. Celik
malzemeler igin uygundur.

NK Taglama Tasi: Bu yiizey taglama taslari
aliminyum oksit asindirici pargaciklarin seramik
baglayicilarin  entegrasyonu ile dretilir. Celik
malzemeler i¢in uygundur. Taslama tezgahlarinda
tungsten karbiir takimlarin, cam, mermer ve tim
demir dig1 metallerin taglanmasi i¢in kullanilir.

Taglama Tasi Hareket Sistemi

Spindle motor, diger sabit miknatish
motorlardan farkli bir motor tliridiir. Spindle
motorlar, ¢ok ani degisen hareketlere sahiptir ve
yiiksek agirliklar tasiyabilir. Bu nedenle, durma
noktasina sahip konum yapilar1 diger motorlar kadar
hassas degildir. Bu gereksinimleri karsilamak igin
VFDO022EL21A model siiriicii se¢ilmistir.

Step motorlar, elektrik enerjisini donen
harekete doniistiirmek icin kullanilan elektromekanik
cihazlardir. Ug ekseni ¢alistirmak i¢in adim motorlar1
kullanilir. Nema 34 model adim motorlari, eksenleri
X, y, z Yyonlerinde hareket ettirmek igin MS542
(CWD556) model siiriicii segilmistir.

Dogrusal Hareket Sistemi

Uc eksen igin dogrusal hareket modiilleri
tercih  edilmistir. Bunun sebebi, vidali tahrik
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sistemlerinin (< 0.01 mm) yiiksek konumlandirma
hassasiyetine sahip olmalaridir.

Ozellikleri:

X ekseni igin: Dogrusal modiil stroku: 400 mm,
Hatvesi: 16x16, Hiz1: 0.42 m/s

Y ekseni igin: Dogrusal modiil stroku: 200 mm,
Hatvesi: 16x5, Hizi: 0.12 m/s

Z ckseni i¢in: Dogrusal modiil stroku: 100 mm,
Hatvesi: 16x5, Hizi: 0.12 m/s

Malzemeleri Tutma Sistemi

Manyetik tabla, tagslama makinasinda ¢elik ve
demir pargalar1 tutmak i¢in kullanilir. 120
Newton/cm? ‘den fazla manyetik kuvvete sahiptir.

Sogutma Sistemi

Tiim taglama makinalar1 sogutma sistemleri ile
kullanilmaktadir. Bu sistem, kesme isleminin neden
oldugu sicakliklar nedeniyle is  parcasinin
bozulmasini 6nler. Bu taglama makinasinda sodyum
karbonat ¢ozeltisi sogutma sisteminde kullanilmistir.
Aliiminyum hari¢ tiim metallerde siklikla kullanilan
ucuz bir sogutucu olan sodyum karbonat, 1 galon
suda yaklasitk Y4 oranda c¢ozilerek (sal soda)
olusturulur. Alternatif olarak, suyla karistirilan bor
yag1 da kullanilabilir.

Ayrica, taslama taginin iizerine pleksiglas’tan
bir koruma sistemi tasarlanmistir. Manyetik tablanin
igerisinde yer alacak bir tepsi modeli, bu modele
bagli su haznesi tasarlanmigtir. Bunun sebebi,
sogutma suyunun ve taslama sirasinda olusan talasin
tepsiye dolduktan sonra hazneye akmasi ve
olusabilecek i3 kazalarmin Oniine ge¢cmektir.
Pleksiglas tercih edilmesinin sebebi, hafif ve seffaf
olmasidir.

Tasarim Hesaplamalari

Taslama tast hizi, ig pargast hizi, kesme
derinligi ve ilerleme hizinin bir fonksiyonu olarak
taglama kuvvetinin degisimi Sekil 4.a, Sekil 4.b,
Sekil 4.c ve Sekil 4.d’de gosterilmektedir. Bu
grafiklere tasin hizinda, is hizinda, kesme
derinliginde ve ilerleme hizinda ulasabilecegimiz en
yiiksek degerleri 6grenmek i¢in ihtiya¢g duyduk. Sekil
4.a’da taslama tast 35 m / s hizinda hareket
etmektedir ve malzemesi ALO; 'tir. Tasarim
hesaplamalar1 i¢in ¢ok onemlidir. Gii¢, sehim hesabi,
taslama sirasindaki c¢alisma siiresine karar vermek
icin Sekil 4.a'da goriildiigii gibi taslama kuvveti
yaklagik olarak 74 N olarak belirlenir. Kesim
derinligi 20 mikrometreden biiyiikk olmamalidir.
Besleme hiz1 0,10 m/dk altinda olmalidir.
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Sekil 4: Taslama kuvveti, besleme hizi, kesim
derinligi ve ilerleme hiz ile baglantilari [22].
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Talas Debisi

Talas debisi, kesim derinligi, besleme hizi ve donme

hiz1 kullanilarak asagidaki gibi hesaplanabilir:
Z=fxapxVoar 23] (1)

£ = Talas Debisi (mm?/s)
f = Besleme Hizi (mm)

Bp = Kesim Derinligi (mm)
Vrep= Donme Hizi (mm/s)
Tipik Parametreler I¢gin:

F=0.10 m/dk = 100 mm/dk = 1.66 mm/s
fp =20 pm = 0.02 mm

Virge= 20 cm/s = 200 mm/s

£ =(1.66) x (0.02) x (200) = 6.64 mm®/s

Giu¢ Hesaplamalari

EKR taglama tasi, 175 mm c¢apinda ve 20 mm
genisliginde sec¢ilmigtir. Makina, ¢elik malzemeleri
taslayacagindan, 2000 - 3000 Knoop Hardness
sertligine sahip [24] aliiminyum oksit taglama tasi
secilmistir. Bu taglama tagi, titanyum karbiir, silisyum
karbiir, CBN ve elmas taslama disklerinden daha
ucuzdur.

Segilen taglama tekerleginin ¢ap1 175 mm'dir.
Onerilen hiz 35 m/s.

5: m/dk
35 m/s = 2100 m/dk
5 1000
RPM = ——
TxD [24] o, 2

RPM = (S x 1000) / (= x D) = (2100m/dk = 1000) /
(mx 175mm) = 3819 rpm

Bu nedenle, izin verilen taglama hizi segilen tas igin
giivenlidir.

Motor igin gerekli giig:

P=RxM 2 W) )
F; : Tegetsel kuvvet / Taglama Kuvveti (Sekil 4)

F, : Normal kuvvet Fn: m.g Fn=10.2024 N
(Taglama tasinin agirligi)

F. =74N

¥ =35m/s

¥, =20 c/s (Dogrusal hiz)

P=74x(35+02)=2604 W =2.6 kW
P=74x(35-0.2)=2575 W =2.575 kW
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Ozgiil Kesme Enerjisi:

Kaynak [23]’den. Ws/mm® - 13.6 - 68.2

F. = Ozgiil kesme enerjisi x talas debisi - 6.64 mm?®/s
E =13.6x6.64=903W

F =682x6.64=4528W

Taslama giicli bu degerler arasinda olmalidir 90.3W
<452.8W per mm®.

Taslama Siiresi

Taglama makinasinin tablasi x ve y yoniinde hareket
eder. Isleme siiresi asagidaki sekilde hesaplanabilir:

B by,
Zx fame (23] (3)
b, = Malzemenin genisligi (mm)
= Besleme hiz1 (mm)
n, = Ileri-Geri ¢alisma siklig1

T

b, =40 mm
F=1.66 mm/s
n-=1

T, =40/(2x1.66x 1)=12.04 s

SONLU ELEMANLAR ANALIzZI

Sonlu elemanlar analizi bir makinanin
iiretilmeden Once tasarimlarinin gerekli sartlari
saglayip saglamadigi veya ug limitlerini belirlemek
amagcli kontrol edilmesini saglar. Taglama makinasi
icin kullanilmasinin sebebi; fiziksel prototip ve
deneylerin  sayisini  azaltmak ve kullanilacak
malzemeleri tasarim asamasinda optimize etmektir.
Bu nedenle, biz taslama makinasinin taslama
hassasiyeti igin sehim analizi yapildi. Taslama
makinasinin sirt kismina epoksi yapistirici yardimi ile
taglama tasi i¢in kullanilacak olan spindle motorun
tastma aparatt yapistirildi.  Z  ekseni  iizerinde
olusabilecek kuvvet sebebiyle sehim en aza
indirgenmeye  calisildi.  Tasarbm  ve  sehim
hesaplamalari i¢in NX 11 programi kullanilmistir ve
hesaplamalara gore makina i¢in uygun olan
malzemelerin se¢imi yapilmistir. Iyi bir taslama
makinast 10 mikrondan daha az hataya sahip
olmalidir. Makinamizin sapma degeri ise en fazla 8
mikron olarak hesaplanmistir.

YUZEY TASLAMA MAKINASININ IMALATI VE
MONTAJI

Aliiminyum honeycomb petek paneli dekupaj
testeresiyle  kesilerek  iiretime  basglanmilmustir.
Honeycomb peteginin yapisal govdesi nedeniyle
delme islemi uygulanamamaktadir, bu yiizden
kesilen pargalart aliiminyum honeycomb petek
yapisinin montaj sekli olan epoksi yapistirict ile
baglandi. Spindle motor tutucusu olarak giyotin ile
celik bir malzeme kesilip kaynak yapildi. Spindle
motorun montaji i¢in ¢elik iizerinde delikler agild.

MAKINA TASARIM VE iMALAT DERGISI

Kaynak ve delme islemlerinden sonra, taglama islemi
ile celigin ylizeyi temizlendi ve boyandi. Manyetik
tabla ve x ekseni lizerindeki araba arasina aliiminyum
bir parga tretildi. Bu par¢a vidalama yontemi ile
lineer modiiliin arabasina monte edildi. Su tanki,
koruma kapagi ve manyetik tablanin yerlestirildigi
tepsi pleksiglastan {retildi. Motorlar1 ve kizaklart
baglamak i¢in flans kaplinler iiretildi. Bu malzemeler
yerlestirildi  ve aralarina  baglanti  elemanlari
uygulandi. Elektrik paneli, dokunmatik ekran ve
elektrikli ekipman 6zel olarak gelistirildi. Motorlar ve
elektrik  sistemleri igin saglanan malzemeler
baglandiktan sonra, elektrik panosunun igine
yerlestirildi.

. 0.00830392

000761193
0.00691994
0.00622794
0,00553595
0.00484396
0.00415196

0.00345997

0.00276797

0.00207598
0.00138399
0.000691994

-—
Units = mm

Sekil 5: Taglama makinasinin ¢alisma konumunda
sonlu elemanlar analizi kullanilarak buyGtilmis sehim
analizi.

YUZEY TASLAMA MAKINASININ DENENMESI

Taglanan  Orneklerinin  diizligini  ve
plriizliligini kontrol etmek igin testler yapildi.
Oncelikle elmas u¢ kullamlarak taslama tasi
diizeltildi. Manyetik tabla lizerine 10 cm ara ile
kalinliklart 10.66 mm olan, bagka bir yiizey taslama
makinasinda taglanmis iki blok konuldu. Taslama
islemi sonucunda kalinliklar1 6lgiildii. Ikisinin de
kalinligimmin 10.13 mm oldugu gorildii. Dolayist ile
diizlemsellik hassasiyeti < 0.01 altinda oldugu
kanitlandi.

Sekil 6: Taslama makinasi ve kontrol sistemi
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Sekil 7: Taglama makinasi galisma ani

SONUG

Laboratuvar uygulamalar1 i¢in kiigiik 6rnekleri
taslayabilmek i¢in portatif ve hafif bir ylizey taglama
makinasi tasarlanmis ve TUretilmistir. Hafiflik ve
esnemezlik saglamak icin, yapisal parcalarda
honeycomb petek ve aliiminyum malzemeler
kullanilmistir. Taglama sirasinda parcalari tutmak igin
bir manyetik tabla uygulanmistir. Makinanin
kizaklarinda sonsuz vida ve step motorlar
kullanilmigtir. Taglama taginin hizi, X, y ve z
eksenlerini hizlart ve tiim hareketleri gelistirilmis
CNC sistemi ile kontrol edilmektedir. Diizlemsellik
ve piriizlilik testleri uygulanmistir. Makinanin
diizlemselliginin < 0.01 mm altinda oldugu
goriilmiistiir. Pirizliligiin kullanilan taglama tasi ile
de ilgili olmasina ragmen, bu degerin 0.760 um ile
1.140 pm arasinda oldugu gorilmiistiir.

Bu sekilde tasarlanan  ylizey taslama
makinasinin tasarim kriterlerine uydugu
gozlemlenmistir.

DESIGN AND MANUFACTURING OF A PORTABLE
LIGHTWEIGHT GRINDING MACHINE

A new portable and lightweight grinding
machine is designed and manufactured to grind
metallic  specimens for laboratory environment. It
uses a magnetic table for holding the parts. A three
axes CNC control is developed for control of the
grinding process. The structure of the machine is
built using honeycomb and metallic parts to reduce
weight and to provide the required rigidity. Finite
Element Method is used for the deflection analysis of
the structure. Under grinding conditions, maximum
deflection is < 0.01 mm. Coolant system is provided
to keep the temperature of the process under control.
Experiments on the manufactured machine are
conducted and surface measurements on the ground
specimens are obtained to measure flatness and
roughness.
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1. GIRIS

Yuksek  Dayanimhi  Celiklerin
Bukumunde Geri Esneme Agisinin
Goruntu Isleme ile Belirlenmesi

Yiiksek dayamimh ¢eliklerin biikiim islemlerinde geri esnemenin
hassas bir sekilde 6l¢iilebilmesi gereklidir. Elde edilen son geometri, geri
esneme miktarina bagimlidir. Geri esnemedeki yanlis bir tahmin, biikme
kuvveti hesabinda da yanhishklara neden olabilecektir. Bu nedenle,
ozellikle yiiksek dayamimli celiklerde, geri esneme acilari deneysel
calismalarla dogrulanmalidir. Bir ¢ok deneysel calismada, ancak yiik
kalktiktan ~sonraki ag¢i1 Olgiilebilmekte, geri yaylanma buna gore
hesaplanmaktadir. Bu ¢alismada ise, yiiksek mukavemetli ¢eliklerde biikme
acilarimin yiik altinda ve yiik kalktiktan sonra belirlenmesi igin bir yontem
gelistirilmistir. Deney diizeneginde bir video kamera ile tiim biikiim prosesi
boyunca numunenin goriintiileri kaydedilmistir. Ozel bir Matlab kodu ile
bu goriintiilerden; par¢anin, pres alt 6lii noktadayken (maksimum yiik ani)
ve pres tamamen kalktiktan sonraki (geri esneme sonrasy) agilari
belirlenmistir. Sonuglar, hem manuel ydntemlerle, hem de sayisal
simiilasyonlarla  kiyaslanmistir.  Goriintii  igleme  yonteminin  manuel
yontemlerle olduk¢a yakin sonuglar verdigi ve simiilasyon sonuglarinda
%20'ye varan iyilesme sagladigi gériilmiistiir.

Anahtar Kelimeler: Yiiksek Dayanimly ¢elikler, Geri Esneme, Goriintii
Isleme.

seferde teknik resim toleranslarina uygun olarak
biikiilmiis olan zirh plakalari, hizli bir sekilde govde

Zirhli muharebe araglarinin gévde imalatinda,
islem zincirinin ii¢ ana adimi vardir. Bunlar sirasiyla
lazerle kesme, biikkme ve kaynakli birlestirmedir. ilk
adim olarak, genellikle biiyiik boyutlu plakalar (6rn.
9m x 3m) olarak tedarik edilen gdvde malzemesi,
istenen boyutlarda lazer ile kesilir. Daha sonra,
plakalar teknik ¢izimlere gore yiiksek tonaj kapasiteli
(6rn. 2000 ton kapasiteli) abkant preslerde biikiiliir.
Biikiim sonrast boyutsal toleranslarin tutturulmasi
i¢in geri esneme agisinin dogru tahmin edilebilmesi
gerekmektedir . Cogu zaman, bu durum ¢ok sayida
deneme yanilma yapilmasina neden olmaktadir. Bu
stirec hem maliyet arttirict hem de proje planlamasini
aksatict bir nitelik tasiyabilmektedir. Fakat geri
esnemenin dogru tahmin edilmesiyle birlikte tek
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iiretimi i¢in kaynak atdlyesine sevk edilebilmektedir.

Otomotiv veya agir ig makineleri endiistrilerinin
aksine, zirthli muharebe araglarinda kullanilan
malzemeler, ¢ok daha kalin ve ¢ok genis boyutlara
sahiptir. Zirhli muharebe araglarmin imalatinda
kullanilan ultra yiiksek dayanimli celik plakalarin
kalinliklar1 bazi durumlarda 35 mm'ye kadar
cikabilmektedir.  Ayrica, biikiillecek plakalarin
uzunlugu da 8 metreyi gecebilmektedir [1].
Kolaylikla tahmin edilebilecegi iizere, bu kalinlikta
ve uzunluktaki yiksek dayanimli  ¢eliklerin
biikiilmesi i¢in ¢ok yiiksek pres kuvvetleri
gerektirmektedir. Buna ek olarak, teknik ¢izimlerde
tanimlanan boyutsal toleranslarin yakalanabilmesi,
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dayamim arttikga artan geri esneme nedeniyle
zorlayict bir gorevdir. Yiiksek dayaniml celiklerin en
temel Ozellikleri yiiksek akma gerilmesidir (Yield
Stress, Rpo.2). Bir baska degisle, yiiksek dayaniml
celikler biikiilme isleminde, konvansiyonel yumusak
geliklere (mild steel) kiyasla daha fazla elastik
gerinim (elastic strain) tagimaktadirlar [2]. Bu
nedenle yiik kaldirildiginda tiim elastik gerinim geri
kazanilacagindan, yliksek mukavemetli ¢elikler
(6zellikle de zirh gelikleri), daha fazla geri esneme
gostereceklerdir. Farkli dayanim degerlerine sahip
celiklerin artan geri esneme seviyeleri Sekil 1’de
gosterilmistir.

~| 980 MPa

_| 590 MPa

440 MPa
270 MPa

Sekil 1: Malzemenin dayanimi arttikga geri
esneme egilimi de artar.

Geri esneme egilimi, geligmis yliksek dayanimli
¢eliklerin sekillendirilmesi alaninda birgok arastirma
grubunun odaklandig1 bir aragtirma alamidir [3-5].
Otomotiv ve zirhli personel tastyicilar da dahil olmak
lizere, birgok sektorde agirlik azaltma calismalart
amaciyla kullanilan celiklerin dayanimlar1 giderek
artmaktadir. Celik {reticilerinin gelistirip pazara
sundugu hem yiiksek siineklige, hem de yiiksek
dayanimina sahip yeni nesil ¢elikler ile zorlayict
tasarimlarda da (karmasik geometrilerde) yiiksek
dayanimli ¢elikler kullanilabilir hale gelmistir. Bu
durum, geri esneme tahminini daha da
zorlastirmaktadir.

Geri esneme, tanimi geregi, maksimum yiik
altindaki geometri ile, yiik kaldirildiktan sonraki
geometri arasindaki farktir. Geri esneme hesaplarinin
deneysel dogrulamasinda sadece yiikk kalktiktan
sonraki agilar kiyaslanabilmektedir. Pres alt oli
noktadayken (AON, bottom dead center, BDC)
plakanin agisi, teknik ¢izime ya da simiilasyon
sonuglaria gore tahmin edilmektedir. Bu da geri
esneme miktarinda biiylik bir belirsizlige neden
olmaktadir. Plaka kalinligindaki (tolerans dahilinde)
farkliliklar, kalip radyuslarindaki asinmalar ve/veya
presin alt 6lii nokta tekrarlanabilirligi gibi degiskenler
nedeniyle, yiik alti biikiim agilar1 hesaplanandan ve
deneysel tekrarlarda farklilik gosterebilir. Bu nedenle
geri esneme miktarinin dogru tahmini igin yiik
altindaki  blikiim acgilarimin  da  Olgiilebilmesi
gerekmektedir. Bu sayede, yiik kalktiktan sonraki
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biikiim agi1s1 ile aradaki ag1 farki kesin ve net olarak
oOlciilebilir.

Bu calismada, modiiler bir biikiim kalibinda,
pres alt 6li noktadayken ve yiik kalktiktan sonraki
biikiim ac¢ilarin1 goriintii isleme yontemi ile dlgebilen
bir sistem gelistirilmistir. Calisma kapsaminda,
yiksek dayanimli zirth ¢eliklerinin farkli kalip
radyuslari altindaki bilkme agilar1 incelenmistir.

2. YONTEM

Biikiim deneyleri Atilim Universitesi, Metal
Sekillendirme Miikemmeliyet Merkezinde bulunan
Komatsu marka 80 tonluk servo-mekanik preste
yapilmistir. Zirh ¢eliginden iiretilmis deneysel bitkiim
plakalar1 geleneksel havada biikme (air bending)
yontemiyle biikiilmiistiir. Geleneksel yontemde servo
pres siirekli ayni hizda kullanilarak tiim kurs boyunca
(130 mm) mekanik pres gibi davranmasi
saglanmistir. Servo presin veri toplama {initesi ile,
krank agisi, anlik kurs, kuvvet ve hiz gibi veriler
kaydedilmistir. Buna ek olarak tiim proses yiiksek-
¢oziinlirliikli bir kamera ile de kayda alinmistir. Sekil
2 ve 3’te deneysel kalip ve servo presteki kurulumu
goriilebilir.

Sekil 2: Plaka bikum kalibinin servo prese bagl
hali.

Sekil 3: Yiksek-¢ozunlrlikll video kayit sistemi.

Video kamera tarafindan saniyede 60 kare
fotograflama  yapildigindan, presin alt  6li
noktadayken ve kalip acildiktan sonraki anlardaki
gorilintiiler rahatlikla elde edilebilmektedir. Daha
sonra bu anlik goriintii kareleri, MatLab yaziliminda
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0zel olarak gelistirilen bir goriintii isleme kodunda
analiz edilmistir.

MatLab kodunun basarmasi gereken ilk islem
biikim  plakasini, ¢evresindeki  diger tim
goriintiilerden ayirabilmektir. Bu amagla “esikleme”
teknigi  (thresholding) kullamilmistir.  Esikleme
isleminde renkli resimdeki belli kirmizi, mavi ve
yesilin altinda ya da istiinde olan yerler 1 ve 0 olarak
kodlanir. Bu sayede goriintiide istenen yerler ve
istenmeyen arka plan ayrilabilir. Islem o6zellikle
yiiksek kontrast olan goriintiilerde daha iyi sonug
verdiginden [6], plakalar fosforlu renklere (beyaz ya
da yesil) boyanarak arka plandan ayrilmalar
saglanmustir.

Plakanin koordinatlar1 arka plandan ayrildiktan
sonra, MatLab kodu plakanin iist yiizeyini
hesaplamaktadir. Ust yiizeyin tamamu Sekil 4 ve 5’te
kirmiz1 dairelerle isaretlenmistir. Biikiim plakasinin
radyusa yakin bdlgeleri ve kenarlara yakin olan
taraflari  disarida  birakilacak  sekilde, biikiim
plakasinin diiz alanlar1 belirlenmektedir. Bu alanlar
da, Sekil 4 ve 5’te mavi noktalarla gosterilmistir. En
son olarak mavi noktalara iki adet dogrusal egri
oturma (linear curve fitting) islemi yapilir. Iki egrinin
arasinda kalan a¢1 da MatLab kodu tarafindan
otomatik olarak hesaplanmaktadir (bkz. Sekil 5).

Sekil 4: 20 mm kalinligindaki plaka icin esikleme
yéntemi.

Hesaplanan agi 134.86°

Sekil 5: 12 mm kalinligindaki plaka icin esikleme
ybntemi ile a¢l hesaplamasi.

Goriintii isleme sistemi 1 mm ig¢in 4 ila 5 piksel
goriintli almaktadir. Bu durumda, Sekil 4 ve 5’te
gorlildiigli iizere, kenarlar1 boyanmis plakalarda
dogru bir esik degeri secilebildiginde MATLAB kodu
plakanin st ylizeyini biiyiik bir hassasiyetle (+0,20-
0,25 mm) segebilmektedir. Mevcut durumda esik
degerleri birkag deneme yanilma ile belirlenmektedir.
Yanlis segilen esik degerleri, kenarlarin dogru
hesaplanamamasimna ve sonu¢ olarak da lineer
egrilerin yanlis ¢ikmasina neden olmaktadir. Aym
goriintiiniin, farkli esik degerleri ile cikarabilecegi
farkli sonuglar Sekil 6’da gosterilmistir.
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(b) v

Sekil 6: Esikleme yéntemi ¢iktilari: (a) uygun
olmayan esik degeri ile, (b) uygun esik degeri ile.

Yontemin  tekrarlanabilirligi  ve  manuel
Olciimlerle kiyaslanmasi, daha onceki bir ¢aligmada
kanitlanmistir, bkz. Sekil 7 [8] Ancak bir onceki
calismada esikleme yontemi ve MATLAB kodu
yerine manuel yontemler kullaniimistir.
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Sekil 7: Gorintu isleme yénteminin agidlger ile
kiyaslanmasi [8].

3. DENEYLER

Belirtilen test kalib1 ve yontemle 12 ve 20 mm
kalinlikta ~ ayrt  kalitelerdeki ~ zirh ~ plakalar
biikiilmiistiir. Malzemelerin yaklasik degerleri Tablo
1'de verilmistir.

Tablo 1: Kullanilan zirh geliklerinin mekanik
Ozellikleri.

Malzeme 1 | Malzeme 2

Kalinlik (mm) 20 12

Akma Dayanimi1 (MPa) >1100 800-1000

Cekme Dayanimi (MPa) | 1250-1550 | 900-1350

Toplam Uzama Aso (%) >12 >12

Hem alt 6lii noktada (pres tam yiik altindayken),
hem de yik kaldirildiktan sonraki agilar
hesaplanmuistir, bkz. Sekil 8.

Geri esneme miktari, iki aginin arasindaki
farktan hesaplanmis ve Sekil 9’da gdsterilmistir.
Yapilan c¢alismadaki 3’er tekrarla dahi, plaka
kalinliklarindaki degisim, 1s1l islemlerinde
olusabilecek  farklihiklar ya da  prosesteki
degiskenlikle aciklanabilecek farkliliklar
gozlemlenmistir. Sekil 9°da kirmiz1 kesik ¢izgilerle
gosterilen ortalama degerlere gore, hadde yoniinde
ortalama 10.24°’lik bir geri esneme gozlenirken,
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yaklasik +%2.3’liik hata payr bulunmustur. Hadde
yoniine dik biikiimlerde ise ortalama geri esneme
9.89°, hata pay1 ise £%1.85 olarak bulunmustur.
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Hadde yoniinde Hadde yo6nine dik

Numune numarasi ve yoni

Sekil 8: 20 mm kalinligindaki zirh plakasinin
goruntu isleme yontemi ile hesaplanan bukim acilari.
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97
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Hadde yoniinde Hadde yonune dik

Numune numarasi ve yoni
Sekil 9: MatLab gortintu isleme yontemi ile
hesaplanan geri esneme miktari (kirmizigizgiler
numune yonlerine gore ortalama geri esnemeyi
gOstermektedir).

Aynt c¢alisma 12 mm kalinliktaki farkli
kalitedeki bir zirh geligi plakasinda da yapilmstir.
Sekil 10'da goriilecegi tizere, simiilasyonla geri
esneme miktar1 yaklasik 7° olarak tahmin edilmistir.
Goriintli isleme yontemi ile farkli yonlerde yaklasik
9° geri esneme Olgiilmiistiir. Ayrica yiik alti ve yiik
sonrasi agilarda da 2 ila 4° arasinda farkliliklar tespit
edilmistir.
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(Hadde y6niinde)  (Hadde yoénine dik)
Sekil 10: 12 mm kalinlikta zirh ¢elidi plakasi
blkimunln similasyon ve gérinti isleme
yontemlerinin kiyaslanmasi.

Sekil 10 ayrica goriinti isleme yontemi
kullanilmamast durumunda, simiilasyon ile tahmin
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edilen yiik alt1 ag1 ile geri esneme miktarinin hata
miktarimi gostermektedir. Simiilasyon datalarinin baz
alimmasi halinde gercekte 9° olan geri esneme 10-11°
olarak tahmin edilecektir. Bir baska deyisle; geri
esneme miktar1 yaklasik %20 hatali tahmin
edilecektir.

4. SONUGC ve YORUMLAR

o (Celiklerde, dayanim arttik¢a geri esnemenin
arttigl  bilinmektedir. Akma dayanimi 1100
MPa’in iizerinde olan zirh ¢eliklerinde 150°’ye
biikimde  dahi  (diizlemsellikten  30°’lik
biikiimde), yaklagik  10° geri  esneme
gozlemlenmistir.

e Geri esnemeyi hassas bir sekilde
hesaplayabilmek igin yiik altindaki aginin da
Olciilebilmesi gerekmektedir. Simiilasyon ya da
ampirik bir yiik altt a¢1 hesabma dayandirilan
geri esneme hesaplar hatali olmaktadir.

o  Yiksek-¢coziiniirliiklii  sayisal kamera ile
kaydedilen goriintiilerden yiik alt1 ve yiik sonrasi
fotograflar kolaylikla elde edilebilmektedir.
Gelistirilen MatLab kodu sayesinde, dogru esik
degerleri secildiginde ac1 hassas bir sekilde
hesaplanabilmektedir.

e Yontem, esik degerine ¢ok bagimlidir. Yanlig
secilen esik degerleri, anlamsiz sonuglara neden
olmaktadir. Esik degerinin dogrulugu su an igin
manuel olarak yapilabilmektedir. Bunun da
otomatik olmast igin c¢aligmalar devam
etmektedir.

e (Calisma kapsaminda, sonlu elemanlar
yazilimindan da geri esneme hesaplayabilen bir
kod tasarlanmaktadir. Bu kod da
tamamlandiginda, biikme isleminin simiilasyonu
ve kendisi arasinda dogrudan bir kiyas
yapilabilecektir.
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Determination of the Spring-Back Angle by Image
Processing in Bending of High Strength Steels

Precise determination of the spring-back angle
plays an important role in bending of high strength
steels (HSS). Since the desired final geometry is
totally dependent on the amount of spring-back; any
under-estimation would result also in an under-
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estimation of the bending force. For that reason,
especially in the modelling of HSS bending the
spring-back should be verified with experimental
studies. This contribution deals with the
determination of the spring-back angle in HSS
bending operations. To accomplish this, a simple set-
up was designed and with the aid of a digital camera
the bending process was recorded. A MATLAB
script was designed which uses image processing
approach for the determination of the angles from the
images at the bottom dead center (BDC, i.e., at
maximum punch force) and the final position (i.e.,
after springback). Results were compared with FEA
based simulations.

Keywords: High Strength Steels, Springback,
Image Processing.
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Estimation of Workload for Aircraft
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Design Projects By Using Fuzzy

In this study, it is aimed to estimate workload for aircraft design.

Actual values of variables are not always reachable due to subjectivity, lack
of data, and so on. In this case, forming the model by incorporating fuzzy
logic can be a satisfactory solution. In this study, the results obtained by
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fuzzified aircraft design data from literature were compared with the actual
results of the literature. According to comparison results, it is seen that the

Prof. Dr. results of the fuzzy estimation method are close to the actual results. As a
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Fuzzy Estimation

1. INTRODUCTION

An aircraft is defined as a machine that the air
provides flying. Designing an aircraft is a crucial
process and needs to be managed carefully and
meticulously. Through this process, cost and workload
are two of the most important issues to be managed
and also to be estimated. In estimating the cost and
workload of aircraft design projects, the major
difficulty is the complexity of measuring the
components, which are considered as the inputs of the
estimation models. The motivation of this study is the
need of dealing with this complexity, caused by lack
of information or uncertainties.

Once handling the complexities, there are many
estimation techniques that are classified as qualitative
and quantitative methods. Qualitative methods
generally depend on heuristic principles like
complexity, quality, etc. and works with similarities or
comparable things of a product previously
manufactured whereas quantitative models depend on
statistical analysis, deep research about a product, its
features or processes [1]. Fuzzy logic is one of the
qualitative methods, introduced by Lotfi Asker Zadeh
in 1965 to bring an optional perspective to traditional
analyses. This method briefly provides problems
including uncertainty and vagueness to model with
linguistic variables in any system [2].

In this study, fuzzy logic is implemented on aircraft
design projects’ workload estimations, by using
performance and size variables. Cost estimation
techniques for aircraft design projects are taken into
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conclusion, estimation is practicable by fuzzy variables and satisfactory
results can be achieved when inputs are uncertain in aircraft design.

Keywords: Aircraft, Design, Workload, Cost estimation, Fuzzy logic,

consideration and by considering workloads as costs
of related projects, workloads are estimated. Selected
crisp variables about performance and size variables
such as aircraft unit weight, aircraft empty weight,
speed and climb rate are defined by using linguistic
fuzzy variables. After that, an appropriate Fuzzy
Inference System is generated and a comparison of
current outcomes gathered from literature and fuzzy
outcomes is presented.

2. COST ESTIMATION FOR AIRCRAFT DESIGN
PROJECTS

The first successfully flying aircraft was
designed by Wright Brothers, in 1903 even if there
were some trials for flying in anywhere on earth until
that time. Then, once again Wright Brothers has
improved an upgraded version by 1905 [3]. This
development was source of inspiration to many people
and countries for designing new and improving the
existing ones.

Design concept can differ in terms of using
methods or can be differentiated as tangible or
intangible such as product, place, information, and so
on [4]. During design process for anything there are
many unknown obstacles. Since, it is usually
encountered while doing it. Villecco and Pellegrino [5]
stated that it is always faced with vagueness in
engineering design and Daalhuizen et al. [6]
emphasized also the source of uncertainty as lack of
knowledge and proficiency, variances in design
changes and its complexity in any given task because
of inadequacy of data and knowledge. Moreover,
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MacCormack [7] evaluated that changing conditions
can appear normally or appear slowly and Bstieler [8]
explained that uncertainty in customer side leads to
vagueness in project execution which no one is unable
to understand. Because of the complexity in design
process, cost estimation or prediction of effort during
this period is very remarkable.

2.1. Cost Estimation Methods

Cost estimation methods may be classified as
qualitative and quantitative [1]. Qualitative methods
are ordered as intuitive and analogical methods that
are mainly used in early stage of design because of
lack of knowledge [9]. Case-Based Reasoning, Rule-
Based, Fuzzy Logic and Expert Systems are the
techniques used in intuitive methods. Analogical
techniques use Regression Analysis or Back-
Propagation Neural-Network in cost estimation.
Quantitative cost estimation methods use parametric
cost estimation, operation-based, break-down
approach, feature-based approach, tolerance-based
approach or activity-based approach.

2.2. Aircraft Design

An aircraft design consists of three phases which are
conceptual design phase, preliminary design phase and
detail design phase that are also shown in Figure 1.

Conceptual design is a kick-off for design but the most
crucial one. The major responsibility of this phase is
to prepare a guide for bringing together requirements
and expected design and system configuration. The
decisions about material type, structural design
requirements, and support activities are determined
[11]. Preliminary design phase is the phase that
optimized design alternatives are handled in terms of

cost effectiveness or practicability of design. Design
geometry begins to form and system and sub-system
of the aircraft also is shaped. Provided that the concept
design phase is definite the only minor changes are
made for aircraft in this part of the design [12]. The
last stage of the design is the detail design phase which
systems, sub-systems and parts are defined and
designed in all details to be fabricated or sub-
contracted. During this phase, whole system and
design components are evaluated and analyzed in
detail. Manufacturing documentation is released [13].
After finishing the design, manufacturing activities
begin for maiden product. Followed by these activities
first flight, flight testing, and certification operation
proceed.

In any project, workload, defined as effort for
one who works for the specific task, is considered at
each stage. Therefore, workload is a crucial issue that
should be estimated at the beginning of the projects. In
terms of design projects, to spend time as working for
a task in design activity can be expressed as design
workload for the activity [14].

3. FUZzZY LOGIC AND Fuzzy
SYSTEM

INFERENCE

Fuzzy logic was first introduced by Lotfi Asker
Zadeh in 1965 in order to model complex and
uncertain problems that have lack of data or
knowledge [2]. Hence, fuzzy logic is an alternative
approach to find solution for vagueness in systems. It
can be expressed as enlargement of the conventional
set theory by adding belongings of elements to fuzzy
sets. In classical set theory, element either belongs to
a set or not (either zero or one), where fuzzy logic
defines membership degrees in defining the belonging
of each element to a fuzzy set, where there is no strict
boundaries according to fuzzy theory [15].
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Figure 1. The Design Spiral [10]
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There are many applications of fuzzy logic for
aircraft.  Dobrescu and  Balazinski  studied
environmental control on cabin and cockpit of aircraft
[16]. Ath and Kahraman used fuzzy logic for aircraft
maintenance planning as decision making tool [17]. Lo
et al. implemented for finding system failures in
aircraft. [18]. Liu et al. proposed a model using fuzzy
logic about durable flight control system to explore
Mars [19].

Fuzzy inference system can be expressed in three
major steps which are fuzzification, fuzzy inference
engine and defuzzification shown in Figure 2.

Crisp Input Fuzzy Input

> Fuzzy Output >

Crisp Output

Figure 2. Process of Fuzzy Model

Fuzzification is a process that crisp inputs are
converted into linguistic variables. Then, linguistic
variables are defined with their fuzzy membership
functions using fuzzy sets. Linguistic variables are the
input or output terms of the system whose values are
differ from numeric values, they are denoted as words
or sentences from daily language [20].

Although various membership functions such
as singleton, gaussian, trapezoidal and triangular can
be defined in fuzzy logic [21], the mostly used types
are triangular and trapezoidal fuzzy numbers because
of their simplicity in calculation and linearity on
membership functions. General mathematical notation
of triangular fuzzy number is defined by three real
numbers (/,m,u) and they are expressed lower, mid and
upper bounds of triangular fuzzy number [22]. The
next step is the fuzzy inference engine with IF-THEN
rules. IF-THEN rules provide conditional situations
between inputs and outputs for any model [23]. The
last step of process is defuzzification where fuzzy
values are converted to crisp value by using some
methods such as center of gravity (COG) or center-of-
area (COA), mean of maximums (MOM), smallest of
maximum (SOM) and largest of maximum (LOM)
[24].

4. PROPOSED MODEL

As stated in earlier chapters, if there is
uncertainty and lack of data in any stage of the process,
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fuzzy logic can be used in achieving reliable results. In
this study, an aircraft database including 34 military
aircraft will be used from literature. These aircrafts’
type is examined in 6 categories such as fighter,
bomber, transportation, attack, training and business
jet.

There are several cost factors that affect aircraft
manufacturing. Basically, engineering, tooling,
staffing, material, development and manufacturing
support, flight test operations and quality control are
cost levels of an aircraft development process.
Especially, the design phase is more invisible
comparing with others. That’s why variable selection
is important to make model visible. Aircrafts
considered in this study are examined according to
their characteristics and some dependent variables are
determined in terms of size and performance features.

4.1. Inputs for Aircraft Design Workload Estimation

During the modeling phase of this study, many
characteristics were considered according to elements
of aircraft as possible variables. However, it was
important that variables had to satisfy the requirements
that are related to cost of aircraft and also had to
embody all aircraft’ design methodology. Determined
variables are; Climb Rate (CR), the vertical
maximum climb of the aircraft; Aircraft Unit Weight
(AUW), calculated as excluding wheels, brakes, tires,
engines propellers, avionics and other systems and
sub-systems, (it can also be thought structural weight
of the aircraft); Empty Weight (EW), defined as the
weight of the aircraft without fuel, ammunition and
crew; Maximum Speed (MS), the speed of the aircraft
that reaches at any altitude.

4.2. Fuzzification of Proposed Model

Since it is not always possible to achieve actual
(crisp) values of variables in real life, it is
recommended to substitute them by fuzzified data,
which are easier to obtain. In this study, the success of
estimations done by using fuzzified data is
investigated. Therefore, linguistic data is defined in
fuzzifying the inputs in the model. In this process,
equal intervals are used and converted to linguistic
variables. The determination of intervals depends on
the decision maker’s choice. Because of the length of
range of data, 11 fuzzy linguistic variables, defined as
Extremely Low (EL), Very Low (VL), Low (L),
Moderate Low (ML), Slightly Low (SL), Moderate
(M), Slightly High (SH), Moderate High (MH), High
(H), Very High (VH), Extremely High (EH) are used.
Table 1. shows fuzzy values of inputs used in this
study.
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4.3. Rule Evaluation for Proposed Model

Using Matlab software’s fuzzy logic toolbox,
fuzzy inference system (FIS) is executed by using
triangular fuzzy numbers. The FIS process chart for
proposed model is presented in Figure 3. In order to
clarify the structure of fuzzy variables, triangular
membership functions for “very low (VL) level the

first input AUW is given in Eq. (1). The rest of the
inputs and output variables are defined similarly and

presented in Figures 4-8.

(S50 5072 < x < 32479

(32.479-5.072)"
HyL(x)= iM 32.479 < x < 59.887
(59.887-32.479)° -7 =

0 0.W.

(1

‘.M \

Aircraft Design Workload Forecasting

{mamdani)}

EDH

Figure 3. FIS (Fuzzy Inference System) Process Chart
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Figure 5. Empty Weight (EW) Membership Function
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Membership Function Plot for MS
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After constructing the fuzzy membership

functions for inputs and outputs for the given values in
Table 1, totally 34 fuzzy rules are defined. A selected
list of the fuzzy rules is as follows:

1)
2)
3)

4)

If (AUW is VL) and (EW is VL) and (MS is L) and
(CRis EL) then (EDH is VL)

If (AUW is EL) and (EW is EL) and (MS is L) and
(CRis VL) then (EDH is EL)

If (AUW is VL) and (EW is VL) and (MS is SH)
and (CR is M) then (EDH is ML)

If (AUW is EL) and (EW is VL) and (MS is L) and

value based on fuzzy numbers and associated
membership degrees are calculated. Center of
Gravity (COQG) is used as defuzzification method
to get the crisp value. It determines the center of
the area of the integrated membership functions.
That means it calculates the centroid or COG of
integrated output membership functions. Fuzzy
rule design is shown in Figure 9.

RESULTS AND CONCLUSION

The current design hours and calculated fuzzy

(CR is VL) then (EDH is VL)
5) If (AUW is EL) and (EW is EL) and (MS is ML)
and (CR is VL) then (EDH is VL)
A complete list of rules can be found in [25]. The next
step is the defuzzification process, where a crisp

outputs are shown in Table 2. and Figure 10.

Table 2. List of workloads (Current Values and Fuzzy Outputs)

Current Fuzzy Current Fuzzy Current Fuzzy
Data | Values Outputs Data | Values Outputs Data | Values Outputs
(hr) (hr) (hr) (hr) (hr) (hr)

1 1.000.288 983.000 12 1.458.067 | 1.250.000 23 397.490 430.000
2 355.668 316.000 13 2.093.929 | 2.190.000 24 726.907 652.000
3 1.803.163 | 1.660.000 14 | 2.568.323| 2.890.000 25 785.891 709.000
4 779.127 590.000 15 439.897 559.000 26 1.135.161| 1.250.000
5 644.754 762.000 16 746.726 783.000 27 754.682 785.000
6 465.280 508.000 17 605.156 785.000 28 805.956 | 1.020.000
7 3.488.623 | 3.600.000 18 1.668.815| 1.670.000 29 1.400.996 | 1.330.000
8 2.721.242| 2.660.000 19 | 2.274.788| 2.090.000 30 | 1.386.136| 1.250.000
9 1.142.757| 1.020.000 20 | 2.112.966 | 2.190.000 31 | 2.566.799 | 2.660.000
10 5.005.016 | 4.890.000 21 934.204 | 1.020.000 32 637.010 596.000
11 915.080 785.000 22 1.146.608 | 1.020.000 33 365.299 527.000

34 315.935 416.000
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Figure 10. Comparison of Model Outputs and Current Values
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Table 2 and Figure 10 present both the current
(real) workloads and estimated fuzzy workloads.
Comparisons show that fuzzy estimations are closed to
actual values. Therefore, in cases where it is hard or
impossible to achieve the actual values of components
of workload estimation, if the inputs can be classified
as linguistic variables such as “extremely low, very
low, ..., very high, extremely high”, then a satisfactory
estimation can be obtained.

Adding new variables to the model can make
more precious results for future studies.
Aircrafts’weight can change in terms of material used
in the structures. The samples used in this study have
mostly metallic material in their structures, where
today’s aircraft manufacturers mainly use composite
material and even lighter for decreasing cost.
Therefore, for future aircraft cost estimation models,
material will be a meaningful variable for model.

OZET

Bu c¢alismada hava araci tasariminda is
yiikiiniin tahmin edilmesi amaclanmistir. Is yiikii
tahmininde  degiskenlerin  ger¢ek  degerlerine,
stibjektiflik, veri eksikligi ve benzeri durumlar
nedeniyle ulagmak her zaman miimkiin olmamaktadir.
Bu durumda, modeli bulamik mantik dahil ederek
olusturmak tatmin edici bir ¢0ziim ydntemi
olabilmektedir. Bu c¢alismada, literatiirde bulunan
hava arac1 tasarim verileri bulaniklastirilarak saglanan
sonuclar, literatlir sonuglar1 ile Kkarsilastirilmistir.
Yapilan karsilastirma sonucunda, bulanik tahmin
yonteminin sonuglarinin, gergcek tahmin sonuglarina
yakin degerler oldugu goriilmiistiir. Buna goére, hava
aract  tasariminda  girdilerin  kesin  olmadig1
durumlarda, bulanik degiskenler kullanilarak tahmin
yapilabilecegi ve tatmin edici sonuglara ulasilabilecegi
sonucuna varilmistir.

Anahtar Kelimeler: Hava araci, Tasarim, Is yiikii,
Maliyet Tahmini, Bulantk Mantik, Bulanik
Tahminleme
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Aliiminyum 6061 Malzemenin MQL
Yontemi ile Frezelenmesinde Nano
MoS: Katkili Kesme Sivisi
Kullaniminin Kesme Kuvvetleri ve

N W EE

Yuzey Puruzlulugune Etkilerinin
Incelenmesi

Bu calismada, Aliiminyum 6061 malzeme kuru ve MQL (minimum
miktarda yaglama) sartlar: altinda frezelenmistir. MQOL ydnteminde hem
katkisiz hem de nano MoS:> (Molibden disiilfiir) katkili bitkisel kesme sivisi
kullanilmis ve kesme kuvveti bilesenleri ve yiizey piuiriizliiliigii incelenmistir.
Frezeleme iglemleri, CNC dik isleme merkezinde sabit kesme derinligi (1.5
mmy), ilerleme (0.1 mm/dev) ve kesme hizi (250 m/dak) degerlerinde
gerceklestirilmistir. MQOL yonteminde, kesme sivisi tek noziilden 26 ml/saat ve
52 ml/saat olmak iizere iki farkli debide kesme bdlgesine gonderilmigtir.
Yapilan deneysel ¢alismalar sonucunda, MQL yonteminde yiiksek debide
kesme bélgesine gonderilen nano akiskanin kesme kuvvetlerini ve yiizey
puiriizliiliigiinii azalttigi belirlenmistir.

Anahtar Kelimeler: Minimum Miktarda Yaglama, Aliiminyum 6061,
Nano MoS:, Yiizey Piiriizliiliigii, Kesme Kuvvetleri

GIRIS

Modern imalat endiistrisi, Uretilen pargalarin
boyutsal dogruluklarinin artmasi, daha iyi ylizey
kalitesine sahip olmalari, daha yiiksek iretim
adetlerini daha diigiik takim asinmasi ve maliyet ile
elde etmek icin siirekli olarak kendini gelistirmeye
devam etmektedir [1]. Demir esasli veya demir dist
yilksek mukavemetli pargalar talaghh  imalat
yontemleri ile islenirken, kesme hizi ile birlikte artan
sicaklik takim dayanimimi  diisiiriir ve takimin
aginmasina, zarar gormesine sebep olur [2]. Kesme
bolgesinde olusan sicakligi diisiirmek i¢in, geleneksel
stivi - sogutma  yontemleri  endiistride  sikca
kullanilmaktadir. Ancak, gerek gevresel etkileri gerek
maliyetleri ~ bakimindan sogutma  sivilarinin
kullaniminin azaltilmasi kritik dnem tasimaktadir [3].
Sogutma sivilarinin maliyetinin toplam maliyetin
%8-16’s1 arasinda oldugu kabul edilmektedir.
Bilindigi lizere endiistride kullanilan kesme
stvilarinin biiyiik ¢ogunlugu mineral esasli olup,
insan saghigma ve g¢evreye zararli agir elementler
icerebilmektedirler [4,5]. Bu sebeple, daha az kesme
stvisinin - kullanildigns MQL  (minimum miktarda
yaglama) yontemi uygulamalarda kendisine daha
fazla yer bulmaktadir. MQL ydnteminin diger
sogutma/yaglama sistemlerine karsi avantajlari; daha
diisik kesme yagi tiiketimi, maliyet ve takim

MAKINA TASARIM VE IMALAT DERGISI

asmmasini diislirmesi, yiizey kalitesini arttirmast ve
insan sagligina ve cevreye olan zararlari azaltmasi
olarak siralanabilir. MQL yontemindeki yag tiiketimi
diger yontemlere gore ¢cok daha az oldugundan, sivi
sogutma yonteminde biiyiik bir maliyet olan dmriinii
tamamlamig yaglarin atik maliyetinden de kurtulmus
olunmaktadir [6]. Bu avantajlara ek olarak, isleme
sonrasi elde edilen talaglar da neredeyse yagsiz
oldugu icin, talaglarin geri doniisimi de daha
ekonomik olmaktadir. Tiim bu avantajlarina ragmen,
MQL yonteminin performansinin  arttirilmasina
yonelik caligmalar yapilmakta ve MQL yoOnteminin
diger sogutma yontemleri ve kuru isleme ile
karsilastirilmasi yapilmistir.

Ginting vd. [7] Bat1 Avustralya’da orta boy bir
isletmede sivi sogutma yerine MQL uygulamasinin
teknik, ekonomik ve c¢evresel agidan faydalarini
arastirmislardir.  MQL  kullaniminin ~ sera  gazi
emisyonlarini ve sivi atiklarini azalttigini ve bu yeni
sogutma/yaglama tekniginin metal kesme
operasyonlarinda igleme performanslarini arttirdigini
gozlemlemiglerdir. Sonug olarak sivi sogutma yerine
MQL sisteminin kullanilmasinin ¢evresel, sosyal ve
ekonomik siirdiiriilebilirlige  yardimci  oldugunu
belirtmislerdir. Bir diger endiistriyel uygulama 6rnegi
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de 2008 yilinda Ford Motor Firmasiin Kuzey
Amerika’daki fabrikasinda, aliminyum vites kutulari,
tork konvektor kutular1 ve valf gévdelerinin islendigi
200 isleme merkezinde sivi sogutma yerine MQL
sistemine gecilmesidir. Bu parcalar i¢in MQL
sistemi, firmada oncelikli kullanilan sogutma sistemi
olarak belirlenmistir. Firmanin Avrupa’da
aliminyum silindir kapagi ve dékme demir motor
bloklart isledigi iki fabrikasinda bazi uygulamalarda
hala sivi sogutma yontemi kullanilsa da MQL
yontemi birinci sogutma yontemi olarak 2011
yilindan  beri  kullanilmaktadir.  Yeni MQL
uygulamalar1 da Brezilya ve Cin’de bulunan
fabrikalarinda sisteme alinmaya baglanmistir [8].
Niketh ve Samuel [9] yaptiklar1 deneysel ¢aligmada,
Ti6Al4V titanyum alagimimi kuru, sivi ve MQL
yontemi ile islemisler ve yilizey kalitesi, takim
asmmast ve kesme kuvvetlerini incelemisler. En iyi
sonuglari sivi  sogutmada almiglar fakat MQL
yonteminin kuru islemeden daha 1iyi sonuclar
vermesi, sivi sogutmaya yakin degerler elde edilmesi
ve enerji kaynaklarinin tiiketimi agisindan tercih
edilebilecegini belirtmislerdir. Sivaiah ve Chakradhar
[10] ¢aligmalarinda, AISI 630 paslanmaz ¢eligi kuru,
sv1 sogutma, kriyojenik ve MQL yontemleri ile farkli
kesme derinliklerinde tornalamiglar, takim
aginmalarin1  ve talag formlarmi incelemislerdir.
Calismada, en iyi ylizey kalitesi kriyojenik
sogutmada elde edilmis olup, kriyojenik sogutmadan
sonraki en iyi yiizey kalitesi ise MQL ydnteminde
elde edilmistir. Yiizey kalitesinde oldugu gibi serbest
ylizey asmmasimnda da, en az asmma kriyojenik
sogutma ile elde edilmis, kriyojenik sogutmadan
sonra en az aginma degerleri MQL ydnteminde elde
edilmistir. Rahim ve Dorairaju [11] yaptiklari
deneysel calismada, AISI 1045 malzemenin MQL
yontemi kullanarak tornalanmasini incelemislerdir.
Farkli noziil piiskiirtme capi, farkli hava basinci ve
farkli noziil-kesici u¢ mesafeleri denenerek en uygun
degerleri elde edilmeye calisilmigtir. Daha biiytik
capli noziil ile yaglayici miktarimin artmasiyla daha
kiiciik kesme kuvvetleri ve kesme sicakliklar1 elde
etmislerdir. MQL sogutma/yaglama sisteminin diger
yontemler ile birlikte hibrit olarak da kullanildig:
calismalar mevcuttur. Stachurski vd. [12] yaptiklari
calismada, sogutulmus basingli hava ve MQL
yontemlerini  birlestirerek  kullanmiglardir.  Disli
iiretiminde kullanilan azdirma takimlarinin bilenmesi
sirasinda ylizeyde olusan mikro sertlik diisiisi bu
hibrit yontemle asimstir. Iki yontemin birlikte
kullanilmasi tek tek kullanilmalar1 veya sivi sogutma
ile  sogutulmus  basmngli  havanin  beraber
kullanilmasindan daha iyi sonuglar vermistir. Bileme
sirasinda  tiiketilen yag miktarinin azaltilmasiyla
operatériin  sagligma ve ¢evreye olan olumlu
etkilerinin sistemin avantaji oldugu belirtilmistir. Mia
[13] calismasinda, AISI 4140 malzemesinin MQL
yontemi ile frezelemesinde optimum kesme hizi,

32/ Cilt 17, Say1 1, Mayis 2019

kesme derinligi ve sogutucu debisini belirlemislerdir.
Spesifik  kesme enerjisi ve yiizey kalitesi
parametrelerine goére MQL sisteminde optimum
debinin 150 ml/saat  olarak  bulundugunu
belirtmislerdir. Viswanathan vd. [14] calismalarinda,
300 mm uzunlugundaki magnezyum alagimindan is
parcasini, kuru ve MQL sogutma yoOntemi ile
islemiglerdir. MQL yonteminde 6 bar basing ve 60
ml/saat debi kullanmiglardir. Caligmada, takim
agmmmast ve kesme sicakliklart incelenmis ve en
uygun degerleri elde etmek igin gerekli kesme hizi,
ilerleme, paso ve sogutma sistemi belirlenmistir.
Genel olarak elde edilen sonuglarda MQL sisteminin
kuru islemeden daha iyi sonuglar verdigi
belirtilmistir. Patole ve Kulkarni [15] yaptiklar
deneysel calismada, AISI 4340 malzemenin sivi
sogutma ve MWCNT (¢ok duvarlt karbon nano tiip)
katkilt MQL yontemi kullanilarak farkli ilerleme,
debi, kesme derinligi ve kesici u¢ yarigap
degerlerinde tornalanmasi incelenmistir. Dogru bir
sekilde uygulandiginda nano  katkih  MQL
yonteminin, kesme kuvvetlerinde ve ylizey
kalitesinde ciddi iyilestirmeler sagladigi ve sivi
sogutmaya  alternatif  olarak  kullanilabilecegi
belirtilmistir. Marques vd. [16], siiper alasim Inconel
718 alasimni bitkisel kesme yaginin igerisine grafit
ve MoS; ekleyerek MQL yontemiyle tornalamislar ve
grafit ve MoS, katkisiin yiizey piirtzliligiini
distirdigiinii  belirlemiglerdir. Paturi vd. [17]
deneysel calismalarinda, Inconel 718 alagiminin
tornalamasinda MQL ve yaga agirlikca %0.5
oraninda mikro boyutlarda WS, (Tungsten disiilfiir)
ekledikleri MQL yontemlerini kargilagtirmiglardir.
Calismada, MQL yagina WS, Kkatkisinin yiizey
kalitesini %35’e kadar iyilestirdigi gozlemlenmistir.
Rahim vd. [18] yaptiklar1 deneysel ¢alismada, AISI
1045 malzemesini kuru ve yag olarak sentetik ester
kullandiklar1 MQL yontemi ile tornalamislardir.
MQL yonteminin, kuru islemeye gore kesme
kuvvetlerini, kesme sicakligini, takim talas temas
mesafesini onemli Olclide azalttigi belirtilmistir.
Ekinovic vd. [19], St52 ¢eliginin tornalamasinda kuru
ve MQL yonteminde olusan yag-hava karigimina su
ekledikleri iki ydntemi karsilagtirmiglardir. Yag
debisi 10-50 ml/saat ve su debisi ise 0.3-0.7 ml/saat
olarak ayarlanmigtir. Kesme kuvvetlerinin kuru
islemeye oranla %17 oranina kadar diistiigii ifade
edilmistir. Kedare [20], kalip ¢eliginin parmak freze
ile frezelenmesi igleminde MQL ve sivi sogutma
yontemlerini karsilastirmis ve MQL yontemi ile
yiizey kalitesinin  %27’ye kadar iyilestigini
belirtmiglerdir. Joshi vd. [21] yaptiklar1 g¢alismada,
Inconel 600 alagimi kuru, MQL ve nano Al,O3
(Aliiminyum oksit) katkih MQL ydntemi ile
tornalanmistir. Nano katkili MQL yonteminin diger
sogutma yontemlerine gore daha iyi yiizey kalitesi
degerleri  verdigi belirtilmigtir. Ramana [22]
yaptiklar1 deneysel ¢alismada, titanyum alagimi kuru,
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sivi sogutma ve MQL ydntemleri ile tornalanmustir.
En iyi ylizey kalitesi ayni igleme parametreleri altinda
MQL yontemi ile elde edilmistir. Sekhar vd. [23],
nano MoS, katkili MQL yontemini AISI 1040
celiginin tornalanmasinda kullanmislardir. Nano
MoS; katkisin1 kanola, aygicegi ve ticari yaglarda
kullanarak, MQL ile kuru iglemeyi ve yaglarin igleme
performanslarini  karsilagtirmiglardir. Yagdaki nano
katki oraninin agirlik¢a %0.5 oldugu durumda en iyi
ylizey kalitesini elde etmisler. Ayrica, nano MoS,
pargaciklarinin = 70-80 nm boyutlarinda oldugu
durumunda en iyi yiizey kalitesi elde edilmistir.
Kumar vd. [24], AISI 4340 malzemesini kuru, sivi
sogutma ve MQL sartlarinda tornalamislardir.
Arastirmacilar, MQL yonteminin kuru ve sivi
sogutma islemelerine kiyasla yiizey kalitesini
arttirdigimni ifade etmiglerdir. Sharma vd. [25], AISI
1040 malzemesinin tornalanmasi igleminde kuru, sivi
sogutma, MQL ve nano SiO; (Silisyum oksit) katkili
MQL  yontemini  kullanmiglardir.  Caligmanin
sonuclarina gore nano SiO; katkilt MQL yonteminin,
MQL ve sivi sogutma ydntemlerine gore yiizey
plriizliiliigii, takim asinmasi ve kesme kuvvetlerinde
daha iyi degerler verdigi belirlenmistir. Yapilan
Olciimlere gore yag igerisine katilan nano pargacigin
miktart arttikca hem yagimn termal iletkenliginin hem
de viskozitesinin arttig1 tespit edilmistir. Termal
iletkenligin artmasi takim-is parcasi ara yiiziindeki
sicakligi diismesinde olumu etki yaparken, artan
viskozite sprey basing disiisiine sebep oldugu i¢in
negatif bir etki yapmaktadir. Bu sebepten dolay1
calismada optimum deger olarak agirlik¢a %1 nano
katki oraninda karar kilinmistir. Sharma vd. [26],
AISI 1040 malzemesinin tornalanmasi isleminde
kuru, sivi, MQL ve ayrica nano TiO, (Titanyum
oksit) katkili MQL yontemlerini kullanmislar ve nano
TiO, katkih MQL ydnteminde takim agmmasinin
nano katkisiz MQL yoOntemine gore %35.85
azaldigini belirtmislerdir. Sharma vd. [27] yaptiklar1
baska bir ¢alismada, ALOs katkili MQL ydntemini
AISI 1040 malzemesinin tornalanmasi isleminde
denemisler ve nano katkisiz MQL ydntemine gore
kesme kuvvetlerinin %29.2 azaldiginm belirtmislerdir.
Igbal vd. [28], soguk is takim geliginin frezelenmesi
isleminde MQL ve kuru isleme yapmiglar ve
sonuglari karsilastirmiglardir. MQL ydntemi ile takim
Omriiniin arttigin1 ve iglem maliyetinin distigiini
belirtmiglerdir. Kuru isleme ile MQL yo6nteminin
karsilastirildig1 bir bagka ¢alismada ise Elmunafi vd.
[29] tarafindan yapilmistir. Sertlestirilmis AISI 420
celiginin kuru ve MQL yontemleri ile tornalanmasi
incelenmistir. MQL y6nteminde takim dmriiniin daha
uzun oldugu belirtilmistir.

Bu calismada, Aliiminyum 6061 malzemesi

kuru ve MQL yontemi ile frezelenmistir. MQL
yonteminde katkisiz ve nano MoS; katkili bitkisel
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kesme sivist kullanilmigtir. Bu yontemlerin, kesme
kuvveti bilesenleri ve yiizey piiriizliligi {izerine
etkileri incelenmistir. Caligmada, kesme hizi, ilerleme
ve kesme derinligi sabit tutulurken, MQL debisi
olarak 2 farkli deger secilmis ve etkisi arastirilmistir.

DENEYSEL CALISMALAR
Malzeme ve Kesici Takim

Deneysel calismalarda, havacilik ve denizeilik
sektorlerinde  birgok parcada, valf ve wvalf
parcalarinda,  hidrolik  pistonlarda  kullanilan
Aliiminyum 6061-T651 malzemesi takma uglu freze
takimt ile islenmistir. Deneylerde kullanilan
Aliiminyum 6061-T651 malzemesinin kimyasal
bilesenleri Tablo 1°de verilmektedir.

Tablo 1. Aliminyum 6061-T651 Malzemesinin
Kimyasal Bilesimi

Si %0.76

Fe %0.63

Cu %0.3
Mn %0.15
Mg %0.99

Cr %0.17

Ni 9%0.014
Zn %0.14

Ti %0.023
Ga %0.01

v %0.02

Al Kalan

Aliiminyum 6061 is parcast 140 mm x 170 mm
x 30 mm odlgiilerinde hazirlanmustir. I par¢asinin 140
mm uzunlugundaki kenarindan 16 mm genisliginde
ve 1.5 mm derinliginde kanallar agilmistir. Frezeleme
islemleri, iki adet kesici ug¢ takilan 16 mm c¢apindaki

takma uclu freze takimi kullanilarak
gerceklestirilmigtir.  Kesici  u¢  olarak  APHT
100308FR-27P kaplamasiz karbiir uglar

kullanilmistir. Deneylerde kesme sivisi olarak Eraoil
KT/2000 ticari bitkisel kesme sivisi kullanilmstir.
Deneysel c¢alismalarda  kullanilan  nanolevhalar
seklindeki MoS, pargaciklar, %99.9 saflikta ve 0.98
g/cm®  yogunluktadir. Nano MoS; parcaciklarin
boyutlar1 10-20 nm arasinda degismekte, ylizey alani
yaklasik 120 m%/g ve 1s1l iletkenlik katsayis1 yaklagik
35 W/mK’dir.
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Nano MoS: Katkili Kesme Sivisinin Hazirlanmasi

Nano MoS; katkili kesme sivisi hazirlanirken,
nano MoS; parcaciklarin nemden arindirilmasi igin
iki saat 120°C’de Termal marka G11420SD model
etiiv kullanilarak kurutulmuslardir. Hassas terazide
tartilan ticari bitkisel kesme yaginin agirlikca %11
oraninda nano MoS, katilmigtir. Daha sonra nano
parcaciklarin  yag igerisinde homojen olarak
dagilmasi i¢in emiilsifer olarak yag agirliginin %2’si
oraninda lesitin tartilarak yag igerisine katilmustir.
Olusturulan karisim, Daihan marka WiseTis HG-15D
model dijital homojenizatdr vasitasiyla 5000
dev/dak’da 2 saat siiresince karistirilmis ve homojen
bir karigim elde edilmistir. Elde edilen karistm MQL
sisteminin daha 6nceden temizlenen yag haznesine
doldurularak  nano  katkih  MQL  deneyleri
gerceklestirilmistir.

Frezeleme Deneylerinin Yapilmasi

Frezeleme  deneyleri  sirasinda,  kesme
parametreleri olarak 1.5 mm sabit kesme derinligi,
0.1 mm/dev sabit ilerleme ve 250 m/dak sabit kesme
hiz1 secilmistir. Deneyler, kuru kesme, katkisiz ve
nano MoS; katkili bitkisel kesme sivisinin
kullanildig1 sartlarda gergeklestirilmistir. Deneysel
calismalarda gergeklestirilen frezeleme islemleri
CNC dik isleme merkezinde Sekil 1’de gosterildigi
sekilde yapilmistir. MQL sisteminde yag ile havayi
birbirine karistirip, kesme bolgesine gondermek icin
mikro yaglama sistemi kullanilmigtir. MQL akis
debileri, literatiirdeki ¢alismalar g6z Oniine alinarak
26 ml/saat ve 52 ml/saat olarak seg¢ilmis ve tek
noziilden kesme bdlgesine gonderilmistir. MQL
metodu ile frezeleme islemlerinde, noziil literatiir
calismalar1 da goz Oniinde bulundurularak, kesme
bolgesine yaklagik 30 mm mesafede ve 45° a1 ile
yerlestirilmistir.

Sekil 1. Frezeleme deneylerinin yapiligi
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Kesme ve ilerleme kuvvetleri is parcasi altina
yerlestirilen Kistler 92578A  dinamometre ile
Ol¢ililmistiir. Dinamometre, ii¢ eksende de 5 N — 5 kN
arasinda kuvvet Ol¢iimil yapabilmekte ve 0-70°C
sicakliklarda calisabilmektedir. Yiizey piiriizliligi
6lgtimleri Mitutoyo Surftest SJ-210 yiizey piirtizliiliik
cihazi ile yapilmistir. Kanal iizerinde yapilan 10 adet
Olciimiin ortalamasi almarak sonuglar
karsilastirilmstir.

DENEYSEL SONUCLAR
Kesme ve ilerleme Kuvvetleri

Sekil 2 ve Sekil 3’de kesme ve ilerleme
kuvvetlerinin, yaglama/sogutma sartlarina gore
degisimi goriilmektedir. Deneysel sonuglara gore en
kiigiik kesme ve ilerleme kuvvetleri, nano MoS;
katkili MQL yonteminde, toplam 52 ml/saat debi
uygulandiginda elde edilirken en yiiksek kesme ve
ilerleme kuvvetleri kuru kesme isleminde elde

edilmistir.

Kuru MQL MQL nano MQL nano MQL
(26 ml‘saat)(52 ml/saat)(26 ml'saat) (32 ml'saaf)

Yaglama/Sogutma
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Sekil 2. Kesme kuvvetinin yaglama/sogutma kosulu
ile degisimi

Kuru MQL MQL nano MQL nano MQL
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Sekil 3. ilerleme kuvvetinin yaglama/sogutma kosulu
ile degisimi

MQL yonteminde, aerosol debisinin kesme ve
ilerleme kuvvetleri {izerine etkili oldugu Sekil 2 ve
Sekil 3°den goriilmektedir. MQL ydnteminde, debi
26 ml/saat’den 52 ml/saat’e c¢ikartildiginda kesme
kuvveti %3.9 oraninda ve ilerleme kuvveti %7.1
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oraninda azalmistir. Aerosol debisindeki artigin
kesme kuvvetlerine etkisi, nano katkihi MQL
yontemlerinde de goriilmiistiir. Nano MoS, katkili
debinin 26 ml/saat’den 52 ml/saat’e ¢ikartildiginda
kesme ve ilerleme kuvvetleri sirasiyla %6.2 ve %7.4
oraninda azalmgtir.

MQL yonteminde yaga nano katkisi kesme ve
ilerleme kuvvetlerini etkilemistir. MQL yonteminde
nano katki olarak MoS; kullanimi, nano pargaciklarin
takim-is pargast ve takim-talas ara ylizeylerine
niifuziyeti ile olusan tabaka sayesinde, yaglama
performansint  arttirmig  ve kesme ve ilerleme
kuvvetlerini diistirmiistiir. Debi degerinin 26 ml/saat
oldugu nano MoS; katkili MQL yo6nteminde, katkisiz
yonteme gore kesme kuvveti %9.7 oraninda azalirken
ilerleme kuvveti %26.5 oraninda azalmistir. Debi
degerinin 52 ml/saat oldugu nano MoS, katkili MQL
yonteminde ise katkisiz MQL yontemine gore kesme
kuvveti %11.8 oraninda ve ilerleme kuvveti %26.7
oraninda diismiistiir.

Yiizey Piiriizluliik Sonuglar

Yiizey piiriizlilik degerlerinin
yaglama/sogutma sartlart ile degisimi Sekil 4’de
goriilmektedir., MQL yonteminde nano MoS»
katkisinin takim-is pargasi ara yliziine niifuziyeti
sonucu, nano MoS; parg¢aciklarin yuvarlanma ve
parlatma etkisi yiizey kalitesinin artmasinda rol
oynamaktadir. Yiizey piiriizliliigii 6l¢lim degerlerine
gore minimum yiizey piirlizlilik degeri uygulanan
MQL debisinin 52 ml/saat oldugu nano MoS, katkil
MQL yonteminde elde edilirken maksimum yiizey
pliriizlillik degeri ise kuru iglemede 6lgiilmiistiir.

0.65
0.60
0.55
0.50
0.45
0.40
035
0.30
025

0.20

i, Ry (1m)

g

Yiizey Ptirtizhili;

Kuru MQL MQL nano MQLnano MQL
(26 ml/saat)(52 ml/saat) (26 ml'saat) (52 ml/saat)

Yaglama/Sogutma

Sekil 4. Yiizey plruzlGliginin yaglama/sogutma
kosulu ile degigimi

MQL debisinin yiizey piiriizliliigi iizerine etkisi
bulunmaktadir. MQL yonteminde debinin 26
ml/saat’den 52 ml/saat’e c¢ikartilmasiyla yiizey
plriizliligi %27.1 oraninda diismiistiir. Nano MoS;
katkili 26 ml/saat debili MQL ydnteminde, debinin
52 ml/saat’e c¢ikartilmasiyla yiizey plrtzliligi
%12.9 oraninda azalmistr.

MAKINA TASARIM VE iMALAT DERGISI

MQL ydnteminde yaga nano katkisi, nano MoS,
parcaciklarin yaglayicilik etkisinden dolay: ylizey
puriizliiliigii degerlerini de etkilemistir. Nano MoS,
katkili MQL yo6nteminde 26 ml/saat ve 52 ml/saat
debi degerlerinde yiizey piriizlilikleri, katkisiz
kesme sivisinin kullanildigi duruma gore sirasiyla
%32.4 ve %19.2 oranlarinda azalmustir.

SONUG

Bu deneysel c¢alismada, Aliiminyum 6061
malzemesi, kuru isleme ve MQL yontemi
kullanilarak sabit kesme hizi, kesme derinligi ve
ilerleme  degerlerinde frezelenmistir. MQL
yonteminde, katkisiz ve nano MoS; katkili bitkisel
kesme sivilart  kullanilmistir.  Yaglama/sogutma
sartlariin kesme ve ilerleme kuvvetlerine ve yiizey
puriizliliigiine  etkileri incelenmistir.  Deneysel
sonuclar su sekilde 6zetlenebilir:

e MQL yontemi ile frezelemede, kuru islemeye
gore yiizey plriizliligi azalmis, kesme ve ilerleme
kuvvetleri diismiistiir.

e MQL yontemi ile frezelemede debi arttirildikea,
nano MoS, katkili ve katkisiz durumlarda yiizey
puriizlilikleri ve kesme ve ilerleme kuvvetleri
azalmustir.

e MQL yo6nteminde kesme sivisina nano MoS,
katkist igleme performansini arttirmistir. Nano MoS»
pargaciklarinin yaglama Ozelliklerini arttirmasi ve
takim-is parcasi sirtinme yiizeyine daha 1iyi
niifuziyet saglamasi sayesinde yiizey piiriizliigiiniin
azalmasma ve kesme ve ilerleme kuvvetlerinin
diismesine neden olmustur.

INVESTIGATION OF THE EFFECTS OF NANO
MOS: REINFORCED CUTTING FLUID ON CUTTING
FORCES AND SURFACE ROUGHNESS IN
MILLING OF ALUMINUM 6061 BY USING MQL
METHOD

In this study, Aluminum 6061 material was
machined under dry and MQL (minimum quantity
lubrication) conditions. In the MQL method, both
pure and nano MoS; (Molybdenum disulfide)
reinforced vegetable cutting fluids were used and
cutting force components and surface roughness were
investigated. Milling operations were performed at
the CNC vertical machining center at constant depth
of cut (1.5 mm), feed (0.1 mm/rev) and cutting speed
(250 m/min). In the MQL method, the cutting fluid
was pulverized to the cutting zone through a single
nozzle at two different MQL flow rates as 26 ml/h
and 52 ml/h. Based on the experimental studies, it
was determined that the nanofluid sent to the cutting
zone at high MQL flow rate decreased the cutting
forces and surface roughness in MQL method.
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YAYIN iLKELERI
Amag

1. Makina tasarim ve imalati alaninda vyerli
teknoloji  Uretimine  yonelik kuramsal ve
uygulamal ¢alismalari duyurmak.

2. Bu alanda calisan kisi ve kuruluslar arasinda
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3. Yayimlanan caligmalar Gzerinde teknik tartisma
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isbirliginin gelistiriimesine katkida bulunmak.

5. Turkge teknik bilgi birikimini arttirmak.
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ilerlemeyi, gelismeyi, arastirma ya da uygulama
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uygulama makaleleri, derleme makaleleri, geviri
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Makaleler icerik ve sekil olarak asagida belirtilen bicimde
hazirlanmahdir.

Yazim Dili

Kullanilan dilin olabildigince basit, anlasilir ve kesin olmasina 6zen
gosterilmelidir. lleri diizeyde teknik ya da alisiimamis kavramlar
kullanmak gerektiginde, bunlar uygun bir sekilde tanimlanmali ve
yeterince agiklanmalidir.

Makalenin Yapisi
Makaleler, asagida verilen yapida olacak sekilde hazirlanmalidir.

Makalenin adi

Yazar(lar) ad(lar), Unvanlar, bagh oldugu kurulus ve Kkurulusun
bulundugu il.

Ozet ve anahtar kelimeler

Makalenin ana kismi

Tesekkdr (gerekli ise)

ingilizce baslik, 6zet ve anahtar kelimeler

Kaynakca

Ek(ler) varsa

Makalenin adi, olabildigince kisa, gereksiz ayrintidan arinmig olmali,
ancak gerekli anahtar sézckleri icermelidir.

Yazarlarin ad ve soyadlar, Unvanlari, bagh oldugu kurulug ve
bulundugu il verilmelidir. Ayrintili gérev ve adres ise ayri bir kagitta ve
yazarlarin kisa 6zgecmisleri ile birlikte belirtiimelidir.

Ozette sadece sonuglar degil makalenin tiimii cok kisa ve 6z sekilde
aciklanmaldir. Ozet, makalenin konusu, kapsami ve sonuglari hakkinda
fikir verebilmeli, ilgili anahtar s6zclk ve deyimleri icermelidir. 100 kelimeyi
gegcmeyen Tirkge ozetin ve anahtar s6zctklerin Ingilizcesi de konulmal
ve makale basliginin Ingilizcesi de mutlaka yazilmaldir. Bu konuda
istenirse dergi Yayin Kurulu yardimci olabilir.

Makalenin ana kisminda makalenin amacindan séz edildikten sonra
bir mantik zinciri icinde sorun tanitiimali, ¢ézim yollari ve diger bilgiler
verilerek sonuglar ve bunlarin degerlendiriimesi sunulmalidir.

Tesekkur kisminda gerekiyorsa kisi, kurulus ya da firmalara tesekkur
edilebilir. Ozellikle firma adlarinin bu bélimiinin diginda baska bir yerde
verilmemesine 6zen gosterilmelidir.

Basliklar
Gerek makalenin yapisini belirlemek, gerekse uzun bélimlerde
diizenli bir bilgi aktarimi saglamak igin g tir baslik kullanilabilir:

® Ana Basliklar,
® Ara Basliklar,
e Alt Basliklar.

Ana Bagliklar: Bunlar, sira ile, 6zet, makalenin ana kisminin
bélimleri, tesekklr (varsa), kaynakca, ekler (varsa)den olusmaktadir.
Ana basliklar biyik harflerle yazilmahdir.

Ara Basliklar: Yalniz birinci harfleri biyiik harfle yazilmaldir.

Alt Basliklar: Yalniz birinci harfleri biiyik harflerle yazilmali ve hemen
baslik sonunda iki nokta Ustliste konularak yaziya ayni satirdan devam
edilmelidir.

Matematiksel Bagintilar

Matematiksel bagintilar, bilgisayar ile anlasilir sekilde agik ve segik
olarak yazilmali, Tirkge alfabenin disindaki karakterleri sayfanin sol
tarafindaki boglukta ayrica ne olduklari yazi ile belirtimelidir. Ust ve alt
harf veya rakamlar belirgin bir sekilde yazilmalidir. Ozellikle bilgisayar
kullaniminda “I" (le) harfi ile “1” (bir) sayisinin, “O” harfi ile “0” (sifir)
sayisinin karistirlmamasina 6zen gosterilmelidir. Metin igindeki bagintilar
1 (biryden baslayarak sira ile numaralandiriimali ve bu numaralar esitligin
bulundugu satirin sag kenarina parantez “( )" iginde verilmelidir.

Sekiller, Cizelgeler ve Resimler
Sekiller, kiigultme ve basimda sorun yaratmamak igin bilgisayar ile,
dizgin ve yeterli cizgi kalinliginda gizilmelidir. Sekiller 1 (bir)den
baslayarak ayrica numaralandiriimali ve her seklin altina alt yazilariyla
birlikte yazilmahdir. Cizelgeler de sekiller gibi, 1 (bir)den baslayarak
ayrica numaralandiriimali ve her gizelgenin Ustiine bashgiyla birlikte
yaziimalidir.
Resimler yeterli ¢gézinurlikte saglanmalidir. Ayrica sekiller igin
verilen kurallara uyulmahdir. Derginin elektronik ortamda renkli olarak
yayinlanacigi dikkate alinmalidir.

Cizelge basliklarinin sadece ilk kelimesinin bas harfi biyik harfle,
diger harfleri ve kelimeler kiguk harfle yazilmahdir. Cizelge basliklar,
ayrica bir sayfada da sira ile verilmelidir.

Dip Notu

Dip notu gereken yerlerde bu bir (is numarasi 1 ile belirtiimelidir.
Buna karsilik gelen dip notu ayni sayfanin altinda ara metinle bir gizgi ile
ayrilmis olarak verilmelidir.

Kaynakca
Makale iginde gonderme yapilan (atifta bulunulan) her tarli basil
yayin makalede s0z edildigi sirada ve koseli parantez [ ] iginde
verilmelidir. Dergilerde yayimlanan makaleler, kitaplar, raporlar, tezler,
kongre ve sempozyumlarda sunulan makaleler asagidaki 6rneklerde
verilen sekilde yazilmaldir.
Dergi Makalesi
1. Richie, G.S., Nonlinear Dynamic Characteristics of Finite Journal
Bearings, ASME, J. of Lub. Technology, 105 (1983) 3, 375-376.
Kitap
2. Shigley, J.E. ve Mitchell, L.P., Mechanical Engineering Design,
McGraw-Hill Book Company, New York, 1983.
Rapor
3. Arslan, A.V. ve Novoseletsky, L.A., Mathematical Model to Predict
the Dynamic Vertical Wheel/Rail Forces Associated with Low Rail
Joint, AAR Technical Center, Technical Report, No.R-462, October
1980.
Kongre Makalesi
4. Adali, E. ve Tunall, F., Bilgisayar Denetimli Tezgaha Gegis, 1. Ulusal
Makina Tasarim ve Imalat Kongresi Bildiri Kitabi, 287-293, ODTU,
1984.

Makalenin Uzunlugu ve Yazimi

Dergide yayimlanacak makaleler 13 makale sayfasini gegmemelidir.
Makaleler bilgisayar ile A4 formatinda, iki aralikli olarak yazilmali ve sayfa
kenarlarinda yeteri kadar bosluk birakiimalidir.

Kabul edilen makaleler dergi icin yapilan dizgi ve sekilsel
diizenlemeden sonra kontrol igin basimdan 6nce yazarina génderilir.

Yayimlansin veya yayimlanmasin génderilen makaleler yazarina geri
gonderilmez. Yazilardaki fikir ve goriisler yazarina, ceviriden dogacak
sorumluluk ise gevirene aittir.

YAZISMALAR

Belirtimemesi durumunda konuyla ilgili yazigmalar birinci yazarin
adresine gonderilir.

1. Ornek dip notu



