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Computer aided design of chain elavator

Zincirli elevatériin bilgisayar destekli tasarimi

Onur Giiven™ 2, Mehmet Ali Altunbasak’

Mersin University, Faculty of Engineering, Department of Mechanical Engineering, 33343, Yenisehir, Mersin, Tirkiye

Abstract: In this study, a computer program has been developed for the computer-aided design of single-strand
chain elevators, which carry powder, bulk, and piece materials and have a wide range of applications. In industry or
other usage areas, the most common single-strand chain, gravity tensioned, pre-bedded, bucket elevator is dimen-
sioned using accepted coefficients, tables, catalogs, and formulas. The drive system includes an electric motor,
gearbox, bearing, shaft, sprocket, sprocket hub, chain, bucket, and drive upper and lower body enclosure. Brands
such as Nord, Yilmaz, Remas, and Flender are used as gearboxes, while brands such as SKF and FAG are used for
bearings. In our calculations, a computer program has been developed based on the technical specifications of Re-
mas for the gearbox and SKF for the bearings. Through the use of computer-aided design for the chain elevator,
time loss and the burden of the design process were significantly reduced. This study has led to the identification
of optimal design values, which in turn has lowered design costs. Operating costs were also minimized by avoiding
design errors.

Keywords: Elevator, Design by Classical Method, Bucket Conveyors

Ozet: Bu calismada, toz, ddkme ve parca malzemeleri tasiyan ve genis bir uygulama alanina sahip olan tek sira zin-
cirli elevatorlerin bilgisayar destekli tasarimi icin bir bilgisayar programi gelistirilmistir. Sanayi veya diger kullanim
alanlarinda en yaygin kullanilan tek sira zincirli, yercekimi ile gerilimli, 6nceden désenmis, kovali elevator, kabul
edilen katsayilar, tablolar, kataloglar ve formuller kullanilarak boyutlandirilmistir. Tahrik sistemi elektrik motoru,
disli kutusu, yatak, mil, disli carki, disli gébegi, zincir, kova ve tahrik Ust ve alt gévde muhafazasiniicerir. Disli kutusu
olarak Nord, Yilmaz, Remas ve Flender gibi markalar kullanilirken, yataklar icin SKF ve FAG gibi markalar kullanil-
maktadir. Hesaplamalarimizda, disli kutusu icin Remas'in teknik dzelliklerine ve yataklar icin SKF'nin teknik dzel-
liklerine dayal bir bilgisayar programi gelistirilmistir. Zincir elevatorun bilgisayar destekli tasarimi sayesinde zaman
kaybi ve tasarim surecinin yuku 6nemli 6lclde azaltilmistir. Bu calisma, optimal tasarim degerlerinin belirlenmesine
yol agmis ve tasarim maliyetlerini disurmustur. Ayrica, tasarim hatalarindan kaginarak isletme maliyetleri de en aza

indirilmistir.

1. Introduction

An elevator is a mechanical conveying equipment used
for vertically transporting materials from one point to
another. It is particularly useful for conveying bulk ma-
terials such as dust and granules that need to be trans-
ported vertically in large quantities. Elevators are high-
ly efficient and widely used vertical conveying systems
for a variety of materials, making them one of the most
popular vertical transportation systems in today’s world.
Therefore, their usage areas are very widespread.

The design of chain elevators may seem easy at first
glance. Because it can be thought of as stretching the
segments between two toothed segments of an endless
chain, taking the material from the loading mouth, rais-
ing it to the desired point and unloading the material
from the pouring mouth. However, as calculations reveal,

Anahtar Kelimeler: Elevator, Klasik Metot ile Tasarim, Kovali Konveydrler

the process is far from simple. Designing chain elevators
involves extensive use of charts, tables, experience, and
predictions. A single incorrect value in these long and
complex calculations can significantly alter the results,
and designing for a different material with the same ca-
pacity and height requires restarting the entire process.

2. Source Research

In Kurtbogan’s (2006) study, speed is stated as the most
important design criterion for bucket elevators. It is not-
ed that speed causes both the dimensions and costs of
the elevator to increase excessively. The diameter of the
drum or gear is also highlighted as a crucial factor in
elevator design. It is observed that while an increase in
the drum or gear diameter results in smoother transmis-
sion, excessive growth in diameter leads to an increase in
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the elevator’s volume. Therefore, experimental standard
tables are required to be used for the selection of both
speed and drum diameter in practice.

It was mentioned that for the transmission of relative-
ly hard, coarse-grained materials (such as ore) at high
temperatures, a chain elevator should be preferred, while
for the transmission of powdered materials (especially
grains) at high speeds, a belt elevator should be preferred
(Kurtbogan, 2006). The traction elements of elevators
were extensively examined in this study, and their char-
acteristics were analyzed. It was stated that the correct
selection of either chain or belt should be made based
on environmental conditions and material properties.
Standards determine almost all elements in elevator de-
sign, and it was noted that smooth transmission would
be achieved by utilizing these values in the design.

In the study by Gerdemeli (1996), the types and parts of
bucket elevators were defined. Information on loading
and unloading the elevator based on the characteristics
of the transported material was also provided. It was
mentioned that materials such as coal dust, cement, pow-
der, soil, and slate, which have small particles, dust, and
moderate abrasiveness, would not resist scooping during
loading, making the scooping method suitable for con-
veying such materials. However, for materials with large
particles, coarse and abrasive properties, such as gravel,
ore, and large coal, which would resist scooping during
loading, it was emphasized that direct feeding to the
buckets, bypassing scooping, should be employed. Re-
garding the emptying of the buckets, different emptying
types were mentioned depending on material properties
and elevator speed. It was also stated that almost all el-
ements in the design of bucket elevators are determined
by standards, and theoretical calculations can be made
using these values in the design process.

In the study of Cerit (1984) it was mentioned that various
types of powder, granular, and bulk materials (such as ce-
ment, sand, soil, peat, coal, soda, refractories, chemicals,
grain, flour, etc.) and building materials are conveniently
transported using elevators. It was noted that elevators
are employed in chemical industry factories, foundries,
refractory material production, metallurgical factories,
food industry, flour mills, grain silos, and similar set-
tings. The characteristics of elevator components were
described, and the calculation method for elevator design
was explained using tables with standards determined
for elevator types and their components.

In the study of Demirsoy (1984) the elevator as a mecha-
nism that operates either vertically or inclined and includes
a band and a chain as the traction organs was defined. It
was mentioned that elevators are distinguished primar-
ily by their methods of feeding and discharging buckets.
Types that use centrifugal force for rapid discharge and
types that operate more slowly due to the weight of the
conveyed material were discussed. Additionally, important
DIN standards related to elevator design were provided.

In the study of Giiven (1997), a computer-aided design
of rubber band conveyors was made. The history of rub-
ber belt conveyors, their applications from the past to
the present, the types of bulk materials they can trans-
port, and the various types of rubber belt conveyors were
discussed. The benefits of using computer-aided design,
particularly with the Visual Basic 3.0 programming lan-
guage, for the ergonomic design of conveyors in terms of
workload and time efficiency were emphasized.

In the study of Karagiille (2004) an effort was made to
generate interest in the language among programmer
candidates by developing two very simple yet useful ex-
amples for an introduction to visual programming. The
structure of the programming language, variables, data
types, loops, program control expressions, operators,
mathematical operations, functions, subprograms, ob-
ject-oriented programming, and debugging issues were
explained.

In the study of Demirli and Inan (2006) an attempt was
made to explain screen windows for an introduction to
visual programming, the basics of programming, rec-
ommendations for programmer candidates, assignment
procedures, functions and procedures, loops, and error
handling procedures.

3. Method

For the computation of a single-strand chain elevator and
the dimensioning of its components in a computer envi-
ronment, Visual Studio C# (C Sharp) 2017 Programming
Language was utilized. This programming language is
designed for creating various applications running on
the .NET Framework in the Windows environment. It is
an object-oriented programming language (Aktas, 2014).

4. Program Phases

The window created as the main menu, where program
data is entered and outputs are obtained, serves as the
entry page of the program. Figure 1 displays the main
window that has been created.

When the calculation icon is clicked on the main window
of the program, it switches to the program writing page
where the desired information is calculated as blank spaces
in the parts shown in the form of empty boxes in Figure 1.
The command back-end, where the program calculation is
performed, is where the desired program is created line by
line. After all the operations are completed, when the pro-
gram is executed, the window view appears on the screen.
The required inputs on this screen are: capacity, material
to be transported, conveying distance, selection of one of
the materials defined as AISI4140-AISI4340-AISI5140 for
the drive shaft material, and selection of one of the materi-
als defined as AISI1035-AISI1040-AISI1045-AISI1050 for
the chain material.

In Figure 2, the result view of the main window is shown
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at the top. Here, fundamental values such as capacity,
shaft distance, bucket type and quantity, reducer type
and power, reducer shaft diameter, bearing type and
shaft diameter, chain type and length, chain sprocket di-
ameter and speed are displayed on the screen as output
results. Additionally, this screen includes icons showing
chain characteristic values, the overall appearance of the

elevator, and shaft sizing. When the shaft sizing button
is clicked, the visual structure of the shaft along with nu-
merical values is displayed on the screen as shown in Fig-
ure 3, which illustrates the drive system shaft sizing vi-
sualization. Clicking on the chain properties button will
display the chain characteristic values table on the screen
as shown in Figure 4. When the general appearance but-

Input

Capacity {/h) Weight £/m3) Distance {mt) Shaft Dimension

“ | | V| | | Chain Features
Shaft Material Chain Material

| v| | v| Calculate General Appearance
Qutput

Capacity {/h) Remas Reducer Type Reducer Shaft  (mm)

Reducer Power(w)

SKF Drive Bearing Type

Drive Bearing Shaft Dia{mm)

L]

Wheelbase (mt)

Tension Bearing Type

Tension Bearing Shaft Dia{mm)

Bucket Type

Chain Type

Sprocket Wheel(&)

[ [ ][~

Mumber of Buckets

Chain Length {mt)

Chain Speed (m/s)

Drive Shaft Hub Diameter{mm)

SKF Bearing and Sleeve

Figure 1. Program main window
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Figure 2. Microsoft visual studio c# program main window
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Computer aided design of chain elavator

ton is clicked, the parts constituting the elevator and the
general appearance are displayed on the screen. Clicking
on the Project button, located next to the bucket type
output, chain type output, and chain sprocket output,
will display the project drawing details on the screen.

4.1. Material Selection

Computer-aided elevator calculations have been per-
formed for materials such as clinker, coal, cement, fari-
na, ground limestone, slag, fly ash, limestone, sand, salt,
and coke. By selecting the name of the material from the
dropdown menu, the program obtains the specific grav-
ity value of the material from the table and includes this
value in the calculations.

4.2. Capacity Selection

In the selection of capacity, the capacity table shown in
Figure 5, obtained through practical applications, expe-
riences, and tests, has been utilized. The capacity values

in this table have been incorporated into the program.
The capacity values highlighted in yellow represent the
most suitable ergonomic capacity values created consid-
ering operating conditions and material properties. Se-
lection can also be made from capacity values without
color, but here, the program prompts the selection based
on the ergonomic capacity value. If the desired capacity
value exists, it is selected; otherwise, the closest higher
capacity value is chosen. If there are multiple capacity
values for the higher capacity, the program ensures the
selection of the capacity value where the drum speed is
lower, considering the physical installation location of
the elevator and, most importantly, the operating con-
ditions. From the location of the selected capacity value,
the bucket type and volume, chain type and pitch; and
from the vertical columns, chain sprocket diameter and
speed parameters are selected. Based on these parame-
ters, the capacity is calculated in tons per hour (t/h) using
equation (1).

Lo | e
A=155
B=145
CE2ED
di=110
d2="100
E=3L
|
F=225
H=170
L=840
=298
TD=730
D=130
L
Figure 3. Drive system shaft dimensioning as a result of the calculation
ELEVATOR CHAIN CHARACTERISTIC DIMENSIONS AND METALLURGICAL VALUES
MODEL OUTER CENTRAIL PITCH INNER PITCH PIN PIN BUCKET BUCKET PITCH PITCH PITCH PIN
BUCKET BUCKET |DIAMETER PITCH LENGTH | DIAMETER | LENGTH [ AXIS CON. CON. MATERIAL | STRENGTH CLASS HARDNESS
CHAIN CHAIN mm DIAMETER mm mm mm mm HOLES HOLES mm HARDNESS DEPTH
mm mm mm AXIS DIAMETER mim
B:Groos N:Net mm mm
(110 10 x200 (60x10x215 @358,20 2270 fal ©22,20 100 140 100 100 @14 8620 20 4140 2428
Al B 1,760 61,032 22 28-32 HRC 58-62HRC
N 1,450 N 0,300
150 x 12 %240 | 75x 12 x 260 @i44,68 26,18 95,20 @25,90 139 1524 200 x 130 @18 8620 22 4140 283
B3 B 3,456 B 1,872 25,40 24 28-32HRC | 58-62HRC
N 2,540 N 1,340
155 14 x 245 |85 x 14260 @50,68 E129,36 99,20 @29,10 147 1524 200130 @18 8620 24 4140 332
B4 B 4,253 B 2475 28,60 26 28-32HRC | 58-62HRC
N 3,120 N 1,740
155 x 16 x 270 |85 x 16x290 &50,68 E29,35 103,20 29,10 155 1778 200 x 150 @18 8620 28 4140 32-34
BS B 5,356 B 3,155 28,60 23 28-32HRC | 58-62HRC
N 4,260 N 2,300
06 5115 95 x18 @55,10 Ei36,50 12 36,10 193 1778 284 x 250 8620 28 4140 45
§ 28 28-32HRC 58-62HRC
3 5118 95K 18 @55,90 40,50 127 @39,70 206 177.8 300x 150 8620 286 4140 45
§ 28 28-32 HRC 58-62HRC
105x 205 105x 20,5 @70,90 E44.70 132 E44.10 230 1778 300150 28 4140 4.5
15
¥ 28 28-32 HRC 58-62HRC

Figure 4. Chain characteristic values used in the calculation
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3600(s/ h)* BucketVolume(dm®)* SpecificWeight(t/m*)*0.75*V (m/ 5)
BucketPitch(mm)

1)

The calculated capacity is compared with the desired
capacity. If the result of the comparison is smaller than
the desired capacity, then another capacity value, which
is the closest higher value, is selected. If the result of the
comparison is equal to or greater than the desired capac-
ity, the process proceeds to the next stage.

4.3. Reducer Power Calculation

The reducer power Kw is calculated from the following
equation taking into account the selected capacity value
and the entered shaft distance.

Capacity(kg/ s) *9,81* wheelbase(m) * Coefficient(2,....2,5)
1000

The coefficient expressed in equation (2), with values
ranging from 2 to 2.5, is selected by the program based
on the applied capacity in practice. In the Turkish mar-
ket, there are reducer companies such as Nord, imak,
Yilmaz, Remas, and Oztekfen. Remas brand reducer data
has been used as the basis for the creation of the pro-

gram. The reducer types and hydraulic coupling type
are selected by the program based on the reducer power
from the reducer catalog (Remas catalog, 2017). Bearing
type, bearing shaft diameter, bearings, sleeves, and cor-
responding tensioning shaft diameters and tensioning
bearings are obtained by the program from the SKF cat-
alog (SKF catalog, 2017)

4.4. Chain Length Calculation

The calculation of chain length (CL) is done using equa-
tion (3). The accuracy of the chain length is verified
through the calculation of the number of buckets. The
number of buckets is calculated from equation (4).

CL = Wheelbase x 2(mm)+Chain sprocket Circumfer-
ence(mm)+Chain Bushing Circumference(mm) (3)

ChainLength(m )

BucketPitch(m ) @

Number of Buckets =
If the number of buckets turns out to be an odd or frac-
tional number, it is taken as the nearest even integer val-
ue. Then, the actual chain length is determined by multi-

CHAIN BUCKET
Weight  Bushing diameter - Volume
JDPeteglme o mm) TP WO e
200 37
250 46
= 280 52
ZF 22 38,2 210
S 315 58
355 6,5
400 74
- 280 72
B < 40 44,68 300 7,7
“ 315 8
355 9,1
250
- 400 10,3
&< 455 50,68 450 116
© 500 129
560 144
o Z 400 16,8
8 475 50,68
S 450 189
_ 500 21
L=z
3z 62,5 58,1 560 23,5
630 26,4
285
= 710 298
el % 65 58,9 800 336
900 378
o Z 1000 419
A< 82,5 70,9
S 1100 4672

CHAIN GEAR DIAMETER AND SPEED

Weight .~ 104 116 125 14 156 1,67
(ke) @655 @730 @790 @890 @1005 @1115
T IO A T S ST S 60
6,6 280 46 51 55 62 69 74
73 280 52 58 63 70 78 84
7,8 280 58 65 70 78 87 93
8,7 280 65 73 78 88 98 105
9,9 280 74 83 89 100 111 119
9 305 66 74 80 89 99 107
9,7 305 71 79 85 95 106 114
10,2 305 74 82 89 99 111 118
11,1 305 84 94 101 113 126 135
12 305 95 106 114 128 142 152
13 305 107 119 128 144 160 172
14 305 119 133 143 160 178 191
16,2 305 133 148 159 179 199 213
16,8 35 133 148 159 179 199 213
18 3% 149 166 179 201 224 240
199 356 166 185 199 223 249 266
22,5 356 186 207 223 250 278 298
245 35 208 233 251 281 313 335
254 356 235 262 283 317 353 378
326 35 265 296 319 357 398 426
333 35 298 333 359 402 448 479
425 356 331 369 398 445 496 531

46,02 356 365 407 438 491 547 586

CAPACITIES ACCORDING TO BUCKET TYPE AND CHAIN GEAR DIAMETER.

m?3/h (% 75 CONSIDERED AS FULL. )

Figure 5. Capacities by bucket type and sprocket diameter
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Figure 6. A1 chain view and inner link section

plying the number of buckets by the bucket pitch.

4.5. Chain Link Section Calculation

To select the chain material in the program, the mate-
rial name is chosen from the dropdown menu on the
main window. This action allows the program to obtain
the material’s breaking strength value and include it in
the calculations. In the program, chain views and inner
link sections for A1-B3-B4-B5-S06-S013-S15 chains have
been processed. Figure 6 displays only the A1 chain view
and inner link section drawing detail.

Minimum total cross-sectional areas at pea-pin con-
nection of the chain types shown in the main window
result form are determined from the AutoCAD project
drawing for the pea cross-sectional areas of the select-
ed chain types. These values are taken by the program
according to the chain types from the generated table. If
a tensioning system weight project has been drawn, the
project weight is entered. If there is no project drawing,
an average weight should be entered into the program.

4.6. Drive Shaft Diameter Calculation

Figure 7 illustrates the forces acting on the drive shaft.
These forces cause shear, bending, and torsion in the
shaft. T, represents the weight of the material-filled side
(N), T, represents the weight of the material-empty side
(N), and D represents the shaft hub diameter (m).

L?l

—JL_R

Ti+T2

Figure 7. Force distribution on the drive shaft

The bending moment Me (Nm) occurring in the shaft
is calculated from equation (5), where L represents the
length in meters (m). The torsional moment Mb (Nm)
occurring in the shaft is determined from equation (6).

(L, +T,)xL

Mo == )
(T, -T,)xD

Mb — 1 42 (6)

The torsional moment M, (Nm) occurring in the shaft
is calculated from the following equation. N is the pow-
er transmitted by the motor (kW), n is the speed of the
motor (revolutions per minute, rpm), and n is the power
transmission efficiency from the motor to the gearbox.
For the shaft to be able to perform the rotation process,
M, must be greater than or equal to M,.

N
M, = 9550 —
n

(7)

The shaft diameter D (m) under dynamic loads is calcu-
lated from equation (8) considering the Maximum Shear
Stress Hypothesis (MSSH). Equation (9) represents the
shear safety stress.

Dz:;‘/z"“f[\/(Meme)%(beKz)z]
TXO

em

(8)

The shear safety stress of the shaft is calculated from
equation (10) for infinite life under fully variable loading
due to dynamic loads during system start-up and shut-
down (continuous stress state).

_ K xK, .
pxs,

*
em

(10)
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A working factor of 2 is taken for the dynamic effects
for the working factor S,. The program obtains the size

Table 1. Input preferences of design criteria

factor (K,) value from the table created according to the . lpreference llPreference Il Preference
diameter, the notch sensitivity factor (8,) value from the Capacity(m?®/h) 99 101 106
table created according to the material, and the surface Chain type B3 B4 B4
factor (K ) value from the table created according to the Sprocket Wheel(mm) f— f— 7730
material’s tensile strength (Bozaci, 2005). The program i

obtains the impact (Km) and wear (Kt) coefficients ap- Chain speed(m/s) L4 125 116
plied to the bending and torsional moments for rotating Bucket type s s Al

shafts from the table created according to the loading
condition (Asik, 1992).

5. Discussion and Conclusion

In order to carry out the engineering design of a sin-
gle-strand chain elevator using the classical method,

the designer calculates values by relying on experience,
practical applications, tables, charts, and catalogs. When
selecting from Figure 5 for conveying cement with a spe-
cific gravity of 1 t/m? at a capacity of 100 t/h and a height
of 30 m, the designer may make different choices. By se-

Table 2. Comparison of calculation results

Situations | Preference Il Preference Il Preference Program result
Copacty  wa1th oivh wsth 0076th
Chain type B3 B4 B4 B4
Chain length 62.789m 62.789 m 62.179m 62.789m
Sprocket wheel @890 mm @790 mm @730 mm @790 mm
Chain speed 1.4m/s 1.25m/s 1.16 m/s 1,25m/s
Bucket type 250 x 315 250 x 355 250 x 400 250 x 355
Number of buckets 206 Ad 206 Ad 204 Ad 206 Ad
Reducer power 16.22 Kw 17.29 Kw 17.29 Kw 18,5 Kw
Reducer type / K2A-225 / K2A-225 / K2A-225 / K2A-225
Eg‘;gg between L:1035 mm L:1075 mm L:1120 mm L: 1075 mm
Drive shaft D:14.72cm D:15.11cm D:15.83cm
Drive of buckets ~150 mm ~150 mm ~160 mm D 1e0mm
Input
Capacity {/h) Weight ¢/m3) Distance {mt) Shaft Dimension

100 - | 30
Shaft Material

Chain Features

Chain Material

AI5T 4140 L ATSI 1040 w Leiizi General Appearance
Qutput
Capacty {t/h) Remas Reducer Type Reducer Shaft  (mm)
| 10078 | | K24 -225 | 120

Reducer Powerlkw) SKF Drive Bearing Type Drive Bearing Shaft Dia(mm)

| 185 | | SNL 530 TS | 135
Wheelbase {mt) Tension Bearing Type Tension Bearing Shaft Dia(mm})
o | [Soriwarven seune |
Bucket Type Chain Type Sprocket Wheel ()
| 230-335 | Pi | | B4Chain | | Pi| | 790 P
Number of Buckets Chain Length (mt) Chain Speed (m/s)
[ | [ |

Drive Shaft Hub Diameter(mm)
| 160 |

SKF Bearing and Sleeve
| 22230CCKAMWI+H3130 |

Figure 8. Calculation main window result form
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lecting three different values from Figure 5, the designer
can make a choice from the design criteria in Table 1 for
their design. These differences will lead to changes in the
elevator height, elevator length, and elevator weight.

In this study, by inputting the operation data into the
software implemented and running the program, the
main window result form depicted in Figure 8 is ob-
tained.

The calculation results obtained by the classical meth-
od according to the preferences in Table 1 are compared
with the values calculated by the program in Figure 8 in
Table 2.

As a result, during the design process, it is crucial to
have a thorough understanding of operating conditions
and material properties, and the designer must be ex-
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Tiirkiye'de hukuki metin siniflandirmasi: Bosanma ve imar kararlarina

makine 6grenmesi yaklasimi
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Abstract: The increasing volume of legal data in recent years requires integrating artificial intelligence (Al) tech-
nigues for efficient management and use. Critical challenges include classifying legal texts into specific fields or
topics. This is crucial to advancing legal research and practice. This article aims to categorically classify Turkish
court decisions, an area that has yet to be adequately researched before, compared to classification studies in in-
ternational law texts. The study aims to contribute significantly to developing artificial intelligence-supported solu-
tions to guide Turkish legal decisions by dividing legal texts into specific areas, thus increasing the efficiency and
accessibility of the legal system. The study first created a data set consisting of divorce and zoning cases. Then,
basic models were established with K-Nearest Neighbor (KNN), Support Vector Machines (SVM), Decision Trees (DT),
and Random Forests (RF) algorithms to determine the algorithm that would classify the cases most effectively. Hy-
perparameter optimization was performed for each model to increase the Base Model performances. This process
was supported by the 10-fold cross-validation method. Improved models were established with the hyperparameter
values obtained as a result of optimization. As a result of comparative analysis, the SVM model had an impressive
90% accuracy rate in classifying legal texts. This result will significantly contribute to the development of intelligent
legal systems by achieving significant success in classifying legal texts in Turkey.

Keywords: Legal Text Classification, Turkish Court Decisions, Machine Learning Algorithms, Hyperparameter Opti-
mization, SVM

Ozet: Son yillarda artan hukuki veri hacmi, verimli yénetim ve kullanim icin Yapay Zeka (Al) tekniklerinin entegra-
syonunu gerektirmektedir. Kritik zorluklar arasinda hukuki metinlerin belirli alanlara veya konulara gore siniflandiril-
masi yer almaktadir; bu, hukuki arastirma ve uygulamanin ilerletilmesi agisindan ¢ok 6nemlidir. Bu makale, uluslar-
arasl hukuk metinlerindeki siniflandirma calismalarina kiyasla daha 6nce yeterince arastirilmamis bir alan olan Turk
mahkeme kararlarini kategorik olarak siniflandirmayr amaclamaktadir. Calisma, hukuki metinleri belirli alanlara ayir-
arak, Turk hukuki kararlarinda yonlendirmeye yonelik yapay zeka destekli cdzimlerin gelistirilmesine 6nemli dl¢tide
katkida bulunmayi ve boylece hukuk sisteminin verimliligini ve erisilebilirligini artirmayi amaglamaktadir. Calismada
ilk olarak bosanma ve imar davalarindan olusan bir veri seti olusturulmustur. Daha sonra davalari en etkin sekilde
siniflandiracak algoritmayi belirlemek icin K-En Yakin Komsu (KNN), Destek Vektor Makineleri (SVM), Karar Agaclari
(DT) ve Rastgele Ormanlar (RF) algoritmalari ile temel modeller kurulmustur. Temel Model performanslarini arttir-
mak icin her bir model icin hiperparametre optimizasyonu gerceklestirilmistir. Bu surec, 10 katli capraz dogrulama
yontemi ile desteklenmistir. Optimizasyon sonucunda elde edilen hiperparametre degerleri ile iyilestirilmis model-
ler kurulmustur. Karsilastirmali analiz sonucunda, SVM modeli hukuki metinlerin siniflandirilmasinda %90 gibi etki-
leyici bir dogruluk oranina sahip olmustur. Bu sonug, Turkiye'deki hukuki metinlerin siniflandiriltmasinda énemli bir
basariy elde ederek, akilli hukuk sistemlerinin gelisimine dnemli katkilar saglayacaktir.

Anahtar kelimeler: Hukuki Metin Siniflandirmasi, Tirk Mahkeme Kararlari, Makine Ogrenmesi Algoritmalari, Hiper-
parametre Optimizasyonu, SVM

1. Introduction

Legal text classification is a critical process in legal infor-
matics. It aims to systematically classify legal documents
into predefined classes or categories according to their
content and thematic relevance (Boella et al., 2011). This
process facilitates the effective management, access, and

analysis of legal texts, thereby increasing the accessibility
of legal information and supporting legal research and de-
cision-making processes. Legal text classification leverages
advances in Natural Language Processing (NLP) and Ma-
chine Learning (ML) to automate the analysis of complex
legal language and document structures (Li et. al., 2020).
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Studies in the literature have focused primarily on legal
texts from various jurisdictions and languages, reflect-
ing the global interest in legal informatics and the uni-
versal challenges posed by legal text classification. Much
research has been conducted on English-language legal
texts focusing on courts’ decisions in the United States,
the United Kingdom, and international tribunals such as
the European Court of Human Rights (ECtHR). Aletras
et al. (2016) have established a precedent for predictive
legal analytics using NLP and ML by predicting the out-
comes of ECHR cases by analyzing case texts. Chalkidis,
Androutsopoulos, et al. (2019) focused on predicting the
legal verdict on ECHR cases. Chen et al. (2022) focused on
text classification for US legal texts and used pre-trained
word embedding-based deep learning algorithms. Stud-
ies of Chinese legal texts have analyzed decisions from
various levels of the Chinese judiciary, highlighting the
challenges and strategies specific to the Chinese legal
language. In their study called IFlyLegal, Wang et al.
(2019) introduced an integrated system that performs
legal document analysis by using deep contextual repre-
sentations and various attention mechanism techniques.
Lei et al. (2017) automatically classified Chinese decision
documents using machine learning algorithms. Their
study stated that they created a vector space model using
TE-IDF after segmenting the words. Zhang et al. (2022)
proposed a Chinese legal element identification method
based on BERT’s contextual relationship capture mech-
anism to identify elements by measuring the similarity
between legal elements and case descriptions. In their
study, Benedetto et al. (2023) focused on Italian legal
document classification. Their study used the BERT pre-
trained Language model for legal document classification.
Tagarelli and Simeri (2022) used Italian BERT pre-trained
on the Italian civil code or its sections for the classifica-
tion task. Nineesha and Deepalakshmi (2022) used Indi-
an legal documents to classify legal texts in their study. In
their research, they compared the performance of deep
learning techniques. Kalia et al. (2022) developed models
with a Support Vector Machine, Naive Bayes, K-Nearest
Neighbor, and Decision Tree to classify case events of the
Central Information Commission of India.

In the Republic of Turkey, which has a rich legal heritage,
applying artificial intelligence techniques in legal text

classification is essential and valuable. Despite growing
research on the classification of legal texts in various ju-
risdictions, studies focusing on the Turkish legal system
are scarce (Sert et. al., 2022; Aydemir, 2023; Gorentas et.
al., 2023; Turan et. al., 2023). This article aims to fill this
gap by developing a methodology for automatically clas-
sifying Turkish court decisions, focusing on two com-
mon cases (zoning and divorce). For this purpose, a data
set containing divorce and zoning cases was first created
in the study. The data set was put through natural lan-
guage processing processes. After the DDI steps, the data
set was divided into 80% training and 20% test sets using
the holdout method. Then, basic models were established
using KNN, SVM, DT, and RF machine learning algo-
rithms. Hyperparameter optimization was performed
to increase the performance of the models. This process
was supported by the 10-fold cross-validation method.
As a result, the SVM model achieved an impressive 90%
accuracy rate in classifying legal texts.

This study aims to contribute to the development of in-
telligent legal systems by providing a concrete method-
ology and application example for studies in the field of
legal text classification in Turkey. In addition, it will serve
as an essential reference point for developing classifica-
tion models appropriate to the characteristics of local
legal systems.

2. Materials and Methods

2.1. Dataset

In order to develop natural language processing applica-
tions in the field of law, it is important to first examine
the online decision sharing of these courts and deter-
mine in which court field the study data set will be creat-
ed. Table 1 shows online decision sharing information of
the courts of the Republic of Turkey.

In sharing the decision contents, the first instance court
decisions of the Judicial Judiciary and Administrative
Jurisdiction were examined. The first point that draws
attention in these reviews is that there needs to be a plat-
form where the state shares decisions. As a result, com-
mercial web pages sharing legal decisions were searched
and decision examples were accessed on the Lexpera

Table 1. Online decision pages of the courts of the Republic of Turkey (Turan, 2023)

First Instance Courts

Judiciary Regional Courts of Justice

Supreme Court

First Instance Courts

Administrative jurisdiction Regional Administrative Courts

Council of state

Constitutional Judiciary Constitutional Court

https://www.lexpera.com.tr/

https://emsal.uyap.gov.tr/
https://www.lexpera.com.tr/

https://karararama.yargitay.gov.tr/
https://www.lexpera.com.tr/

https://emsal.uyap.gov.tr/
https://www.lexpera.com.tr/

https://karararama.danistay.gov.tr/
https://www.anayasa.gov.tr/tr/kararlar-bilgi-bankasi/

I l m Uluslararasi Muhendislik, Tasarim ve Teknoloji Dergisi / International Journal of Engineering, Design and Technology, 2024 6(2)



Tulay Turan, Ecir Ugur Kuguksille

e

website. A data set was created by downloading the first
instance court decisions, including zoning and divorce
case decisions, from the relevant page to be used in the
study. The representation of the most frequently encoun-
tered words in the texts of zoning and divorce decisions
in the data set is given in Figure 1.
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Figure 1. Display of the most frequently encountered words in the
court texts included

2.2. Natural Language Processing

NLP is a subfield of artificial intelligence (AI) and lin-
guistics that focuses on the interaction between com-
puters and human (natural) languages. It aims to enable
computers to understand, interpret, and produce human
language in a valuable and meaningful way. NLP com-
bines computational linguistics (rule-based modeling of
human language) with statistical, machine learning, and
deep learning models. These technologies allow com-
puters to process human language in the form of text or
audio data and ‘understand’ the whole meaning of the

Divorce
Cases

Court

Decisions

\ Zoning

I Cases |

Figure 2. Classification of legal texts into divorce and zoning cases
using Natural Language Processing
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speaker or writer, together with their intent and feelings
(Hirschberg and Manning, 2015).

NLP is crucial to data analytics; It enables automatic anal-
ysis of large volumes of text data to gain insight, identify
trends, and detect sentiment. This is particularly relevant
in marketing, customer service, healthcare, and legal in-
formatics, where understanding human communication
can provide a competitive advantage and operational ef-
ficiency (Zhong et.al., 2020). In law, NLP facilitates the
analysis of legal documents, case law, and legislation,
helping legal professionals quickly find relevant infor-
mation and make more informed decisions (Ashley and
Briininghaus, 2009; Alarie et. al., 2018). Figure 2 shows
the classification of legal texts into divorce and zoning
cases using natural language processing.

2.3. Classification Algorithms

K-Nearest Neighbor

The KNN algorithm is a simple yet powerful non-para-
metric method for classification. It operates on a very in-
tuitive principle: an object is classified by a majority vote
of its neighbors, with the object being assigned to the
class most common among its k nearest neighbors (k is a
positive integer, typically small). If k=1, then the object is
assigned to the class of its nearest neighbor (Laaksonen
and Oja, 1996; Mucherino et. al., 2009).

In the basic equation, the distance between two points
(e.g., x and y) is typically calculated using the Euclidean
distance, though other distances (Manhattan, Minkows-
ki, etc.) can be used depending on the context:

d(x,y) =

where n is the number of dimensions (features) and x,,
y, are the values of the ith feature for points x and y, re-
spectively.

Support Vector Machines

SVM is a set of supervised learning methods used for
classification, regression, and outliers detection. The ba-
sic idea behind SVM is to find the hyperplane that best
divides a dataset into two classes. The hyperplane’s equa-
tion can be written as follows (Gunn, 1998; Hearst et.al.,
1998; Awad et.al., 2015):

w.x—b=0 (2)

where w represents the weight vector, x is the input fea-
tures, and b is the bias. The weight vector w determines
the orientation of the hyperplane, while the bias b de-
termines the distance of the hyperplane from the origin.
Together, they define the decision boundary: points for
which w-x-b>0 fall into one class, while those for which
w-x—b<0 fall into the other. SVMs aim to maximize the
margin between the classes, which is inversely propor-
tional to the norm of w.
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Decision Trees

DT is a nonparametric supervised learning method used
for classification and regression. A decision tree builds
classification or regression models in the form of a tree
structure, breaking down a dataset into smaller subsets
while simultaneously developing an associated decision
tree incrementally. The final result is a tree with decision
nodes and leaf nodes (Gupta et.al., 2017; Patel and Pra-
japati, 2018; Charbuty and Abdulazeez, 2021).

The decision at each node is made based on the feature x,
that maximizes or minimizes a certain criterion, such as
the Gini impurity or the information gain. The informa-
tion gain is calculated as follows:

16(D,,x;) = 1(D,) - E}H%I(Dj) 3)
where IG(Dp,xi) is the information gain of parent dataset
Dp split on feature xi, I is the impurity measure (e.g., en-
tropy for information gain), Np is the number of samples
in the parent dataset, Nj is the number of samples in the
jth child dataset, and m is the number of child datasets.
The equation calculates the reduction in impurity or “en-
tropy” achieved by splitting the parent dataset Dp on fea-
ture xi. The goal is to maximize this reduction, thereby
making the data subsets as pure as possible at each step
of the tree.

Random Forests

RF is an ensemble learning method for classification, re-
gression, and other tasks. It operates by constructing a
multitude of decision trees at training time and output-
ting the class, that is, the mode of the classes (classifi-
cation) or mean prediction (regression) of the individual
trees (Breiman, 2001; Cutler et.al., 2007; Ali et.al., 2012).

Random Forests do not have a simple equation like the
algorithms mentioned above, as they are based on the ag-
gregation of the results of multiple decision trees. How-
ever, the general principle of operation can be described
as:

1 B
RF(x) = EZH?}, ) @

where RF(x) is the prediction of the Random Forest for
input B is the number of trees in the forest, and Th(x)
is the prediction of the bth decision tree. This formula
represents the aggregation process in Random Forests,
where the outputs of multiple decision trees are com-
bined to produce a final result. For classification tasks,
this typically involves selecting the most frequent pre-
diction (mode) among all trees in the forest.

2.4. Hyperparameter Optimization with GridSearchCv
Optimizing machine learning algorithms is a critical step
in the model development, ensuring that models achieve
the best possible performance on given tasks (Feurer and
Hutter, 2019; Yang and Shami, 2020). This process involves
setting the model’s hyperparameters, the configuration
settings used to configure machine learning models.

GridSearchCV is a hyperparameter tuning technique
that comprehensively searches a specific subset of hy-
perparameters, evaluating and comparing the perfor-
mance of models trained with each combination through
cross-validation (Kartini et.al,, 2021; Alhakeem et.al,,
2022). The goal is to find the optimal set of hyperparame-
ters that results in the best model performance.

The equation of GridSearchCV for selecting the optimal
hyperparameter set (H*) can be abstractly formulated as:

H = argHmaxCVk (M(H, Dt?'ain): Dval (5)

+ H* is the optimal set of hyperparameters.

+ H ranges over the grid of possible hyperparameter
combinations.

+ CVk represents the K-fold cross-validation process.

« M(H,Dtrain) is the model trained with hyperparam-
eters H on the training dataset Dtrain.

« Dval is the validation dataset used in cross-valida-
tion.

2.5. Evaluation metrics

Evaluation metrics are crucial for evaluating the perfor-
mance of classification models and provide information
about how well a model’s predictions match actual ob-
served results. These measurements help understand the
strengths and weaknesses of the model, guiding improve-
ments and adjustments (Hossin and Sulaiman, 2015; Vu-
jovi¢, 2021). Some evaluation metrics commonly used in
classification: Accuracy, Precision, Recall (Sensitivity), F1
Score, Area Under the ROC Curve (AUC-ROC), and Con-
fusion Matrix (Fatourechi et.al. 2008; Liu et.al., 2014).

Accuracy is one of the most straightforward metrics
used in evaluating classification models. It measures the
proportion of correct predictions (both true positives
and true negatives) among the total number of cases ex-
amined.

The accuracy of a model is calculated as:

TP + TN
TP +TN + FP + FN (6)

Accuracy =
where:

« TP (True Positives) is the number of correct positive
predictions,

+ TN (True Negatives) is the number of correct nega-
tive predictions,

« FP (False Positives) is the number of incorrect posi-
tive predictions, and

+ FN (False Negatives) is the number of incorrect neg-
ative predictions.
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3. Experiments

This study consists of six main chapters focusing on clas-
sifying Turkish legal texts. First, the Turkish legal dataset
was pre-processed by applying natural language process-
ing (NLP) techniques. This pre-processing phase involves
making the texts ready for analysis. Secondly, a weighting
process was applied to determine the importance of each
term in the vector space model using the Term Frequen-
cy Inverse Document Frequency (tf-idf) method. This
method assigns importance to words in the text based on
their distribution in the document collection. In the third
section, four different classification models based on su-
pervised learning were developed with KNN, SVM, DT,
and RF. These models are designed to be used to classify
Turkish legal texts. In the fourth stage, hyperparameter
optimization was performed to improve the performance
of these classification models. This optimization helped
determine the necessary model parameters to ensure the
best performance. The fifth part includes the installation
of tuned models after optimization processes. This phase
involves creating final versions of the developed classi-
fication models by integrating the optimization process
results. In the last section, the classification performanc-
es of the developed models were compared using the
accuracy evaluation metric. This evaluation reveals the
effectiveness and reliability of the models in the legal text
classification task. The study’s methodology is visualized
with the system diagram presented in Figure 3.

Firstly, legal experts were interviewed to analyze the di-
vorce and zoning decision texts to be used in the study.
As a result of these interviews, information not neces-
sary for the research, such as the subject of the applica-
tion and the application process, was removed from the
decision texts. Figure 4 shows the sample structure of the
decision text, and Figure 5 shows the sample structure
obtained after the data preprocessing process.

The court decision texts were later added to the Excel
Data Pre-Progressing

Vector Space Model with Tf-Idf

Development of KNN, SVM, DT, RF Models

Hyperparameter optimization

Tune Model

Comparison of Models with Evaluation Metrics

Figure 3. Developed System Diagram
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work file. In the study, decisions regarding “zoning” are
defined as “1,” and decisions regarding “divorce” are de-
fined as “0” in the Excel file. Figure 6 shows the Excel data
set’s first 20 decision texts and class information.

In this research, the classification study of Turkish legal
texts begins with applying natural language processing
techniques. First, a comprehensive data preprocessing
process was applied to make the legal texts suitable for
analysis. This process involves converting texts into a
standard form and cleaning out elements unnecessary
for analysis. The data preprocessing steps performed on
the data in the study are shown in Figure 7.

Figure 8 shows the data’s appearance before and after
applying stopwords, noisy entity removal, and lowercase
operations, which are data pre-processing steps. After
these processes, frequently recurring words and noisy
data were removed from the data, and uppercase letters
were converted to lowercase letters.

The study used the Term Frequency - Inverse Docu-
ment Frequency (TF-IDF) method for vector represen-
tation and classification of Turkish legal texts. TF-IDF
calculates the importance of a word in a document by
evaluating the frequency of that word in the document
(TF) and the rarity of the word in the entire document
collection (IDF) (Yun-tao at.al., 2005; Bafna et.al., 2016).
This is a practical feature extraction method frequently
used in text mining and natural language processing. The
TE-IDF method used in classifying Turkish legal texts is
a powerful tool to reveal semantic differences between
documents and represent texts. This method allows the
creation of high-quality features necessary for training
classification models.

When calculating the ¢ftext frequency value, the ratio of
the number of terms in the sentence to the total number
of words in the sentence is considered. The calculation
method is shown in Equation 7.

fea

tf(t,d) = Stedfed 7)

The idf importance value is the base two logarithms of
the ratio of the total number of sentences to the total
number of the selected term in all sentences. The calcu-
lation method is shown in Equation 8.

| N
idf = (&D) = logr 5oy ®

After calculating the tf and idf values, the tf-idf value of
each word is obtained by multiplying the two values. The
calculation method is shown in Equation 9.

tfidf = (t,d,D) = tf(t,d).idf(t,D) 9)

In the study, tf-idf vector calculations were made for all
words in the data set. Figure 9 shows an example of the
calculated tf-idf values of words.

In the third part of the research, models were developed
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Figure 5. Sample structure of the decision text obtained as a result of data preprocessing

I l m Uluslararasi Muhendislik, Tasarim ve Teknoloji Dergisi / International Journal of Engineering, Design and Technology, 2024 6(2)




Tulay Turan, Ecir Ugur Kuguksille

e

using KNN, SVM, DT, and RF algorithms. To improve
the performance of these models, a comprehensive hy-
perparameter optimization process was conducted using
the GridSearchCV object of the scikit-learn library. In
GridSearchCV, separate models were built for each of the
determined hyperparameter values, and the hyperpa-
rameter combination that provided the highest accuracy
rate was determined. Figure 10 shows the accuracy rates

of each model depending on parameter changes. Table 2
shows the hyperparameter values that provide the most
successful results.

After the hyperparameter optimization process was
completed, the performances of the final models were
analyzed using the accuracy evaluation criterion. Ac-
cording to these evaluation results, the Support Vector

(Il Cases ﬂ Class |id
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Figure 6. Excel representation of data set content

4

Tf-I1df

A

Stopword
Lowercasing
Noisy Entity
Removal
Figure 7. Data preprocessing steps performed in the study
Before Data Preprocessing Data Preprocessing After Data Preprocessing
Tur el e Tar Konu

sw = set(stopwords.words (" turkish'))

0 0 ve musterek cocugun yurt disinda bulunan mutat... 0 0 musterek cocugun yurt disinda bulunan mutat me

[nltk_data] Downloading package stopwords to

1 o aile mahkemesi tarafindan verilen tedbir karar...  [nltk_data] C:\Users\Administrator\AppData\Roaming\nltk_data... 1 o] aile mahkemesi tarafindan verilen tedbir karar...
[nltk data] Package stopwords is already up-to-date
2 1 tasinmazin planda dnce kamu hizmeti alanina ay... 2 1 tasinmazin planda énce kamu hizmeti alanina ay.
3 1 belediyenin dere yatagini imara acmasindan kay. . - 3 1 belediyenin dere yatagini imara acmasindan kay.
‘ne’,
4 0 aile birliinin temelden sarsiimasi nedenine d... ‘neden’, 4 0 aile birliginin temelden sarsiimasi nedenine d...

‘nerde’,
“nerede’,
‘nereye’,
‘niye’,
‘nigin’,
o,
“sanki’,
'siz',
“tim',
‘ve',
‘veya',
‘ya',
‘yani',
‘¢ok',

" giinkii”*,
‘sey',
su'}

Figure 8. Data appearance before and after applying data preprocessing
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Machines model was determined to have the highest
performance, with an average accuracy value of 90%. The

—— Manhattan

0.9-

. . —— Euclid
performance results of all models included in the study pedean
are shown in Figure 11. >

® 0.8-
3
These findings comparatively evaluate the effectiveness of -
. . . . T
these classification models on the legal text classification £o7-
task and show that the SVM model achieves a significantly =
higher accuracy rate than other models in this particular 7
context. These results underline that using the SVM mod- g
el in classifying legal texts can produce high-performance
results under specific hyperparameter settings. 05-
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4. Results and Discussion elueorkter
This research addresses how Artificial Intelligence (AI) e
techniques can effectively classify legal texts in the face 0.92- =B
of increasing volumes of legal data. In particular, a study -
was conducted to classify court decisions in Turkey cat- € po1-
egorically. In this context, a data set containing divorce g
and zoning situations was created, and basic classifica- B 000-
tion models were developed using K-nearest neighbors o
. o o (]
(KNN), Support Vector Machines (SVM), Decision Trees -l
. ()
(DT), and Random Forests (RF) algorithms. Hyperpa- £
rameter optimization was performed to increase the L
performance of the models, and improved models were
created as a result of this process, which was supported o
by the 10-fold cross-validation method. The main find- Vame ofcfo, SVM
ing of the research is that the SVM model performs best
after hyperparameter optimization with an impressive G
average accuracy rate of 90%. This result shows that the /
SVM model is superior to other traditional classification | 094"
methods in the legal text classification task, especially g
. . = ™
under specific hyperparameter settings. g 093
©
0 0.92-
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Table 2. Hyperparameter results of models =
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Models HyperParameters  Value §
--------------------------------------------------------------------------------------------------------------- ] 0.90 - max_features_3
) n_neighbors 8 max_features 5
K-Neaest Neighbors Model . . max_features_7
p(metric) Euclidean 0.89 -
max_features_8
1
Support Vector Machines Model 600 800 1000
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Random Forest Model ) ——_
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Figure 10. Accuracy rates of models depending on parameter

Figure 9. Example of calculated TF-IDF values for words in the dataset. changes
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Figure 11. Accuracy results of the models

The research revealed how natural language processing
and machine learning techniques can effectively classi-
fy Turkish legal texts. This work also provided valuable
insights into optimizing the hyperparameters of specif-
ic machine-learning models. This optimization process
is a critical step that significantly improves the model’s
performance. Additionally, this study has significantly
contributed to legal technology applications by revealing
the applicability of machine learning models in legal text
classification.

This study fills a significant gap compared to the exist-
ing literature by focusing on the classification of Turkish
court decisions, which is an under-researched area ac-
cording to international law texts. Previous studies have
mainly focused on legal documents from other jurisdic-
tions, such as European (Kaur and Bozic, 2019; Cui et.
al,, 2023) and American (LI et. al., 2019; Eliot, 2020) case
law. The focus of this study on Turkish legal texts brings
a new dimension to the field of legal informatics. It re-
veals the applicability and effectiveness of artificial intel-
ligence in a different legal system.

The originality of this research lies in its application of
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Mimari tasarimda kendiliginden yapilanma “self
assembly” kavrami ve i¢ mekanda kullanim
olanaklari

Self-Assembly material in architectural design and possibilities of use in
interior architecture
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Ozet: Sosyal ve fen baslica olmak tizere bircok disiplinle iliskili olan mimari tasarim, gerceklesen yeniliklerden etki-
lenmektedir. Ozellikle malzeme, yapim yéntemleri ve uygulamaya yonelik yapilan multidisipliner calismalarin etki-
leri yapilarda, ic mekanlarda ve kent 6lceginde okunabilmektedir. Calisma kapsaminda ele alinan kendiliginden yapi-
lanma “self assembly” kavrami dUzensiz haldeki bir sistemin, herhangi bir dis etki olmaksizin malzemenin bilesenleri
arasindaki etkilesimler yoluyla dizenli bir 6riintl veya organize bir yaplya donustligu surec olarak tanimlanmaktadir.
Calismanin temel amaci kendiliginden yapilanma kavraminin mimari tasarim alaninda yapilan ¢alismalar Uzerinden
incelenmesi ve ic mekanda kullanim olanaklarinin tespit edilmesidir. Calismanin yonteminde bes asamadan olusan
karma arastirma deseni kullanilmaktadir. Calismanin sonucunda kendiliginden yapilanma kavraminin yapisal ve ya-
pisal olmayan i¢c mekandaki 6gelere cesitli acilardan yenilikler getirdigi tespit edilmistir. Yapisal elemanlarin zorlayici
fiziksel kosullara gore tekrar yapilanarak uyum gostermesi, akilli liflerle kompozit malzemelerin olusturulmasi gibi
olumlu sonuglar elde edildigi; yapisal olmayan her turlU gecici ve kalici struktur, form, bicim ve ylizey elemanlarinda
da hem islevsel hem estetik yenilikler getirdigi gorulmektedir. Mimari tasarimda kendiliginden yapilanma kavrami-
nin uygulama, tasarim, nakliye surecinde de surdurtlebilirlik baglaminda bircok olumlu etkisi olacagi gibi tamamen
robotik 6zellik gosteren ic mekan dgelerinin de dijital saldirilara ve hatalara acik olacagi gibi olumsuz etkilerinin de
olusacagi éngorulmektedir.

Anahtar Kelimeler: Kendiliginden Yapilanma, Yapi Teknolojisi, Akilli Malzeme, Mimari Tasarim, ic Mekan.

Abstract: Architectural design, which is related to many disciplines, especially social and science, is directly or in-
directly affected by the innovations. The effects of multidisciplinary studies, especially on materials, construction
methods and application, can be seen in building masses, interior spaces and at the urban scale. The concept of
Self-Assembly discussed within the scope of the study is explained as a process in which an irregular system turns
into a regular pattern or organized structure through the interactions between the components of the material,
without any external influence. The main purpose of the study is to examine the concept of self-organization throu-
gh studies conducted in the field of architectural design and to determine the possibilities of use in interior spaces.
The method of the study uses a mixed research design based on content analysis. The method of the study consists
of five stages. As a result of the study, it was determined that the concept of self-structuring brought various in-
novations to structural and non-structural interior elements. As a result, positive results such as the adaptation of
structural elements to challenging physical conditions and the creation of composite materials with smart fibers
have been achieved; It is seen that it brings both functional and aesthetic innovations in all kinds of non-structural
temporary and permanent structures, forms, shapes, and surface elements.

Keywords: Self Assembly, Building Technology, Smart Materials, Architectural Design, Interior Space.

1. Girig ortaya ¢ikmaktadir. Mimari tasarimda akilli malzemeler
Disiplinler arasi yapilan ¢aligmalar mimari tasarim ku- kavrami metalurji, bilgisayar ve elektronik mithendisligi
ramint ve uygulama alanlarinin kapsamini genisletmek- ile ortak yapilan calismalar ile literatiirde yer edinmekte-
tedir. Ozellikle miihendislik ve bilim alanlarinin mimari dir. Kendiliginden yapilanma “Self-assembly” kavrami da
tasarima entegre edilmesi sonucu yenilik¢i calismalar akilli malzemeler bashig: altinda incelenebilecek, olduk-
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ca yeni bir uygulama yontemi ve yapr malzemesi olarak
uluslararast literatiirde yer edinmistir. 1990’larin basin-
dan itibaren programlanabilir malzemeler ve kendiligin-
den yapilanma kavrami tizerine ¢alismalar yapilmakta-
dir. Ozellikle DARPAnin (ABD Savunma fleri Arastirma
Projeleri Ajansi) Programlanabilir Malzeme adli projeyi
finanse etmesi ile bu alandaki calismalar 2007’de hizlan-
maya baglamistir.

Dogan Hasol (2021)'un mimarlik tanimina gére mimari
tasarim driinleri topluma yararlilik, yaraticilik-yenilik,
stirdiirtlebilirlik, cagdas dil, kimlik, cevreye duyarlilik,
estetik deger, i¢c-dis uyumu, dogru striktir, islevsellik,
ekonomik olma gibi dlciitlerin yani sira ekoloji, yap fi-
zigi, otomasyon gibi uzmanlik katkilarini da biinyesinde
bulundurmak konumundadir. Yap: sektoriinde siirekli
olarak yasanan gelismelerle elde edilen, yeni teknoloji ve
triinlerin siirdiiriilebilirligi ve enerjinin verimli kullani-
mu1 da kilit unsurlar arasindadir (Tavsan ve ark., 2021).
Dolayisiyla mimari tasarim triiniind ileriye tasiyacak her
turlit yontem ve ¢alisma oldukca 6nem tagimaktadir.

Self Assembly Laboratuvar: da mimari tasarima inovas-
yon kazandiracak caligmalar gerceklestiren arastirma
laboratuvarlarindan biri olarak ele alinmaktadir. Kendi-
liginden yapilanabilir 6zellikli malzemelerin mimari ta-
sarimda kullanimina yonelik arastirmalarin 2009-2010
yillarinda Self Assembly Lab’in kurulmasi ile basladig1
goriilmektedir (URL-1, 2023). Mimari tasarimda “self
assembly” kavrami, heniiz mesleki terim sozligiinde yer
edinmediginden, ¢aligma kapsaminda genel kelime kar-
sitlig1 “kendiliginden/6z hareketli olma”, “kendiliginden /
0z toparlanma” “kendiliginden yapilanma” olarak kulla-
nilmigtir. Bu kapsamda bakildiginda literatiirde auxetic
(oksetik) malzemeler, origami ile olusturulan kendiligin-
den hareketli striiktiir aragtirmalar1 da kendiliginden ya-
pilanabilir olarak nitelendirilebilmektedir. Bu malzemeler
kendini harekete gecirebilir, kendi kendine c¢alisabilir ve
harekete gegebilir 6zellik gostermektedirler. Kendiligin-
den yapilanan malzemenin yanit verebilmesini kontrol
eden durum, malzemenin kimyasal ve fiziksel 6zellikle-
rinden kaynaklanmaktadir (Seving, 2023). Bu nitelikler
malzemeye sonradan eklenen, kendi yapisi harici 6zellik-
ler olarak kabul edilmemektedir. Bu nedenle malzemeye
sonradan kazandirilan origami mantig: ile katlanabilen,
sekil hafizali malzemeler veya auxetik (oksetik) malzeme-
ler calisma kapsaminda ele alinan kendiliginden yapilana-
bilir 6zellikli malzemeden farklilik gostermektedir.

Calismada ele alinan kendiliginden yapilanma kavramyi,
origami yontemi ile auxetic 6zellik gosteren malzeme
arastirmalarindan farkl olarak, malzemenin programla-
narak sekil hafizasinin kazandirildig1 malzeme 6zellik-
lerine dayanmaktadir. Calismanin temel amaci kendili-
ginden yapilanma kavramini mimari tasarim alaninda
yapilan ¢aligmalar iizerinden incelenmesi ve i¢ mekanda
kullanim olanaklarinin tespit edilmesidir. Ana amag al-
tinda olusturulan alt amagclar asagida listelenmektedir:

+ Kendiliginden yapilanabilir 6zellikli tasarimlarin,
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tiretim ve uygulama tekniklerinin tespit edilmesi

+ Kendiliginden yapilanma kavrami {izerine tasarim
disiplininde yapilan uygulamali ¢alismalarin ve la-
boratuvarlarda kullanilan teknolojilerin tespit edil-
mesi

+ Kendiliginden yapilanabilir 6zellikli tasarimlarin ge-
tirdigi yenilik ve olanaklarin tespit edilmesi

+ Kendiliginden yapilanma kavraminin i¢ mekénda
kullanim olanaklarinin ve kullaniminin sonuglari-
nin tespit edilmesi

2. Materyal ve Yontem

Calismanin yonteminde bes asamadan olusan karma
arastirma deseni kullanilmaktadir (Sekil 1). Ilk olarak
“kendiliginden yapilanma kavrami” ile ilgili ulusal ve
uluslararasi bilimsel arastirmalar incelenerek c¢alisma-
nin literatiirel alt yapisi olusturulmustur. Calismanin
ikinci adiminda, “kendiliginden yapilanma” 6zelligi gos-
teren 6rnek tasarimlar, bu tasarimlarin o6zellikleri, tire-
tildigi laboratuvarlar ve kullanilan tiretim teknolojileri
ile ilgili irdelemeler yapilmistir. Ugiincii adimda bu siireg
ile tasarlanan i¢ mekanda kullanima referans olabilecek
calismalar incelenerek orneklem grubu belirlenmistir.
Dérdiincii adimda 6rneklemi olusturan projeler gesitli
kaynaklar tizerinden elde edilen parametrelerle analiz
edilmis ve frekans (siklik) analizi ile elde edilen ytizdelik
veriler tablo olusturularak agiklanmistir. Kendiliginden
yapilanma 6zelligi gosteren 6rnek projelerin i¢ mekan-
larda yiizey, striiktiir, form ve mobilya tasarimlarina yo-
nelik getirdigi yeniliklere yer verilmistir. Son olarak ise
elde edilen bulgular ve kendiliginden yapilanma kavra-
minin i¢ mekanda tasarima etkileri SWOT analizi yonte-
mi ile irdelenerek ortaya konmustur. YOK Tez (2023) veri
tabani “self assemble” anahtar sozciigii ile tarandiginda
tasarim, mimarlik, i¢ mimarlik alanlarinda heniiz konu
ile ilgili dogrudan calisma yapilmadig1 goriilmektedir.
Veri tabaninda elde edilen lisansiistii tez ¢alismalarinin
ise agirlikli olarak temel bilimler ve mithendislik bilim
dallarina ait oldugu tespit edilmistir. Dolayisiyla bu ¢a-
lismanin tasarim literatiiriine “kendiliginden yapilanma
kavraminin” kazandirilmasina ve tasarimda akilli mal-
zeme kullanimina yonelik literatiire katki saglayacagi
diustinilmektedir. Uluslararasi literatiirde de tasarim
disiplininde kullanimina yonelik ¢alismalarin oldukca
giincel olmasi nedeniyle tasarimcilar: ve arastirmacila-
r1 da konu hakkinda bilin¢lendirecegi, literatiire Tiirkce
kaynak olarak katki saglayacagi 6ngorillmektedir.

3. Kendiliginden Yapilanma “Self-As-
sembly” Kavrami

” «

Calismanin ikinci kisminda “self assemble” “self assemb-
ly” ve “programlanabilir malzeme” kavramlar: tizerin-
de durularak, literatiirde edinilen bilgilere deginilerek
kavramsal agiklamalara yer verilmektedir. Literatiirde
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yonelik elde edilen
sayisal veriler ile
analiz tablo
olusturulmasi

Sekil 1.Calismanin Arastirma Deseni

“self assemble” kavrami tizerinde pek ¢ok farkli tanim
bulunmaktadir. Kendiliginden yapilanma (Self assemb-
le); bir insanin veya makinenin uygulamaya ait cesitli
plan, detay, kroki vb. gibi bir montaj talimatina ihtiyag
duymadan dogrudan programlanmis montaj bilgisi ile
uygulanmasi olarak tanimlanmaktadir (Mehdizadeh
ve Tessmann, 2023). Uygulamasi yapilacak bir yiizeyde,
mobilyada veya herhangi bir objede kullanilacak malze-
menin mikro geometrisinde montaj bilgisini kaydetme
ozelligi olarak da ifade edilmektedir. “Self assembly”
kavrami ise “kendiliginden yapilanma” olarak literatiire
kazandirilarak; diizensiz bir sistemin, herhangi bir dis
etki olmaksizin, malzemenin bilesenleri arasindaki yerel
etkilesimler yoluyla diizenli bir 6riintii veya organize bir
yapiya donistiigii bir stire¢ olarak agiklanmaktadir (Ko-
cak, 2021). Bu nedenle kendiliginden yapilanma 6zelligi-
nin, yeni malzemelerin tretiminde ve arastirilmasinda
buyiik bir potansiyele sahip oldugu disiintilmektedir.
Literatiirdeki calismalarin ¢ogu kimya ve metalurji ile
iliskili molekiiler dizeydeki kendiliginden yapilanma
tizerine odaklansa da kendiliginden yapilanma islemleri-
nin daha biiyiik 6lceklerde mimarlik alaninda da birgok
ufuk agic1 uygulamasi bulunmaktadir.

Skylar Tibbits, MIT deki Self Assembly Lab’in kurucusu
ve mimari tasarimda kullanimina yonelik arastirmalar:
baslatan ilk arastirmacidir. Objenin parcalarinin ve dog-
rudan malzemenin programlanmasina yonelik ¢aligsma-
lar ilk olarak MIT ’de yapilmaya baglanmuistir. Tibbits bir
uygulamanin veya siirecin “kendiliginden yapilanabilir”
olarak nitelendirilebilmesi i¢in:

+ Sistemin tim parcalarinin geometrik olarak basit
olmasi

+ Sistemin en az iki farkli duruma sahip olabilmesi (6r-
negin, acik/kapali veya bagli/ayrilmis)

+ Sistemin istenilen talimat dizisine yanit verebilmesi

I
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+ Basit bir montaj siras1 / dizgesine sahip olmasi
+ Parcalarin da programlanabilir olmasi

+ Aktive edilmesi icin bir baslangi¢ kuvvetine (FO0)
veya enerjiye gerek olmasi

+ Ariza durumunda kullanmak i¢in pargalarin yedek-
lenebilir olmasi gerektigini belirtmektedir (Tibbits,
2010).

Logic Matter adli yiiksek lisans tezinde, “kendiliginden
yapilanma” ve “rehberli kendiliginden yapilanma” 6zel-
likli tasarimin pargalarinin, kendi geometrilerini ve kod-
la yazilan montaj bilgileri araciligiyla etkinlestirildigini
ozetle programlanabilir malzeme 6zellikli oldugunu
belirtmektedir (Tibbits, 2010). DNA, RNA veya hiicre
gibi biyolojik modellerdeki striiktiirlerin hiyerarsisini,
tasarimda diizenekleri olusturmaya yonelik bir teknik
olarak kullanmaktadir. insan viicudunun kendi kendini
onarmasl, bitytimesi ve genetik kodlarin aktarilmast sii-
recine benzetilen kendiliginden yapilanma; malzemenin
veya formun kendisini bir canli gibi ele alip, kiigiik dev-
relerle programlanarak hareket 6zelliginin kendiliginden
gerceklesmesini saglamaktadir (Sekil 2).

Kendiliginden yapilanabilir 6zellikli tasarimlar yeniden
ve uzun streli kullanim acgisindan 6nemli bir gelisme
olarak kabul edilmektedir (Mehdizadeh ve Tessmann,
2023). Diizensiz parc¢alarin kendi kendine sistematik ola-
rak bir araya gelebilmesi, ayrilmasi; bozuldugunda veya
yiprandiginda pargasinin yedeklenebilir ve kolayca ona-
rilabilir olmas: alisilagelen malzeme 6zelliklerinin olus-
turdugu dezavantajlari ortadan kaldirmaktadir (Menges
ve Tibbits, 2012). Basit ve metaforik bir sekilde kendili-
ginden yapilanma bir masadaki diizensiz objelerin ken-
diliginden hareket ederek sistematik sekilde bir araya
gelerek islevsel yeni bir iiriin ortaya ¢ikarmasi olarak da
ifade edilmektedir (URL-25, 2023).
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Malzeme biliminde nanoyapilarin tretimi, karistirilan
bir kapta statik veya dinamik kendiliginden birlesme
yoluyla gerceklesebilmektedir (Dahman, 2017). Gelenek-
sel yap1 malzemesinin ise santiye ortamlarinda yerinde
montajt genellikle ayr1 ayr1 tasarlanmis ve 6zel amaglara
yonelik makinelerin kullanildigi karmasik bir siirec ile
gerceklesmektedir. Giintiimiizde kullanilan makineler,
santiye kosullarinda yogun enerji ve zaman tiikketmekte-
dir (Tibbits ve Cheung, 2012). Programlanabilir kendi-
liginden yapilanabilen yap1 malzemesi sayesinde santiye
ortaminda hem nakliye hem uygulama ag¢isindan enerji
tasarrufu yapilacag: ongoriilmektedir (Sekil 3). Malze-
melerin icine gomulii bilgiler kendiliginden yapilanan,
kendi kendini onarabilen ve kendi kendini kopyalayan
malzemeler sunmaktadir (Tibbits ve ark., 2014).

Ingaat sektoriiniin geleceginde, gercek zamanli hesapla-
mali analiz, otomatik montaj, kendi kendine onarim veya
diger kullanic1 tanimli depolama ve hesaplama ihtiyac-
larini gerceklestirebilen programlanabilir malzemeler
tercih edilecegi ongoriilmektedir (Hawkes ve ark., 2010).

Canli Organizma

Genetik Kod
Cekirdek
Hucre
Doku
Organ
Sistem

Sekil 2. Kendiliginden Yapilanma ve Canli Organizma iligkisi

Malzemelerin i¢ine gomilii bilgiler sayesinde, imalat ve
montaj makinelerine giivenmek yerine otomatik olarak
kendi kendini onaran ve kendi kendini kopyalayan mal-
zemeler sunulabilmektedir (Tibbits ve Cheung, 2012).
Ahsap ve karbon fiberlerden yapilan programlanabilir
malzemeler sayesinde kumaslardan ingaat malzemeleri-
ne kadar yapinin gevresiyle etkilesim seklinin degisecegi
distniilmektedir. Ahsap vb. yapt malzemeleri kendi ken-
dine birlesecek sekilde programlanabilmekte, bu sayede
mobilya satin alirken talimatlara veya ekipmanlara olan
ihtiyaci da ortadan kalkmaktadir (Sekil 4).

Programlanabilir malzemeler etkinlestirildiginde mal-
zemeye katlanmasini ve doniismesini soyleyen ¢ok kii-
ciik robotlarin entegre edildigi kompozit 6zellikli malze-
melerdir. Bu teknoloji malzemenin “dort boyutlu bask1”
ad1 verilen teknik sayesinde baski islemi sirasinda sekil
degistirme yetenegi kazanmasi olarak agiklanmaktadir.
Ornegin MIT ekibinin iirettigi programlanabilir ahsap
panelleri yaziciyla belirli desenler halinde diizenlenen,
Ozel plastik filamentler ve ahsap liflerin bilesimiyle olus-

Kendiliginden Yapilanma

Dijital Kod
Veri Islem Kart
Cip / Devre
Doku
Form
Striktur

Sekil 3. Yapi malzemesi olarak kendiliginden yapilanabilen programlanabilir malzemenin konut yapiminda kullanimi (Tibbits ve Cheung, 2012).
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Sekil 4.Programlanabilir ahsap, karbonfiber ve kumas (Material
District, 2015)

turulmaktadir. Ahsap paneller nemi emdiginde ahsap
lifleri genislemekte ve basili desenler talimat gorevi go-
rerek malzemeye ne yapmasi ve nereye taginmasi gerek-
tigini yonlendirmektedir. Boylelikle diiz bir ahsap levha
sandalyeye doniisebilmektedir. Geleneksel ahsap biik-
me teknikleri, kullanim1 uzmanlik gerektiren karmasik
ekipmanlar kullanilarak sekillendirme islemleri ile ya-
pilmaktadir ancak béyle bir teknoloji sayesinde ¢ok kolay
ve hizli bir sekilde elde edilebilmektedir. Ayrica ahsap
damarinin dogal deseni ve fiziksel ozellikleri, karma-
sik sekillere kivrilmay: zorlagtirmaktadir. Yeni baski ve
kompozit malzeme teknolojileri artik ahsap sekillendir-
me sayesinde 6zel baskili ahsap kompozitin diiz levha-
lar1, kontrolli yollarla kendiliginden yapilanacak sekilde
tasarlanabilmektedir (URL-2, 2024).

Programlanabilir malzemeler sayesinde malzemelerin
ozellikleri ve davraniglarinin tiretimden sonra sabit kal-
mas1 gerekmemekte; zaman i¢inde gelisecek sekilde kod-
lanabilmektedirler (Xia ve ark., 2022). Mekanik olarak
tepki veren mimari malzemeler belirli bir sekle doniise-
bilmekte ve uyar: kaldirildiktan sonra bile yeniden yapi-
landirilmis geometriyi koruyabilmektedir (Xia ve ark.,
2022). Bu malzemelerden biri olan auxetic malzemeler
gerildiginde veya sikistirildiginda deforme olup, esnek ve
uyarlanabilirler ve gevrelerine tepki verebilmektedir (Pa-
padopoulou ve ark., 2017a). Auxetik malzemelerin kuv-
vetlere uyum saglama yetenegi, kullanicinin viicut sek-
line, agirligina ve durusuna uyum saglayan sandalyelerin
tasarlanmasina olanak saglamaktadur.

Malzeme bilimi ve yumusak robot teknolojisindeki iler-
lemeler buiyiiyebilen, uyum saglayabilen ve doniisebilen
yeni malzemelerin yaratilmasina yol agmistir. Tim bu
gelismeler 1s181nda tasarimcilar kullanici ihtiyaglarina
uyum saglayan islevsel performans ve degisken estetik
anlayiglar icin kendi kendini dontistiiren nesneler ya-
ratabilmektedir (Papadopoulou ve ark., 2017a). Mimari
tasarimda ise ornegin bina dlceginde, yardimci malze-

melerin kubbe benzeri, senklastik yiizeyler (yani tiim
yonlerde ayni tarafa dogru kivrilan yiizeyler) olusturma
yetenegi, deforme oldugunda amorf sekillere dontisen
mimari yapilarin olusturulmasini saglamaktadir. Buna
ek olarak, aktif yardimci malzemelerin ayarlanabilir
desenleri, onlar1 degisken ihtiyaclara ve gecici islevlere
sahip calisma ortamlarindaki ve kamusal alanlardaki
boliicii-sinirlayict yiizeyler olarak kullanilabilir hale ge-
tirmektedir. Ornegin ayni duvar paneli, farkli diizeydeki
gurilti ve 15181 engelleyecek sekilde ayarlanabilmekte ve
mekéanin goriintrlitk ve akustik 6zellikleri, kullanicilarin
islevsel ve estetik ihtiyaclarina gore uyarlanabilmektedir.
Yardimc1 malzemeler ayni zamanda bir binanin ici ve
dis1 arasinda filtre olarak da kullanilabilmektedir. Or-
negin, iki katmanli polimerlerden yapilmis bir gélgeleme
sistemi, dogal 1s181n tasidig1 1s1ya tepki veren, diisiik 151k
seviyelerinde acilip binaya daha fazla giines 15181 girme-
sini saglayan ve sicaklik arttik¢a kapanarak giines 1s181n1
koruyan hiicresel bir sistem olarak tasarlanabilmektedir
(Papadopoulou ve ark., 2017b).

Kendiliginden yapilanabilir mimari yapilar, afet yardimi
icin veya zorlu kosullara sahip ortamlara, minimum yer
kaplayarak nakliye ile gonderilebilmekte ve daha sonra
dogru gevre kosullarina maruz kaldiginda 6nceden prog-
ramlanmis yapilara kendiliginden dontisebilmektedir.
Benzer sekilde ayakkabular, giysiler ve diger tiriinler bir
boyutlu yiizey katmani sekilde gonderilebilmekte, kisiye
0zel uyum i¢in sekillendirilebilir ve kosu veya ytrtytis
icin uyarlanabilir kendi kendini optimize etme 6zelligi
sergileyebilmektedir (Papadopoulou ve ark., 2017b).

Yeni malzemelerin dinamik davranisi, kaginilmaz olarak
tasarimcinin iriin ve yapi tasarlama seklini degistirmek-
tedir. Nihai tirtintin bi¢imini ve islevini tasarlamak yeri-
ne, artik sistemin davranigini, dinamik biiytimesini veya
uyarlanmasini tasarlama firsati tanimaktadir. Ug boyut-
lu basky, lazer kesim ve bilgisayarli sayisal kontrol (CNC)
veya robotik imalat gibi yeni imalat teknolojilerinin kul-

e lonlon
o

Sekil 5. Programlanabilir Malzeme (Campbell ve ark., 2014).
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lanilmasi, bu tiir malzeme yeniliklerini tasarimcilar icin
ulasilabilir hale getirmistir. Programlanabilir malzeme
Ozetle enerji ve is giiciinden tasarruf saglayarak farkl
boyutlarda nesneler tiretebilmektedir (Sekil 5). Kendini
masaya doniistiirebilen bir sandalye, kendini onarabi-
len tesisat borulari, uzay mimarisinde gerekli olan tiim
imalat problemleri programlanabilir malzeme sayesinde
cozilecegi ongorillmektedir.

Bunun yaninda programlanabilir malzemenin yeni be-
lirsizlikler ve ¢oziimii Ongorillemeyen problemler ya-
ratacagl da tartisilmaktadir (Campbell ve ark., 2014).
Programlanabilir malzemenin bir giin hem askeri hem
de sivil baglamda biytik 6lgekli insaatlarda da kullanila-
bilecegi de tahmin edilmektedir. Yap: sektoriinde bina-
larin kendiliginden tugla veya beton dokmek yerine, bina
buytkligiinde programlanabilir malzemenin bir teme-
le dokiildigii ve ardindan Ogelere, elektrik ve su tesisat1
ile tamamlanmis bitmis bir yap: halinde biiyiimeleri ve
sabitlesmeleri 6ngoriilmektedir. Giiniimiizde dogrudan
konut insasi i¢in gereksiz ve hentiz imkéansiz olacag: eles-
tirisi yapilsa da 6rnegin bir savas bolgesinde veya Mars
yuzeyinde, alisilmisin disinda zorluklari olan fiziksel
cevrelerde kendiliginden yapilanmanin kolayliklar sagla-
yacag1 distniilmektedir (Campbell ve ark., 2014).

4. Kendiliginden Yapilanma “Self Assem-
bly” Ozellikli Tasarimlarin Laboratuvar
Calismalari ve Analizi

Giiniimiizde Fab Lab (Uretim Laboratuvari) bilgisayar
destekli tasarimdaki gelismelerle birlikte literatiire ve
ginlik konusma diline katilmaya baslamistir (Bodur,
2017). Gershenfeld ile baglayan Fab Lab laboratuvarlarinda
farkli boyut ve islevlerde ti¢ boyutlu yazicilar (FDM, SLA,
SLS, DLP, MJT, inkjet, STL teknolojileri), mikrodenetleyici
programlama, lazer kesim, CNC tezgahlari, kalip dokiim

araclari, elektronik dikis makinesi, masaiisti CNC araci
ve dremel gibi el araglar1 da bulunmaktadir. MIT’de bulu-
nan Self Assembly Lab’i Fab Lab kiilttiriinden ayiran bir-
¢ok farklilik bulunmaktadir. Self Assembly Lab’de sadece
dirtinlerin nasil ve ne ile iiretilecegi degil, tiretim siireci de
tasarlanmaktadir. Kimyasal maddeler, elektronik cipler,
kompozit malzemeler, sivi kazaninda hizli prototipleme
gibi alisagelmemis yenilik¢i yontemlerle tasarim siirecinin
sinirlari genigletilmektedir (Sekil 6).

Literatiirde sinirh bilgi yer almast nedeniyle, projelerin
tiretim stireclerinde ifade edilen cihazlar ve yontemler
tizerinden ¢ikarimlar yapilmistir. Ek olarak laboratuvara
ait ic mekan gorselleri tizerinden de ¢ikarimlar yapildi-
ginda, Rapid Liquid Printing olarak ifade edilen hizli siv1
prototipleme olarak da cevirebilecek yeni bir bask: yon-
teminin yer aldig: goriilmektedir. Bityiik bir siv1 kabinin
(akvaryumunun) icerisinde her tiirlic malzemenin basi-
labildigi yazici nozulu yer almaktadir. Bununla birlikte
robotik kol, dort boyutlu yazici, geleneksel ii¢ boyutlu
yazici, CNC tezgih da bulunmaktadir. Self Assembly La-
b’de 2024 yilina dek toplamda kirk iki proje tretilmistir.
Bu projeler gerceklestirildigi tarihe bagli olarak sirasiyla
Tablo 1’de verilmektedir (Tablo 1).

Projelerin mimari tasarim, biyoteknoloji, elektronik,
tekstil, metalurji ve malzeme miithendisligi, endiistriyel
tasarim gibi farkli alanlarla iliskili oldugu goriilmekte-
dir. Projelerin tamami multidisipliner ¢alismalar oldugu
icin sonug¢ trtniin iliskili oldugu uzmanlik alani belir-
tilmistir. Projelerin ilgili oldugu alanlara gore sayisal
dagilimina bakildiginda endustriyel tasarim (8), tekstil
mithendisligi (7), metalurji ve malzeme mithendisligi (2),
elektronik (2), biyoteknoloji (1) oldugu goriilmektedir.
Bununla birlikte yirmi bir projenin mimari tasarim ile
dogrudan iliskili calismalar oldugu tespit edilmistir. Mi-
mari tasarim alaninda yapilan ¢alismalarin on bes tanesi
form/ striiktiir, dort tanesi mobilya imalati / konstriiksi-

b. Self Assembly Lab koordinatori Skylar Tibbits'in prototiplerie yaptig: deney

Sekil 6. Self Assembly Lab ic Mekani (URL-3, 2024)
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yonu, ikisi yap: statigi ve yapt malzemesinin ¢ekme da-
yanimyi, biri i¢ mekén tekstili, biri siv1 baski yontemi ile
ilgili inovasyon gerceklestirmistir. Calisma kapsaminda
bu projelere kisaca deginilmistir.

Mantik Materyali / Maddesi (Logic Matter) adli proje

ile kendiliginden yapilanarak montajin gerceklesmesi
hedeflenmistir. Dijjital mantik, matematik ve pasif meka-
nik sisteme dayanan bir yontem kullanilmistir (Tibbits
ve Cheung, 2012). Biiyiik 6lgekli yapilarin kiciik parca-
larla kendiliginden birleserek striiktiir olusturmasi icin
yeni bir sistem olarak onerilmektedir. Mantik biliminde

Tablo 1. Self Assembly Laboratuvarinda Gergeklestirilen Projeler ve ilgili Oldugu Alan

No. PROJE ADI ILGILi OLDUGU DiSIPLIN
""""" L logcMater  MmarTasanm  Form/Swikar

2. Macrobot ve Decibot Mimari Tasarim

3. C-Strands Mimari Tasarim

4. DNA Printing Biyoteknoloji

5. Self-Assembly Line Endustriyel Tasarim

6. Bio-Molecular Self Assembly Mimari Tasarim

7. Autonomous Self Assembly Metalurji ve Malzeme Mih.

8. Self-Folding Proteins Mimari Tasarim

9. Hyperform Elektronik

10. Self-Assembly Cell Phone Elektronik

11. Fluid Assembly Chair Mimari Tasarim

12. Aerial Assembly Mimari Tasarim

13. Fluid Lattices Mimari Tasarim

14. Self-Replicating Spheres Endustriyel Tasarim

15. Fluid Crystalization Metalurji ve Malzeme Miih.

16. 4D Printing Mimari Tasarim

17. Programmable Table Mimari Tasarim

18. Active Auxetics Tekstil Tasarimi

19. Transformable Screen Wall Mimari Tasarim

20. Transformable Meeting Spaces Mimari Tasarim

21. Programmable Materials Endustriyel Tasarim

22. Rock Printing Mimari Tasarim

23. Modular and Morphable Jamming Mimari Tasarim

24. Slip-Form Rock Jamming Mimari Tasarim

25. Jamming Bodies Mimari Tasarim

26. Active Textile Mimari Tasarim

27. Liquid Printed Textile Shoes Endustriyel Tasarim

28. Active Shoes Endustriyel Tasarim

29. Liquid Printed Natives Endustriyel Tasarim

30. Rapid Liquid Printing Mimari Tasarim

31. Liquid Printing Products Endustriyel Tasarim

32. Liquid Printing Pneumatics Mimari Tasarim

33. Liquid to Air Pneumatic Objects Mimari Tasarim

34. Active Patterned Scarves Tekstil mihendisligi

35. Active Textile Tailoring Tekstil mihendisligi

36. Climate Active Textiles Tekstil mihendisligi

37. Personalized Knit Masks Endustriyel Tasarim

38. Liquid Metal Printings Mimari Tasarim

39. Hapticnit Tekstil mihendisligi

40. 3D Knit BioSuit Tekstil mihendisligi

41. 4D Knit Suit Tekstil mihendisligi

42. Growing Islands Mimari Tasarim

GETIRDIGI YENILIKLER
Form / Striktlr
Form /Striktlr
Form /Striktir
DNA profillemesi
Form / Striktlr
Form /Striktlr
Molekdiler Biyoloji
Form /Striktir
Form / Striktlr
Islem Karti
Mobilya Konstriiksiyonu
Form / Striktir
Form /Striktir
Form / Striktir
Molekdiler Birlesim
Form / Striktlr
Mobilya Konstriiksiyonu
Doku
Form /Striktlr
Form /Striktir
Dort boyutlu baski
Form /Striktir
Statik
Statik
Form /Striiktir
ic Mekan Tekstili
Form /Striktir
Form /Striktir
Sivi baski yontemi
Mobilya Konstriiksiyonu
Sivi baski yontemi
Form /Striktlr
Sivi baski yontemi
Aktif tekstil
Aktif tekstil
Aktif tekstil
Form /Struktlr
Mobilya Konstriksiyonu
Aktif tekstil
Aktif tekstil
Aktif tekstil

Kentsel Tasarim
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yer alan “Ve Degil” (Not and NAND kapisi) kap1 devresi
mantigina gore parcalar bir araya gelmekte ve striktir
olusturmaktadir (Sekil 7).

Macrobot ve Decibot adli proje ise tek bir katlama acis1
dizisini alan ve istege bagli olarak herhangi bir boyuta (1, 2
veya 3 boyut) gore sekil degistirebilen, biiyiik 6l¢ekli, yeni-
den yapilandirilabilir zincirlerden olusan bir striiktiir ola-
rak betimlenmektedir. Striiktiirii olusturan her pargadaki
robotik tinite talimatlar: okumakta, belirlenen konumda-
ki agty1 almakta ve bir sensor istenen yerlesime ulastigini
gosterene kadar karsilik gelen aciya donmektedir. Verilen
komuta karsilik olarak hareket kodlar1 zincir boyunca yer-
lestirilmis sensorlere iletilmektedir. Protein sentezinde
yer alan aminoasitlerin bag ve mesaj tasimasi siirecinden
ilham alinarak gelistirilen bu proje, strilktiiriin yeniden
kendiliginden yapilanmasini saglamaktadir (Sekil 8).

Protein C Iplik¢igi (C- Strands) ise Cambridge Belediye
Binasi giris holiinde sergilenen yeniden yapilandirilabilir,
etkilesimli ve degistirilebilir bir striktiirdiir. Mekéan kul-
lanicisina oyun ortami tanimlayarak striiktiirit yeniden

A A A et ot
Bebsid b dbabd e

__A __-A = A= )

L
Ll

sekillendirebilme olanagi sunmaktadir. Her bir parga,
eksenleri boyunca sabitlenen ve daha sonra esneklik ve
saglamlik i¢in birbirine baglanan bos plastik bazli mal-
zemeden yapilmistir. C-Strands, bir¢ok farkli geometrik
varyasyon secenegi sunmaktadir. Bununla birlikte pro-
jenin, mekanda heykelsi bir stritktiir olusturmak i¢in
yeniden yapilandirma, protein iplik¢ikleri ve programla-
nabilir malzemeler tizerine yapilan arastirmalardan ya-
rarlanildig belirtilmektedir (Sekil 9).

BiyoMolekiiler Kendiliginden Yapilanma (Bio-Molecu-
lar Self Assembly), 2012 yilinda TED Kiiresel Konferansi
icin tamamlanan proje, Scripps Arastirma Enstitiisi'nde
calisan molekiiler biyolog Arthur Olson ile is birligi i¢cin-
de yuritilmistir. Bu proje, somut ve fiziksel modeller
araciligiyla molekiiler arasi kendiliginden yapilanmayi
gostermektedir. Olusan geometriler tiitiin bitkisi viriisy,
ferritin protein toplulugu ve katekol dioksijenaz enzimi
dahil olmak tizere ¢esitli molekiiler yapilara dayanmak-
tadir. Her bir kap, beyaz, kirmizi veya siyah renkte tek bir
molekiller yap: icermektedir. Molekiil olarak adlandiri-
lan parcaciklarin birlesmesi veya tam tersi baslangictaki

€ Logic Matter de clugan struktur

<
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W
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d. $ekil optimizasyonu ve alternatif formilar

{. Qlugturulan enstalasyon

Sekil 7. Logic Matter Projesi (a. Sistemi olusturan parcalar, b. Parcalarin birlesme siireci, c. Logic Matter ile olusan striktur, d.Sekil optimizasyonu ve
alternatif formlar, e.Parcalarin teknik anlatimlari, f. Olusturulan struktir ile gergeklestirilen enstalasyon calismasi) (URL-4, 2023)

a. Sistemi olusturan pargalar

b. Sistemi olugturan zincirler

Sekil 8. Macrobot ve Decibot ile olusturulan kinetik striktir (URL-5, 2023)
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a. Striktirin dlgekli prototipi b. Hareket eklemlerinin montaji

1

€. Olugturulan strikturlerin alternatif hareket ettirilmis varyasyonlan

Sekil 9. C Strands struktird (a. Strikturtin 6lgekli prototipi, b. Hareket eklemlerinin montaji, c. Olusturulan striktirlerin alternatif kompozisyonlari)
(URL-6, 2023)

I» pargaciklan ve kullamo deneyimleri

Sekil 10. Bio-Molecular Self Assembly (a.molekiil olarak adlandirilan parcalarin kap icerisinde hareket ettirilerek kendiliginden yapilanmasi b. Sergi
alaninda kendiliginden yapilanmis molekul parcaciklari ve kullanici deneyimleri (URL-7, 2024)

ayrismis haline donmesi icin kabin gerekli enerjiyi sag-
layacak kadar hareket ettirilmesi (¢alkalanmasi) gerek-
mektedir (Sekil 10).

Kendiliginden Katlanan Proteinler (Self-Folding Proteins),
havaya rastgele atildiginda istenen proteinin ti¢ boyutlu
yapisina kendiliginden doniisen, katlama agilarini sekil
hafizasi 6zelligi ile taklit edebilen ti¢ boyutlu elastik ¢ita-
lardir. Sekil 11’de de goriilen bigimde Crambin Proteini
formunu almistir. Bu teknoloji, daha bityiik protein serit-
lerine ve diger birinci boyuttan ii¢ boyuta, kendi kendine
birlesen sistemlere doniisebilecegi, farkli 6lgekli stritktiir-
lerde kullanilabilecegi 6ngorillmektedir (Sekil 11).

Sivi icerisinde kendiliginden yapilanan sandalye (Flu-
id-Assembly Chair) ise zorlayici fiziksel cevre kosullarin-

i | T—
da, karmasik ve kontrolsiiz ortamlarda (su, hava, uzay vb.) N Pam o fatat iyt e e g rand T
otonom montaj yontemlerinin uygulanabilmesi sonucu
ortaya Qlkm1§tlr. Bu deneyde par(;alar tirbiilans meka- Sekil 11. Self Folding Protein Projesi (a.Protein zincirini temsil eden

formun baslangig hali ve kendiliginden yapilanma asamalari) (URL-8,

nizmalarinin bulundugu su tankina salinmaktadir (Sekil e
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12). Bilesenlerin her biri birbirinden tamamen benzersiz
olsa da nihai formun birer pargasi olarak tasarlanmis ve
iretilmistir. Bu deney, mobilyalardan elektronik cihaz-
lara veya yapisal elemanlardan yapilara kadar karmasik,
farklilasmis tasarim tirtinlerine kendiliginden yapilanma
ozelligi kazandirilabilecegini gostermektedir. Kendi ken-
dine monte edildikten sonra sistemin parcalari ¢ikarila-
bilir, test edilebilir veya tekrar kullanilabilmektedir.

Boslukta Kendiliginden Yapilanma (Aerial Assembly)
pnomotik parcalardan olusan, bir yapinin avlusunda de-
neysel bir calisma olarak uygulanan form arastirmasidir
(Papadopoulou ve ark., 2017b). Her bir kiire seklindeki

i
: il

pnomotik parca yukar: dogru atilmakta ve birbirlerine
temas ettikce birleserek farkli geometrik formlar kazan-
maktadir (Sekil 13).

Sivi kafesler (Fluid Lattices) projesi sivi igerisinde ken-
diliginden yapilanan sandalye (Fluid Assembly Chair)
projesi ile benzerlik gostermektedir (URL-11, 2024). Bu
projede de zorlayic fiziksel kosullarda kendiliginden ya-
pilanabilen, monte edilebilen striiktiir ve formlarin olus-
turulmasini arastirmaktadir. Su tanki icerisinde sistemi
olusturan kiiciik parcalar rastgele birakilmaktadir ve
parcalar su icerisinde programlandig: gibi temas ettikce
birbirine monte edilerek yapilanmaktadir (Sekil 14).

b. Havada / boglukta kendiliinden yapilanan -nod;lhc! n form bulma agamalan

Sekil 13. Aerial Assembly Projesi (a. Havada kendiliginden yapilanan form, b. formun olusma asamalari) (URL-10, 2024)
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a. Sutankiigerisinde kendiliginden yapilanan striktirin olusum asamalar

Sekil 14. Fluid Lattices (a.Su tanki icerisinde kendiliginden yapilanan striikttiriin olusum asamalari)(URL-11, 2024)

Dort Boyutlu Baski (4D Printing) ise akilli malzemelerin
basilmasina yonelik inovatif bir siire¢ olarak tanimlan-
maktadir. Dért boyutlu baski, bir durumdan digerine se-
kil doniistiirme o6zelligi eklenmis olarak ¢ok malzemeli
baskilar yapilmasini saglamaktadir (Tibbits, 2014). Bir
iriin veya mekanizma herhangi bir tek boyutlu yiizeyden
ti¢ boyutlu forma, iki boyutlu bi¢imden ti¢ boyutlu forma
doniistiirebilir veya bir ii¢ boyutlu formdan sekle veya
yuzeye donisebilir (Grassi ve ark., 2022). Yalnizca su, 1s1,
151k veya diger basit enerji girdilerini kullanan bu teknik,
her boyuttaki yap1 ve sistemler i¢in uyarlanabilmektedir
(Sekil 15).

Programlanabilir Sehpa/ Masa (Programmable Table)
projesi mobilya sektoriinde devrim yaratacak kadar etki-
li, yeni bir mobilya tiirii olarak ifade edilmektedir. Prog-
ramlanabilir masa / sehpa, sevkiyattan sonra aktif olarak

4+ -

a2  Su tank ierisinde kenddifinden yapdanan kip

b. Su tank igerisinde kendilidinden sekirylrio

Y-

€ Su tank Kersinde kendibdinden yapdlanan dak

Sekil 15. Dort boyutlu baski (a. kendiliginden yapilanan kiip, b.
Kendiliginden yapilanan sekizyuzli, c. Kendiliginden yapilanan disk)
(URL-12, 2024)

kendi kendine yapilanan tamamen yeni bir mobilya ola-
rak ifade edilmektedir. Nakliye, depolama ve farkl: islev-
deki kullanimlar gibi ¢esitli durumlara kolayca uyum ve
kolaylik saglamaktadir (Sekil 16). Hassas ve 6ngoriilebilir
sekillerde kendi kendini dontstiirmek icin ¢ip gomiilii
ongerilmeli kumastan yararlanilmaktadir. Bu mobilya-
lar yerine yerlestirildikten sonra baska sekillerde yeniden
yapilandirilabilmekte veya depolama ve tasima igin ye-
niden diizlestirilebilmektedir. Sevkiyat sirasinda hacmi
en aza indiren programlanabilir tiriin, dagitim i¢in son
derece verimli ve ekonomik olmaktadir. Ayrica bu iiriin,
karmasik parcalarin insan veya makine tarafindan mon-
taji ihtiyacini ortadan kaldirmakta ve basit bir sekilde pa-
ketten ¢ikarilarak hizli bir sekilde yapilanmasina olanak
tanimaktadir.

Dontstiirtilebilen Ekran Duvar (Transformable Screen
Wall) projesi ofis yapilar: 6zelinde tasarlansa da herhan-
gi bir i¢ mekanda 6zellestirilmis alanlarin tasarlanmasi-
nt ve mekana esneklik kazandirilmasini amaglamakta-
dir. Projenin agik ofis i¢ mekanlari ve sabit / kapali ofis i¢
mekanlarinin her ikisi icin de gesitli kolayliklar sundugu
belirtilmektedir. Agik ofis planlarinin giriltit ve mah-
remiyet sorunlari nedeniyle tiretkenligi azalttig1 ancak
esneklik ve is birligi firsatlar1 sagladigi bilinmektedir.
Standart sabit / kapali ofisler ise mahremiyet ve sessiz
ortamlar sunar ancak mevcut ¢alisma alani tiriini ki-
sitlamakta ve daha fazla metrekare kaplamaktadir. Bu
proje ile ofis yapilarina 6zel telefon kuliibeleri, dinlenme
alanlar1 veya diger sessiz toplanti alanlarina kolayca agik
esnek alanlara dontisebilecegi bir alternatif 6nerilmekte-
dir. Dontistiiriilebilir duvarlarin kullanilmasiyla bu alan-
lar, tek bir toplanti odasi veya ii¢ farkli alan olusturacak
sekilde genisleyip daralabilmekte veya asagida net ve agik
bir alan birakarak tavana dontisebilmektedir (Sekil 17).

Doénistiiriilebilir Toplant: Alanlari (Transformable Me-
eting Spaces) projesi hafif, yumusak ve sorunsuz bir se-
kilde doniisebilen alternatif bir yaklasimi aragtirmakta-
dir. Doniistiirtilebilir yapilar genellikle hareket yaratmak
icin pahali ve karmasik elektromekanik sistemler gerek-
tirmektedir. Cesitli uygulamalara yonelik prototipler
tiretilerek deneyler gerceklestirilmistir. Doniistiiriilebilir
Toplant: Alanlari ile yap: i¢ mekanlarinin kullanici ihti-
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yacina gore yeniden tasarlanmasi ve esneklik kazandiril-
mas1 amaclamaktadir. Dokuma kumasa entegre edilmis
programlanabilir malzeme kullanilarak toplanti alanlar1
genisletilip daraltilabilir, 6-8 kisinin kullanacag bir top-
lant1 odasi olusturulabilmekte veya tavana doniiserek al-
tinda net ve agik bir alan birakilabilmektedir (Sekil 18).

Tas Bask: Teknigi (Rock Printing) projesinde yenilikgi ro-

bot teknolojisini kullanilarak Chicago Mimarlik Bienali
2015’in agilisinda ti¢ boyutlu baskil: bir kaya enstalasyo-
nu olusturulmustur. Ozel olarak olusturulmus bir algo-
ritma, ii¢ boyutlu bir kaya baskisi siirecinde robotik kolu
yonlendirmistir (Aejmelaeus-Lindstrom ve ark., 2017).
Robotik kol graniiler malzemenin ¢evresinde algoritma-
ya o6zgil bir sekil ile tekstil filamentini katmanlayarak
konumlandirmistir. Bu dijital olarak hazirlanmis tasa-

a. Sehpanin 2 boyutlu hali

b. Sehpanin 3 boyut kazanmig formu

. Seh 3 boyut k 5 al if formu

Sekil 16. Programlanabilir Sehpanin Milano'daki 2015 Mobilya Fuarinda tanitilan prototipi (a. Sehpanin iki boyutlu katlanir haldeki durumu, b. Seh-
panin lg¢ boyut kazandirilmis formu, c. Alternatif bir diger formu) (URL-13, 2024).

. 15 m yuksekigindeki prototipin deney sirec

Sekil 18. Transformable Meeting Spaces Projesi (a.1m yuksekligindeki prototip deney asamalari, b. 15 m yuiksekligindeki prototipin deney sureci, c.
Sonug Urtintin uygulandigi toplanti alaninin i¢ mekaninin ve dis kabugunun gorselleri) (URL-15, 2024)
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rim konfigiirasyonunun kendi kendini tasima kapasitesi
bulunmaktadir. Hicbir ek destek elemani gerektirmeden
yigma olarak kendi tastyiciligini saglamaktadir. Gele-
neksel mimariye temelden meydan okuyan siirdiiriilebi-
lir, ekonomik ve yapisal olarak saglam bir insaat yontemi
sunulmaktadir (Sekil 19).

Modiler ve Dontstiiriilebilir Karigtirma /Saglamlastir-
ma (Modular and Morphable Jamming) diisey yiiklere
dayanmanin yani sira ayarlanabilen ve degistirilebilen
yatay acikliklar elde etmek icin yeni bir uygulama yon-
temi sunmaktadir. Yapt malzemesi olarak calismada ter-
cih edilen graniil blokajlar sikistirilabilmekte, elde edilen
formda sonrasinda tekrar sikistirilabilmektedir (Cohen
ve ark., 2020). Hem uygulama esnasinda hem de kulla-
nim esnasinda sikistirma yapilabilmektedir. Projenin

b. ol

temel amaci gerektiginde ayarlanabilen veya degistirile-
bilen hizli ve geri dontisiimlii tasiyici gorevi olan yapi-
sal elemanlar tiretmektir. Bu yonteme yonelik deneyler
kolon-kirig, duvar-doseme ve kirig-kemer gibi mimari
tipolojilerin tam o6lcekli prototipleri araciligiyla gosteril-
mektedir (Sekil 20).

Tas sikistirma (Slip-Form Rock Jamming) graniil /blokaj
sikistirma teknigini kullanarak distik maliyetli ve basit
bir insaat yontemi tiretmeye yonelik yeni bir tekniktir.
Zig-zag formunda tastyici bir perde duvar olusturmak
icin kayan kalipla birlikte yap: malzemesi olarak hindis-
tan cevizi kabugu ve gevsek cakildan olusturulan kom-
pozit bir malzeme kullanilmaktadir (Sekil 21).

Jamming Bodies projesi hava basinci ile ¢alisabilen (pno-

ang iglenmesi imalat sireci

«-Nakliye ve kurdlum sireci

Sekil 19. Rock Printing Projesi (a. Robotik kol destegi ile programlanmis tekstil iplikleri kullanarak taslar arasina baski siireci, b. Sergilenen ensta-

lasyon calismasinin gorselleri, c. Nakliye ve kurulum sireci) (URL-16, 2024)

Sekil 20. Modular and Morphable Jamming Projesi (URL-17, 2024)
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matik) malzemelerin, saglik ve spor mekanlarindaki
potansiyel uygulamalarini sorgulamaktadir. Graniiler
Sikisma olarak cevrilebilecek bu yontem diizensiz malze-
melerin s1vy, kat1 ve yar1 kat1 haller arasinda tersine ¢evri-
lebilir sekilde gecis yapabilecegi bir islem olarak tanim-
lanmaktadir. Tasarlanan triin viicudun hissi, davranisi
ve fizyolojisi tizerindeki etkilerini degerlendirmek i¢in
iki ay stire ile deneme laboratuvarina dontistirilmustir.
Bu deney mekaninda sertlik veya sikigtirma kullanici
tarafindan ayarlanabilmektedir. Bu ¢alismanin 6zellik-
le spor gibi fizyolojik aktiviteler i¢in veya rehabilitasyon
gibi saglik islevleri i¢in kullanilabilecegi diisiiniilmekte-
dir. Mekanin formu ve hacmi, 6lgegi degistirilebilmekte
ve kullanicinin viicudu ile yeniden sekillenebilmektedir.
Mekan kullanicisina gore sekil alan mekan kavraminin
olusturuldugu gorilmektedir (Sekil 22).

e
o
e

a. Deney alaninin gorintisi

Aktif Kumas (Active Textile) projesinde kompozit bir ku-
mas izerinde olusturulan agikliklar, 151k kaynagina tepki
olarak acilip kapanabilme 6zelligi gostermektedir. Robo-
tik mekanizmalar olmadan ¢evrelerini “algilayabilen” ve
cevrelerine tepki verebilen programlanabilir malzemeler
kullanilmaktadir. Bir pencere iizerinde perde gorevi go-
ren tekstil malzemesinin delikleri, parlak giines 15181na
tepki olarak kapanmakta ve gerekli golgelemeyi sagla-
maktadir veya bulutlu bir giinde agilacak sekilde prog-
ramlanmaktadir (Sekil 23).

Hizli Sivi Baski Prototipleme Teknigi (Rapid Liquid Prin-
ting) projesi yenilikgi bir ti¢ boyutlu baski teknolojisidir.
Hizli Sivi Basky, jel siispansiyonu i¢indeki ti¢ boyutlu
alani fiziksel olarak ¢izmekte ve istenilen malzemeden
yapilabilen biyiik 6lgekli, 6zellestirilmis tirtinlerin olus-
turulmasina olanak tanimaktadir. Diger tekniklerle kar-

b. Materyalin farkh kullanim

Sekil 22. Jamming Bodies Projesi (a. Deney alaninin goriintisii b. Materyalin farkl kullanim durumlarinda edindigi sekiller c.Tanitim filminde mekan
kullanicisinn pnématik ylizeyle etkilesimi ve mekan kullanicisi, mekan ve obje arasinda butiinlesmenin saglanmasi) (URL-19, 2024)
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silastirildiginda bunun, biiytik 6lgekli tiriinler elde etmek
icin endiistriyel malzemelerin son derece hizli ve hassas
bir sekilde kontrol edilmesini saglamaktadir. Giniimiiz-
de kullanilan ii¢ boyutlu yazicilarin enjeksiyon kalipla-
ma, dokim, frezeleme vb. gibi geleneksel islemlerle karsi-
lastirildiginda ¢ok yavas olmasi, iirtiniin 6lgegi agisindan
sinirlayict olmasi ve genellikle endiistriyel malzemelerle
karsilastirildiginda kullanilan filamentlerin disik kali-
teli olmasi nedeniyle {iretimde yaygin kullanilmadigi dii-
siiniilmektedir. Hizli Sivi Baski ti¢ boyutlu yazici tiretim
siirecindeki eksikliklerini de ¢dzmektedir. U¢ boyutlu
yazicilara oranla birkag¢ dakika i¢inde yapilar tiretebile-
cek kadar hizli ve biyiik 6lgekli tirtinler i¢in tasarlan-
mustir (bir mobilyanin tamami basilabilmektedir) ve
sektorde kullanilan tiim endiistriyel A sinif malzemeler
kullanilabilmektedir (Sekil 24).

Sivi Baskili Pnématik Ozellikli Uriinler (Liquid Printed

Mimari tasarimda kendiliginden yapilanma “self assembly” kavrami ve i¢ mekanda kullanim olanaklart

Pneumatics) projesi uyarlanabilir, her kosula uyum sag-
layan i¢ mekanlar {izerinde durmaktadir. Kendiliginden
yapilanan, doniisen ve uyum saglayan pnématik malze-
me teknolojileri gelistirilmistir. Herhangi bir boyuta veya
sekle gore ozellestirilebilen, Rapid Liquid Printing ile ba-
silan pnomatik triin, sistemdeki hava basinci miktarina
bagl olarak sekil degistirebilmektedir (Sekil 25).

Sividan Gaza: Pnomatik Nesneler (Liquid to Air: Pneu-
matic Objects) projesi [svicreli tasarimci Christophe Gu-
beran’in ti¢ boyutlu baskil: sisirilebilir eserlerinin New
York’taki Patrick Parrish Galerisinde sergilenmesi ile
gerceklesmistir. Self-Assembly laboratuvari, gelistirdik-
leri yeni bir siire¢ olan Hizli Stvi Baskr'y1 kullanarak kar-
masik sekillere, i¢ bolmelere, karmasik ytizeylere ve bii-
yiik, ozellestirilmis, dinamik iiriinler iiretmeye yeni bir
yontem getirmistir. Bu bask islemi, vazodan kanepeye
kadar buyiik 6lgekli nesnelerin birkag dakika icinde tire-

Sekil 23. Active Textile (URL-20, 2024)

¢. Rapid Liquid Prototipleme yontemi ile tasarlanan ve uygulanan mobilya gorseli

Sekil 24. Rapid Liquid Printing Projesi (a. hizli sivi baski stirecinin asamalari b. RLP ile elde edilen mobilya parcalari c. RLP yontemi ile uygulanan

mobilya tasarimi) (URL-21, 2024)
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timini miimkiin kilmaktadir (Sekil 26). Sergide birc¢ok i¢
mekén dekorasyon iiriinleri ve aydinlatma armatiirleri
yer almaktadir.

Sivi Metal Baski (Liquid Metal Printing) ilk kez Phila-
delphia Sanat Miizesindeki bir sanat sergisinde uygu-
lanmistir. Metalin sivi olarak basildigl, geri doniistiirii-
lebilir her tiirlii 6l¢ekteki metal nesneleri saniyeler icinde
iiretebilen baski islemi olarak tanimlanmaktadir. Biiyiik
Olcekli metal nesneleri hizli bir sekilde basarak, bugiin
diretim icin 6lgeklenebilirlik ve fizibilite agisindan sinir-
I1 olan metal ti¢ boyutlu baskiyr miimkiin kilmaktadur.
Metal, her giin gevremizde tiretilen iirtinlerin ve bilesen-
lerin 6nemli bir bolimiinii olusturmaktadir. Daha hizls,
daha ucuz ve daha kisisellestirilebilir baski yapabilmesi
sayesinde gelecekte hem tasarim hem de iiretim siiregle-

a. Rapid Liquid Prototipleme yontemiile objenin basilmasi

rini degistirebilecegi diisiiniilmektedir (Sekil 27).

Mimari tasarimla iligkili toplamda yirmi bir projenin
getirdigi inovasyonlara deginilmistir. Bu projelerin bir
kismi1 dogrudan yapi teknolojisi ve malzemesi, bir kismi
form ve stritktiir arastirmalari, yeni bask: teknolojileri
imkéan: sunmaktadir. Calismanin birinci bolimiinde de
belirtilen Skylar Tibbits’in belirledigi kendiliginden yap1-
lanma 6zelligi gosteren iiriinlerin yedi farkli 6l¢iitii sag-
lamasi gerekmektedir. Analizlerde kullanilan bu 7 pa-
rametre sirasiyla: sistemin titm parcalarinin geometrik
olarak basit 6zellik gostermesi, sistemin en az iki farkli
duruma sahip olmasi, sistemin istenilen talimat dizisine
yanit vermesi, basit bir montaj sirasi1 / dizgesine sahip ol-
masl, pargalari programlanabilir 6zellik gostermesi, aktif
edilmesi icin bir baslangi¢ kuvvetine (FO) veya enerjiye

b. Hava basinci ile lineer uzama / genlesme Szelligi

. Hava ile katlanabilirlik / akordeon ézelligi

d. Hava ile sekil degistirebilme ozelligi kipten kiireye dontgim

Sekil 25. Liquid Printed Pneumatics (a.RLP yontemi ile objenin basilmasi b. Hava basinci ile tek yonde uzama/ genlesme 6zelligi c. Hava basinci ile
katlanabilirlik / agilabilirlik 6zelligi c. Hava ile sekil degistirebilme 6zelligi kiipten kireye doniisim (URL-22, 2024)

a. Rapid Liquid Prototipleme yéntemi ile objenin basiimas:

. Uretilen Griinlerin (aydinlatma armatiri, dekoratif objeler vb) sergilenmesi

Sekil 26. Liquid to Air: Pneumatic Objects (a.RLP yontemi ile objenin basilmasi b. RLP yéntemi ile elde edilen pnématik objelerin kullanim senary-

olari c.Uretilen Uriinlerin sergilenmesi) (URL-23, 2024)
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ihtiya¢ duymasi, yedeklenebilir ekipmana sahip olmasi
seklinde ifade edilmektedir (Tibbits, 2010). Orneklemi
olusturan 21 proje bu parametreler iizerinden analiz
edilmistir. Ilgili parametreleri karsilama durumlari fre-
kans (siklik) analizi ile sayisal verilere dontstirilmiistir
(Tablo 2).

Bu olgiitleri saglama durumlari sorgulandiginda; projele-
rin %90 oraninda “basit bir montaj sirasi/ dizgesine sahip
olma” kosulunu sagladig1 gorillmustiir. En az saglanan
olciit ise %66 oraninda “sistemin istenilen talimat dizisi-
ne yanit vermesi” kosulu oldugu tespit edilmistir. Bunun
nedeni incelenen projelerin tamaminda mantik bilimine
dayali elektronik devrelerin veya robotik sistemlerin kul-
lanilmamis olmasidir. Bununla birlikte “par¢alarin prog-
ramlanabilir 6zellik gostermesi” ve “sistemin aktif olma-
st icin bir baslangic kuvvetine /enerjiye ihtiya¢ duymast”
kosullar1 %85,7 oraninda incelenen projelerde goriillmiis-
tur. “kolayca yedeklenebilir ekipmana sahip olma” kosu-
lu ise %80,9 oraninda projelerde rastlanmistir. “sistemin
tum parcalarinin geometrik olarak basit 6zellik goster-
mesi” %76,2 oraninda ve “sistemin en az farkli duruma
sahip olmasi” kosulu ise %80,9 oraninda saglanmistir.
Logic Matter (1), Macrobot ve Decibot (2), Fluid-As-
sembly Chair (6), Fluid Lattices (8), Jamming Bodies (16),
Liquid Printed Pneumatics (19) projelerinin yedi dl¢iitiin
tamamini sagladig1 goriilmektedir (Tablo 2).

5. i¢ Mekanda “Self Assembly” Ozellikli
Tasarimlarin Kullanim Olanaklari

Kendiliginden yapilanma 6zellikli tasarimlarin labora-
tuvar calismalar1 tizerinde incelenmesi sonucu mimari
tasarimla iliskili yirmi bir farkli proje tizerinde durul-
mustur. Baz1 projelerin dogrudan i¢ mekan 6zelindeki
problemlere ¢6ziim veya yenilik getirmedigi goriilse de
ic mekanda kullanilabilirlik potansiyeli yiiksek oldu-

gu disintlmektedir. Her yenilik olgek fark etmeksizin
mekéan1 etkilemekte ve doniistiirmektedir. Calismalar
agirlikli olarak Mars, Ay vb. zorlayici ve asiri fiziksel ko-
sullar icin belirlenen problemlere, gerekliliklere cevap
ve ¢oziim aramaktadir. Fiziksel cevre kosullarina tepki
veren, uyum gosteren, form, bi¢cim, striiktiir ve malzeme
ozelliklerini duruma gore degistirebilen sistemler aras-
tirilmaktadir. Kendiliginden yapilanmanin saglanmasi
icin mekin veya mekanda bulunan, yapisal ve yapisal
olmayan elemanlarin her biri birer sistem gibi degerlen-
dirilmekte, bu sistemleri olusturan her parga da yeni bir
sistem gibi tasarlanmaktadir. Kendiliginden yapilanma
yapilarin, yap1 elemanlarinin veya gesitli i¢ mekan un-
surlarinin kendi kendine diizenlenmesini veya bir araya
gelmesini ifade etmektedir. Bu nedenle tabloda yapisal
/ yapisal olmayan eleman ve teknolojik yenilik baglik-
lar1 altinda projeler siniflandirilmistir. Yontem olarak
ise genellikle modiiler sistemler veya akilli malzemeler
kullanilarak saglandig: goriiliirken, tastyici 6zelligi olup
olmadigy, kullanim islevine (striiktiirel olma, form tasa-
rimi1 vb.) deginilmistir.

Orneklemi olusturan yirmi bir projenin i¢ mekanda kul-
lanilabilirligi “yapisal eleman”, “yapisal olmayan eleman”,
“endustriyel tasarim {rind / teknolojik yenilik” olmak
tizere u¢ baglik altinda incelenmistir. Gelistirilen yon-
tem yap1 teknolojisi ile iligkili ise yapisal olma durumuna
bakilmistir. Tastyici 6zelligi olan mukavemeti artirilmis
bir akilli kompozit malzeme olusturulmussa bu 6zelli-
gin i¢ mekanda yapisal elemanlara yenilik kazandiracag:
belirtilmistir. Eger tasiyic1 degilse, mekanda 6zellestiril-
mis alanlar saglayan boliicti panel ve duvarlar ise yapisal
olmayan eleman baglig1 altinda degerlendirilmistir. Bu-
nunla birlikte dort boyutlu yazici, hizli sivi prototipleme
gibi yenilikgi teknolojiler kullanilmigsa teknolojik kulla-
nim basligi altinda belirtilmistir. Bu teknolojilerle tireti-
len mobilyalar, dekoratif aksesuarlar, aydinlatma arma-
tirleri endiistriyel tasarim driini olarak tgiincti baglik

3. Metal basks, kaynak ve sinterleme sireci

b. Metal baski siireci

|

T

. Metal bask ile Uretilen striktir ve cesitli mobilya tasanmlan

Sekil 27. Liquid Metal Printing (a.Metal baski, kaynak ve sinterleme sureci b. Metal baski stireci c. Metal baski ile Uretilen striiktiir ve cesitli mobilya
tasarimlari) (URL-24, 2024)
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altinda ele alinmistir (Tablo 3).

Tablo 3’ten de anlasilacag: tizere “kendiliginden yapilan-
ma” kavram1 i¢ mekanda yapisal ve yapisal olmayan ele-
manlarin timiinde yenilikgi 6zellikler getirmektedir. Ya-
pisal elemanlarin zorlayic fiziksel kosullara gore uyum
gostermesi, akilli liflerle kompozit malzemelerin olustu-
rulmasi ile mukavemeti artirilmis yapi1 malzemelerinin
elde edilmesi gibi olumlu sonuglar elde edilmektedir.
Yapisal olmayan her tiirli gegici ve kalicr striktiir, form,
bicim, yiizey elemanlarinda da hem islevsel hem estetik
yenilikler getirmektedir. Ofis mekédninda hem akustik
gorevi goren hem de tavan diizlemine ve boéliicii ylizey-
lere doniisebilen akilli tekstillerin kullanildig1 proje gibi

orneklerde goriilmektedir. Endiistriyel tasarim iiriinleri-
ne getirdigi yenilikler ise, kullanict ile dontisim goste-
rebilmesi, siirdiiriilebilir olmasi, kolayca kaldirilabilme-
si ve kurulabilmesi, kolay ve hizli tiretilebilmesi olarak
siralanabilir. Teknolojik yeniliklere bakilacak olursa ilk
olarak akilli malzemelerin kullanilmasi ile sekil hafizasi
olan tirtinlerin elde edilmesi 6rnegi verilebilir. Dort bo-
yutlu ve siv1 prototipleme yontemi hizli, masrafsiz, kolay
ve farkli 6l¢eklerde iriin tiretilmesine olanak tanimakta-
dir. Isiga, sese, basinca karsi tepki veren uyum saglayan
driinlerin elde edilmesi, elektronik mikro ¢iplerle kendi
kendine sekil degistirebilen robotik mobilyalarin olustu-
rulmasi gibi sonug iiriinler oldugu gériilmektedir.

Tablo 2. incelenen projelerin kendiliginden yapilanma &lciitlerini saglama durumlari

KENDILIGINDEN YAPILANMA OLCUTLERI

Sistemin tim
parcalari geometrik
olarak basit 6zellik

gostermektedir.

Sistem en az iki
farkliduruma
sahiptir.

talimat dizisine
yanit vermektedir.
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16.
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20.

21.

CLAOCKKKKKKA
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% 76,2 80,9

(o)
o
(o))

Sistemin istenilen Basit bir montaj Parcalari program-
sirasi / dizgesine

Aktif edilmesi igin bir
baslangic kuvvetine
(FO) veya enerjiye Ekipmana sahiptir.

lanabilir 6zellik Vedeklenebilir

sanietr | gostermetedlt intyag duymakeadr.

v v v v
v v v
v - v v
v v v v
v v v v
v v v v
v v v
v v v v
- v v v
v v v

v v v
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- v v
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90,5 85,7 85,7 80,9
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| 6. Sonuglar

I¢ mekanda kullanilan akilli malzemeler ve yenilikgi tek-
nolojiler hem islevsel hem de estetik acidan 6nemli bir
rol oynamaktadir. Calisma kapsaminda kendiliginden
yapilanabilir 6zellikli tasarimlarin, tiretim ve uygulama
teknikleri tespit edilmistir. Kendiliginden yapilanabilir
ozellikli tasarimlarin mimarlik, mithendislik gibi bir¢ok
alana vyenilikler getirdigi goriilmektedir. Calismalarin
agirlikli olarak zorlayict fiziksel ¢evre kosullar: icin belir-
lenen problemlere, gerekliliklere cevap ve ¢6ziim aradigi
anlagilmaktadir. Fiziksel ¢evre kosullarina tepki veren,
uyum gosteren, form, bi¢im, stritkktiir ve malzeme 6zel-
liklerini duruma gore degistirebilen sistemlerin arastiril-
dig1 gorilmektedir.

Kendiliginden yapilanma kavrami mimari tasarimda ele

alindiginda, mekan veya mekinda bulunan, yapisal ve
yapisal olmayan elemanlarin her biri birer sistem gibi
degerlendirilmekte, bu sistemleri olusturan her parca
da yeni bir sistem gibi tasarlanmaktadir. Ornegin sekil
hafizasi olan ytizeylerin de kullanicinin viicudu ile ye-
niden sekillenebildigi, mekan kullanicisina gore sekil
alan mekan kavraminin olusturuldugu goriilmektedir.
¢ mekanda striiktiir, form, béliicii duvar gibi yapisal
olmayan elemanlarin tasariminda, mobilya konstriiksi-
yonu, aydinlatma armatiirii, akustik panel gibi iglevler-
de de kullanilabilmektedir. Bunun yaninda kolon, kiris,
doseme gibi iskelet sistemlerde mukavemeti artirmaya
yonelik de kullanilabilecegi, yigma yapim sistemleri icin
de eklenen akilli ipliklerle kompozit malzemelerin elde
edilebilecegi gorilmektedir. Cevre kosullarina uyum
gosteren ve tepki veren kabuk sistemlerin, pnomotik sis-
temlerin de olusturulmasini saglamaktadir. Kullaniciya

Tablo 3. Mimari tasarimla ilgili Kendiliginden Yapilanma Ozellikli Projelerin ic Mekanda Kullanilabilirligi

PROJELERIN iC MEKANDA KULLANILABILIRLIGI

Proje Sirasi

Logic Matter

Macrobot ve
Decibot

C- Strands

Bio-Molecular Self
Assembly

Self-Folding
Proteins

Fluid-Assembly
Chair

Aerial Assembly
Fluid Lattices
4D Printing

Programmable
Table

Transformable
Screen Wall

Transformable
Meeting Spaces

Rock Printing

Modular and Morp-
hable Jamming

Slip-Form Rock
Jamming

Jamming Bodies

Active Textile

Rapid Liquid
Printing

Liquid Printed
Pneumatics

Liquid to Air

Liquid Metal
Printing

Yapisal Eleman
Taslyici Ozelligi yoktur.
Taslyici Ozelligi yoktur.
Taslyici Ozelligi yoktur.

Taslyicl ozelligi yoktur.
Tastyici ozelligi yoktur.

Taslyici dzelligi yoktur.

Taslyici ozelligi yoktur.
Taslyici dzelligi yoktur.
Taslyici ozelligi yoktur.

Taslyicl ozelligi yoktur.
Tastyici ozelligi yoktur.

Taslyict dzelligi yoktur.

Kolon, kiris, dosemede kulla-
nilabilir. Yigma yapr malzemesi
olarak kullanilabilir.

Kolon, kiris, dosemede kulla-
nilabilir. Yigma yapi malzemesi
olarak kullanilabilir.

Yigma yapi malzemesi olarak
kullanilabilir.

Pnémotik yapi teknolojisinde
oldugu gibi tastyici ozelligi vardir.

Tastyici ozelligi yoktur.

Pnomatik yapi teknolojisinde
oldugu gibi tasiyici ozelligi vardir.

Tastyici ozelligi yoktur.

Tastyici ozelligi yoktur.

Yapisal Olmayan Eleman
Striiktir ve form tasarimi
Striktlr ve form tasarimi
Striiktir ve form tasarimi

Striiktlr ve form tasarimi
Striiktir ve form tasarimi

Mobilya tasarimi

Striiktlr ve form tasarimi
Striiktlr ve form tasarmi

Striiktlr ve form tasanmi

Mobilya tasarimi
Striktlr ve form tasarimi

Striiktiir ve form tasarimi

Striktlr ve form tasarimi

Striiktiir ve form tasarimi

Striiktlr ve form tasanmi
Striiktlr ve form tasarimi

Striiktiir ve form tasarimi

Striktlr ve form tasarimi
Striiktiir ve form tasarimi

Mobilya tasarimi

Endustriyel Tasarim UrinG
Teknolojik Yenilik

Mobilya konstriksiyonu olarak kullanilabilir.

Mobilya konstriiksiyonu, aydinlatma armatiiri olarak kulla-
nilabilir. Kinetik boliict elemanlar olusturulabilir.

Akustik panel, bolticti duvar olarak islevlendirilebilir.

Mobilya konstriiksiyonu, aydinlatma armaturii olarak
kullanilabilir.

Mobilya konstriksiyonu, aydinlatma armattirl olarak
kullanilabilir.

Sekil hafizasi 6zelligi gostermektedir.

Sekil hafizasi 6zelligi gostermektedir.

Her tlrll ic ve dis mekan mobilyasina uyarlanabilir.
Akustik panel, bolucl duvar olarak islevlendirilebilir.
Akustik panel, boliicti duvar olarak islevlendirilebilir.

Mukavemeti artiran akilli ipliklerle yeni kompozit yapi mal-
zemesi olusturulmaktadir.

Mukavemeti artiran akilli ipliklerle yeni kompozit yapi mal-
zemesi olusturulmaktadir.

Akustik panel, boliict duvar olarak islevlendirilebilir.

Akustik panel, boltict duvar olarak islevlendirilebilir.

Akustik panel, boliici duvar olarak islevlendirilebilir. interak-
tif, tepkisel mekanizma sistemi vardir.

Hizli ve farkli malzemelerle seri Gretim saglamaktadir.

Mobilya konstriiksiyonu, aydinlatma armattrd striktlrd
olarak kullanilabilir. Cevre kosullarina gore uyum saglayan
kabuk sistemi saglamaktadir.

Akustik panel, boluicl duvar olarak islevlendirilebilir.

Mobilya konstriiksiyonu, aydinlatma armaturii vb. gibi deko-
ratif Grlinlerde kullanilabilir. Metal baski teknolojisi ve hizli
prototipleme icin yeni bir yontem saglamaktadir.
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istedigi fiziksel cevreye gore kendiliginden yapilanan
bir mekéan elde edebilmesi veya istege bagl olarak sekil
degistiren bir mobilyaya sahip olmasi gibi olanaklar ve
ozgurlikler tanimaktadir. Ofis mekanlarinda boliicti du-
varlarin hem akustik gorevi olmast hem sinir 6gesi ola-
rak nihai forma gore kendiliginden sekillenebilmesi de
calisma ortaminda algisal ve fiziksel konforun artmasini
saglamaktadir. Bunun yaninda kendiliginden yapilanma
kavramu ile yeni belirsizlikler ve problemlerin ortaya ¢1-
kacagi da éngoriilmektedir. Ozellikle programlanabilir
malzemenin elektronige bagli olmasy, siber saldiriya agik
fiziksel bir cevre olusmasina da neden olmaktadir. Uriin-
ler bir bi¢imden digerine sekil degistirmeye basladikca,
fikri milkiyet haklar1 da daha karmasik hale gelecegi ve
patent sorunlari yaratacagi da 6ngoriilmektedir.

Kendiliginden yapilanma kavramini sonug olarak SWOT
(Strength / Weakness / Opportunities / Threads) analizi
tizerinden agiklanmuistir (Sekil 28).

Gugli ozellikler:

+ Kendiliginden yapilanma 6zelligi gosteren mobilya-
larin nakliyesinin kolay olmast

+ Santiye, kurulum esnasinda enerji ve zaman tasarru-
fu saglamasi

+ Yeniden kullanilabilir, gerekli laboratuvar ortamin-
da kolayca tamir edilebilir olma 6zelligi gostermesi

+ Degisen kullanic istegine gore kolayca uyarlanabil-

mesi, mekan kullanicisinin fiziksel konfor ve estetik
ihtiyaglarina kolayca yanit verebilmesi

+ Otomatik olarak fiziksel c¢evre kosullarina gore
uyum saglamasi

+ Atik metallerin kullanilmasi, siv1 ortaminda daha az
enerji ile baski yapma gibi teknolojiler sayesinde siir-
diriilebilir ve evrensel 6zellik gosterme

+ Yapisal ve yapisal olmayan elemanlara yenilikg¢i 6zel-
likler kazandirma (esnek formda tasiyici duvar olus-
turulmasi vb.)

Zayf ozellikler:

o Uretimi icin gerekli olan teknik ekipmanlarin eksik-
ligi / tedarik edilmesinin zorlugu

+ Kullanim agisindan belirli talimatlara yonelik 6n bil-
gi ve uzmanlik gerekebilmesi

« Agirlikl olarak dijital stirece dayali olmasindan 6tii-

rit analog aligkanliklari olan kullanicilar i¢in aligma

zorlugu

+ Robotik 6zellik gosteren i¢c mekén dgelerinin (bolicii
duvar ve mobilya vb.) geleneksel mimari ve i¢ mimari

tisluptan uzak ozellik gostermesi

Firsatlar:

SWOTANALIZi

* Mobilya nakliyesinin kolay olmasi

* Uygulama ve kullanim esnasinda enerji
tasarrufu (Santiye veya kurulum)

* Yeniden kullanilabilir olma ve atik azaltma

» Kullanici istegine gére uyarlanabilirlik

« Otomatik olarak fiziksel kosullara uyum
saglama

« Surdurilebilir ve evrensel 6zellik gbsterme

* Yapisal ve yapisal olmayan elemanlara

Zayif Ozellikler

. SGeIeoeklae uzay mimarisinde kullanilabilir
olma

+  Fiziksel yetisinde giigliik yasayan mekan
: kullanlcllarl icin uyarlanabilir olma

«  Surdrilebilir, yeniden kullanilabiliryeni yapi
‘malzemelerinin tretimini kolaylastirma

+ Kolay ve hizli konut ve mobilya Gretimi

* Insan giictine en az ihtiyag duyarak kurulum
ve uygulama yapilabilmesi

I
I
I
I
I
I yenilikci 6zellikler kazandirma
I
I
I
I
I
I

Sekil 28. Kendiliginden Yapilanma kavraminin mimari tasarima etkisinin SWOT analizi (Yazarlar tarafindan olusturulmustur)
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Mimari tasarimda kendiliginden yapilanma “'self assembly” kavrami ve i¢ mekanda kullanim olanaklari

+ Uzay mimarisinde, zorlayici fiziksel ¢evre kosullari-
na kolay uyum saglayarak kullanilabilir olma

« Fiziksel yetisinde giicliikk yasayan mekan kullanicila-
r1 i¢in uyarlanabilir olma

« Strdiiriilebilir ve yeniden kullanilabilir yapt malze-
melerinin dretimini ve test edilmesini kolaylagtirma

+ Kolay ve hizli konut tiretimi

« Insan giiciine ihtiya¢ duyan kurulum ve uygulama
stireclerinin en aza indirgenmesi

Tehditler:

+ Programlanabilir malzemenin siber saldirilara agik
olmasi ve bu tiir durumlarda arizalanmasi

+ Robotik 6zellik gostermesinden 6tiirii kullanicida te-
kinsizlik hissi ve giivensizlik algisi olusturmasi

» Insan giiciine ihtiyacin azalmasindan 6tiirii meslek
dallarin degerini yitirmesi ve yok olmast

Sonug olarak mimari tasarimda, kendiliginden yapilan-
ma, yapilarin veya yapi bilesenlerinin kendilerini otoma-
tik olarak istenen bir bicime veya desene organize ettigi
bir yontemi ifade etmektedir. Bu siirecte ise genellikle
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dogadan veya algoritmalardan gelen ilkeler kullanilmak-
tadir. i¢ mimaride ise kendiliginden yapilanma, birbirine
gecen veya kendi kendine yeniden yapilandirilan modiiler
mobilya veya duvar sistemleri olusturmak i¢in kullanila-
bilmektedir. Kullanici istegine gore hareket eden bolicit
duvarlar farkli ihtiyaclara uyum saglayabilen esnek alan-
lar saglamaktadir. Ornegin, oda diizenlerini degistiren
modiler boliciiler veya kolayca monte edilebilen ve ye-
niden monte edilebilen mobilyalar kullanicisina dinamik
ve uyarlanabilir i¢ mekan tasarimlar1 sunabilmektedir.

Gelecek donemde ise kendiliginden yapilanma tekno-
lojisi tasarimcinin ve kullanicisinin yenilikgi, verimli
ve Ongoériilemeyen mimari bicimler elde etmesini sag-
layacaktir. Ancak mimari tasarimciya yeni olanaklarla
birlikte farkli etik ve tasarim kaygilarini da getirecegi
diustinilmektedir. Stireg igerisinde tasarimcilarin, nihai
tasarim Ogesinin her bir pargasini géz dniine alarak, mal-
zeme icerisine entegre edilen elektronik ¢iplerle kodlama
yaparak tasarimini olusturacagi da éngoriilmektedir. Bu
baglamda mimari tasarimda malzeme ve bilgisayar bili-
mi ile ortak calismalar yapilmasinin ve giincel arastir-
malarin takip edilmesinin 6nemi de anlagilmaktadir.
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Abstract: The rapid advancement of technology has led to a significant increase in the demand for mechanical
power. Mechanical power has become a crucial component of contemporary technology by reducing human labor,
minimizing error margins, and increasing production capacity. In this context, robots that can be programmed for
various purposes and perform specific functions are widely used in industrial applications. Specifically, robotic arms
constitute one of the fundamental elements of industrial automation. This paper examines the applicability of a
stationary robotic arm. The proposed system aims to enhance the speed, safety, and accuracy of processes such
as product sorting, placement, and organization in factories. Fundamentally, a solution is proposed by integrating
three main systems for this purpose: a conveyor belt system, a robotic arm, and image processing systems.

Keywords: Image processing systems, Product sorting, Placing and organizing, Factory automation, Robot arms,
Conveyor belt

Ozet: Teknolojinin hizla ilerlemesi, mekanik giice olan talepte 6nemli bir artisa yol agmistir. Mekanik giic, insan
emegini azaltarak, hata paylarini en aza indirerek ve Uretim kapasitesini artirarak ¢cagdas teknolojinin dnemli bir
bileseni haline gelmistir. Bu baglamda, cesitliamaclar icin programlanabilen ve belirli islevleri yerine getirebilen ro-
botlar endistriyel uygulamalarda yaygin olarak kullanilmaktadir. Ozellikle robot kollar, endiistriyel otomasyonun
temel unsurlarindan birini olusturmaktadir. Bu makale, sabit bir robot kolunun uygulanabilirligini incelemektedir.
Onerilen sistem, fabrikalarda Griin ayirma, yerlestirme ve diizenleme gibi sireclerin hizini, giivenligini ve dogru-
lugunu artirmayi amaglamaktadir. Temel olarak, bu amac icin Ug ana sistem entegre edilerek bir ¢dzim onerilmek-
tedir: bir konveydr bant sistemi, bir robotik kol ve gérintu isleme sistemleri.

Anahtar kelimeler: Gorintu isleme sistemleri, Urin ayirma, Yerlestirme ve diizenleme, Fabrika otomasyonu, Robot

kollari, Konveyor bant

1. Introduction

1.1. Motivation of the study

In contemporary settings, technological devices play a
crucial role in every aspect of life, from production to
consumption. To prevent adverse situations arising from
human errors in the production phase and to ensure con-
tinuous and sustainable production without fatigue even
during extended working hours, various systems have been
developed. In this context, robotic arms are among the
foremost examples. Robotic arms are frequently utilized
in various factory departments, including production,
packaging, transportation, and sorting. Systems integrated
with image processing are designed to separate defective
products in production or to sort a wide variety of prod-
ucts emerging from production. These systems can detect
defective products more quickly and accurately than the
human eye might miss. Additionally, they are preferred in
sorting operations due to their higher carrying capacity

compared to manual labor. This paper highlights a con-
cept designed to identify and sort products in continuously
operating factories as desired. The objective is to achieve
a more accurate and faster sorting process. The proposed
project consists of three main systems: a conveyor belt, a
robotic arm, and an image processing system.

1.2. What is Object Discrimination Based on Color De-
tection?

The technique of sorting objects based on color with-
out using a physical color sensor is referred to as object
sorting based on color detection. This technique involves
capturing images of objects moving along a conveyor belt
using a camera or another visual device instead of a sen-
sor. Subsequently, these images are analyzed using image
processing algorithms to determine the color and shape
of each object. As shown in Figure 1. a system with a ro-
botic arm capable of sorting based on color and shape is
proposed (Shah and Mishra, 2019).
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Figure 1. Color Detection Based Object Sorting

2. Material

» Microprocessor

» L293D

+ DC Motor

» Servo Motors

« IR Sensor

+ Analogue HD Camera
+ Platform and Objects
+ Power supply

+ Carrying band

+ Robot arm

2.1.L293D

The system that ensures the flawless and reliable opera-
tion of control boards or circuits in any structure is re-
ferred to as the L293D. When a current demand signifi-
cantly higher than what the control board can provide is
required, the use of motor drivers becomes crucial. This
is necessary to prevent the control boards and circuits
from burning out during operation. Motor drivers facil-
itate the smooth passage of current and energy delivery
through effective current control. Notably, due to their
ability to operate independently on both sides, they have
the potential to drive two motors simultaneously in both
directions.

2.2. Servo Motor

Servo motors are essential for enabling the movement of
each joint in a robotic arm. A typical robotic arm con-
sists of multiple joints. In the proposed project, SG90 mi-
cro servo motors are selected to facilitate two-axis move-
ment of the robotic arm. These motors operate at a DC
voltage range of 4.8 to 6 V. Due to their small dimensions,
they are preferred for use in the gripper part of the robot-
ic arm. The speed rating is 60 degrees per 0.1 seconds at
4.8V, and the stall torque is 1.8 kg-cm at 6V. The rotation
angle ranges from 0° to 180°. For the primary movements
of the robotic arm, MG996 model servo motors are rec-
ommended. This motor operates within a voltage range
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of 4.8 to 7 V and draws 500 mA of current. The reason for
choosing this motor is its torque capability, which is 9.4
kg-cm at 4.8V and 11 kg-cm at 6V (Cong and Hanh, 2021)

2.3.IR Sensor

To detect when an object on the conveyor belt reaches
the front of the robotic arm, an IR sensor is proposed.
This sensor has a detection range of 2 to 30 cm, adjust-
able via an onboard potentiometer. It features a detection
angle of 35 degrees and incorporates an LM393 compar-
ator. Powered by 5V, the sensor provides a digital output,
making it suitable for use in this project.

2.4. Platform and Object

The platform where objects will be placed is intended
to be made of PLA material. The platform dimensions
should be 70 mm in height, 40 mm in width, and 40 mm in
length. It is envisaged that the platform will be designed
with four different colors: red, blue, yellow, and green. As
for the objects to be sorted, a cube made of PLA with di-
mensions of 40x40x40 mm has been selected. The cubes
are also intended to be designed in four different colors:
red, blue, yellow, and green. Additionally, it is planned
to use two defective objects in the project, which could
be an orange cube and a yellow triangular pyramid. The
dimensions of these solid objects are illustrated in Figure
2. Furthermore, it is contemplated to use a platform with
dimensions as seen in Figure 3.

2.5. Conveyor Belt

The planned conveyor belt is intended to be made of PVC
material, with dimensions set at 80 mm in width, 600
mm in length, and 70 mm in height. A geared DC motor
will be utilized for the movement of the conveyor belt.
This geared DC motor operates at 12 V voltage and has
a capability of making 37 revolutions per minute (RPM).
The conveyor belt used adheres to the lengths illustrated
in Figure 4. Additionally, a straight PVC belt is consid-
ered for use.
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2.6. Robotic Arm

The envisaged robotic arm is intended to be manufac-
tured from PLA material and to have five degrees of free-
dom (5 DOF). Five DOF implies that in a robotic arm,
five separate axes of motion or points of articulation can
move independently. As depicted in Figure 5., a robotic
arm of the specified dimensions is proposed for use. Ad-
ditionally, it is indicated that a robotic arm with 5 DOF
will be employed, as shown in Figure 6. (Cong, 2021).

G
&

U

3. Image Processing Mechanism

The image processing system operates through two main
components: color detection and shape recognition.

3.1. Color Detection

The color detection process is based on the RGB (Red,
Figure 2. Object Green, and Blue) color model. In this model, the red,
green, and blue components of each pixel are analyzed.
The system is designed to detect four primary colors: red,
yellow, blue, and green. The algorithm analyzes the RGB
values of each pixel and compares them with predefined
color threshold values (Szabé and Lie, 2012).

3.1.1 Color Thresholding

In this process, each color is defined within a specific
range, and pixel values are analyzed accordingly. For in-
stance, a particular threshold value is set for detecting
the color red, and pixel values above this threshold are
identified as red. Similarly, similar threshold values are
determined for other colors (Szabé and Lie, 2012).

3.1.2 Histogram-Based Thresholding

This technique involves analyzing the color distribution
of the image and determining the intensity of specific
colors through histograms. A histogram is generated for
each color, and color segmentation is performed based
on predefined threshold values. This enables more pre-
cise and accurate detection of colors.

Figure 3.Platform

Figure 4. Conveyor Belt
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3.1.3 Color Segmentation

In this step, pixels are grouped according to predefined
threshold values, creating distinct regions with different
colors on the image. Segmentation allows for the sep-
aration of specific color regions of the object and their
identification. Through color segmentation, the object’s
color is accurately determined and relayed to the micro-
controller.

3.2.Shape Detection

Shape recognition process ensures accurate identifica-
tion of objects by analyzing their geometric features. In
this system, the desired shape is determined as a cube,
while the faulty shape is designated as a triangular prism.
Shape recognition process consists of two main steps:
edge detection and feature extraction.

3.2.1 Edge Detection
Edge detection is utilized to delineate the boundaries of

objects. For this process, contour extraction algorithms
such as Canny Edge Detection are employed. The Canny
algorithm calculates the gradient of the image and defines
gradients above a certain threshold value as edges. Conse-
quently, prominent edges of the object are detected, and
contours of the object are extracted based on these edges.

3.2.2 Feature Extraction

After edge detection, the shape of the object is analyzed
using specific geometric parameters. In this process, pa-
rameters such as the number of corners, roundness, and
surface features of the object are computed. For instance,
a cube has six faces and eight corners. By extracting
these characteristics, it is determined whether the object
is a cube or not. Similarly, faulty shapes like triangular
prisms can also be identified using these parameters.

3.2.3 Analysis of Geometric Parameters
Specific geometric parameters of the object are comput-

Figure 5. Robotic Arm Dimensions

Figure 6. Robotic Arm
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ed, and shape classification is conducted based on these
parameters. For instance, parameters such as roundness
degree, number of corners, and edge lengths facilitate the
identification of the object. For a cube, the expectation is
eight corners and equal edge lengths, whereas different
corner and edge numbers are applicable for a triangular
prism.

3.2.4 Shape Classification

Using the data obtained during the feature extraction
stage, the shape of the object is classified. This classifi-
cation is communicated to the microcontroller, enabling
necessary decisions for placing the object in the prede-
termined position.

4. Description of the Project
4.1. Algorithm
+ The conveyor belt is activated, the robotic arm is po-

sitioned to its home position, and the image process-
ing system is initiated.

START

A

Wait Start signals from IR
sensor

A

Take photo D —
A
Process and analyze the
image
No No
A

Transfer the received
information to arduino

Is there an output
signal?

Is there a
shutdown signal

Figure 7. Image Processing Flow Chart

+ The IR sensor detects the object coming from the
conveyor belt and sends this information to the mi-
crocontroller to initiate the process.

+ The microcontroller halts the conveyor belt using the
information received from the IR sensor.

+ The image processing system perceives the color and
shape of the object and communicates this informa-
tion to the microcontroller.

+ The microcontroller identifies and places the object
on the conveyor belt based on the image processing
data.

+ After completing the operation, the robotic arm re-
turns to its initial position.

+ The conveyor belt is reactivated, continuing the pro-
cess loop

4.2. Insertion of Artificial Errors and System Response
To assess the accuracy and reliability of the system, spe-
cific artificial errors have been introduced. These errors
are utilized to demonstrate how the system responds to
certain color and shape combinations. Particularly, the
system is designed to detect only cubes in red, yellow,
and green colors.

When unwanted objects such as a pink cube or a green
triangle are introduced to the system, it will not respond
to these objects and will not perform any action ( Seko-
ranja Svaco and Jerbi¢ ,2014)

Figure 7 shows the Image Processing Flow Chart, and
Figure 8 presents the Robotic Arm Flow Chart.

4.4.1 Pink Cube

Since the system does not recognize the color pink, it will
not detect this object, and the conveyor belt will not be
stopped.

4.4.2 Green Triangle

The system identifies triangular prisms as faulty shapes
during the shape recognition stage. Even though the col-
or green is correct, this object will not be processed due
to the shape recognition algorithm.

These artificial errors demonstrate that the system pro-
cesses only objects that meet the specified criteria and
minimizes false positives.

5. Design

5.1. Robotic Arm

The parts of the robotic arm were designed in Autodesk
Inventor CAD software. The assembly of the parts in the
software is shown in Figure 9.

All components of the robotic arm are intended to be
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START

|  The belt continues to work and

object falls

Is there information from the IR
Sensor?

Yes

Stop conveyor belt and activate
webcam

Is there any defined object?

Yes

The robotic arm works and
places the object in their
places

The robotic arm returns
initial position

Figure 8. Robotic Arm Flow Chart

made of PLA thermoplastic. Arm-1, Arm-2, the mount-
ing base, and the holders are fastened to each other at
the junctions with the axis of the servo motors. Screws
should be used to secure the servo motors and connec-
tions to the arms and base. One of the servo motors
(MG996), as shown in Figure 10, should be mounted to
the base of the robotic arm.

One of the servo motors (MG996) should be placed on
the waist of the robot arm as shown in Figure 11.

The servo motor (MG996) attached to the waist should
be connected to Arm-1 shown in Figure 12. The other

end of arm-1 should be connected to arm-2 using the
Figure 9. Assembly of parts in software third servo motor (MG996)
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Figure 10. Base of robotic arm

Figure 11. Waist part of the robotic arm

Figure 12. Arm-1 of the Robotic Arm
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Figure 13. Robot’s Arm-2
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Figure 14. Base of the clutch mechanism

Figure 15. Assembly of the Clutch Mechanism
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Arm-2 should be connected to Arm-2 by servo motor
(MG996) and to the base of the gripper by servo motor
(5G90) as shown in Figure 13. The base of the gripping
mechanism must be attached to Arm-2 and one of the
gears by means of two servo motors (SG90) as shown in
Figure 14.

The gripping mechanism of the robotic arm consists of
9 parts: gripping base, gears (2), links (4), and grippers
(2). The assembly and components of the gripping mech-
anism are shown in Figure 15. and Figure 16. respectively.

5.2. Conveyor Belt
The conveyor mechanism is designed for transporting 40

LINKS(4 pieces)
LN
O
~ o
o~ o~
o ] 1]
RIGHT and LEFT GRIPPER

Camera Holder

Sliding Roller

Figure 17. Conveyor and connected components (motor, camera and reflector)

1
o
(o)

|

600

Figure 18. Top view and dimensions of the conveyor
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Figure 19. Disassembled view of the conveyor

mm cubes. This mechanism consists of two rollers, two
fixtures, and one 12V DC motor, bearings for the rollers
and motors, and a PVC flat belt. One of the rollers is in
a fixed position, while the other can slide within a sock-
et to adjust the tension of the PVC belt. Additionally, it
is planned to install a camera and a reflector to detect
the cubes on the conveyor. The body of the conveyor is
intended to be manufactured from sheet metal. The com-
ponents of the conveyor are depicted in Figure 17. and the
overall appearance of the conveyor is presented in Figure
18.

The disassembled view of the conveyor is shown in Fig-
ure 19.
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6. Realistic Constraints

To address the issue of slippage when the gripper holds
the object due to being made of the same material, it is
planned to use silicone or rubber. To ensure clear percep-
tion of color and shape in any environment, LEDs can be
placed inside the camera enclosure. To mitigate the com-
plexity arising from the excessive number of cables used
in this system, soldering is contemplated. Care should be
taken to maintain a sufficient length for the camera enclo-
sure to avoid restricting the movement of the robotic arm.

| 7. Conclusion

The primary objective of the “COLOR-BASED OBJECT
SORTING” idea is to streamline business operations.
The proposed project will provide companies with a
range of financial advantages. This system will enable
accurate and fast production processes, contributing to
continuous production and enhancing customer satis-
faction, thereby increasing the company’s brand value.
The scalability of the project is particularly important for
businesses; this allows the system to be integrated not
only for the mass production of products but also into
various other areas such as product packaging, detection
of defective or damaged products, warehouse organiza-
tion, and product assembly.
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Drag reduction of ground vehicle by decreasing
flow separation with a passive flow control part

Bir pasif akis kontrol parcgasi ile akis ayrilmasini azaltarak kara tasitinin

stiriikleme kuvvetinin azaltmasi
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Abstract :This study focuses on reducing the aerodynamic drag force on a ground vehicle model with a spoiler
model. The spoiler model was designed to delay the flow separation and passive flow control. A 1/15 scaled vehicle
model was used in wind tunnel tests. That vehicle model is used in the passenger transportation sector. The spoiler
model was designed in the SolidWorks® and produced by using a 3D printer. The spoiler was mounted on the front
roof area of the vehicle at 10% and 5% (L/H) rates. The wind tunnel tests were carried out at four different free-flow
velocity speeds. The drag coefficient was reduced by 3.93% in model 1 and 2.86% in model 2. Flow separation was
delayed and decreased by this flow control part application on the vehicle. These drag reductions can decrease the
fuel consumption of vehicle models by about 2% at high speeds.

Keywords: C, Drag, CAD, Wind tunnel tests, Aerodynamic study, Passive flow control method

Ozet: Bu calisma, bir zemin araci modelinde spoiler modeli kullanarak aerodinamik stiriikleme kuvvetini azaltmaya
odaklanmaktadir. Spoiler modeli, akis ayrilmasini geciktirmek ve pasif akis kontrolu saglamak amaciyla tasarlan-
mistir. RUzgar tuneli testlerinde 1/15 6lcekli bir ara¢c modeli kullanilmistir. Bu ara¢ modeli, yolcu tasimaciligr sek-
torinde kullanilmaktadir. Spoiler modeli, SolidWorks® programinda tasarlanmis ve 3D yazici kullanilarak dretilm-
istir. Spoiler, aracin 6n tavan bolgesine %10 ve %5 (L/H) oranlarinda monte edilmistir. Riizgar tineli testleri, dort farkl
serbest akis hiziyla gerceklestirilmistir. Strukleme katsayisi model T'de %3,93 ve model 2'de %2,86 oraninda azal-
tilmistir. Bu akis kontrol parcasi uygulamasi, arag Uzerindeki akis ayrilmasini geciktirmis ve azaltmistir. Bu surukleme

1. Introduction

Some devices that enable the flow around an object mov-
ing in the air to be used for various purposes by directing
it are flow control parts inherent in some living things.
The aerodynamic features of bird wings and the ben-
efits they bring to the lives of birds have attracted the
attention of researchers throughout history, and these
aerodynamic features have been used on many vehicles
produced for the benefit of humanity. These features are
primarily used in aviation, space vehicles, and weapon
systems. Bhatnagar, 2014 was initially developed regard-
ing the geometry and aerodynamics of the wing profiles
and diversified to meet different targets. Afterward, the
desired features were further developed with passive
flow control methods. These methods, which are used
today to reduce vehicle fuel consumption, have brought

azaltmalar, yuksek hizlarda ara¢ modellerinin yakit ttketimini yaklasik %2 oraninda azaltabilir.
Anahtar Kelimeler: C, SUrUkleme, CAD, Rizgar tlneli testleri, Aerodinamik calisma, Pasif akis kontrol yontemi

positive results in environmental and economic fields.
It has positive effects, reducing flow separation into the
flow around the vehicle, reducing the C coefficient, and
reducing noise. Wing application, one of the systems to
reduce drag force, was introduced and allowed in For-
mula 1 in 2011 by Wordley et al., 2014. Approximately
20% improvement in drag force was achieved by placing
flaps horizontally on certain runway parts while the pilot
was in motion. Significant improvements were achieved
in aerodynamic drag force in multi-element wing appli-
cations subjected to free-flow testing. With front and
rear wing applications, aerodynamic drag was reduced
by 53%. A similar application of drag reduction systems
was made to Formula Student (FST) racing cars, and
lap reduction times of approximately 1.5 seconds were
achieved on a track covering 30 laps by Kajiwara, 2017.
Smith, 1974 used to wing profiles in motorsports and
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ground vehicles are the same as those used in aviation.
For this reason, many different wing profiles are used ac-
cording to different usage patterns. Aerodynamic stud-
ies have different profile types for various motorsports.
Drag reduction, according to surface structure, is a pas-
sive control method that does not require energy input
and has attracted the attention of many researchers. The
method of reducing drag with grooves is one of the few
techniques that have been successfully applied in aerody-
namics. Inspired by shark skin, McBeath, 2006 has tried
to make replicas and optimize the geometry in different
flow fields. For curved surfaces where the flow is sepa-
rated, the surface structure can also reduce aerodynamic
drag by affecting the laminar transformation of the liq-
uid (Palanivendhan et al., 2021). The longitudinal grooves
V-groove and U-groove parallel to the speed can suppress
acceleration (Langtry and Menter, 2009 and Aftab et al,,
2009). The most significant resistance force component
affecting ground vehicles is aerodynamic force. Reduc-
ing aerodynamic force effectively reduces engine power
and, therefore, fuel consumption. Flow control methods
are used to reduce the drag force and improve the flow
structure around the vehicle. These methods are divid-
ed into two: active and passive methods. In the passive
flow control method, which is the most used method, the
vehicle has no energy consumption. Another important
aspect of this study is that when the C coefficient is re-
duced by 2% in a ground vehicle moving at high speeds,
fuel consumption decreases by approximately 1% (Wood,
and Bauer, 2003). Kishore et al., 2022 divided the aerody-
namic drag reduction methods in automobiles and air-
planes into two groups in the literature and stated that
wave drag is to lengthen or improve the nose structure
of the vehicle model. They stated that wind deflectors,
flow channels, chassis skirts, serrated surfaces, separa-
tor plates, and spoilers are effective in reducing the basic
drag force. Geometry with a symmetrical axis usually
has a blunt base, and the corresponding base drag usu-
ally accounts for a significant portion of the total drag.

A

Figure 1. SolidWorks® drawing of the test model (Bayindirli and Celik,
2018)
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Delaying the separation of the flow structure by surface
modification is another passive flow control method. In
such a study, Yanqing et al., 2023 applied grooves and
protrusions on the protective helmet and examined the
effect of this method on the CD coefficient numerically
and experimentally. By protruding from the surface, the
features make the laminar flow turbulent, allowing the
flow to cling to the surface more, and this delays the sep-
aration of the flow and improves the pressure-induced
drag force. In the study, they achieved an aerodynamic
reduction of up to 7%. Some devices that enable the flow
around an object moving in the air to be used for various
purposes by directing it are flow control parts inherent
in some living things. The aerodynamic features of bird
wings and the benefits they bring to the lives of birds
have attracted the attention of researchers throughout
history, and these aerodynamic features have been used
on many vehicles produced for the benefit of humanity.
These features are primarily used in aviation, space vehi-
cles, and weapon systems. They were initially developed
regarding the geometry and aerodynamics of the wing
profiles and diversified to meet different targets. After-
ward, the desired features were further developed with
passive flow control methods. These methods, which
are used today to reduce vehicle fuel consumption, have
brought positive results in environmental and econom-
ic fields. It has positive effects, reducing flow separation
into the flow around the vehicle, reducing the C coeffi-
cient, and reducing noise. Wing application, one of the
systems to reduce drag force, was introduced and al-
lowed in Formula 1 in 2011. In this study, a spoiler was
developed with inspiration from an eagle while soaring
to minimize the drag acting on a ground vehicle model.
It was installed on the vehicle model roof area. It is aimed
to reduce the aerodynamic drag coefficient by reducing
flow separation with this spoiler model. This study aims
to contribute to the literature by experimentally deter-
mining the delay of flow separation in ground vehicles
and the effect of this situation on the aerodynamic drag
coefficient and fuel consumption.

2. Material and Methods

The flow characteristics and aerodynamic values of the
base model test vehicle used in this study were deter-

Figure 2. Test model produced on a 3D printer (Bayindirli and Celik,
2023)
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mined experimentally and numerically by Bayindirli and
Celik, 2022. This study includes the optimization of the
test model vehicle in terms of aerodynamics. The draw-
ings of the vehicle model in the SolidWorks® CAD pro-
gram is given in Figure 1, and the produced test model in
the 3-D printer is given in Figure 2. The test model has a
width of 118.3 mm, a height of 151.8 mm, and a length of
295 mm.

In this study, the spoiler model was developed by the
wings of an eagle while soaring (Figure 3). The shape of
the eagle’s wings during soaring is such that it provides
minimum drag force and maximum lift force. In this
study, the wing structure of the eagle was taken as a ba-
sis, and a design change was made to ensure that the flow
was held on the vehicle’s roof surface. The SolidWorks®
drawing of the spoiler model developed to control flow
separation is given in Figure 4.

Figure 3. Wing structure and SolidWorks® drawing of the inspired
eagle model during soaring

Figure 4. SolidWorks® drawing of the spoiler model

The spoiler assembly on test model 1 and model 2 are
given in Figure5 and Figure 6. The spoiler model was po-
sitioned on the front roof section of the vehicle at a height
of 0.1 and 0.05 (L/H), and the effect of this flow control
on the drag force was experimentally examined.

2.1. Providing of Similarity Conditions

In aerodynamic studies, geometric, kinematic, and dy-
namic have to be provided between the prototype and
model vehicles. In this study, the vehicle model and spoil-

)

Figure 5. Test model 1 and front spoiler application

Figure 6. Test model 2 and middle spoiler application

Figure 7. L-H heights on the test model

er were designed in a CAD program and they were pro-
duced in a 3D printer using that CAD drawing data. So,
the similarity of the geometric condition is met, exclud-
ing minor surface errors. To ensure kinematic similarity
in aerodynamic studies, the blockage rate must be lower
than 7.5% (Cengel, and Cimbala, 2008 and Yadav et al.,
2014). The front area of the vehicle model is 0.01796 m2,
the frontal area of the wind tunnel’s test section is 0.3364
m?2, and the blockage rate is 5.34%. To ensure dynamic
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similarity, Re independence was used in tests.

2.2.Uncertainty Analysis

The uncertainty of experimental studies depends on the
calibration of test devices. In this study, the uncertainty
analysis results the calculated by using related parame-
ters between Equations 1-3 (Bayindirli, et al., 2020).

URe = % = [(up)z + (ul’imt':é)2 + (up)? + (uu)z]l/z (1)
WFp wi,\ 2, W\ 2, W5\ 2 (R (R wxs )2 Ko
Uep = 77 = [(x_l) +(x_2) -l'(x3 ) +(x_4)(x_4)+(x_5) ] )

e =2 = [fuey )+ (0 4 + 0 Y] * 9

Tablel. Uncertainty values of aerodynamic values Bayindirli et al
(2020)

Parameter Uncertainty value (+%)
"""""" Reynolds number 381
Drag force 4.5
Drag coefficient 4.7

2.3. Experimental Setup

Experimental studies were conducted in the suction-type
wind tunnel in the Fluid Mechanics Laboratory of Nig-
de Omer Halisdemir University Engineering Facul-
ty. The test area of the wind tunnel has dimensions of
400x400x1000 mm and a square cross-section. An axial
electro fan provides the desired free-flow speed in the
test area. This fan has a power of 4 kW and a diameter
of 700 mm. A frequency inverter with a 0.1 Hz step and
operating in the 0-50 Hz range is used for this electro
fan’s desired speed adjustment. In the wind tunnel shown
in Figure 8, the maximum free flow speed is 30 m/s, and
the turbulence intensity is below 1% (Bayindirli and Ce-
lik, 2023).

A big part of the total drag force of ground vehicles de-
pends on pressure. Pressure-induced drag force occurs
due to the pressure distribution affecting the surface
components of the object perpendicular to the flow. The
friction-induced drag force occurs due to the shear stress
acting on the surface components of the object parallel
to the flow. Since drag force is expressed depending on
density, speed, and area, the dimensionless coefficient by
which these can be expressed dimensionless is defined
as the aerodynamic resistance coefficient (C). The aero-
dynamic resistance coefficient obtained in this study
includes the sum of pressure and friction-induced drag
forces and was measured using a load cell. A six-axis ATI
load cell was used to measure the total drag forces acting
on the model vehicle. The load cell can precisely measure
the forces and moments applied to the axes of x, y, and
z. The C coefficient is given in Eq. 4 and is a function of
the air density (p), drag force (F), wind tunnel free flow
speed (V), and vehicle front surface area (A) parameters.

F

Net

Co=q T — @
ok *Vz*A
2

Here;

I' = Density [kg/m?]

V' = Free flow speed [m/s]

A = Front view area of the vehicle [m?]

F

Ne:= Net drag force acting on the vehicle [N]

3. Results and Discussion

3.1. Drag Reduction in Model 1 (L/H=0,1)
The drag coefficient value of the test model was deter-
mined as 0.482 on averages by Bayindirli and Celik,

Figure 8. Suction-type wind tunnel and testing equipment

Uluslararasi Muhendislik, Tasarim ve Teknoloji Dergisi / International Journal of Engineering, Design and Technology, 2024 6(2) m l I



e

Drag reduction of ground vehicle by decreasing flow separation with a passive flow control part

2022. Wind tunnel tests were carried out at four differ-
ent Reynolds numbers to determine the effect of this
passive flow control part on drag force. As seen in Table
2, a 3.93% improvement in the aerodynamic drag coeffi-
cient was achieved according to the base model. When
the flow images around the basic vehicle model are ex-
amined using the smoke method in Figure 9, it has been
determined that this spoiler application can delay the
flow separation, which is the reason for the aerodynamic
improvement.

3.2. Drag Reduction in Model 2 (L/H=0,05)

The same spoiler model is mounted on the vehicle’s up-
per roof area in this test model. The distance of the spoil-
er to the vehicle body is 5% of the vehicle height. Posi-
tioning the spoiler in this area provided an aerodynamic
improvement. However, the decrease in flow separation
was less than in model 1. The average reduction in the
resulting drag coefficient was 2.86%.

Table 2. Comparison of Base model - Model 1 C; Coefficient (L/H=0,1)

Reynolds Flow spe-  Base Model Drag Reducti-
..... Number  €dM/S) o Soii on Rate
267915 14.17 0.476 0.458
344594 18.22 0.485 0.464
433434 22.92 0.487 0.468
526656 27.85 0.481 0.466
Average 0.482 0.464

Table 3. Comparison of Base model - Model 2 C; Coefficient (L/
H=0,05)

Reynolds Flow spe-  Base Model Drag Reducti-
..... Number ed(mjs) ¢, MO%2C onpate
267915 14.17 0.476 0.457 5.47%
344594 18.22 0.485 0.475 1.54%
433434 22.92 0.487 0473 1.84%
526656 27.85 0.481 0.469 2.67%

Average 0.482 0.469 2.86%
0,60
—=— Base model
0,55 —e—Model 1
0,50 .
I —
T . %
0,45
Cp 0,40
0,35
0,30
0,25
0,20

T T T T T T 1
250000 300000 350000 400000 450000 500000 550000
Reynolds Number

Figure 9. Base model C_ - Model 1 C,

In this study, the flow separation seen in Figure 9 was
tried to be reduced with the spoiler application in the
eagle wing profile used. The spoiler was installed at a
distance of 5% of the vehicle height from the front and
middle roof area, flow direction was provided, and the
flow was kept more in the upper roof area of the vehi-
cle. In this case, pressure aerodynamic improvement was
achieved by reducing the negative pressure zone. One of
the factors in achieving this situation is the blunt-body
of the model vehicle. The blunt body structure creates a
large negative pressure region behind the vehicle, creat-
ing pressure-induced aerodynamic resistance. Approx-

0,60

—=— Base model
0,55 + —e—Model 2

0,50 -
0,45 - o=
Cp 0,40
0,35 -
0,30 -

0,25

0720 T T T T T T 1
250000 300000 350000 400000 450000 500000 550000

Reynolds Number

Fig. 10. Base model C - Model 2 C

Figure 11. Flow image around the base vehicle model and detection
of flow separation
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imately 90-95% of ground vehicle’s total aerodynamic
drag coefficient consists of pressure-induced drag force
(Ciftci et al., 2023). Spoiler applications in model 1 and
model 2 reduced and delayed flow separation. This situ-
ation positively affected the pressure-induced total drag
force, and the vehicle model was improved in terms of
aerodynamics.

4, Conclusions

In this study, the C coefficient was improved by using a
spoiler model designed to reduce and delay the flow sepa-
ration to the front roof area of a 1/15 scale model vehicle.
The study met primary similarity conditions, and aero-
dynamic flow tests were carried out at four different free
flow speeds using Reynolds number independence. The
C,, coefficient was improved by 3.93% and 2.86% by this
passive flow control method without consuming any en-
ergy on the vehicle. As a result of this study, the positive
effect of maintaining flow separation in the roof area in
terms of aerodynamics was determined and presented in
the literature.
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