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The use of artificial intelligence in design processes has become highly visible. The
utilitarian use of this new technology in design raises questions about the
relationship between man and machine and its contribution to the final product.
This study, which was carried out specifically for chair design, analyzes the design
outputs obtained from Autodesk's Fusion 360 software, and examines how far the
generative system can realize the chair design without the contribution of the
designer. The contribution of generative design to the design process has been
examined in terms of form, material and manufacturing technology. In this context,
it reveals that the role of the designer in creating a complex design product cannot
be ignored.
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GUnUmdiz tasarim Urunlerinde, yapay zeka kullanimi oldukga gérunir olmaya
baslamistir. Fakat, bu yeni teknolojinin tasarim alaninda faydaci kullanimi, insan-
makine arasindaki iliskinin yaninda elde edilen son drine katkisiyla ilgili soru
isaretlerini  de beraberinde getirmektedir. Sandalye tasarimi 6zelinde
gerceklestirilen bu ¢alisma, yapay zeka olgusunun tasarimci katkisi olmadan bir
sandalye tasarimini ne kadar ortaya koyabilecegini tretken tasarim sistemine sahip
bir yazihmdan elde edilen sonug tasarim giktilari Gzerinden yapilan analizlerle ele
almaktadir. Bunun yaninda, Uretken tasarimin tasarim sirecindeki katkisi form,
malzeme ve Uretim teknolojisi baglaminda irdelenmistir. Bu baglamda, cok
yapili/kompleks bir tasarim Grinini olusturmada tasarimcinin rolindn goéz ardi
edilemez oldugunu ortaya koymaktadir.
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1. INTRODUCTION

The design and manufacturing styles of chairs are changing with the
developing technology throughout history. It is an undeniable reality
that the computer has become an indispensable part of the design
process with the computer technology that has developed. This study
guestions to what extent computer technology can contribute to the
design of a chair without designer intervention.

Especially in the industrial revolution, innovative materials and
manufacturing technologies showed themselves in every field of
design. For this reason, the years of the industrial revolution have been
a period that can be called the breaking point in which innovative
approaches in furniture design were introduced. In the history of
furniture design, although the shaping of furniture was done with
traditional methods until this period, the idea of using steam, the most
important energy power of the period, brought innovation to these
methods (Postell, 2012). This innovative production technology, called
the steam bending technique, was first used by Samuel Gragg in 1808
in the chair design called Elastic Chair. This technology led to the
emergence of Michael Thonet’s No.14 chair, which is considered the
most successful mass production product in the history of furniture
design (Thompson, 2011).

In the 20th century, the technology that developed with the help of
machines in the previous century gave birth to the emergence and
development of artificial intelligence, which could take over the mental
workload of humans with the information processing power of
computers (Li & Du, 2007). Joris Laarman’s Bone Chair (2006),
Autodesk’s Elbo Chair (2016) produced with the Dreamcatcher project,
and Al Chair (2019) which is jointly designed and produced by Philippe
Starck and Autodesk, are chair designs from the recent period with the
undeniable contributions of generative design (Figure 1).
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No.14* Bone Chair? Elbo Chair® A.l. Chair*
1859 2006 2016 2019
Michael Thonet Joris Laarman Autodesk Philippe Starck &
Dreamcatcher Autodesk Fusion

Project 360

Generative design is a design process that helps to discover unknown
or unclear alternatives to a design with the help of mathematical and
logical methods. Mathematical and logical methods describe
algorithms comprising design parameters and objectives. These
algorithms search for the most appropriate parameters such as
material, manufacturing method and manufacturing cost among many
design alternatives during the design process. As a result of this
process, alternatives that cannot be obtained with traditional design
are achieved. These generative design products’ general characteristics
are (McKnight, 2017):

e Reduced weight

e Maintained or improved performance
e Reduce development time

e Increased creativity

e Increased efficiency

e Customized product development.

With the use of generative systems in today's product design, we
encounter two different design processes outside the traditional
process: generative design and data-driven generative design (Figure
2). Among these, the designer takes an active role and makes the most
contribution to a design product in the traditional design process.
Especially in furniture design, the choice of creative ideas for the
solution of the determined function, and the presentation of form and
construction in design are completely realized by the decision of the
designer. In generative and data-driven generative design, it is seen
that the role of the designer is quite small. In these processes, the
designer leaves the final product design outputs in the hands of the

Figure 1: Chair Design from the

Industrial Age to the Age of
Artificial Intelligence
Phaidon,2006; Laarman, 2015;
Harsuvanakit, 2016; Jordahn,
2019).
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Figure 2: Generative Design
Systems (Bidgoli & Veloso,
2018).
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machine by entering the parameters (design area, material, production
technology, etc.). The designer makes the choice of the final product
proposals and can decide to repeat the design process by choosing one
of the traditional, generative or data-driven generative design
processes for their development. Considering all this, the level of the
designer's contribution in the design process of generative and data-
driven generative design, which proceeds in partnership of machine
and human, cannot be clearly expressed. With the advancing
technology, artificial intelligence somehow challenges the designer in
the field of design, so we need to question today's design approaches
(Giaccardi & Redstrom, 2020).
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Although there are many furniture designs produced with generative
design methods, scientific studies in this context are very few. In their
study, Barros, Duarte & Chaparro (2015) discuss the generation of chair
designs with shape grammars and their improvement with optimization
tools offered in CATIA. Bidgoli & Veloso (2018) enabled the designer to
design by interfering with the chair design generated as a point cloud
by the DeepCloud system they created using the machine learning
method. In this method, system learns from a database and sets inputs
and constraints instead of the designer. Apart from these, Li and
Lachmayer (2018) discussed generative design approaches for
modeling creative designs; Liu et al. (2019) created chair design images
with the support of artificial intelligence using generative adversarial
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network and finally Ramesh et al. (2021) created an application in which
they used text as data and transformed it into furniture visuals.

The chair, which is one of the furniture that people use every day, has
been tried to be generated in the “Autodesk Fusion 360” software with
the generative design method. In the study, it is aimed to question the
design outputs generated with the ready-made generative system
without the intervention of the designer. It seeks answers to the
questions of whether a chair design can be created by artificial
intelligence alone or how much it contributes to the design.

2. MATERIAL AND METHOD

Chairs have been the subject of innovative studies and they have
become the first objects designed and mass produced in cooperation
with artificial intelligence (Al Chair by Philippe Starck & Autodesk,
2019). This study, which examines the relationship between design and
artificial intelligence through furniture design, has been discussed in
terms of chair design for these reasons.

Various software have been examined to observe the generative design
solutions of artificial intelligence. Currently, Solidworks Simulation
(Dassault Systemes), xDesign (Dassault Systemes), Functional
Generative Design (Catia, Dassault Systemes), xGenerative Design
(Dassault Systemes), Siemens NX and Autodesk Fusion 360 software
offer generative design support. As can be seen in Figure 3, Autodesk
Fusion 360 is the software that includes the most features, offers free
use, and is used in chair design (Al Chair, 2019) has been chosen for this
study.

This study was carried out with the Generative Design plugin, which
allows the use of artificial intelligence in Fusion 360 software. In order
to obtain a design output in the Generative Design plugin (Figure 4), a
3D model must be defined. This model should consist of three different
parts; Preserved geometry, which is the masses that will be connected
with each other and will not change, obstacle geometry that allows us
to determine the area that artificial intelligence should not particularly
interfere with, and the starting shape that is desired to be processed
(Figure 5). According to the design problem which we expect from
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Figure 3: CAD software
packages using Generative
Design (Westerveld, 2021).

(CAD: Computer-Aided Design,
CAE: Computer-Aided
Engineering, AM: Additive
Manufacturing)

Figure 4: Generative Design
Process of Autodesk Fusion
360.

artificial intelligence to be solved, at least two of them must be defined
as preserved geometries.
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After the 3D model is created, it is necessary to specify the design
conditions for this model. The design conditions include the data of two
main values: structural constraints, which masses are selected as fixed,
pin or frictionless, and structural loads, where force, pressure,
momentum and bearing load are determined.

After determining the 3D model and design conditions that artificial
intelligence will analyze, the design criteria should be selected. In the
design criteria, objective (minimizing mass or maximizing stiffness) and
manufacturing types (unrestricted, additive, milling, 2-axis cutting or
die casting) to be used should be specified. Finally, the material
selection should be made for the 3D model to be used in generative
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design analysis, then it is sent to the cloud network of the software for
artificial intelligence to process the data and generate design outputs.

2.1 Identification of Design Problem

Model proposals have been developed to examine the artificial
intelligence-design relationship. The parts that make up the chair are
divided into three: the seat, the backrest, and the legs. Since these parts
are generally rectangular or circular in shape, the seat, backrest, and
foot elements are first defined with 2x2, 3x3, and 5x5 points, and in the
next stage with rectangular planes instead of points. The use of
anthropometry and ergonomic data is inevitable when designing a
chair, which is a product that interacts with the human body. In order
to answer the question of whether the machine can develop such a
solution in the generative design process, ergonomic and
anthropometric values are ignored. In this respect, only
anthropometric data defining the standard dimensions of the elements
that should be in a chair design in the developed problem models are
discussed. The standard dimensions are 40x40 cm for the seating
surface, 40x40 cm for the backrest, and 40 cm for the foot heights
(Panero and Zelnik, 1979).

2x2 3x3 5x5 Planar
* T . :j:z
IEERANT T -
2L | Latee | lagwe |
Model 1 Model 2 Model 3 Model 7
», i,’ :{n
g } ﬂ’i’ Z .
HEE=SEL iy
Model 4 Model 5 Model 6 Model 8

First, model proposals called Model 1, Model 2 and Model 3 are created
to examine what kind of seat, backrest and leg formations will be
produced by artificial intelligence. Chair parts are defined with points
in these models. In Model 4, Model 5 and Model 6, the leg parts are

Figure 5: 3D design models
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Figure 6: Creation of
Generative Design Model
(Autodesk Fusion 360)

defined as planes in order to examine the shape formation in the leg
part of the chair without limiting it to points. In Model 7, the seat and
backrest part of the chair are defined as rectangular planes and the legs
are defined as points. For unrestricted leg formation, the leg part is
defined as a plane in Model 8 (Figure 5).

In every chair design that is expected to be created by artificial
intelligence, the 3D model is made ready for analysis by placing obstacle
geometry so that the artificial intelligence does not interfere with the
volume that will allow a person to sit (Figure 6).
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The following values were kept constant in all 3D models, and the
analyzes to be performed by artificial intelligence were carried out in
the gravitational environment (g = 9.807 m/s2):

Structural Loads: A force of 1100 Newtons, which corresponds
to 110 kg of weight, is applied to the seat surface of the chair,
and 450 Newtons, which is approximately equivalent to 45 kg
of weight, is applied to the backrest. These force sizes are
applied based on the ISO 7174-2 coded "Furniture - Chairs -
Determination of stability" standard.

Objectives: It is aimed to minimize the mass for minimal
material use in the design outputs. The safety factor value is
based on the program's standard value of 2.00.
Manufacturing: By using two different options as unrestricted
(both additive and reductive) and additive only, it is desired to
monitor the differences between the design outputs that
artificial intelligence will obtain without any limitation or by
imposing a limitation on the use of manufacturing technology.
Materials: Titanium 6Al-4V and Orgasol Invent Smooth-PA12
offered by the program were selected for the design masses in
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each 3D model in terms of their suitability for the selected
production technologies. These two different choices also aim
to observe the effect of material use in artificial intelligence
analyzes performed on the same model.

3. RESULTS AND DISCUSSION

In the study, the contribution/functionality of the Generative Design
plugin of Autodesk Fusion 360 to a design problem was tested. In this
context, it has been examined whether the artificial intelligence of the
program can design a chair on its own without the need for a designer.
In the first stage of the study, the seating surface and backrest of the
chair were defined with dots. In the second stage, these elements are
given as surfaces. The results and feedback produced by the Fusion 360
software are evaluated and explained below (Table 1; Table 2; Table 3;
Table 4; Table 5; Table 6; Table 7; Table 8; Table 9).

In the first stage of the study, designs with fixed and non-fixed number
of legs were produced. When the produced design outputs are
evaluated;

For generated designs with fixed number of legs (Model 1, Model 2 and
Model 3):

1. In Model 1, where the number of points forming the planes of
the chair (seating, backrest, leg/s) is the least, it has been
concluded that the similarity ratio in terms of form in the
design outputs created by artificial intelligence is the least and
the design outputs differ in mass.

2. Ithasbeen observed that the design outputs created for Model
2 and Model 3 have a very high similarity ratio in terms of form.

3. While the backrests create more hollow structures in Model 1;
a solid surface formation was observed in Models 2 and 3.

4. While there is monolithic leg formation in Models 2 and 3; It
has been determined that more free leg forms are formed in
Model 1.

5. In Model 2 and Model 3, no difference was observed in terms
of form formation between additive and unrestricted
manufacturing technologies. It can be said that this form
difference occurred only in Model 1.
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Table 1: Design outcomes of
Model 1.

91

Machine as the Designer of Generative Solutions in Chair Design




MODEL 2

Manufacturing Methods
Unrestricted ; Additive
Max M
Vol Mass ol vel o™ ol
Dusign Output Matrial Criant. oA - Miser | Ieration Desigpr Ourprun Miteral Oriant. e o} Mses | Reration
s fem') e} (e (g}
wress stress
(MPal (MPa}
)
i 3
F Titarium “ X sl 5 3 Titarium " propse 8
GAl-gY a0 e 5 s . ALY AS,ea0 5257 ) 4
gl
3 . Titasium e 148 2366, & ' M fant ooy e » Y
- BAl-4V )1 =3 Srmooth A4 n 3 i
Phss
Ti n X
3 ;‘;';" z. waly | axyan i ’
" ‘:;‘1".;' X- oty | s &y &
5 T::,.:f:' Y- saobe | serooy | 62 s
& i z mys | aazgs 42 ?
A4V 51 934 -
Orged
. [ Y Lk PR P
S 543 291 58 5
Phss
Ol
bt .
B Yo 2 s w3
v gz 29248 ar. [ !
Pass
Orgasel
9 ::: 1 2 414 Fren 55 y
Phsa
W | o
1 _wank X- 43352 susBy ] 3
Semeoth -
n e
Drgancl
33 - A ¥- [EETY el &y &
Svath - :
Phss
Orgueiecd
4 y Bt z. 1,667 pryn ¥ 'l
Sewoath -
Pass

Table 2: Design outcomes of

Model 2.

92

JCoDe | Vol 3 No 1 | March 2022 | Fabrication and Material | Uludiz, C., Aydin, C.



MODEL 3
L: i ,, '] 2
Manufacturing Methods
Max M
IS o van o o o
Design Outout Miterial Odent. | YREE e Mises | eration Dasign Outpn Muteral | Ovient. el el Mses | Reration
> o Mresh v:at stress
(MPa) (NPa)
: ’;‘;‘:“,:' Xe sag |y s ‘:;l“;' oo | asgess | 168 y
it
Titarsum . bwant
Yo 63, 584 a2 & P 5,08 & '
s BAl-4Y 3,05 23355 3 Swcoth 7,98t 543 141
Pasa
THanium - 5 25 g ik y
F 167 s
3 BAl-4V b o
THasdum % 400 o) A &
s i) pres 41954 » 5
Titarsum
M Y- 8.
BAl-y ¥ 9o wyan ELE S 5
Titarsum -
[ ;:, ".“ z. ey 234057 %9 &
Organcl
bt a
7 K X [YETe 6. Y
Smcoth -
Pass
B e Yo 3,95 oo .y &
I
9 il 2 so,73R 34 r
Orgasel
et
1 % e a4 19
Smoath - o ¥ 3
Phss
gl
It -
b c Y- sh906 s ELEY 5
Semooth - o
Ph
W,
Orgusel
[ = 2 R <
13 S z 43,804 s059y ) [
Pass

Table 3: Design outcomes of
Model 3.

93

Machine as the Designer of Generative Solutions in Chair Design




MODEL 4
-
-
Manufacturing Methods
M Mo
= wn o . »on
Design Outpat Matwial | Oviant. | VoUme iy Misas | Reration Design Output Material | Ovignt. | YEUMe e Mses | Reration
(em’) teg) () )
slress e stress
(MPa) (MPa)
Titanum 5} Titanum "
T . X+ paer] 24447 AqLx ” : 2 146 sae46 b =
BALLY Y Bl y 3 )
Crgasel
Titanum = 5 e a
3 X ¥a G0 aReqy | oaqez n 3 a6 | wsay | s N
ALY -
PAL
Titanum S .
3 } 2 sy | osuek | asea 3
ALY -
¢ it % iy 15488 0 »
EALLY < e
Titanum 2 s
5 . Y g | 2488 | sasz ‘
B4V )
Titanum -
& 2 Z 14,940 eb.aiy . £
BALLV
Drgased
s X wEm 5404 334 y
Srdoth. "6 ; ve A1
PAL
Orgased
hrewrtt
e Y o ) 3.4 &
Smooth sear | sy ) )
Pasa
Orgased
9 ke 2 1333 wh 3 N
2. 233 2 5
Smaoth y 4 ¥
[
i& % PRTS PoveY a5 5
Smooth ¥ 3
PAL
Orgasel
Imeert 7 : e N
33 6236 S 1 5 A2
Senooth - >
Pasa
Orgasel
” it z 25 6381 2y 2
Senocth - = N by o X N
PAL

Table 4: Design outcomes of
Model 4.

94

JCoDe | Vol 3 No 1 | March 2022 | Fabrication and Material | Uludiz, C., Aydin, C.



MODEL 5

-
- _.

1}}?7
~i

Manufacturing Methods
Unrestricted 3 Additive

Max M
Vi Ma s i e o
Dusign Outgut Material Oriant. Sy ey} Mises | Reration Dasign Ounpat Matersal Onent. e = Mses | Reration
fem') feg} faw? g}
ress atress
(MPa) (MPa)
: o ke | mmn | asessy | aces 5 : ol sip: | agam || s 59
Titan n - 5
2 e Yo sy | askgee | 4eea 8 A 5l g e &
GAl4¥
s Titwrium 24 wnBr 640k yiy 3

GAl4Y

Titaréum
BAl4V

st | agea 5

Titarium

; ¥ G0t TENTY oS 3
Al sg0u2 24560 36

Titarium > Y — . N
A4V 2 $B.534 5 4ty

Orgescl
H i Xe s568 sauy 4 ay
Smcath

Pasa

= B B - B e -

Orguesel
et

Semocoth
Phss

™
—
——
Nr——
<

Ingan FEET 0y a

=

i

Organl

[ ,
24 A

Smcath =

Phsa

—

Orgamal
brroent
X
Sescath -
Phss

wolr | ssdae | 3y ag

Orguesct
Irroent

Sevcoth
Phss

11

i | Orgusol
Frent

Semcath -
Phss

~

¥ 6o 18251 4 1

Table 5: Design outcomes of
Model 5.

95

Machine as the Designer of Generative Solutions in Chair Design



MODEL 6

W

ifim
-

Manufacturing Methods )
Max M
e Volanu 55 Vaume Mavs il
sign Ot Materid Crint. tem" Mass (gl Msen IReration Dusign Output Matarisd Orient. tem) o) Mo IReration
’ e 9 truss
(MPa) (NPa)
T Wy,
1 r;::'::" Xe 58,360 | 268636 | 4413 ) : T::':" 16,085 | 1287 15 "
Orgusei
2 T | v | sabpe | 23:3am | a4z 2 3 e 15328 | w75 [ 232 3
SALLY Smooth
PAzx
Tiu
“ ‘ ;:'::‘" & sBgoy | 260962 | 4422 5
Tita
. ‘ e | % | wsw | sesa | sz | s
Tits
5 ‘ G | v | e | aBes | gepy | 8
Tita -
s i prrine z $6237 | 24868y | 4423 s
A
Orgasal
Inverd
' smooh. | X | 4279 | 4sBu | a5 s
Pazs
Crgasal
et
s Srmoeth- v | 4082 | mmas | 235 -
PAss
1%
Crgasa
L il
0] s;::};h_ s 52,366 50.272 235 ]
PAsx
‘4'5
-4
e # X sBosB | ssyy | 235 2
%
Orgasal
Irvert
s | T | waame | earz | s | w
PAsx
11
Crgasa
e ~
u Bl 2 B35 | 4633 | 235 16
Pass

Table 6: Design outcomes of
Model 6.

96

JCoDe | Vol 3 No 1 | March 2022 | Fabrication and Material | Uludiz, C., Aydin, C.



For generated designs without number of legs constraint (Model 4,
Model 5 and Model 6):

1. Compared to models with leg constraints, less material is used
and more hollow forms are generated.

2. Although there is a similarity with the first stage in the design
outputs in which the additive manufacturing method is used,
differentiation is observed in all three elements (seating,
backrest, leg/s) that make up the chair.

3. In the design outputs where the unrestricted manufacturing
method is used, more structural solution suggestions are
encountered instead of a massive form formation.

4. Although the formation of the legs are not fixed in Model 4, the
formation of four legs can be explained by the fact that it is the
form that will best realize the portability of the forces applied
to the surfaces.

A monolithic leg form is formed in Models 5 and Model 6.
In Model 5 and Model 6, we can talk about a fixed seating
element, not a portable chair.

Examining the design outputs created by artificial intelligence through
all the problem models (Models 1, 2, 3, 4, 5 and 6) of the first stage;

1. The use of different materials does not create significant
differences on the design outputs in terms of form.
Unrestricted manufacturing method reduces material usage.
As the number of points on the planes (seating, backrest and
leg/s) forming the chair in the problem models increased, the
design outputs produced by artificial intelligence created more
massive and closed forms. While 2x2s create open forms;
Models with 3x3 and 5x5 created more closed forms. The most
monolithic state is observed as Model 3.

4. Model 1 and Model 4 have a more delicate structure compared
to the others, which can be explained by the decrease in the
number of points where the load is applied.

5. Some design outputs are in forms that we can call chair design
away from human ergonomics.

6. As the number of iterations increases, the use of materials
decreases regardless of the manufacturing technique, and
more hollow forms are formed.
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7. Where leg form wanted to be analyzed as unrestricted; Models
1, 2 and 3’s design outputs have a solid backrest, while Models
4,5 and 6’s have more open. Beside, when the manufacturing
and leg types are unrestricted in Model 4, 5 and 6, the leg
profile has been observed that it becomes thinner.

8. In Models 1 and 4, the fact that the points to be connected by
the artificial intelligence or the load to be applied by the person
sitting on the chair are only on the corners of the seating and
backrest surfaces did not create any planar form on the seating
and backrest surfaces in these models. In this respect, for a
surface to be formed within the program, there must be
preserved geometry in at least one coordinate on this surface
where the load will be applied. Because of this situation, in the
second stage, the seat and backrest elements that make up the
chair design are defined as planar and the final products are
obtained.

In the second stage, models with defined seating and backrest surfaces
were given to the software. When the generated design outputs are
evaluated;

1. In Model 7, the leg element consists of a closed volume. In
Model 8, where we wanted the leg to be non-fixed, we can
observe the free-form formations for it. This can be associated
with the low number of iterations.

2. Onthe contrary, we encounter a reduced volume in the design
output number 12, which is produced on the Z- axis with the
additive manufacturing technology in Model 7. Since the
number of iterations did not increase in the titanium-produced
derivative number 6, the volume did not decrease. It
emphasizes the importance of the axis in the additive method.

3. It has been observed that the design outputs generated with
unrestricted manufacturing in Model 7 and the design outputs
6 and 12 generated on the Z- axis in additive manufacturing of
all models have the same form characteristics.
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Table 7: Design outcomes of
Model 7.
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Table 9: Design outcomes
for all models.

As a general review is made for all the result products;

It is clearly observed that the addition axis (x+ ... z-) creates
constraints on the final outputs in the additive manufacturing
method (Model 1, Model 4 and Model 7). In general, this
situation is due to the nature of the additive manufacturing
method. However, design outputs 6 and 12 of Model 1 and
Model 7 produced on the Z-axis with this manufacturing
technology show that there are deviations in the results of the
program.

As the number of iterations increases, the program decreases
the mass volume as it is intended; we can observe the
formation of forms with voids. In addition, due to the material
difference, there is an insignificant change in the forms.
Although the design outputs were solved in accordance with
the aim of minimizing mass, the size of solid volumes reached
high weights in contrast to a chair design which should be
portable.

In the generative design analysis, material selection did not
provide any remarkable difference in form formation in the
design output. Therefore, it can be mentioned that material
reactions should also contribute to this design process.

The whole model is made of a single material and there is no
possibility to choose different materials.
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4. CONCLUSION

The approaches of designers to new designs are changing with the
developing new technologies. Generative design offers designers
opportunities such as saving time, alternative design solutions,
customizing the design, and better performance in the final design.
Despite these, the generative design plugin is insufficient in its current
state contrary to design a whole product by itself and the designer's
experience is the most important input of this design process.

When we look at the design outputs generated by the generative
design method;

o The software tries to optimize the structural forms it creates
for the given purpose by reducing the use of materials. In
parallel with this, the resulting products are very close to each
other in terms of form, within the possibilities given by the
manufacturing methods.

o Considering the form formation obtained in both stages; The
low number of inputs in the model proposals given for the
analysis of the software supports the presence of more
alternative forms. Defining chair elements with planes instead
of point inputs provides better results in order to create a chair
design. When the seating and backrest surfaces were defined,
it was possible to reach chair designs in various forms with
generative design.

o The design outputs obtained against the given design problem
require reconsideration within the designer-generative system
relationship. The generative design method can be used as a
support system for the designer to find the optimum structure
in the design process, rather than being a system that produces
a design product on its own

o In the generative design process, the software lacks material
diversity and the combined use of production technologies due
to the use of a single material and/or manufacturing
technology. These constraints necessitate the design product
to be in a monolithic structure or separate consideration of
elements/parts of a design product.
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Generative design plugin needs to be developed in order to be used as
a valid design tool. In this context, visual inputs similar to the desired
product may be given at the beginning of the design process, and it can
be expected to allow the designer to intervene through the results.
When the software is evaluated as an artificial intelligence, it can be
expected that data such as ergonomics, anthropometry and culture can
be processed by the software in addition to visuals.
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