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Bu ¢alismada, robotik iiretim sistemlerinde kullanilan tutucu ekipmanlarin agirliklarinin optimize edilerek enerji verimliligine
katki saglanmasi hedeflenmistir. Seri tretimde kullanilan bir is par¢asina ait mevcut tutucu, daha hafif bir malzeme olan 6zel
profille yeniden tasarlanmis ve Powerklemp sistemleriyle entegre edilerek kompakt bir yap1 elde edilmistir. Optimize edilen ve
mevcut tutucu yapilari, ayni robot hiicresinde 10’ar dakika ¢alistirilarak enerji tiiketimleri karsilastirilmistir. Yapilan 6l¢timler
sonucunda, optimize tasarimin %28,5 oraninda daha hafif oldugu ve yillik bazda 923,1 kWh (%5,13) enerji tasarrufu sagladigi
belirlenmistir. Bu tasarruf, yaklasik 0,408 ton karbon ayak izi azaltimina karsilik gelmektedir. Elde edilen bulgular, tutucu
tasariminda yapilacak agirlik azaltiminin yalnizca mekanik avantaj degil, ayn1 zamanda ¢evresel stirdirilebilirlik acisindan da
onemli faydalar sundugunu ortaya koymustur.

Anahtar Kelimeler: Robot Tutucu, Agirlik Hafifletme, Karbon Ayak Izi, Enerji Tasarrufu

Abstract

This study aims to enhance energy efficiency in robotic production systems by optimizing the weight of gripper equipment. A
conventional gripper used for a mass-production workpiece was redesigned using a lighter special-profile material and integrated
with Powerklemp systems to achieve a compact structure. The optimized and original grippers were operated for 10 minutes each
in the same robot cell, and their energy consumption was measured and compared. The results revealed that the optimized design
achieved a 28.5% weight reduction, leading to an annual energy saving of 923.1 kWh (5.13%) and a reduction of approximately
0.408 tons in carbon footprint. The findings demonstrate that weight optimization in gripper design offers not only mechanical

benefits but also significant contributions to environmental sustainability.

Keywords: Robot Gripper, Weight Lightening, Carbon Footprint, Energy Saving

1. Introduction

With the advent of technological advancements, traditional
manufacturing structures have undergone a significant
transformation. The concept of Industry 4.0, introduced in 2011
in Hannover, Germany, has led to the widespread adoption of
digitalized production systems [1]. This paradigm shift aims to
enhance global competitiveness, minimize production errors,
and improve overall quality levels. In line with these objectives,
substantial investments have been directed toward systems that
incorporate human-robot collaboration [2]. As a result of these
developments, it was reported that by 2021, approximately 3.5
million industrial robots were actively in operation worldwide
[3].

Following the transition to automation in industry, the most
common investment in production processes has been in six-axis
robots due to their flexibility and high payload capacities. As a
result of these investments, production efficiency has increased
by approximately 20-25% over the past decade [5][6]. However,
this growth has also led to a rise in energy consumption within
factories [7]. Unlike conventional mechanical systems, the power
consumption of six-axis robots is dynamic; the energy used is
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primarily dependent on the minimum torque required to
maintain the position of the motors in each axis [8]. For instance,
a robot with a 200 kg payload capacity may consume 0.5 kW in
standby mode and up to 20 kW during operation. This high
consumption poses a significant issue in terms of energy
efficiency and sustainability [6].

Currently, about 42% of total electricity consumption in
industrial facilities originates from production processes,
contributing negatively to global warming [9]. In the automotive
industry—one of the most energy-intensive sectors—it has been
reported that 15-28% of total energy consumption comes from
production equipment, with 8% directly attributable to robotic
systems [5][10]. In response, the European Union set a target in
2020 to achieve a 20% energy saving based on 2007 data and
mandated energy efficiency practices in production processes
[8]. While robot manufacturers have focused on improving the
precision and speed of these systems, they have also conducted
studies to reduce energy consumption in alignment with EU
energy policies. Although optimization of robot software and
parameter settings has been attempted, such approaches have
yielded only limited success [6]. Consequently, factories have
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begun adopting alternative strategies aimed at reducing energy
consumption by lowering the weight of equipment that directly
impacts the robot [11].
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Figure 1. Axis configuration of a 6-axis robot. [4]

Since every piece of equipment connected to the sixth axis of a
robot directly affects energy consumption—such as grippers,
spot welding guns, and paint spray guns—research has focused
on optimizing their design and material selection [5][7][12][13].
Given that welding and painting equipment is often already
optimized, the potential for further improvement in these
components is limited. However, gripper systems, which are
custom-designed for each workpiece, offer significant design
flexibility and weight reduction potential [14]. As these grippers
are typically integrated with robots, their weight becomes a
decisive factor in both robot selection and energy consumption
[15][16]. Lighter and more compact designs allow the use of
robots with lower payload capacities, which in turn leads to
reduced energy consumption.

Grippers typically consist of mechanical, pneumatic/hydraulic, or
electric components, with mechanical components comprising
approximately 90% of the systems. The shapes and material
choices of mechanical components play a critical role in
determining overall weight. In addition to shape optimization,
recent developments have introduced many alternative
materials (e.g, composites, 3D printing materials) and
manufacturing methods to support material selection
optimization. These new-generation equipment solutions and
advancements in material technologies have significantly
increased the potential for reducing the weight of payload-
bearing components used in robotic systems. This not only
reduces costs but also leads to notable energy savings [14][17].

In this study, an existing gripper designed for a mass production
workpiece was redesigned using lightweight materials,
alternative components, and structural optimization. Both the
original and the optimized grippers were operated in the same
robotic cell for 10-minute intervals, and their energy
consumption was compared. Data collected using a specialized
measurement device were analyzed to evaluate the impact of
weight differences on energy consumption.

2. Materials and Methods

In this study, a structural optimization was carried out to reduce
the weight of an industrial robot gripper used in automotive mass
production lines by incorporating alternative components and
assembly configurations. At the beginning of the study, the
existing gripper—constructed from ST37 material with a box
profile structure—was taken as a reference.
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Alternative profile geometries and materials commonly used in
industrial applications were selected and evaluated through:

e  Weight comparison,

e  Moment of inertia analysis (Ix and ly),

e  Stress analysis along the X and Y axes.

Based on the comparative results, a suitable profile was selected
and a new design was developed.

In the new design, both the original and the optimized grippers
were mounted on the same robot within the same production cell
and operated for 10 minutes each under identical cycle
conditions at 90% operational speed. During this process, real-
time energy consumption was recorded using a three-phase
power and energy analyzer. Parameters such as voltage, current,
and phase angle were monitored with a +1% tolerance during the
measurements.

Based on the obtained data, the energy consumption of both
grippers was calculated in kilowatt-hours (kWh), the difference
between them was determined, and the percentage of energy
savings per hour was presented. Through this method, the impact
of weight reduction on energy efficiency was analyzed in a direct
and comparative manner.

Additionally, in this section, the mechanical properties of the
profiles used—such as weight, moments of inertia, displacement,
and stress values—were evaluated via static load analyses in a
CAD environment. The advantages of the selected special profile
in terms of rigidity, assembly reliability, and uniform
deformation behavior were also demonstrated.

2.1. Alternative Material and Equipment Research

In order to achieve energy savings through weight reduction, a
literature review and market analysis were conducted to identify
both the currently used equipment and potential alternative
structural solutions. These investigations are essential for
understanding the limitations of the existing system and
identifying areas open to optimization. Robot gripper structures
must be designed to be flexible and adaptable to the geometry
and characteristics of the workpieces they handle [18]. Flexibility
is a key design criterion that enables rapid adaptation to various
production scenarios [13], [15]. In this study, the weight of the
workpiece to be transported was set at 20 kg.

In recent years, with advancements in manufacturing
technologies, innovative solutions such as pneumatic
manipulators, finger-type grippers, magnetic systems, 3D-
printed components, and composite materials have come to the
forefront [12], [19], [20]. However, in this study, to ensure both
risk minimization and practical applicability, two standardized
alternative profiles—capable of directly replacing conventional
systems—were selected for evaluation [16].
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Figure 2. ST37 Box profile (a) (current), and selected
alternatives: sigma profile (b), custom Profile (c).

In the selection of alternative profiles, factors such as
manufacturability, availability, durability, and compatibility with
the existing system were taken into consideration. Accordingly,
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two alternatives were evaluated: a commercially available sigma
profile made of 6063-T6 aluminum alloy, and a custom-designed
profile produced by a specific manufacturer using 6063-T66
alloy. Each profile was modeled with a length of 770 mm and a
cross-section of 40x120 mm. The wall thicknesses were set as
follows: ST37 (t = 5 mm), sigma profile (t = 4 mm), and custom
profile (t = 5 mm).
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Given that the weight of the workpiece to be carried in this study
was defined as 20 kg, each profile was subjected to a structural
analysis in a CAD environment under a constant load of 20 kg. The
stress and displacement analyses of the profiles under this load,
applied along the Y-axis, are presented in Figure 5.
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Figure 5. Stress (left) and displacement (right) analyses of
profiles along the Y-axis.

Table 1. Summary of Y-axis stress and displacement values
presented in figure 5.

Figure 3. Weight comparison of profile types (770 x 40 x 120

mm).

Equipment Y Axis Stress (Mpa) | Displacement (mm)
ST37 Box Profile 10,0 0,109
Sigma Profile 5,5 0,280
Custom Profile 4,8 0,185

In this study, which focuses on weight reduction, two selected
alternative profile types were compared with the ST37 box
profile. Mass analysis conducted for profiles with a length of 770
mm and a cross-section of 40 x 120 mm revealed that the sigma
profile is approximately 80% lighter, while the custom profile is
about 47% lighter than the ST37 box profile.

Figure 4. Moment of inertia of profile cross-sections.

As shown in Figure 4, the numerical analysis of the moment of
inertia values for each profile yielded the following results:

e Ix (mm*): Box Profile » 900 mm®*, Sigma Profile ~ 700
mm*, Custom Profile » 850 mm*

e Iy (mm*): Box Profile » 3000 mm®*, Sigma Profile ~ 2500
mm*, Custom Profile ~ 4500 mm*

e  Polar Moment (J, mm*): Box Profile ~ 4000 mm®*, Sigma

Profile ~ 3300 mm?, Custom Profile * 5500 mm*

Based on these values, the custom profile exhibits rigidity
comparable to the box profile along the X-axis, while providing
approximately 50% greater rigidity along the Y-axis. Its
significantly higher polar moment also indicates a notable
structural advantage. This suggests that the custom profile offers
a more stable and durable structure under dynamic loading
conditions.
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The mechanical responses of the profiles under a 20 kg load
applied along the Y-axis were evaluated as follows:

e  ST37 Box Profile: Maximum stress ~ 10 MPa, maximum

displacement = 0.109 mm

e Sigma Profile: Maximum stress * 5.5 MPa, maximum
6000 displacement = 0.28 mm
5000 - e  Custom Profile: Maximum stress ~ 4.8 MPa, maximum
displacement = 0.185 mm
4000
== |X These results indicate that the sigma profile, due to its lower
3000 Y moment of inertia, exhibits higher stress and deflection values. In
2000 - particular, the maximum displacement of 0.28 mm reveals its
~@- Polar structural weakness in terms of rigidity. In contrast, the custom
1000 profile demonstrates a more balanced and rigid behavior in
0 Y terms of both stress and displacement. Such performance under
ST-37 Box Profile SigmaProfile  Custom Profile )\ a 20 kg load highlights its suitability for heavy-duty operating
kg/m"2 z %] conditions.

Similar analyses were also conducted along the X-axis, and the
results are presented in Figure 6.
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Figure 6. Stress (top) and displacement (bottom) analyses of
profiles along the X-axis.
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Table 2. Summary of X-axis stress
presented in figure 6.

and displacement values

Equipment X Axis Stress (Mpa) | Displacement (mm)
ST37 Box Profile 10,5 0,037
Sigma Profile 40 0,070
Custom Profile 2,0 0,039

Stress and displacement analyses of the profiles subjected to a 20
kg load along the X-axis are presented in Figure 6. The findings
are as follows:

e  ST37 Profile: Exhibited high rigidity with a maximum
stress of approximately 10.5 MPa and a maximum

displacement of 0.037 mm.

Sigma Profile: Reached a maximum stress of 4.0 MPa
and a displacement of approximately 0.070 mm,
indicating low rigidity and a higher tendency for
deformation.

Custom Profile: Demonstrated both low deformation
and high strength, with a maximum stress of around 2.0
MPa and a displacement of 0.039 mm.

These results show that the custom profile delivers the best
performance along the X-axis in terms of both stress and
displacement. The sigma profile, when compared to the ST37 and
custom profiles, displays significantly greater deformation and
lower strength, suggesting inadequate performance under heavy
load conditions. Conversely, the custom profile stands out as a
technically ideal solution for the optimized gripper due to its low
stress, minimal displacement, and structural stability under X-
directional loading.

In addition to its weight advantage, the custom profile was
selected based on structural analysis results, ease of assembly,
and long-term stability. Sigma profiles, due to their open channel
structure, pose a risk of loosening and positional deviation at
connection points, especially in applications requiring precise
positioning. This issue is supported by findings in the literature
and technical specifications provided by manufacturers [16]. On
the other hand, the custom profile (6063-T66), equipped with
integrated channel holes, offers precise positioning and better
connection stability in high-strength applications [19]. Based on
these assessments, the custom profile made from 6063-T66
aluminum alloy was identified as the most suitable structural
element for the optimized gripper design, owing to its low mass,
high rigidity, and stable assembly capability. This selection forms
a solid foundation for enhancing energy efficiency and
operational stability in robotic systems.

2.2. Structural Optimization of the Gripper and
Equipment Integration

The analysis led to the selection of a proprietary 6063-T66
aluminum profile with integrated mounting holes, meeting
requirements for flexibility, lightness, and durability. As the
gripper’s structural frame, all components must be compatible
with this new system. The design was shaped by the size, type,
and placement of electrical and pneumatic equipment.

Initially considered conventional Asian-type pneumatic cylinders
were dismissed due to their bulky, complex structure and poor
adaptability. Instead, Powerklemp systems were chosen for their
compactness and integration ease.

Powerklemp clamping systems, essential for securing
workpieces, are widely used in BIW automotive processes for
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their efficiency, rigidity, and precise positioning in welding
fixtures [21].
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Figure 7. Sample components of powerklemp systems.

Market analysis shows that Powerklemp systems share similar
working principles and external dimensions [17]. As shown in
Figure 8, a gripper assembly was created using a standard profile
and components like a power clamp, adjustment spindle, spindle
retainer, and profile bracket, along with an integrated cylinder.

In this setup, the angle-adjustable cylinder secures the
workpiece, while the pin-type clamping cylinder handles both
centering and clamping, enhancing the system’s compact and
lightweight design.

b

Figure 8. Integration of the powerklemp mechanism into the
design.

Using these innovative components, a new gripper with a
compact and flexible assembly layout was developed. This design
reduced weight by 28.5% compared to the original, enhancing
energy efficiency. The optimized gripper, based on the
configuration in Figure 8, is shown in Figure 9.

Figure 9. Optimized gripper structure with custom profile.

In robotic systems, the ratio between payload force and
equipment weight plays a critical role in energy management. A
lighter end-effector reduces the power required for robotic
motion, thereby contributing significantly to energy savings [7].

2.3. Measurement Modeling

Following the fabrication of the new gripper, its impact on energy
consumption was evaluated through measurements and
simulations. Parameters such as force, travel distance, torque,
angular velocity, and operation time are directly influenced by
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gripper weight, making weight reduction key to energy savings
[11].

Accurate analysis of robotic energy use is essential to identify
optimization opportunities. While no specific standard exists for
robot energy performance, ISO 50001 can serve as a general
reference [22].

For comparison, both grippers were operated for 10 minutes
under identical conditions. A +1% tolerance energy analyzer
measured voltage, current, and phase angle directly from the
robot unit, allowing precise evaluation of the optimization’s
energy impact.

2.4. Measurement with Power Quality & Energy
Analyzer and Data Analysis in a Computer
Environment

In this factory-based study, a FLUKE three-phase power analyzer
was connected to the robot control panel to measure energy
consumption. Over a 10-minute period, energy use was recorded
for both the current and optimized grippers, reflecting a 27-
kilogram weight difference.

Gripper Energy Consumption in 10 minutes

—— Meveut Tutucu (Turuncu)
Optimize Tutucu (Kirmiz)

1600

1400 max. 1558
1200
Optimised Gripper
1000

min. 949
800 max. 689

600

Energy Consumption (Wh)

400
Current Gripper

6
Time (Minute)

Figure 10. Energy consumption figure of grippers manufactured
with box profile (Red) and custom profile (Orange).

To compare energy performance, both grippers were operated
on the same robot under identical conditions for 10 minutes. The
analyzer was directly connected to the robot control panel to
ensure clean, interference-free data.

While initial values varied due to continuous logging, only the
incremental energy consumption during the test period was used
for comparison.

As shown in the figure:

e The existing gripper (red line) exhibited energy

consumption in the range of 43 Wh to 689 Wh during
the 10-minute test period.

The optimized gripper (orange line), under the same
conditions, consumed energy in the range of 949 Wh to
1558 Wh.

To calculate the average energy consumption, the difference
between the maximum and minimum values is taken. Using this
method:

For the existing gripper manufactured with a box profile:
E (Average Energy Consumption) = Emax — Emin
= (689 — 43)Wh
=646 Wh

An average energy consumption of 646 Wh was observed during
10 minutes of operation.
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For the optimized gripper:
E (Average Energy Consumption) = Emax — Emin
= (1558 — 949)Wh
=609 Wh

An average energy consumption of 609 Wh was recorded during
the same 10-minute operation period.

Based on these values, the hourly, daily (2 shifts), weekly, and
annual energy consumption projections are presented in Table 3.

Table 3. Time-based average energy consumption (kWh) and
difference.

Time Current Gripper | Optimised Gripper Difference
10 minutes 0,646 0,609 0,037
1 Hour 3,876 3,654 0,222
2 Shifts (16 hours) 62,016 58,464 3,552
1 Week 372,096 350,784 21,312
1 Month 1488,4 1403,1 85,3
1Year 17860,6 16937,5 923,1

According to Table 3, scaling the 10-minute energy data to annual
use shows that the optimized gripper provides a significant
saving of 923.1 kWh per year, demonstrating its energy
efficiency.

This difference, applicable in real production, highlights the
potential for lower energy costs and reduced carbon footprint.
The results confirm that the optimization brings both structural
and operational benefits.

3. Findings and Discussion

This study achieved a 27 kg weight reduction in the gripper
design by using alternative components and flexible assembly
methods. This not only improved mechanical performance but
also reduced the robot's energy consumption by lowering the
required movement power.

As shown in Figure 11, the optimized gripper's annual energy use
is significantly lower than that of the existing design.

Energy Consumption(Year)

18000 17860,6

17500

kWh

17000 16937,5

16500

16000

ST37 Box Profile 6063-T66 Custom Profile

Weight (kg)
Figure 11. Weight-energy consumption relationship (Annual).

Reducing the gripper’s weight led to a significant drop in the
robot’s energy use, resulting in an annual saving of 923.1 kWh
per robot. This directly reduces carbon emissions and
environmental impact [16].

Based on data from the Ministry of Energy, the carbon emission
factor is 0.442 tons of CO, per 1 MWh of electricity consumed
[23].

(Energy Saving)x0,442 TWh

CO2 Footprint = 1000

kg
923,1x0,442 730

1000
CO2 Footprint = 0,408 kg[23]

CO2 Footprint =
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A 0.408-ton CO, reduction was achieved per robot.
To evaluate this saving in terms of percentage, the difference
between the maximum and minimum values measured from the
energy consumption curve was divided by the maximum value,
and the calculation was performed as shown in Equation 1:

Emax — Emin

Eaverage = Frax x100
17860,6 — 16937,5
Eaverage = 178606 x100
923,1
Eaverage = mxlOO

Eaverage = %5,13

Normalizing the difference shows that a 27 kg weight reduction
yields an annual energy saving of 923.1 kWh approximately a
5.13% gain. This optimized gripper design supports both

industrial efficiency and sustainability goals by improving energy
and environmental performance.

Conclusion

This study analyzed the energy savings from optimizing gripper
structures in welding fixtures. The newly designed gripper, using
a custom profile and Powerklemp systems, reduced weight by
28.5%. Measurements showed this led to an annual energy saving
of 923.1 kWh per robot (5.13%) and a 0.408-ton reduction in
carbon emissions.

The findings confirm that reducing equipment weight improves
energy efficiency in robotic systems. Scaled to factory level, this
approach offers significant energy and emission savings.
Additionally, future use of alternative materials may further
enhance system-wide efficiency.

Overall, the study highlights that energy-focused mechanical
design can support sustainable and eco-friendly manufacturing.

1. Giris

Teknolojik gelismelerle birlikte geleneksel iiretim yapilari
donlisime ugramis, 2011 yilinda Almanya’nin Hannover
kentinde tanitilan “Endiistri 4.0” kavramu ile dijitallesen liretim
sistemleri yayginlasmistir [1]. Endiistri 4.0 yaklasimi ile birlikte
rekabet giiclinlin artirilmasi, liretim hatalarinin azaltilmasi ve
kalite seviyesinin yiikseltilmesi hedeflenmis, buna paralel olarak
robot-insan is birligi iceren sistemlere Onemli yatirimlar
yapimistir [2]. Bu yatirimlar ile 2021 yili itibariyla diinya
genelinde yaklasik 3.5 milyon endiistriyel robotun aktif olarak
kullanildig bildirilmistir [3].

J4 axis

J1 axis

e

Sekil 1. 6 Eksenli bir robotun eksenlerinin konumu. [4]
Figure 1. Axis configuration of a 6-axis robot. [4]

Endiistride otomasyon doénemine gecildikten sonra flretim
siireclerinde en yaygin yapilan yatirim esneklik ve yiiksek tasima
kapasiteleri nedeniyle alt1 eksenli serbestlik derecesine sahip
robotlardir. Bu yatirimlarin sonucunda tiretim verimliligi son 10
y1l icerisinde %20-25 oraninda artis géstermistir [5] [6]. Ancak
buna bagh olarak fabrikalardaki enerji tiiketimi de ytlikselmistir
[7]. 6 eksenli robotlarin gili¢ tiketimi, klasik makine
sistemlerinden farkl olarak dinamik olup kullanilan enerji, her
eksende yer alan motorlarin pozisyonlarini korumak i¢in gerekli
minimum torka baghdir [8]. Ornegin, 200 kg tasima kapasitesine
sahip bir robot bekleme aninda 0.5 kW, ¢alisma aninda ise 20
kW’a kadar enerji tiiketebilmektedir. Bu yiiksek tiiketim, enerji
verimliligi ve siirdiiriilebilirlik acisindan ©6nemli bir sorun
olusturmaktadir. [6]
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Giinlimiizde sanayi tesislerinde toplam elektrik tiiketiminin
yaklasik %42’si iiretim siireglerinden kaynaklanmaktadir ve bu
durum kiiresel 1sinmaya da olumsuz yonde katki sunmaktadir
[9]. Ozellikle enerji yogun sektdrlerden biri olan otomotiv
sanayisinde, liretim siireclerindeki toplam enerji tiiketiminin
%15-28’i iliretim ekipmanlarindan, %8’i ise dogrudan robotik
sistemlerden kaynaklandigi raporlanmistir [5][10]. Bu ¢ercevede
Avrupa Birligi, 2020 y1li itibariyla 2007 verilerini baz alarak %20
enerji tasarrufu hedefi belirlemis ve iiretim siireglerinde enerji
verimliligi uygulamalarini zorunlu kilmistir. [8] Robot iireticileri,
bu sistemlerin hassasiyetini ve hizin1 artirmakla birlikte, enerji
tiiketimini Avrupa Birligi enerji politikalarina uygun sekilde
azaltmay1 hedefleyen calismalar yiriitmektedir ancak enerji
tiiketimini azaltmak i¢in robot yazilimlar1 ve parametre
ayarlarinda optimizasyonlar gerceklestirse de bu yontemler
sinirll etki saglamaktadir. [6] Bu nedenle fabrikalar, dogrudan
robota etki saglayan ekipmanlarin agirhiklarini azaltarak enerji
tiiketimini  dlistirmeyi amagclayan alternatif stratejilere
yonelmistir [11].

Robotlarin 6. eksenlerine baglanan her bir ekipman enerji
tiikketimine dogrudan etki ettiginden dolay: ilgili ekipmanlar,
ornegin tutucu (gripper), spot kaynagi/boya tabancalari vb.,
tasarimsal ve malzemeleri olarak optimal hale getirilmesi
lizerine calismalarda bulunulmaktadir.[5][7][12][13].
Kaynak/boya tabancalarinin ¢ogunlukla optimize edilmis yapida
olmasi nedeniyle bu ekipmanlarda saglanabilecek fayda
sinirhidir. Ancak her is pargasina 6zel olarak tasarlanan tutucu
sistemler, genis bir tasarim ¢esitliligi ve agirhk azaltim
potansiyeli sunmaktadir [14]. Bu tutucular genellikle robotlara
entegre calistiklar1 icin, agirhklar1 dogrudan hem robot
seciminde hem de enerji tiiketiminde belirleyici bir faktordir
[15][16]. Daha hafif ve kompakt tasarimlar, daha diisiik tasima
kapasiteli robotlarin kullanilmasini mimkiin kilmakta, bu da
dolayli olarak enerji tiiketimini azaltmaktadir.

Tutucu (gripper)’lar mekanik, pndmatik/hidrolik/elektrik
ekipmanlardan olusan bir yap1 olmakta ve %90’k ¢ogunluk
mekanik ekipmanlara aittir. Mekanik ekipmanlarin sekilleri,
iretilecekleri malzeme secgimleri agirliklarinda etkin rol
oynamaktadir. Yapilacak olan sekil optimizasyonu disinda
malzeme seciminde de optimizasyon ¢alismalarina katki
saglamak adina glinliimiizde birgok alternatif malzemeler
(kompozit, 3D baski malzemeleri vb.) ve alternatif iiretim
yontemleri ortaya ¢ikmistir. Alternatif liretim ydntemleri, yeni
nesil ekipman ¢ozliimleri ve malzeme teknolojilerindeki
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gelismeler, robot sistemlerinde kullanilan tasiyici ekipmanlarin
agirhiklarini azaltma potansiyelini artirmistir. Bu durum yalnizca
maliyet diislisii saglamamakta, ayn1 zamanda enerji tasarrufunu
da beraberinde getirmektedir [14][17].

Bu calismada, seri iiretimde kullanilan bir is pargasi igin
tasarlanmis mevcut bir tutucu, hafif malzeme ile alternatif
ekipman kullanimi1 ve yapisal optimizasyon yoluyla yeniden
tasarlanmigtir. Optimize edilen tutucu ile mevcut tutucu aym
robot hiicresinde 10’ar dakika siireyle calistirllmis ve enerji
titkketimleri karsilastinnlmistir. Ozel dl¢iim cihazi ile elde edilen
veriler analiz edilerek, agirlik farkinin enerji tiiketimi tizerindeki
etkisi degerlendirilmistir.

2. Materyal ve Metot

Bu calismada, otomotiv sektoriindeki seri iiretim hatlarinda
kullanilan endiistriyel robot tutucu ekipmaninin agirhiginin
hafifletilmesi amaciyla alternatif ekipman ve montaj icerigi ile
yapisal bir optimizasyon gerceklestirilmistir. Calismanin
baslangicinda, mevcut sistemde kullanilan ST37 malzemeden
imal edilmis kutu profil yapili tutucu referans olarak alinmistir.
Endiistriyel anlamda kullanilan ve alternatif olabilecek profil
yapilar1 ve malzemeler secilerek,

Agirliklar

e Ixve ly atalet momenti analizleri

e  XveY eksenlerinde gerilme analizleri

yapilarak mevcut ile karsilastirilma sonuglari degerlendirilmis ve
uygun gorilen profil secilerek yeni bir tasarim ortaya
cikartilmistir.

Yeni tasarimda, saglanan agirlhik azaltimi ile her iki tutucu
(mevcut ve optimize edilen) ayni iiretim hiicresinde, ayni robota
baglanarak, %90 hizda ve aym ¢evrim kosullar altinda 10’ar
dakika boyunca ¢alistirilmistir. Bu stirecte, li¢ fazli gii¢c ve enerji
analizatorii kullanilarak anlik enerji tiiketimleri kaydedilmistir.
Ol¢iimler sirasinda gerilim, akim ve faz acis1 gibi parametreler
%1 toleransla izlenmistir.

Elde edilen veriler dogrultusunda her iki tutucunun enerji
tiiketimleri kilowatt-saat (kWh) cinsinden hesaplanmis,
aralarindaki fark belirlenmis ve saatlik bazda ylizde tasarruf
orani ortaya konmustur. Bu yontemle, ekipman hafifletmesinin
enerji verimliligi tzerindeki etkisi dogrudan Kkarsilastirmali
olarak analiz edilmistir.

Bu bélimde ayrica, kullanilan profillerin mekanik o6zellikleri
(agirlik, atalet momentleri, yer degistirme ve gerilme degerleri)
CAD ortaminda statik yiik analizleri ile degerlendirilmis ve tercih
edilen o6zel profilin rijitlik, montaj giivenlig§i ve homojen
deformasyon davraniglari agisindan avantajlar1  ortaya
konmustur.

2.1. Alternatif Profil Yapilarimin Se¢imi ve Mekanik
Performans Analizi

Enerji tasarrufu saglamak amaciyla agirlik hafifletmeye yonelik
olarak mevcutta kullanilan ekipmanlar ve bu ekipmanlara
alternatif olabilecek yapilarin tespiti amaciyla literatiir ve piyasa
arastirmasi  gercgeklestirilmistir. Bu arastirmalar, mevcut
sistemin siirlarin1 ve optimizasyona agik alanlar1 belirlemek
acisindan 6nemlidir. Robot tutucu yapilari, tasinacak pargalarin
geometri ve ozelliklerine uygun olarak esnek ve uyarlanabilir
olacak sekilde tasarlanmalidir [18]. Esneklik, farkl {iretim
senaryolarina hizli adaptasyonu kolaylastiran temel bir tasarim
kriteridir [13], [15]. Bu ¢alismada tasinacak is parcasi agirligi 20
kg olarak belirlenmistir.

Son yillarda gelisen tiretim teknolojileriyle birlikte pnomatik
manipiilatorler, parmak yapida tutucular, miknatish sistemler,
3D yazicidan iiretilen pargalar ve kompozit malzemeler gibi
yenilikci ¢oziimler 6ne ¢ikmaktadir [12], [19], [20]. Ancak, bu
calismada risk azaltimi ve uygulanabilirlik admna klasik
sistemlerin  yerine  dogrudan  gecebilecek, piyasada

standartlasmis iki alternatif profil degerlendirmeye alinmistir
[16].

b

Sekil 2. ST37 Kutu profil (a) (mevcut) ve alternatif olarak secilen
sigma profil (b), 6zel profil (c).

Figure 2. ST37 Box Profile (a) (current), and selected alternatives:
sigma profile (b), custom profile (c).

Alternatif profillerin seciminde iretilebilirlik, erisilebilirlik,
dayaniklilik ve mevcut sistemle entegrasyon kabiliyeti dikkate
alinmistir. Bu dogrultuda, piyasada yaygin olarak bulunan 6063-
T5 alasiml sigma profil ile bir tiretici firmaya 6zgii olan ve 6063-
T66 alasimiyla liretilmis 6zel profil degerlendirmeye alinmistir.
Her bir profil, 770 mm uzunlukta ve 40x120 mm Kkesitte
modellenmis; et kalinliklari sirasiyla ST37 (t=5 mm), sigma (t=4
mm) ve 6zel profil (t=5 mm) olacak sekilde ayarlanmistir.
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Sekil 3. Profil cesitlerinin  agirhk  karsilastirmasi

(770x40x120mm olgiilerinde)
Figure 3. Weight comparison of profile types (770 x 40 x 120 mm).
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Sekil 4. Profil kesit atalet momentleri

Figure 4. Moment of inertia of profile cross-sections.
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Agirlik hafifletme amaci ile yapilan bu ¢alismada segilen
alternatif 2 profil tiirii ST-37 Kutu profil ile karsilastirilmistir.
770mm uzunlukta ve 40x120mm kesite sahip profiller icin
yapilan kiitle analizlerinde sigma profilin %80, 6zel profilin ise
%47 oraninda daha hafif oldugu tespit edilmistir.

Sekil 4'de profillerin atalet momenti degerleri sayisal olarak
incelendiginde:

e Ix (mm*): Kutu Profil ¥ 900 mm®*, Sigma Profil 700
mm*, Ozel Profil ~ 850 mm*

e Iy (mm*): Kutu Profil ~ 3000 mm®*, Sigma Profil ~ 2500
mm?*, Ozel Profil ~ 4500 mm*

e  Polar Moment (J, mm*): Kutu Profil ~ 4000 mm?, Sigma
Profil » 3300 mm*, Ozel Profil ~ 5500 mm*

Bu degerler 15181nda 6zel profilin X ekseninde kutu profile yakin
bir rijitlik sundugu, Y ekseninde ise yaklasik %50 oraninda daha
ylksek rijitlik sagladig1 gértilmektedir. Polar moment agisindan
da 6zel profilin belirgin tistiinliigii dikkat cekmektedir. Bu durum,
dinamik yiiklemelere karsi daha stabil ve uzun émdiirli bir yap1
sundugunu gostermektedir.

Bu calismada tasinacak is pargasi agirhgr 20 kg olarak
belirlendiginden dolay1 CAD ortaminda her profil, 20 kg'lik sabit
ylike maruz birakilarak yapisal analizlere tabi tutulmustur. Y
ekseninde 20 kg ylike maruz birakilan profillerin gerilme ve yer
degistirme analizleri Sekil 5’te sunulmustur.
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Sekil 5. Y ekseninde profil gerilme (sol) ve yer degistirme (sag)
analizleri.

Figure 5. Stress (left) and displacement (right) analyses of profiles
along the Y-axis.

Tablo 1. Sekil 5teki Y ekseni gerilme ve yer degistirme
degerlerin 6zeti.

Table 1. Summary of Y-axis stress and displacement values
presented in Figure 5.

Ekipman Y Gerilme(Mpa) Yer degistirme (mm)
ST37 Kutu Profil 10,0 0,109
Sigma Profil 5,5 0,280
Ozel Profil 4,8 0,185

20 kg'lik yiik altinda profillerin Y eksenindeki mekanik tepkileri
degerlendirildiginde;

e  ST37 Kutu Profil: Maksimum gerilme degeri ~ 10 MPa,
maksimum yer degistirme ~ 0.109 mm

e  Sigma Profil: Maksimum gerilme degeri = 5.5 MPa,
maksimum yer degistirme ~ 0.28 mm

e (Ozel Profil: Maksimum gerilme ~ 4.8 MPa, maksimum
yer degistirme ~ 0.185 mm olarak 6l¢iilmiigtiir.

Bu veriler, sigma profilin diisiik atalet momenti nedeniyle yiiksek
gerilme ve sapma degerlerine sahip oldugunu gostermektedir.
Ozellikle 0.28 mm’lik maksimum yer degistirme, rijitlik acisindan
zayifligin1 ortaya koymaktadir. Buna karsilik 6zel profil, hem
gerilme hem de yer degistirme agisindan daha dengeli ve rijit bir
yap1 sergilemektedir. 20 kg'lk yik altinda bu diizeyde bir
performans, agir c¢alisma kosullarina uygunluk bakimindan
avantaj saglamaktadir.

Benzer analizler X ekseninde de gergeklestirilmis ve sonuglar
Sekil 6’da sunulmustur.
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Sekil 6. X ekseninde profil gerilme (iist) ve yer degistirme (alt)
analizleri.

Figure 6. Stress (top) and displacement (bottom) analyses of profiles
along the X-axis.

Tablo 2. Sekil 6’daki X ekseni gerilme ve yer degistirme
degerlerinin 6zeti.

Table 2. Summary of X-axis stress and displacement values
presented in Figure 6.

Ekipman X Gerilme(Mpa) Yer degistirme (mm)
ST37 Kutu Profil 10,5 0,037
Sigma Profil 4,0 0,070
Ozel Profil 2,0 0,039

X ekseninde 20 kg ylike maruz birakilan profillerin gerilme ve
yer degistirme analizleri $ekil 6’da sunulmustur. Elde edilen
bulgular asagidaki gibidir:

e  ST37 Profil: Yaklasik 10.5 MPa maksimum gerilme ve
0.037 mm maksimum yer degistirme degerleri ile
yliksek rijitlik sergilemistir.

e Sigma Profil: Maksimum gerilme 4.0 MPa, yer
degistirme ise yaklasik 0.070 mm olup; bu durum diistik
"""" ve yiiksek deformasyon egilimini ortaya
koymaktadir.

e Ozel Profil: Yaklagik 2.0 MPa maksimum gerilme ve
0.039 mm maksimum yer degistirme degerleri ile hem
diisik deformasyon hem de yiiksek dayanim
goOstermistir.

Bu sonuglara gore, 6zel profil hem gerilme hem de yer degistirme
acisindan X ekseni yoniinde en basarili yapiyl sergilemistir.
Sigma profilin, ST37 ve 6zel profile goére daha fazla deformasyon
gostermesi ve daha diisliik dayanim sergilemesi; agir yiik altinda
yetersiz performansla sonuglanabilecegini ortaya koymaktadir.
Ozel profil ise diisiik gerilme, diisiik yer degistirme ve yapisal
kararliligi ile optimize edilen tutucu i¢in X yonlii yliklemelerde de
teknik agidan ideal bir ¢6zlim olarak dne ¢ikmaktadir.

Agirlik avantajina ek olarak yapisal analiz sonuglari, montaj
kolaylig1 ve uzun stireli sabitlik performansi da dikkate alinarak
secim yapilmistir. Sigma profiller, kanal yapisindan 6tiirii hassas
konumlama gerektiren uygulamalarda baglanti noktalarinda
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gevseme ve pozisyon kaybi riski barindirmaktadir. Bu durum,
literatiirde yer alan bilgiler ve fliretici kataloglarindaki teknik
aciklamalar dogrultusunda éngoriilmektedir [16]. Diger yandan,
ozel profil (6063-T66) lizerindeki kanal delikleri sayesinde
hassas konumlandirma olanagi sunmakta ve yiiksek mukavemet
gerektiren uygulamalarda baglanti stabilitesini daha basaril
sekilde silirdiirebilmektedir [19]. Bu degerlendirmeler
sonucunda, 6063-T66 alasimh 6zel profil; diisiik kiitle, yliksek
rijitlik ve stabil montaj kabiliyeti sayesinde optimize edilen
tutucu tasarimi icin en uygun yap1 elemani olarak belirlenmistir.
Bu tercih, robotik sistemlerde enerji verimliligi ve operasyonel
kararlilik i¢in saglam bir temel olusturmustur.

2.2. Optimize Tutucu Tasarim ve Yeni Ekipmanlarin
Entegrasyon Siireci

Yapilan analiz ¢alismalari sonucunda, esnek montaj kabiliyeti,
hafiflik ve yogun c¢alisma  kosullarina  dayaniklilik
gereksinimlerini karsilayan 6zel markaya ait 6063-T66 alasimli,
montaj delikli 6zel profil tercih edilmistir. Bu profil, tasarlanan
tutucunun iskelet yapisini olusturacagindan dolayi, tim ek
bilesenlerin bu yeni sisteme entegre edilebilir olmasi
gerekmektedir. Tutucu tasarimi, kullanilacak elektrik ve
pnématik ekipmanlarin boyutlar;, baglant1 tipleri ve bu
ekipmanlarin yerlestirilecegi konumlara olan mesafeler dikkate
aliarak sekillendirilmistir.

Kenetleme fonksiyonunun saglanmasi i¢in ilk etapta geleneksel
Asya tipi pnomatik silindirler degerlendirilmistir. Ancak bu
sistemlerin ¢ok bilesenli ve karmasik yapilari, genis montaj alani
gereksinimi ve her tasarima kolayca entegre edilememesi gibi
dezavantajlari, kompakthk ve hafiflik onceligi tasiyan bu
tasarimin gereklilikleriyle c¢elismistir. Agirlik hafifletme ve
montaj esnekligi hedefleri dogrultusunda, daha sade ve entegre
edilebilir bir ¢dziim olan Powerklemp sistemleri tercih edilmistir.

Tutucunun is pargasini sabitleyen temel bilesenlerinden biri olan
pnématik tahrikli kenetleme mekanizmalarinin (Powerklemp
sistemleri) tasarima dogru sekilde entegre edilmesi
gerekmektedir. Bu sistemler, otomotiv sektdriinde BIW (Body in
White) iiretim siireglerinde kompakt yapilari ile ytliksek verim
saglayarak farkli ara¢ modellerine kolaylikla uyum
saglamaktadir. Ayrica, yliksek rijitlikleri ve hassas kinematik
yapilari sayesinde is par¢alarini kaynak fikstiirlerinde giivenli ve
hassas bir bicimde konumlandirmaktadirlar [21].
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Sekil 7. Powerklemp sistemlerine ait 6rnek bilesenler.
Figure 7. Sample components of Powerklemp systems.

Piyasadaki Powerklemp sistemleri incelendiginde, benzer
calisma prensiplerine ve birbirine yakin dis olgiilere sahip
olduklar1 gorilmistir [17]. Sekil 8'de 6zel markaya ait standart
profilin iizerine, gii¢ sikistirici, ayar mili, mil sabitleyici ve profil
baglant1 aparati gibi ekipmanlarin yani sira entegre bir silindir
yerlestirilerek tutucu montaji gergeklestirilmistir. Bu yap1
icerisinde kullanilan a¢1 ayarhi silindir, robotik sistemde is
pargasinl sabit tutarken; pim kenetleme silindiri ise hem
merkezleme hem de kenetleme islevini iistlenerek sistemde
kompaktlik ve hafiflik avantaji saglamistir.

b

Sekil 8. Powerklemp mekanizmasinin tasarima entegrasyonu.

Figure 8. Integration of the Powerklemp mechanism into the
design.

Bu yenilik¢i ekipmanlarin kullanimi sayesinde, tutucu
tasariminda kompakt ve esnek montaj yapisina sahip yeni bir
yap1 gelistirilmistir. Bu yeni yap1 sayesinde mevcut tasarima
kiyasla %28,5 oraninda hafiflik elde edilmis ve ener;ji tiiketimi
acisindan daha verimli bir sistem olusturulmustur. Sekil 8’de
gosterilen drnek yapi baz alinarak gelistirilen optimize tutucu
tasarimi Sekil 9’da sunulmustur.

Sekil 9. Ozel profil ile optimize edilen tutucu yapisi.
Figure 9. Optimized gripper structure with custom profile.

Robot sistemlerinde, tasima kuvveti ile ekipman agirhig:
arasindaki oranlar, enerji kontrolii agisindan kritik rol
oynamaktadir. Tasinan ekipmanin daha hafif olmasi, robotun
hareketlerinde daha diisiik gii¢ gereksinimi dogurarak enerji
tasarrufuna 6nemli katki saglamaktadir [7].

2.3. Enerji Tiiketimine Etki Eden Parametreler ve Teorik

Degerlendirme
Yeni tutucu tasariminin imalatindan sonra uygulanan
optimizasyonlarin enerji tiiketimi lizerindeki etkileri, yapilan
Olgim ve simiilasyon c¢alismalariyla ayrintih  sekilde

degerlendirilmistir. Robotun belirli agirlik ve zaman araliginda
uyguladigi kuvvet (N), kat ettigi mesafe (m), enerji tiikketimi (Pg),
uyguladig: tork (T), agisal hiz1 (w) ve galisma siiresi (t) gibi
parametreler, sistemin  toplam  enerji = gereksinimini
belirlemektedir. Bu parametrelerin her biri tutucunun agirhigiyla
dogrudan iliskili olup, agirlik azaltimi enerji tasarrufu agisindan
kritik bir avantaj sunmaktadir [11].

Robot sistemlerinde enerji tiiketiminin analiz edilmesi, verimlilik
acisindan biylik 6nem tasimaktadir. Bu dogrultuda, enerji
tiiketimine yonelik iyilestirilebilecek alanlar ile miidahale
edilemeyecek kisimlarin dogru bir sekilde tespit edilmesi
gereklidir. Mevcut durumda robot sistemlerine 6zgii evrensel bir
enerji performans standardi bulunmamakla birlikte, ISO 50001
standardi  kurumsal diizeyinde enerji  verimliligini
degerlendirmek amaciyla referans olarak kullanilabilmektedir
[22].
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Bu kapsamda, mevcut tutucunun bagh oldugu hat iizerinde, hem
orijinal hem de optimize edilen tutucu yapilari, ayni robot kodu
ile 10’ar dakika siireyle calistirilmistir. Gergeklestirilen bu
karsilastirmali testte, 3 fazin voltaj, akim ve faz acis1 degerlerini
%1 toleransla kaydedebilen bir gii¢ kalitesi ve enerji analizori
kullanilmistir. Olgiim cihazi yalmizca ilgili robot {initesine
baglanarak, sistemden dogru ve izole verilerin elde edilmesi
saglanmigtir. Bu yontemle, enerji tliketimi iizerinde yapilan
optimizasyonun etkisi net ve karsilastirilabilir sekilde analiz
edilmistir.

2.4. Gii¢ Kalitesi ve Enerji Analizatérii ile Olgiim
Yapilmasi ve Verilerin Bilgisayar Ortaminda Analiz
Edilmesi

Fabrika icerisinde denemeleri yapilan bu c¢alismada hedef
belirlenen iiretim hatti icerisinde kullanilan robotun harcadig
enerjinin 6l¢iimiiniin yapilabilmesi adina robot panosuna FLUKE
Marka 3 fazli analizatér baglanmistir. Mevcutta kullanilan tutucu
ile optimize edilen tutucu arasinda 27 kilogramlik bir fark altinda
10 dakikalik bir c¢alisma siiresinde harcanan enerji dl¢imii
yapilmistir.

10 Dakikalik Strede Tutucu Enerji Tuketimi Karsilastirmasi
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Sekil 10. Kutu profil (kirmiz1) ve 6zel profil (turuncu) ile imal
edilmis tutucularin enerji tiikketimi.

Figure 10. Energy consumption of grippers manufactured using
box profile (red) and custom profile (orange).

Yeni ve mevcut tutucularin enerji tiiketim performanslarinin
karsilastirmali olarak degerlendirilmesi amaciyla her iki sistem,
ayni robotta, ayni lretim sartlarinda ve 10 dakika siireyle
calistinlmustir. Olglim, {iretim hattinda bulunan robot panosuna
direkt baglanmis; boylece dis etkenlerden arindirilmis, net enerji
verisi elde edilmistir. Olciim cihazinin kesintisiz veri kaydi
yapmasi nedeniyle baslangi¢c degerleri farkli olmakla birlikte,
esas analiz siiresince elde edilen artis verisi karsilastirma i¢in
esas alinmistir.

Sekilde goriildiigii tizere:

e  Mevcut tutucu (kirmizi ¢izgi), 10 dakikalik islem siiresi
sonunda enerji tiiketimini 43 Wh - 689 Wh araliginda
gerceklestirmistir.

e  Optimize edilen tutucu (turuncu ¢izgi) ise ayni siirede
949 Wh - 1558 Wh araliginda tiiketim gostermistir.

Ortalama enerji titketimini gérebilmek i¢in maksimum deger ile
minimum deger arasindaki fark alinacaktir. Bu yéntem ile kutu
profil ile yapilmis olan mevcut gripper i¢in,

E (Ortalama Enerji Harcamast) = Emax — Emin
= (689 — 43)Wh
=646 Wh

234

Mevcut tutucu ile 10 dakika calismada 646 Wh ortalama enerji
tiikketimi gozlemlenmistir. Optimize edilen tutucu ile yapilan 10
dakika 6l¢liim sonucunda,

E (Ortalama Enerji Harcamast) = Emax — Emin
= (1558 — 949)Wh
=609 Wh

Optimize tutucu ise 609 Wh ortalama enerji tiiketimi
gozlemlenmistir. Bu durum ile birlikte elde edilen saatlik/giinliik
(2 vardiya)/haftalik ve yillik olarak tiiketim verileri Tablo 4'te
verilmistir.

Tablo 3. Siireye bagl harcanan ortalama enerji (kWh) ve farki.

Table 3. Time-based average energy consumption and energy
savings (kWh).

Siire Mevcut Tutucu Optimize tutucu Fark
10 dakika 0,646 0,609 0,037
1Saat 3,876 3,654 0,222
2 Vardiya (16 Saat) 62,016 58,464 3,552
Haftalik 372,096 350,784 21,312
Aylik 1488,4 1403,1 85,3
Yillik 17860,6 16937,5 923,1

Tabloya gore 10 dakikalik enerji tiiketimi baz alinarak saatlikten
yilliga kadar yapilan hesaplamalarda optimize tutucu yapisinin
ciddi miktarda enerji tasarrufu sagladig1 gériilmektedir. Ozellikle
yillik bazda 923,1 kWh degerinde bir tasarruf elde edilmesi,
enerji verimliligi acisindan optimize tasarimin ne derece etkili
oldugunu agik¢a ortaya koymaktadir. Bu farkin iiretim ortaminda
yaygin olarak uygulanabilir olmasi, enerji maliyetlerini
diisiirecek ve karbon ayak izinin azaltilmasina katki
saglayacaktir. Olgiimler, yapilan optimizasyonun yalnizca yapisal
degil, operasyonel olarak da yiikksek verim sagladigini
kanitlamaktadir.

3. Bulgular ve Tartisma

Yapilan bu ¢alisma kapsaminda, yeni alternatif ekipmanlarin
kullanimi ve esnek montaj yontemlerinin entegrasyonu ile
birlikte tutucu tasariminda toplam 27 kglk bir hafifletme
saglanmistir. Bu hafifletme, yalnizca mekanik avantaj sunmakla
kalmamis, ayni zamanda robotik sistemin enerji tiiketimini
dogrudan etkilemistir. Agirlik azaltimi sayesinde robotun tasima
sirasinda harcadigl giic diismiis, boylece enerji verimliligi
artirllmistir.

Bu dogrultuda yapilan karsilastirmali 6l¢lim sonuglar: Sekil 7°de
verilmistir. Sekilde, optimize edilen tutucunun yillik enerji
tiikketiminin, mevcut yapiya kiyasla daha diisiik oldugu acik¢a
gorilmektedir.

Harcanan Enerji Miktari (Yillik)

18000 17860,6 ,

17500

17000

kWh

16937,5
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1
i
i
i
1
1
i
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ST37 Kutu Profil 6063-T66 Ozel Profil

Agirlik (kg)
Sekil 11. Agirlik - enerji tiiketimi iliskisi (yillik).
Figure 11. Relationship between gripper weight and annual
energy consumption.

Agirlik azalimina bagh olarak robotun ihtiya¢ duydugu elektrik
enerjisi de énemli 6lgiide azalmis, bu durum toplamda 1 robot
icin 923,1 kWh yilik enerji tasarrufu saglamistir. Enerji
tiilketiminde saglanan bu azalma, dogrudan karbon salimini da
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etkilemis; cevresel etkilerin azaltilmasina katki saglamistir [16].
Elde edilen verilere gére Enerji Bakanliginin yayinladig elektrik
tilketimi karbon gazi etkisi 1 MWh i¢in 0,442 ton kabul
edilmektedir. [23]

Olgiimler kWh olarak aktarilmasindan dolayi MWh't kWh’a
doniistiirmek icin islem icerisinde déniisim yapilmistir. Bu
bilgilere gore yillik oranda,

o (Elde Edilen Tasarruf)x0,442 kkﬁ
CO02 Ayak 1zi = 1000
 923,1x044258,
€02 Ayak lzi = ———= =

C02 Ayak izi = 0,408 kg[23]
1 roboticin 0,408 kg COz azaltim1 yapilmistir.

Bu tasarrufun yiizdesel olarak degerlendirilmesi amaciyla, enerji
tiketim egrisinde ol¢iilen maksimum ve minimum degerler
arasindaki fark, maksimum degere oranlanmis ve Denklem 1'de
gosterilen sekilde hesaplama yapilmistir:

Emax — Emin

Eortalama = x100
Emax
17860,6 — 16937,5
Eortalama = 178606 x100
923,1
Eortalama = mxmo

Eortalama = %5,13

Her iki tutucu icin fark oranlandifinda, agirliktaki 27 kg'lhik
azalma ile elde edilen 923,1 kWh yillik enerji tasarrufu
yaklasik %5,13 oraninda bir kazan¢ saglamaktadir. Enerji ve
cevresel verimlilik agisindan degerlendirildiginde, optimize
edilen tutucu yapisi hem endiistriyel hem de siirdiiriilebilirlik
hedeflerine olumlu katki sunmaktadir.

4. Sonuglar

Bu ¢alismada, kaynak fikstiirlerinde kullanilan tutucu yapisinin
optimize edilmesiyle enerji tiikketimi iizerinde saglanabilecek
tasarruf detayli olarak analiz edilmistir. Mevcut sistemle
karsilastirildiginda, o6zel profil ve Powerklemp sistemleri
kullanilarak gelistirilen yeni tutucu yapisinda %28,5 oraninda
hafifleme elde edilmistir. Yapilan deneysel dl¢iimler sonucunda,
bu hafifletmenin robot sisteminde enerji tiiketimini dogrudan
etkiledigi ve 1 robot i¢in yillik bazda 923,1 kWh ile %5.13’liik
diizeyinde bir enerji tasarrufu saglayarak 0,408 ton’luk bir
karbon ayak izi azaltim1 yapildig1 gézlemlenmistir.

Elde edilen sonuglar, robotik iiretim hatlarinda ekipman
agirhginin azaltilmasinin enerji verimliligine dogrudan katki
sundugunu ortaya koymaktadir. 1 robot i¢in elde edilen yillik
veriler baz alindiginda farbikalarda gozle goriilir ve onemli
oranda hem enerji tasarrufu yapilabilecegi, buna bagh olarak
karbon saliniminin azaltiminda ciddi oranlar1 yakalanabilecegi
ongoriilmektedir.  Ayrica, ilerleyen sliregcte  alternatif
malzemelerin kullanimi ile zincirleme tasarruflar giindeme
gelecektir.

Bu calisma, enerji verimliligi odakli mekanik tasarim
yaklagimlarinin  iretim siireglerine entegre edilmesinin,
siirdiiriilebilir ve ¢evreci tiretim hedefleri dogrultusunda 6nemli
katkilar sunabilecegini ortaya koymustur.

Etik kurul onay1 ve ¢ikar ¢catismasi beyani
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Bu calisma kapsaminda etik kurul izni gerektiren herhangi bir
durum bulunmamaktadir.Yazar, bu ¢calisma ile ilgili herhangi bir
kisi veya kurum ile ¢ikar ¢atismasi bulunmadigini beyan eder.

TesekKiir

Bu calisma, TOYOTETSU Ar-Ge merkezi biinyesinde yliriitiilen
6zkaynakl proje kapsaminda desteklenmistir.

Yazar katkilarinin beyani

Ozgiir Yal¢in: Calisma fikrinin olusturulmasi, deney tasarimyi, veri
toplama, analizlerin gergeklestirilmesi ve makalenin yazimu.ile
ilgilenmistir.

Uretken yapay zeka beyam

Bu calismanin hazirlanmasi siirecinde iiretken yapay zeka
aragclari yalnizca dil ve yazim diizenleme amaciyla kullanilmistir.
Tiim bilimsel icerik yazara aittir.
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