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Abstract:

This research focuses on the design, fabrication, and 3D printing of a caterpillar locomotion robot
specifically developed for pipeline inspection applications. The robot's design emphasizes mobility,
adaptability, and the ability to navigate complex pipeline environments while effectively collecting
inspection data. Utilizing advanced CAD modeling and 3D printing techniques, we produced a
lightweight and robust prototype that incorporates state-of-the-art sensors for real-time monitoring
and data acquisition. The caterpillar locomotion mechanism enables superior traction and
maneuverability, making it suitable for various pipeline diameters and terrains. Preliminary tests
demonstrate the robot's effectiveness in traversing pipelines and gathering critical data, including
structural integrity and potential leak detection. This work highlights the potential of robotic
solutions in enhancing pipeline inspection processes, offering increased efficiency and reliability.
Future developments will focus on integrating advanced Al algorithms for automated data analysis
and improved decision-making capabilities.

Keywords: Computer-Aided Design, SolidWorks,3D printing, PLA material
1.INTRODUCTION

Pipeline inspection is crucial for maintaining the integrity and safety of various
infrastructure systems, including oil and gas, water distribution, and wastewater
management. Traditional inspection methods often involve manual checks or the use of
large equipment, which can be costly, time-consuming, and disruptive to operations. In
response to these challenges, there is a growing interest in the development of robotic
systems capable of conducting inspections more efficiently and safely.

Robotic solutions offer several advantages for pipeline inspection, including increased
access to hard-to-reach areas, enhanced data collection capabilities, and reduced labor
costs. Among various robotic designs, caterpillar locomotion robots have shown
significant potential due to their ability to traverse uneven surfaces, navigate tight bends,
and handle varying pipeline diameters. Their flexible and resilient design allows them to
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adapt to different environmental conditions, making them ideal for diverse inspection
scenarios.

This study aims to present the design, fabrication, and 3D printing of a caterpillar
locomotion robot specifically tailored for pipeline inspection. By utilizing advanced design
methodologies and state-of-the-art 3D printing technologies, we developed a prototype that
not only meets the functional requirements of pipeline inspection but also incorporates
innovative features to enhance its operational efficiency.

The primary objectives of this research include:

1. Design Optimization: To create a robust and lightweight robot that can maneuver
effectively within pipeline systems while minimizing the impact on structural
integrity.

2. Fabrication Techniques: To employ 3D printing technologies that enable rapid
prototyping and customization of the robot’s components, ensuring precision and
adaptability.

3. Performance Evaluation: To assess the robot's capabilities in real-world pipeline
scenarios, focusing on its mobility, data acquisition efficiency, and overall
reliability.

Through this research, we aim to demonstrate the feasibility and effectiveness of using a
caterpillar locomotion robot for pipeline inspection, ultimately contributing to the
advancement of robotic technologies in this critical field.

2.SOLID WORKS-2020

Solid Works 2020 is an unmistakable PC supported plan (computer aided design) programming
created by Dassault Frameworks, offering a far reaching stage for 3D displaying, recreation, and
item plan. This product [5] is broadly used in different ventures, including aviation, auto,
assembling, and designing, to smooth out the item advancement cycle and upgrade plan
effectiveness. Key elements of SolidWorks 2020 incorporate a natural UI, parametric
demonstrating capacities, gathering configuration instruments, and broad libraries of standard
parts, permitting specialists and planners to make complex 3D models and congregations easily.
Moreover, SolidWorks 2020 gives a scope of reproduction and examination instruments for testing
and approving plans, guaranteeing they meet execution and wellbeing rules. With its cooperative
plan capacities, reconciliation with other programming applications, and backing for 3D printing,
SolidWorks 2020 keeps on being a critical instrument in the realm of designing and item
improvement, engaging experts to enhance, streamline plans, and rejuvenate their ideas. This
rendition presented a few upgrades, including further developed UI components, quicker drawing
itemizing, and extended highlights for sheet metal plan, further improving its capacities for plan
and assembling.

2.1 Bit by bit approach: The course of PC helped planning (computer aided design) of the robot
model in SolidWorks 2020 involved a bit by bit approach. The plan, right off the bat, stage initiated
by framing the robot's details, including its aspects, includes, and expected usefulness. This filled
in as the establishment for the ensuing advances. Then, utilizing SolidWorks 2020, the making of
the 3D model started by outlining the fundamental construction and parts of the robot, utilizing
different instruments like expulsions, rotate elements, and ranges. These capabilities took into
account the arrangement of the robot's singular parts, taking into account their perplexing subtleties
and explicit functionalities. The gathering stage included joining these planned parts, guaranteeing
they fit together flawlessly and capability firmly inside the robot's system. SolidWorks' gathering
apparatuses worked with the game plan and situating of parts, empowering exact development
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reenactments to approve the plan's usefulness. In the meantime, tweaking and changes were made
to improve the model's honesty and execution. The product's reproduction abilities were used to
test the model's solidarity, movement, and collaboration between parts, guaranteeing its
attainability in genuine applications. Definite drawings and documentation were made utilizing
SolidWorks 2020, giving fundamental data to manufacture and gathering. At long last, the finished
computer aided design model filled in as a reason for the manufacture cycle, empowering the
interpretation of the computerized plan into an actual model for additional testing and assessment

2.2 Plan of Robot Model: The plan [6] process for a robot model highlighting caterpillar headway
in SolidWorks 2020 involved a progression of careful advances. To start the plan, the
determinations and necessities for the robot were completely dissected. This included
characterizing the aspects, portability systems, and generally functionalities expected for the
caterpillar-style movement inside restricted spaces like pipelines. Utilizing SolidWorks' outlining
instruments, the underlying plan stage included making the diagram for the robot's body, taking
into account its design and parts. The attention was on incorporating caterpillar-propelled
components for development, taking into account tracks, adaptable joints, and the general
calculation expected for successful crossing inside pipelines.

The resulting stage included the formation of individual parts and parts, each fastidiously intended
to serve a particular capability inside the robot's velocity framework. SolidWorks 2020's highlights
like expulsions, scopes, and congregations were used to build these parts, guaranteeing their
similarity and smooth incorporation inside the general plan.

The gathering stage included uniting these singular parts, carefully adjusting and coordinating
them inside the robot's construction. The objective was to guarantee their interconnection
considered the planned caterpillar-like development. Movement studies and reenactment
apparatuses inside SolidWorks were applied to check the usefulness of the headway framework,
guaranteeing it worked as imagined inside the bound space climate.

In equal, definite drawings and documentation were created utilizing SolidWorks to give exact
assembling rules and guidelines. These drawings contained basic aspects and gathering directions
for the creation and development of the robot model.

The finished plan filled in as a far reaching computerized outline for the manufacture of the actual
robot model with caterpillar movement. This plan cycle in SolidWorks 2020 worked with the
interpretation of calculated thoughts into a distinct, practical model, prepared for additional testing
and genuine execution inside pipeline review applications.

Coming up next are the computer aided design models of different parts, subassemblies, and last
Gathered model of the Robot Model.
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Fig 2.1: CAD Models of Top Cover Components
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Fig 2.3: CAD Models of Side Link Components
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Fig 2.4: CAD Models of Middle Link Components

RACK RECTAGULAR-AM-1

RETRACTION ASSEMBLY SPUR GEAR -AM-1
ROTATING PART

Fig 2.5: CAD Models of Leg Components

INTERNAL ASSEMBLY

Fig 2.6: Internal View of Total Assembled Robot
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Fig 2.7: Internal View of Total Assembled Robot

Fig 2.8: Internal View of Total Assembled Robot

Fig 2.9: Internal View of Total Assembled Robot
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3- 3-D Printing of the Robot Model

The Robot model was printed on “CREALITY CR 10 Smart 3D Printer”. The Creality CR-10
Smart 3D Printer is an advanced and versatile 3D printing device designed to cater to the needs of
both hobbyists and professionals. It features a large build volume, which is ideal for creating
sizable 3D prints with dimensions of up to 300 x 300 x 400mm. The printer incorporates a range of
innovative features, including Wi-Fi connectivity for remote printing and monitoring, a robust
direct drive extruder for precise filament control, and a silent motherboard to minimize operational
noise. Its touchscreen interface offers user-friendly navigation, while auto-levelling ensures
accurate prints. The CR-10 Smart is compatible with various filament types, including PLA, ABS,
and TPU, providing flexibility in material choices. This 3D printer offers an accessible entry point
into the world of 3D printing while providing the capabilities required for more demanding and
intricate projects, making it a popular choice for a wide range of users.

Table 3.1: Specification of CREALITY CR 10 Smart 3D Printer

Printing Size 300*300*400mm

Molding Tech FDM

Nozzle Number 1

Slice Thickness 0.1lmm-0.4mm

Nozzle Diameter Standard 0.4mm

Precision Filament | £0.1mm

Filament 1.75mm PLA/ABS/TPU/PETG
File Format STL/OBJ/AMF

File Transfer

Wi-Fi/storage card

Slice Software

Creality Slicer/Cura/Repetier-Host/Simplify3D

Power Supply Input: AC100-240V 50/60Hz Output: DC 24V
Total Power 350W

Bed Temp <100°C

Nozzle Temp <260°C

Resume Printing Yes

Filament Detector | Yes

Dual Z-axis Yes

Auto Leveling Yes

Printing Speed 80-100mm/s
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Fig3.1: CREALITY CR 10 Smart 3D PRINTER

The following steps were implemented in Creating a 3D-printed robot model using SolidWorks
and PLA material:

Planned the Robot Model in SolidWorks: Started the cycle by making the robot model in
SolidWorks. Characterized the robot's aspects, elements, and parts utilizing the product's displaying
and gathering apparatuses. Guaranteed that the plan was 3D-printer well disposed, with no drifting
parts or holes.

Sent out the Plan Document: In the wake of finishing the robot model in SolidWorks, the plan was
traded as a STL (Stereolithography) record. STL, a standard document design for 3D printing,
typified the math of the model.

Arranged the 3D Printer: Set up the 3D printer and guaranteed it was aligned accurately. Stacked
the PLA fiber into the printer's extruder. Changed the print bed or assemble stage as per the robot
model's size.

Used Cutting Programming: Utilized cutting programming (e.g., Cura, Prusa Slicer, or the one
suggested by the 3D printer maker) to change over the STL document into G-code. This G-code
document contained directions for the 3D printer, determining how to fabricate each layer of the
model.

Changed Print Settings: Inside the cutting programming, arranged the print settings. This included
choosing layer level, print speed, infill thickness, and backing structures if necessary. Adjusted
these settings to guarantee the best print quality.

Started Printing: Stacked the G-code record onto the 3D printer and began the printing system. The
printer started making the robot model layer by layer, with an adequate inventory of PLA fiber
close by to finish the print.

Observed the Print: Watched out for the 3D printer during the underlying layers to guarantee
appropriate bond to the print bed. Resolved any issues, like twisting or layer detachment, as they
emerged.

Performed Post-Handling: When the 3D printer got done, painstakingly eliminated the printed
robot model from the print bed. Taken out any help structures that were added during printing.

Journal for Educators Teachers and Trainers JETT,Vol. 13(6);ISSN:1989-9572 849



Journal for Educators, Teachers and Trainers

The LabOSfor electronic, peer-ri . open N

Investigated and Gathered: Examined the printed parts for defects, for example, layer lines or harsh
surfaces. Sanded or managed these regions as the need might arise. Collected the different parts of
the robot model as per the plan.

Tried and Assessed: Directed practical tests on the 3D-printed robot model. Guaranteed that all
parts fit together accurately, and assessed the robot's activity to affirm it lived up to assumptions.

The Robot Model was developed utilizing Polylactic corrosive (PLA) [7,8,9], an ordinarily utilized
material in 3D printing known for its biodegradable properties and beginning from sustainable
sources, for example, corn starch. PLA flaunts numerous benefits, outstandingly its low liquefying
point, delivering it appropriate for lightweight and easy to understand applications.

The caterpillar robot's skeleton and body are made from Polylactic Corrosive (PLA), a leaned
toward 3D printing material, picked for its eco-cordiality got from sources like corn starch. PLA's
flexibility in 3D printing permits specialists to make complex hand crafts urgent for the robot's
usefulness, notwithstanding its lightweight nature. It has adequate mechanical solidarity to help the
robot's parts and endure run of the mill functional burdens, attributable to its biodegradability and
eco-accommodating properties. Besides, its low softening point smoothes out the 3D printing
process, guaranteeing smoother layer grip and a refined surface completion. PLA's easy to use 3D
printing process works on gathering and customization, with individual parts being printed
independently for advantageous fixes or redesigns. Despite the fact that it may not be the most
wear-safe material, extra surface medicines can upgrade its sturdiness. Besides, the accessibility of
PLA in different varieties works with stylish customization of the robot's appearance, and its
similarity with different materials makes it versatile to explicit plan necessities.

The rise of the RepRap [10], an open-source self-reproducing three dimensional printer accessible
at low expenses, has empowered inescapable admittance to three dimensional printing innovation.
These printers fundamentally use ABS and PLA materials, displaying reasonable mechanical
properties for ordinary use. To survey their designing practicality, a review discovered that parts
printed by these machines display normal rigid qualities of 28.5 MPa for ABS and 56.6 MPa for
PLA, alongside normal versatile moduli of 1807 MPa for ABS and 3368 MPa for PLA. The
discoveries exhibit that tuned, minimal expense RepRap three dimensional printers produce parts
practically equivalent in mechanical solidarity to those from business sellers.

The robot model highlights a special velocity framework, using electromagnetic legs with rack and
pinion incitation. This creative plan empowers the robot to move inside ferrous lines, mirroring the
liquid, caterpillar-like movement. Electromagnetic legs make areas of strength for an on the line's
internal surface, permitting exact control and effective impetus. The rack and pinion incitation
instrument guarantees smooth and dependable development by changing over rotational movement
into direct movement, working with the robot's route through complex line frameworks. This
innovation not just upgrades the robot's mobility inside such conditions yet additionally pursues it
an ideal decision for review and support errands in different modern and utility applications.
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Fig 3.3: 3-D Printing of the side and Middle Links

The chosen 3D printing method facilitated the transformation of the digital design into physical
objects. Each component, from the intricate gears and joints to the specialized caterpillar-like
treads, was systematically manufactured using the 3D printing process. This technology enabled
the creation of complex geometries and precise details, ensuring the accuracy and functionality of
each part.

The 3D printing process involved layer-by-layer deposition of the chosen material, ensuring that
the designed components were accurately replicated in physical form. Depending on the design
specifications, a suitable material was selected to meet the structural, flexibility[11,12], and
durability requirements of the robot's components.

Once the printing process was complete, the fabricated components were meticulously inspected
and verified for quality, accuracy, and adherence to the original design. Any imperfections or minor
adjustments were addressed at this stage to ensure the components met the required standards.
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Ultimately, the successful 3D printing of all the robot's components signified the transition from a
digital design to a tangible, physical prototype. These printed parts were ready for assembly,
marking a crucial milestone in the journey from conceptualization to the creation of a functional
robot model with caterpillar locomotion

Fig 3.4: 3-D Printed Components

Fig 3.5: 3-D Printed Robot Model (Bottom View)
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Fig 3.5: Final 3-D Printed Robot Model

CONCLUSION

A noteworthy accomplishment in robotics was noted in the conclusion, which focused on the
successful completion of the CAD modelling and subsequent 3D printing of the caterpillar
locomotion robot for pipeline inspection using SolidWorks 2020 and the CREALITY CR 10 Smart
3D printer using PLA material. The project illustrated the use of 3D printing technology to create a
working prototype and the efficiency of sophisticated CAD software for complex design revisions.
The robot's capacity to adapt to restricted locations, such pipelines, was shown by the incorporation
of mobility mechanics inspired by caterpillars into its design. The result highlighted the smooth
transition from digital design to physical realisation, highlighting the promise of this integrated
method in robotics as well as in more general production. This breakthrough promised innovation
and efficiency in the sector and represented a significant advancement in the creation of specialised
robots designed for certain industrial purposes, such as pipeline inspection.
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