IJISEM

INTERNATIONAL JOURNAL OF
INNOVATIONS IN SCIENCE
ENGINEERING AND MANAGEMENT

International Journal of Innovations In Science Engineering And Management

Check for
updates

OPEN ACCESS
Volume: 4

Issue: 3

Month: July

Year: 2025

ISSN: 2583-7117
Published:05.07.2025
Citation:

Dr. Pramodkumar Minocha, Dr.
Deveshkumar Kothwala, Dikshita
Lodha, Dhananjaya Shukla, Tapan
Dhimar, Mansi Manthan Naik,
Mechanical Strength Analysis of
Endoscopic Gastroscope Tip Jackets: 3D
Modeling, Computational Simulations,
and 3D Printing Fabrication ,
International Journal of Innovations in
Science Engineering and Management,
vol. 4, no. 3, 2025, pp. 30-37.

DOI

10.69968/ijisem.2025v4i330-37

This work is licensed under a Creative
Commons Attribution-Share Alike 4.0
International License

Mechanical Strength Analysis of Endoscopic
Gastroscope Tip Jackets: 3D Modeling,
Computational Simulations, and 3D Printing
Fabrication

Dr. Pramodkumar Minocha’, Dr. Deveshkumar Kothwala!, Dikshita Lodha’,
Dhananjaya Shukla’, Tapan Dhimar', Mansi Manthan Naik'

"Meril Medical Innovations Private Limited, Bilakhia House, Survey no.879, Muktanand marg, Chala,
Vapi, Dist-Valsad, Gujarat, 396191, India

Abstract

The durability and functionality of endoscopic gastroscope tip jackets in medical applications are
critically and specifically dependent on their mechanical compression strength. All the way from
conceptualisation to computer simulations to physical production through 3D printing this study covers
it all. In order to highly accurately forecast the mechanical behaviour of our gastroscope tip jacket,
sophisticated 3D modelling tools were used to produce exact geometry. In order to understand the stress
distribution, deformation patterns, and material performance under clinical load circumstances, finite
element analysis (FEA) was used to simulate required compression forces. To improve structural
integrity, the simulations led the choice of materials and the optimisation of the design.

In order to evaluate and confirm the ouPEEKts of computational analysis, prototypes were
manufactured using advanced medical-grade 3D printing technology with surgical constraints. The
mechanical characteristics of the 3D models and the 3D printed samples were analyzed by performing
compression tests, and these were used for validation with simulation results. The created models and
approaches were proven to be highly reliable when the experimental results showed a strong alignment
with the computational predictions.

The potential of integrating computational modelling with 3D printing in the design and testing of
medical device components is proven by this integrated method. The results put out a plan for making
endoscopic treatments safer, highly efficient, and more durable for patients by improving the designs of
gastroscope tip jackets.

Keyword: Endoscopic Gastroscope Tip Jackets, Mechanical Compression Strength, 3D Printing,
Finite Element Analysis

1. INTRODUCTION

The science of medical device engineering is constantly evolving, inspired by
the desire to better the performance, durability, and safety of devices used in clinical
applications. Among these, endoscopic gastroscopes perform a key role in
diagnostic and therapeutic therapies within the gastrointestinal tract. The tip of the
gastroscope, a vital component, requires good mechanical strength to withstand the
forces experienced during insertion, navigation, and operation in difficult
anatomical situations. Ensuring the longevity and effectiveness of the gastroscope
tip jacket is crucial to maintaining device integrity and insuring patient safety during
procedures. Mechanical compression strength is a significant element impacting the
functioning of gastroscope tip jackets. A sturdy design must balance structural
strength with flexibility, allowing the device to negotiate sensitive and changeable
anatomical structures without sacrificing its reliability. However, typical design and
testing approaches for such components frequently involve costly iterative
prototyping and significant trial-and-error processes. These limits underline the
need for more efficient and precise ways to maximise design and performance.
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This project attempts to address these difficulties by
integrating advanced 3D modeling, computer simulations,
and modern production technologies such as 3D printing.
Utilizing advanced 3D modeling tools, accurate geometries
of gastroscope tip jackets were generated to simulate their
mechanical behavior under genuine clinical conditions.
Finite Element Analysis (FEA) was performed to simulate
compression forces, revealing important insights into stress
distribution,  deformation  patterns, and  material
performance. These models played a vital role in pushing
material selection and design changes, ensuring the tip
jacket could endure clinical loads while keeping its
functional qualities.

To test the computational predictions, prototypes of the
optimized designs were built employing high-performance
3D printing technology. This technology not only cut the
time and money needed with traditional prototyping but also
insured the use of medical-grade materials suited for clinical
applications. Compression testing of the 3D-printed
prototypes was done to evaluate their mechanical properties
and check the accuracy of the computer models. The results
indicated strong congruence between the simulated and
experimental data, proving the dependability of the given
approaches.

By mixing computational and experimental
methodologies, this study offers a unique paradigm for
optimizing medical device components. The findings
underscore the possibilities of integrating simulation-driven
design with 3D printing to boost the performance and
dependability of gastroscope tip jackets. This technique not
only enhances the design process but also offers great
advantages in terms of cost-effectiveness, customisation,
and rapid prototyping.

This presentation explores the significance of these
findings for the broad field of medical device design and
engineering. The results underscore the need of combining
current simulation tools additive manufacturing
technology in building next-generation medical equipment.
The upgraded gastroscope tip jacket designs described in
this work provide a step forward in insuring the safety,
lifespan, and usability of endoscopic devices, finally adding
to better patient outcomes in clinical settings.

and

MATERIALS AND METHOD

Biocompatible polymers: PLA and PEEK Material:PLA
and PEEK Polymers in Endoscopic Gastroscope Tip

Jackets Manufacturing: A  Mechanical Strength
Perspective
Polylactic Acid (PLA) and Polyetheretherketone

(PEEK) have found their use in manufacturing medical
device components including Endoscopic Gastroscope Tip
Jacket as they possess unique mechanical properties and are
3D printable. There is a growing interest in their use for the
production of parts like gastroscope tip jackets, guide tubes,
or protective casings because they provide customized
mechanical performance tailored to specific clinical needs.

PLA in Endoscopic Gastroscope Tip Jackets

Polylactic acid is biodegradable thermoplastic polymer,
synthesising from renewable resources, cornstarch, or sugar
cane. As such a material possesses excellent rigidity and
dimensional stability, they are useful in areas where
structural integrity is critical. In the case of Endoscopic
Gastroscope Tip Jackets, PLA components benefit from:

1. High Tensile Strength: PLA shows tensile strengths
ranging from 50 to 70 MPa, making it ideal for load-
bearing parts in non-flexible applications.

2. Stiffness: With a Young’s modulus of 2.7-16 GPa,
PLA provides rigidity, ensuring the durability of parts
subjected to moderate compressive forces during
endoscopic procedures.

3. Biocompatibility: PLA’s ability to degrade into lactic
acid makes it safe for temporary or disposable medical
applications.

However, PLA’s brittleness can limit its use in
components requiring significant flexibility or impact
resistance, which is where PEEK becomes advantageous.

PEEK in Endoscopic Gastroscope Tip Jackets

PEEK is a versatile polymer known for its elasticity,
abrasion resistance, and durability. Its applications in
Endoscopic Gastroscope Tip Jackets focus on parts
requiring flexibility and resilience. Key properties include:

1. High Elastic Modulus: PEEK exhibits a high elastic
modulus (3.6-4.0 GPa), providing exceptional rigidity
and dimensional stability under mechanical loads.

2. Impact Resistance: PEEK offers superior impact
resistance, effectively absorbing dynamic forces and
reducing the risk of fractures during repeated
mechanical stresses.
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3. Abrasion Resistance: PEEK demonstrates excellent
abrasion resistance, ensuring long-term durability even
in high-friction environments, making it ideal for wear-
prone components. Comparative Mechanical Strength
Analysis

Comparative Mechanical Strength Analysis

The mechanical performance of materials used in
Endoscopic Gastroscope Tip Jackets plays a crucial role in
ensuring the safety, durability, and functionality of these
components during clinical procedures. Polylactic Acid
(PLA) and Polyetheretherketone (PEEK) exhibit distinct
mechanical properties that prepare them suitable for specific
applications within gastroscope tip jackets.

1. Tensile Strength: PLA offers a tensile strength
ranging from 50-70 MPa, which is adequate for low-
stress, non-flexible applications. However, its
brittleness restricts its usage in dynamic environments
where repeated mechanical loading is expected. PEEK,
with a tensile strength of 90-100 MPa, provides
significantly higher strength, making it ideal for
applications that require resilience under repetitive
mechanical loads.

2. Elastic Modulus: PLA's Young's modulus, ranging
from 2.7 to 16 GPa, provides adequate rigidity for
lightweight applications but may suffer deformation
under high mechanical stress. In contrast, PEEK’s
higher elastic modulus (3.6—4.0 GPa) ensures superior
rigidity and dimensional stability, enabling it to
withstand dynamic mechanical forces in critical
structural components.

3. Impact Resistance: PLA demonstrates moderate
impact resistance, making it suitable for applications
not exposed to substantial shock. However, it is limited
in environments subjected to repeated dynamic
stresses. PEEK, known for its high impact resistance,
absorbs dynamic forces and maintains its integrity
during mechanical shocks, making it the material of
choice for parts subjected to frequent impact.

4. Abrasion Resistance: PLA’s moderate
resistance limits its use in high-friction applications,
whereas PEEK’s exceptional abrasion resistance
ensures durability in environments exposed to
continuous  friction,  guaranteeing  long-term
performance in high-wear conditions.

wear

Applications in Endoscopic Gastroscope Tip Jackets

The distinct mechanical properties of PLA and PEEK
influence their specific applications in the manufacturing of
Endoscopic Gastroscope Tip Jackets, where the choice of
material depends on the clinical demands of the device.

PLA Applications: Due to its biodegradability, cost-
effectiveness, and ease of processing, PLA is well-suited for
non-critical, disposable components in gastroscope tip
jackets. It is ideal for parts such as non-flexible housings,
protective covers, and guide tubes. However, the brittleness
and relatively lower mechanical strength of PLA make it
unsuitable for components exposed to high mechanical
forces, repeated sterilization, or dynamic stresses during
procedures.

PEEK Applications: PEEK is designed for high-
performance, long-lasting components subjected to
repetitive  mechanical stress and high-temperature
sterilization. Its superior mechanical properties high tensile
strength, impact resistance, and abrasion resistance make it
ideal for reusable gastroscope tip jackets, instrument tips,
and other critical components that must endure cyclic loads
and wear. PEEK’s biocompatibility ensures its safe use in
long-term applications, where material integrity is essential.

In conclusion, PLA and PEEK are both valuable
materials in the design and manufacturing of Endoscopic
Gastroscope Tip Jackets, with PLA being optimal for low-
stress, single-use applications and PEEK excelling in high-
performance, reusable components that require superior
mechanical strength and resistance to impact and abrasion.
The strategic use of both materials allows for optimization
of device performance and longevity across a range of
endoscopic applications.

Designing the 3D Model
Table 1: Standard Size for Mechanical Compression
testing specimen

S. No. Endoscopic Dimension of
Gastroscope Tip Endoscopic Gastroscope
Jacket Tip Jacket
1 Length 25 mm
2 OD 19 mm
3 ID 13 mm
4 Thickness 3 mm
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Figo tie] Fig. 1(b)

Fig. 1(c)
Fig.1. (a), 1(b) and 1(c) Modeling of Endoscopic Gastroscope Tip Jackets

RESULTS AND DISCUSSION:

The mechanical tensile analysis conducted through
Finite Element Analysis (FEA) in Solid works aimed to
evaluate the response of the Endoscopic Gastroscope Tip
Jacket under compression forces. The following sections
present the outcomes of the digital modeling, simulation,

3D Printed Gastroscope Tip Jackets:

and the subsequent evaluation of the results.

Digital Model Creation

The initial step involved the construction of a precise 3D
digital model of the polymer PLA and PEEK specimen using
SolidWorks CAD tools. This step ensured that the model
accurately reflected the geometry and dimensions of the
nano fibrous patch material.

Material Assignment
The Polymer PLA and PEEK material was chosen for the
Endoscopic Gastroscope Tip Jacket, with its mechanical

characteristics such as elasticity and strength defined within
Fig.2. Prototype of Endoscopic Gastroscope Tip Jackets
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the SolidWorks material database. This selection was made
based on the desired properties for the device's intended
application.

Constraints and Loads

To replicate real-world conditions, constraints and
loading conditions were applied to the digital model. The
designed prototype's bottom side was fixed, while a
Compression load of 5 KN was applied to the top. These
conditions were chosen to mimic expected operational
scenarios and environmental factors.

Meshing

The digital model was discretized into finite elements
through meshing, employing a solid mesh with curvature-
based meshing. The mesh had a side length of 1 mm, and
Table 2 provides detailed information about the mesh
properties.

Table 2: Mesh Properties

S. No. Properties Trial Settings
1 Mesh type Solid Mesh
2 Mesher Used: Curvature-based mesh
3 Jacobian points for 16 Points
High quality mesh
4 Standard element size 10 mm
5 Mesh Quality High
6 Total Nodes 16894
7 Total Elements 9245

Mode name: oMl

Study name. compresson-Detadts)
Phot typa: SONC Soda syess Seess!
Detormaben scale! 11,1728

8 Maximum Aspect 696.12
Ratio

9 % of elements with 9.81
Aspect Ratio <3

10 Percentage of 52.8%

elements with Aspect
Ratio > 10

11 Percentage of 0
distorted elements

12 Time to complete 00:00:42
mesh (hh;mm;ss)

Simulation Setup

Solid Works Simulation tools were employed to set up the
Compression analysis. Parameters such as solver options,
convergence criteria, and contact conditions
configured to ensure a precise and efficient simulation.

were

Analysis Run

The Compression analysis was executed within Solid
Works, calculating stress distribution, deformation, and
safety factors throughout the polymer PLA and PEEK
specimen under the applied Compression forces.

Results Evaluation

The results of the simulation were evaluated to identify
regions of high stress, potential deformation, and safety
margins. The computational stress analysis, as summarized
in Table. 3. and in figure 3(a) and 3(b) accordingly, focused
on Von Mises Stress for Compression.

won Mses (NmmA2 (WPaj)
1277e208
. 1156e+04
. H35e+08
- 913300
- 1915e-00
B 704¢+00
. SA%e0

A2M6e+00

30820400
TBaGe«00
3601

—P Yiesd strengty: 15M0e+01
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Model name: cuff

Study rame: compretson(-Defadt-)
Mot type: S nogal stress Stress!
Detormation scafe: 47.9503

von Mises (N/fmm ™2 (MPa))
12600401
'_ 11410401
1021401
. 9020e+00
. 7823e+00
- 84835e+00
. 54420400

. AM3ee00

3055400
18542400
670901

Figure 3. Mechanical Compression Stress Analysis for Endoscopic Gastroscope Tip Jackets [PLA Based tip-
3(a), PEEK based Tip-3(b)]

Table. 3. Computational Studies - Mechanical Compression for Endoscopic Gastroscope Tip Jackets

Material Stress .
S. No. Properties Type Min Max
1. PLA Compression Von Mises 1.277%10"! N/mm? (MPa) 6.343*10"' N/mm? (MPa)
Stress Stress
PEEK - :
2. Compression Von Mises 1.260%10*! N/mm? (MPa) 6.709*10"' N/mm? (MPa)
Stress Stress

The compression strength research of endoscopic
gastroscope tip jackets revealed considerable differences in
mechanical performance between PLA and PEEK materials.
Under simulated compression circumstances, the Von Mises
stress ranged from 0.634 MPa to 12.77 MPa for PLA,
revealing its capacity to sustain moderate stress levels while
preserving structural integrity.In the same way, PEEK had a
Von Mises stress range of 0.671 MPa to 12.60 MPa, with
almost the same maximum strength but a somewhat higher
resilience at lower stress levels. These results suggest that
PEEK has a bit higher bending resistance, which could make
it an attractive alternative for usage that need long-lasting
materials. However, PLA's ability to perform within
clinically essential stress restrictions suggests that it could
be deployed as a biodegradable, cost-effective substitute for
gastroscope tip jackets. The results illustrate how vital it is
to choose the suitable material when making endoscopic
device parts that work well mechanically and satisfy the
needs of specific applications.

CONCLUSION

In conclusion, this study shows a complete way for
checking the mechanical strength of endoscopic gastroscope
tip jackets by combining 3D modelling,
simulations, and 3D printing materials. Using Finite
Element Analysis (FEA), we were able to correctly predict
how stress would be distributed and how well the material
would work. This helped us with the concept and choice of
materials. Advanced 3D printing technologies made it easy
to test models, and the results of the studies were very close
to what was expected, showing that the methods were
reliable.

computer

The dual-material method, combining PLA for its
stiffness and PEEK for flexibility, shows the possibility for
tailored designs that meet the diverse mechanical demands
of clinical applications. This method not only improves the
durability and functionality of gastroscope tip jackets but
also stresses the benefits of combining simulation-driven
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design with additive manufacturing. The results show how
these technologies can optimize performance while reducing
development time and costs.

Ultimately, the optimized designs for gastroscope tip
jackets increase the safety, performance, and longevity of
endoscopic devices, adding to better patient outcomes. This
study provides a strong basis for future innovations in
medical device engineering, underlining the importance of
integrating computational modeling and advanced
manufacturing techniques to address the dynamic challenges
of clinical applications.
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