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1. Introduction

Metal shaping, punching, bending, and pressing are 
just a few industrial processes that rely on hydraulic 
press machines and their enormous force generation ca-
pabilities. These devices are based on fluid mechanics, 
which states that mechanical work can be accomplished 
by applying pressure to hydraulic fluid. Manufacturing, 
automotive, and metalworking industries rely on hydraulic 
presses due to the substantial mechanical advantage this 
approach provides, which allows even small presses to 
generate large forces [1]. Hydraulic presses provide exact 
control over the applied force, essential for forming sheet 
metal in automobile panels and forging heavy-duty indus-

trial parts [2]. This control helps to reduce material waste 
and ensures high-quality products.

However, due to their intrinsic designs, conventional 
hydraulic press machines frequently have limited opera-
tional ranges. For the most part, presses are big, unmovable 
machines that belong in a dedicated space like a workshop 
or factory. Despite their stellar performance in controlled sit-
uations, their immobility renders them useless for on-site or 
field activities. Pressing, shaping, or molding jobs frequently 
necessitate working in inaccessible or distant areas in sec-
tors such as construction, maintenance, agriculture, and 
repair. For instance, in rural locations, it may be necessary 
to fabricate or repair agricultural equipment parts or bend 
or straighten steel beams on-site for construction projects. 
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Mobile hydraulic press machines provide 
significant benefits in field-based applications 
such as construction, agriculture, and mainte-
nance, all of which mobility and versatility are 
of utmost importance. The design and develop-
ment of mobile hydraulic press machines are 
responsible for these advantages, which can be 
attributed to them. The primary focus of this 
study is to evaluate the structural performance 
of a mobile hydraulic press machine while it is 
subjected to operational loads. Formulation, 
modeling, and simulation of the machine are 
all carried out with the assistance of finite 
element analysis (FEA). Cutting-edge com-
puter-aided design (CAD) technologies were 
applied to develop a model of the machine. 
This model was then analyzed to ascertain 
essential parameters such as the distribution 
of stress, the overall deformation, and the safe-
ty aspects. The data imply that the hydrau-
lic telescopic cylinder, press machine frame, 
waste press, and waste press door all per-
form within an acceptable safety factor larg-
er than two. In addition, the stress levels are 
lower than 550 MPa, and the deformation 
values vary from 0.20 mm to 0.40 mm, signifi-
cantly lower than the standards for the mate-
rial. When doing the safety factor analysis, 
it is essential to locate areas that could ben-
efit from a slight strengthening to enhance 
the product’s dependability and durability. In 
addition, the waste press section had an exces-
sively planned safety margin, which indicated 
room for improvement in material optimiza-
tion. The structural integrity of the machine 
is ensured by this all-encompassing approach, 
which also provides the machine’s efficiency 
and versatility for various field applications. 
Future attempts to enhance the concept will 
focus on prototyping and testing
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Moving bulky parts or equipment to a stationary press wastes 
time, energy, and money in these situations. Consequently, it 
is crucial to create a portable hydraulic press machine that 
can exert the same amount of power and achieve the same 
level of accuracy as a stationary one [3].

Designing a transportable hydraulic press that is also 
strong and long-lasting is no easy feat [4, 5]. Additional 
design constraints brought about by mobility include de-
creasing the machine’s total weight without jeopardizing 
the structural integrity of its structure and components. 
The machine needs to be small and efficient to be easily 
transported while still applying enough power to do press-
ing jobs. For this reason, the mobile press’s safety and effi-
cacy in different settings depend on meticulous attention 
to detail in frame design [6], material selection [7, 8], and 
hydraulic component optimization [9, 10].

Nowadays, engineers can optimize the design of in-
tricate mechanical systems before they are physically 
produced thanks to advanced computational tools and 
methodologies. In instance, structural analysis and me-
chanical design have been utterly transformed by Finite 
Element Analysis (FEA) [11]. By reducing complex me-
chanical systems and components to their constituent 
finite elements, engineers may run accurate simulations 
using finite element analysis (FEA). By applying different 
loads and boundary conditions to these pieces, it is pos-
sible to simulate real-world operating circumstances. In 
addition to assisting in identifying possible design failure 
sites, this predictive modeling approach also allows for the 
optimization of material utilization, reduction of weight, 
and overall performance improvements [12]. No longer 
are expensive prototypes and physical tests necessary for 
engineers to virtually assess a design’s structural perfor-
mance under various stress and load circumstances thanks 
to finite element analysis (FEA). Therefore, research on 
the design and simulation of a hydraulic press machine is 
still relevant.

2. Literature review and problem statement

A hallmark of hydraulic systems is their capacity to 
transform modest quantities of mechanical energy into hy-
draulic pressure, producing enormous forces with remark-
able efficiency. With their constant improvement thanks to 
engineers’ work, these systems are now essential in various 
commercial settings. Hydraulic power is beneficial for 
hydraulic presses, which are used to stamp, mold metal, 
punch, and forge, all of which are jobs that call for tremen-
dous force. Industries that require accuracy and strength, 
such as metalworking, aerospace, and the automotive sec-
tor, have found hydraulic presses invaluable due to their 
ability to deliver uniform, regulated power. Among their 
many applications, hydraulic presses shape metal compo-
nents like vehicle body panels in the automotive industry, 
and help produce high-strength materials used in aircraft 
building in the aerospace sector.

Research [3] on developing and constructing a 5-ton hy-
draulic press machine is critical for material testing, assem-
bly, and metal forming. However, numerous crucial issues 
remain unexplored. The hydraulic press’s behavior under 
dynamic and cyclic loading situations, typical in real-world 
applications and essential in understanding long-term de-

pendability and fatigue resistance, has not been studied. 
The impacts of temperature changes on material qualities 
and hydraulic fluid performance are not considered, leav-
ing the machine’s efficiency during lengthy operations or 
in different climatic circumstances unknown. Sustainable 
and cost-effective operations require energy efficiency and 
recovery mechanisms, which the paper ignores. Contempo-
rary safety elements, including pressure relief valves, inter-
locks, emergency stop systems, and operator ergonomics, 
are also ignored despite their importance for safe and easy 
operation. In addition, the study lacks actual prototyping 
and testing to verify design predictions and find differences 
between simulations and real-world performance. Objec-
tive constraints like time, resources, and advanced testing 
facilities may explain these disparities. Modeling dynamic 
forces, fatigue life, and thermal effects is computationally 
demanding and requires specific tools and skills. Future 
studies in these undiscovered regions could lead to a more 
durable, efficient, and dependable hydraulic press design for 
industrial applications.

The paper [13] discusses how a hydraulic press plate 
can be optimized for design using Finite Element Analy-
sis (FEA), a big deal for boosting structural performance, 
efficiency, and longevity. However, numerous key features 
of the topic remain unresolved limiting its application. 
Dynamic and cyclic loads, crucial to fatigue life and long-
term reliability, have not been studied. The research also 
ignores temperature impacts, which might affect material 
characteristics and structural performance during con-
tinuous operation or in different environments. Plastic 
deformation, creep, and anisotropy, which are crucial 
under severe loads, are ignored in the study. The press 
plate, hydraulic system, and workpiece contact and inter-
action effects are not analyzed, leaving unexplored stress 
concentration and uneven load distribution. Optimal re-
al-world performance requires experimental confirmation 
of simulation results, which is lacking. In addition, the 
study does not use multi-objective optimization to balance 
weight, cost, and durability. Limitations including time, fi-
nances, and advanced testing facilities, may explain these 
differences. These crucial components are also omitted 
due to computational and methodological limitations in 
simulating dynamic forces, nonlinear material behavior, 
and contact mechanics. Addressing these limits in future 
studies would improve industrial hydraulic press plate 
reliability, efficiency, and applicability.

According to the paper [14], using Finite Element 
Analysis (FEA) to study the mechanical properties and 
optimize hydraulic press components under slow-load-
ing situations has improved our knowledge of safety, 
efficiency, and structural behavior. Several key areas are 
undiscovered, limiting the study’s application to further 
operational scenarios. The study optimizes hydraulic press 
components but not their system interaction. Unexplored 
are load transfer, joint stresses, and component alignment. 
Assuming linear elasticity simplifies material behavior 
and ignores nonlinear features like plastic deformation 
and creep that are important under high stress or pro-
longed loading. The approach also ignores system-level in-
teractions like load transmission and joint stresses, which 
might impair hydraulic press performance. Experimental 
validation is lacking, leaving simulation results untested 
in real life. The study also ignores energy efficiency and 
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sustainability, which modern hydraulic press designs 
require. Limitations in resources and scope and method-
ological difficulties in modeling dynamic forces, nonlinear 
material behavior, and multi-physics simulations explain 
these gaps. Future research on hydraulic press perfor-
mance and optimization should address these constraints 
using improved computational approaches, system-level 
analysis, and experimental testing.

In the paper [15], sustainable manufacturing solutions 
that are both cost-effective and robust have been devel-
oped through the optimization of a recycled aluminum 
pressing machine’s design structure using Finite Element 
Method (FEM). Numerous essential parts of the topic re-
main unexplored, limiting its real-world application. The 
impact of temperature changes on material characteristics 
and machine performance is ignored. Real-world envi-
ronmental effects like humidity, corrosion, and wear are 
ignored. The study does not address thermal and environ-
mental impacts such as temperature variations, corrosion, 
and wear, which might affect material performance and 
machine durability. The analysis focuses on structural 
components and ignores the pressing plate, frame, and 
hydraulic system, which may affect stress distribution 
and operational efficiency. Energy efficiency and sustain-
ability, crucial to modern manufacturing, are also absent, 
leaving the machine’s energy consumption and recovery 
unknown. The work also lacks the experimental validation 
necessary to verify FEA results in real-world situations. 
Objective constraints, such as the study’s scope and re-
sources, and computational and methodological hurdles 
in simulating dynamic forces, thermal effects, and mate-
rial variability may explain these discrepancies. Advances 
in simulations, system-level analysis, and experimental 
testing would help researchers understand the machine’s 
performance and make it more reliable, efficient, and sus-
tainable for industrial use.

The paper [16] stated that axially compressed cylin-
ders are extensively utilized in mechanical systems, civil 
structures, aircraft, and other engineering fields because 
of their exceptional load-bearing capabilities. Due to 
several vital gaps, its real-world applicability is limited. 
Post-buckling cylinder behavior is crucial to understand-
ing how structures behave after buckling, but the study 
does not cover it. Structures can shift burdens and retain 
some functionality, but this is unexplored. Nonlinear 
features like plastic deformation, anisotropy, and creep, 
which are crucial for modern materials like composites, 
are ignored in the study. Temperature changes, corro-
sion, and moisture, which can substantially alter material 
qualities and worsen flaws, are also ignored. The research 
does not examine scale impacts and complex shapes but 
focuses on simple cylinder geometries. Experiments are 
needed to verify numerical and theoretical predictions; 
therefore, the results would not be reliable without them. 
Objective restrictions, such as a focus on core components, 
and computational obstacles, such as modeling dynamic 
forces, nonlinear material behaviors, and multi-physics ef-
fects, explain these gaps. Testing limitations like complex 
facilities and high prototyping costs may have hindered 
experimental validation. Next-generation simulations, sys-
tem-level analysis, and experimental testing would im-
prove localization-induced buckling understanding, struc-
tural design, and safety.

The study [17] on the bending deformation properties of 
water-hydraulic high-pressure soft actuators has revealed 
considerable promise for underwater manipulators. Several 
crucial areas remain unknown, limiting the findings’ appli-
cation. Static or steady-state pressure conditions are stud-
ied, ignoring dynamic or transient forces such as undersea 
currents, fast load changes, and vibrations. In addition, it 
does not test actuator material fatigue under repeated loads, 
which is essential for determining real-world durability and 
reliability. Performance under high pressures is affected 
by viscoelasticity, plastic deformation, and material creep, 
which are ignored in the research. The study also ignores 
environmental issues, including temperature, salinity, and 
biofouling, which can change material characteristics and 
hydraulic efficiency. Even though underwater manipulators 
need real-time control systems and sensors to monitor pres-
sure, deformation, and positioning, they are not integrated. 
Experimental validation is needed to validate simulation 
accuracy under actual underwater settings however the 
paper lacks it. The small study focus and computational 
problems of modeling dynamic pressures, nonlinear material 
behaviors, and environmental influences require significant 
resources and expertise, which may explain these gaps. Test 
restrictions, including the lack of underwater labs, add to 
the exclusions. Advanced simulations, experimental testing, 
and system-level analysis would help improve the actuator’s 
performance and underwater design.

Research [18] shows that double-acting, double-end hy-
draulic cylinders for industrial automation have improved 
in structural integrity, material efficiency, and dynamic per-
formance thanks to design and finite element analysis. The 
research successfully handles stress distribution and mate-
rial selection, but some crucial elements remain unresolved, 
restricting its applicability. The study analyzes the hydraulic 
cylinder without considering its interaction with mounting 
frames, hoses, and actuators within the automation system. 
Misalignment, unequal load distribution, and wear can re-
sult from these interactions. This research does not examine 
how the hydraulic cylinder interacts with other automation 
system components, such as mounting frames, hoses, and 
actuators, which could cause misalignment and unequal 
stress distribution. Seal performance, which prevents leaks 
and maintains efficiency at high pressure, is ignored. Au-
tomation applications require control and feedback systems 
for precision and adaptability, which are missing. Also, the 
study lacks experimental validation, leaving FEA results un-
tested in real life. Due to the study’s constrained aim, limited 
resources, and time constraints, these omissions occurred. 
Methodological issues, including modeling dynamic forces, 
nonlinear material behavior, and multi-physics effects, leave 
areas untouched. Future studies using improved computa-
tional approaches, system-level analysis, and actual testing 
would improve hydraulic cylinder designs for industrial au-
tomation reliability, efficiency, and practicality.

All this allows us to argue that it is appropriate to con-
duct a study devoted to developing a portable hydraulic press 
machine that is robust enough to endure the mechanical 
loads experienced in real-world applications without com-
promising efficiency or structural integrity. One of the most 
significant design factors is ensuring the press is lightweight 
and durable enough to resist high-force activities. For the 
hydraulic system to achieve its objectives, it must effectively 
apply loads while minimizing the amount of energy lost. 
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3. The aim and objectives of the study

The study aim is the development of a mobile hydraulic 
press machine. This will allow the press to meet the field-based 
application’s structural and operational requirements and set a 
new standard for performance, durability, and flexibility.

To achieve this aim, the following objectives are accom-
plished:

– to simulate the load conditions and evaluate stress dis-
tribution;

– to simulate the load conditions and evaluate total de-
formation;

– to simulate the load conditions and evaluate safety 
factors.

4. Materials and methods

4. 1. Object and hypothesis of the study
The object of the study is the double-acting, double-ends 

hydraulic cylinder used in industrial automation applica-
tions. Critical components such as the cylinder body, piston 
rod, and sealing systems are examined in the study because 
of their importance to the mechanical design. This study ex-
amines the distribution of stresses, patterns of deformation, 
and safety considerations under different operating situations 
using Finite Element Analysis (FEA). The goal is to achieve 
optimal performance of the cylinder regarding longevity, 
efficiency, and adaptability in automation duties. This means 
dealing with issues including misalignment, dynamic loads, 
and material selection for industrial settings.

The main hypothesis of the research is that a double-act-
ing, double-ends hydraulic cylinder can be substantially 
improved in terms of durability, efficiency, and adaptability 
for use in industrial automation by optimizing its design 
and evaluating its performance using Finite Element Anal-
ysis (FEA). The study proposes that the cylinder can obtain 
better dependability and a longer operational lifespan by lo-
cating and fixing stress concentration locations, deformation 
patterns, and material restrictions. The performance under 
real-world settings is projected to significantly improve by 
including solutions for dynamic loading, thermal effects, and 
misalignment. Theoretically, typical problems like wear and 
leakage can be reduced using cutting-edge sealing technol-
ogies and high-tech materials. In general, the hypothesis is 
based on the assumption that the upgraded design will be 
able to handle the demanding requirements of contemporary 
industrial automation systems.

This research assumes that the high-strength steel or 
alloys utilized to construct the hydraulic cylinder’s two ends 
are homogeneous and have the same mechanical performance 
regardless of the applied load. Axial loads and internal pres-
sures are supposed to be uniformly distributed, and there are 
minimum external disturbances, such as misalignment or side 
forces, under which the hydraulic cylinder is believed to func-
tion. Rather than considering dynamic or impact pressures, 
the loading circumstances are mainly seen as static or qua-
si-static, emphasizing steady-state operational scenarios. In 
addition, it is presumed that the production quality is perfect, 
devoid of any defects that could affect the stress distribution or 
overall performance, such as dimensional mistakes or welding 
flaws. Environmental problems such as high temperatures, 
corrosion, and fluid contamination are deemed insignificant 

or within controllable bounds to keep the emphasis on the 
cylinder’s structural and operational features.

This study has implemented various simplifications to en-
hance the analysis and concentrate on the primary objectives. 
The materials in the hydraulic cylinder are considered uni-
form and consistent, guaranteeing a predictable mechanical 
response and disregarding any potential variations or flaws. 
Boundary conditions are defined in an idealized manner, 
incorporating evenly distributed axial loads and internal pres-
sures while deliberately omitting side loads, misalignments, 
or uneven load distributions. The examination focuses solely 
on static and quasi-static loading conditions, thereby stream-
lining the consideration of dynamic or impact forces. Further-
more, it is presumed that the hydraulic cylinder is produced 
without any flaws and is devoid of defects like dimensional 
inaccuracies or welding inconsistencies that might impact its 
performance. Environmental factors such as temperature fluc-
tuations, corrosion, and fluid contamination are overlooked 
in favor of focusing on the structural and operational perfor-
mance of the cylinder under controlled conditions.

4. 2. Methods of the research
Design-Based Research (DBR) is a systematic technique 

that identifies problems, designs solutions iteratively, and 
then evaluates those solutions to create practical and success-
ful solutions. This research uses this methodology [15, 19]. 
Before diving into the DBR process, it’s important to do a 
thorough problem analysis to identify the current hydraulic 
press machines’ limitations and the unique needs for effi-
ciency, portability, and durability. A comprehensive literature 
review following this analysis examines previous research 
on material selection strategies and mobile hydraulic press 
machines. Insights from the literature inform the concepts 
of design and materials selected for the new machine. A 
comprehensive model of the mobile hydraulic press machine 
is created during the design process using Computer-Aided 
Design (CAD) software. By precisely visualizing and refining 
the design with CAD software, we can ensure that all parts 
align with the project’s structural and functional objectives. 
Here, we pay close attention to material selection, which 
entails checking important qualities including ductility, stiff-
ness, elasticity, and strength [20]. The components’ ability to 
resist operational loads without breaking or deforming too 
much depends on these qualities.

After the first design is finished, the model is examined 
with the help of ANSYS, a robust FEA program. The FEA 
method replicates the actual operating circumstances by 
subjecting the CAD model to loads and boundary condi-
tions. This analysis helps find areas of high stress, patterns 
of deformation, and other performance problems that could 
affect the machine’s operation or safety. The research 
may evaluate the design’s resilience and dependability us-
ing ANSYS, which allows them to forecast the machine’s 
behavior under different load scenarios. The study would 
not be complete without determining the safety factor, a 
metric for gauging the machine’s robustness and security. 
When calculating the safety factor, divide the applied load 
by the material’s maximum load-bearing capability. The re-
search considers safety during analysis to ensure the design 
is safe for real-world scenarios. Minimizing material usage 
and total dimensions contributes to a more efficient and 
cost-effective design while guaranteeing that the equipment 
meets safety regulations.



Eastern-European Journal of Enterprise Technologies ISSN-L 1729-3774; E-ISSN 1729-4061 1/7 ( 133 ) 2025

80

The DBR technique is iterative thus, the design can be fine-
tuned continuously according to the simulation findings. If 
the analysis finds places with a lot of stress or deformation, we 
change the design to fix those spots and then retest it. The result 
is a safe, effective, and optimized product for the field because of 
this iterative design, analysis, and improvement process. A mo-
bile hydraulic press machine that can handle the challenges of 
today’s farms and factories is created in this study by combining 
the DBR approach with state-of-the-art CAD and FEA methods.

4. 3. Model of the mobile hydraulic press machine
The mobile hydraulic press machine is engineered with 

significant dimensions to facilitate various pressing opera-
tions while ensuring portability for field use. The dimensions 
are 4,350 mm in length, 1,700 mm in width, and 2,600 mm 
in height. These proportions offer a robust foundation and 
sufficient workspace, guaranteeing that the machine can 
accommodate huge materials and components without jeopar-
dizing safety or productivity. This press machine features two 
hydraulic telescopic cylinders, each fulfilling an essential role. 
Table 1 below delineates the comprehensive characteristics of 
the mobile hydraulic press machine, elucidating its technical 
capabilities and design attributes.

Fig. 1 shows the mobile hydraulic press machine’s sche-
matic, breaking down its parts and explaining what they do. 
Maximizing operational efficiency, user-friendliness, and mo-
bility were the primary design goals. Its essential components 
are the press machine’s main frame, hydraulic telescopic cyl-
inders, garbage pressing door, folding ladder, garbage intake 
funnel, and digital scales.

The main frame is its structural backbone, which supports 
and stabilizes the machine during pressing operations. The 
frame’s high-strength steel (ASTM A36) construction allows it 
to withstand heavy loads and strains of the hydraulic system. 
Other essential parts are also housed in the frame, guarantee-
ing they are properly fastened and positioned for maximum 
efficiency. Two separate hydraulic telescopic cylinders are part 
of the apparatus, each with its duties. An essential component 
for both security and functionality is the pushing door. It safe-
guards the operator by enclosing the pressing chamber and 
stopping material spills during operation. Even when loaded 
with large objects, the door’s hydraulic mechanism provides 
precise control and effortless opening and closing.

The machine’s top components, including the trash inlet fun-
nel, can be accessed using the transportable ladder. To further 
reduce the machine’s environmental impact and enhance mobil-
ity, the ladder may be folded when not in use, contributing to its 
compact design. Durable and lightweight materials were used to 
build the ladder, making it easy to use and protect the operator. 
The entrance funnel guides materials into the pressing chamber, 

creating the ideal conditions for efficient compression. Due to its 
thoughtful design, it allows materials to enter the machine with 
little disruption and maximum efficiency. Built to endure the 
rigors of constant material loading, the funnel is tear-resistant.

4. 4. Mesh convergent
A complex structural system can be computationally ana-

lyzed using the Finite Element Method (FEM), which splits it into 
simpler elements. Enumeration or meshing is essential for accu-
rately simulating the system’s physical properties. Through finite 
elements, FEM can evaluate quantities like stress, strain, and de-
formation that would be difficult or impossible analytically. Due 
to their advantages, hexahedron and tetrahedron elements (au-
tomated method) were meshing elements for this investigation. 
Simulation accuracy and efficiency are best with hexahedral 
elements for simple geometries. Due to their regular design, 
nodes and elements are evenly distributed, resulting in more 
accurate outputs with less computational power. In areas with 
a non-uniform structure, tetrahedral elements are versatile and 
can mesh complex or irregular shapes. They work well together 
to integrate simple and complex design elements accurately.

The mesh results for various essential mobile hydraulic 
press machine components are shown in Fig. 2. Finite Ele-
ment Analysis (FEA) produced these mesh results to mimic 
machine behavior under different loading circumstances. The 
mesh findings show how elements are distributed across the 
model and help determine stress concentrations, deformation, 
and other machine performance metrics. Fig. 2, a shows the 

findings of the hydraulic telescopic cylinder mesh. 
This analysis balances computational efficiency and 
accuracy with 50 mm elements. The mesh represents 
material distribution and hydraulic cylinder reaction 
under stresses with 13,075 nodes and 6,379 elements. 
This smaller mesh adequately captures the essential 
areas around the cylinder’s piston and seals, provid-
ing thorough stress and deformation analysis during 
pressing. This mesh shows the hydraulic cylinder’s 
structural performance and failure points, which are 
crucial components.

The press machine frame mesh is depicted 
in Fig. 2, b. The machine’s stability and load-bear-
ing capabilities depend on this part. The mesh has 

350,588 nodes and 97,805 elements, indicating a comprehensive 
simulation. A thick mesh is needed to capture the intricate in-
teractions between frame elements under load. The frame must 
survive significant pressures and deformation, thus this analysis 
checks every part for durability and structural integrity. This 
mesh identifies weak points needing reinforcement or alteration 
for safe pressing.

Table	1

Specifications	of	the	mobile	hydraulic	press	machine

No. Specification Details
1 Material properties Steel plate ASTM A36
2 Overall dimensions 4,350 mm (L)×1700 mm (W)×2,600 mm (H)
3 Hydraulic system pressure 9.80665 MPa
4 Primary cylinder stroke length 750 mm
5 Secondary cylinder stroke length 707 mm
6 Power source Electric motor
7 Control system Automated hydraulic controls
8 Safety features Emergency stop, pressure relief valves

Fig.	1.	Mobile	hydraulic	press	machine	design
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Waste press mesh findings are presented in Fig. 2, c. 
The machine’s compression and waste material process-
ing section is under high 
mechanical stress. This 
section’s mesh tracks waste 
press deformation and 
stress with 29,816 nodes 
and 12,480 components. 
To operate the hydraulic 
press, the waste press sec-
tion must endure waste 
compression pressures. 
This mesh analysis ensures 
that it can. Optimization of 
material consumption and 
structural strengthening is 
possible. The waste press 
door part, which controls 
material flow into the press, 
is meshed in Fig. 2, d. The 
hydraulically operated 
door must open and close 
smoothly and satisfy opera-
tional and safety concerns. 
The component mesh has 
28,306 nodes and 9,404 el-
ements. This comprehen-
sive research helps discov-
er stress concentrations 
around door hinges and hy-
draulic cylinders, essential 

for door reliability. The mesh re-
sults also reveal the door’s defor-
mation during operation, help-
ing to prevent excessive bending 
or twisting that could hamper 
movement or cause failure.

4. 5. Boundary conditions
The simulation boundary con-

ditions for each mobile hydrau-
lic press machine component are 
shown in Fig. 3. These bound-
ary conditions must appropriate-
ly represent physical limits and 
forces experienced by the ma-
chine during operation. Realistic 
loads and supports ensure that 
each component’s stress, defor-
mation, and other performance 
indicators are tested under re-
al-world conditions. A fixed sup-
port anchors the hydraulic tele-
scopic cylinder (Fig. 3, a) base at 
point A to prevent translation-
al or rotational movement. This 
fixed support physically connects 
the cylinder and machine frame. 
Two 245,166 N (25-ton) forces act 
at B and C. These forces imitate 
hydraulic pressure during opera-
tion, including telescopic cylinder 
internal pressure and piston ex-
ternal forces. Structural integrity 

and stress distribution along the cylinder are assessed using 
this configuration.

Fig.	2.	Mesh	geometry	of:	a –	hydraulic	telescopic	cylinder;	b –	press	machine	frame;		
c –	waste	press;	d –	waste	press	door

a b

c d

Fig.	3.	Boundary	conditions	of:	a –	hydraulic	telescopic	cylinder;	b –	press	machine	frame;		
c –	waste	press;	d –	waste	press	door

a a

c d
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Fixed support is at point A, where the press machine 
frame (Fig. 3, b) is securely bolted or welded to the base. 
This keeps the frame still under load. Point B simulates the 
hydraulic telescopic cylinder load during pressing with a 
490,333 N (50-ton) downward force. The frame’s ability to 
endure hydraulic system loads and material weight depends 
on this boundary condition. The study also reveals frame 
locations that may need reinforcing to prevent deformation 
or failure. Waste press section boundary constraints include 
permanent support at point A that secures it to the main 
frame. This fixed support stabilizes compression. At point B, 
490,333 N (50-ton) simulates the hydraulic force used to 
squeeze waste items (Fig. 3, c). This setup evaluates stress 
distribution and deformation in the waste press section to 
ensure it can crush various materials. Fixed support at point 
A represents the hinge or pivot points securing the press 
frame’s waste press door. At B, 490,333 N (50-ton) simulates 
the hydraulic force to open and close the door (Fig. 3, d). This 
boundary condition is crucial for assessing the door’s struc-
tural performance, especially at the hinges and force points. 
The analysis assures the door operates smoothly without 
deformation or wear, even after multiple loading cycles.

4. 6. Material properties
This mobile hydraulic press machine’s structure is con-

structed from Steel Plate ASTM A36, a structural steel grade 
extensively utilized due to its cost-effectiveness and outstand-
ing mechanical qualities. Hydraulic press frames necessitate 
a sturdy build, and this material is perfect for that job because 
of its availability, high yield strength, and excellent machin-
ability. The ultimate tensile strength of ASTM A36 Steel Plate 
can be anywhere from 400 to 550 MPa, and its yield strength 
is around 250 MPa, or 36,000 psi. Because of these mechani-
cal characteristics, the frame will not permanently deform or 
fail under the enormous strains and loads experienced during 
pressing operations. In addition, the material’s high ductility 
improves the machine’s resilience to field-applied shocks 
and impacts by absorbing energy under dynamic loading 
circumstances.

Mechanical strength isn’t the only thing that makes ASTM 
A36 steel great; it’s also quite easy to weld and machine. 
These features make accurate cutting, shaping, and joining of 
the frame components possible, which eases the fabrication 
process. Fabrication is a breeze, so you can ensure the frame 
is exactly how you want it while the joints and load-bear-
ing regions stay strong. Welding processes guarantee solid, 
smooth component connections, which increases the frame’s 
reliability and longevity. Even though it isn’t as good as spe-
cially designed corrosion-resistant alloys, ASTM A36 steel 
has more than enough resistance to corrosion for most uses in 
the field. The frame can be protected from moisture and hard 
circumstances by applying additional surface treatments like 
galvanization, powder coating, or painting. This will increase 
its service life. The design balances strength, durability, and 
cost-efficiency by using Steel Plate ASTM A36. Using this ma-
terial on the frame decreases production costs while providing 
the structural support the hydraulic press needs. An integral 
part of the mobile hydraulic press’s construction, ASTM A36 
is known for its dependability and versatility, which allows the 
equipment to work well in various field applications.

4. 7. Mathematical model
This study assesses a mobile hydraulic press machine’s 

structural and operational performance by examining three 

important mathematical models. When testing a machine’s 
reliability and safety in real-world settings, it is crucial to 
use these models: Equivalent Stress, Total Deformation, and 
Safety Factors. You can learn something new about the ma-
chine’s performance from each model. At each given location 
in the structure, the stress state can be measured by calcu-
lating the equivalent stress using the von Mises criterion. A 
single scalar value indicates the stress intensity after consid-
ering the combined effect of normal and shear stresses. This 
model is very helpful in determining if any component of the 
machine is at risk of failure or plastic deformation due to ma-
terial exceeding its yield strength. Redistributing loads and 
reducing stress concentrations can be achieved by refining 
the design in response to regions of high equivalent stress.

When subjected to applied loads, total deformation de-
notes the cumulative displacement of a machine’s compo-
nents. This model assesses the displacement of the frame, 
hydraulic cylinder, and other essential components of the 
machine from their initial positions when exposed to oper-
ational stresses. The research analyzes overall deformation 
to ensure displacements remain within acceptable limits, 
preventing misalignment, diminished efficiency, or damage 
to the hydraulic press. It also assists in validating the design’s 
rigidity, especially in field operations where stability is es-
sential. The safety factor is a dimensionless metric employed 
to assess the structural integrity of the machine under peak 
stress circumstances. The calculation is based on the ma-
terial’s yield strength ratio to the equivalent stress endured 
by the structure. A safety factor exceeding 1 signifies that 
the design is secure, with elevated values offering increased 
safety margins. This model guarantees that the machine is 
structurally robust and capable of withstanding unforeseen 
loads or functioning in adverse conditions without the risk of 
failure. The study thoroughly assesses the machine’s perfor-
mance by analyzing mathematical models via Finite Element 
Analysis (FEA). The insights derived from these models 
inform design enhancements, including the reinforcement of 
high-stress regions, the optimization of material utilization, 
and the assurance that all components comply with safety 
and operating standards. Collectively, these models establish 
the basis for creating a durable, efficient, and dependable 
mobile hydraulic press machine.

5. Results of the design and simulation of the mobile 
hydraulic press machine

5. 1. Results of the stress distribution of the mobile 
hydraulic press machine

The structural integrity of crucial components under 
operational loads was evaluated by conducting a stress dis-
tribution analysis of the mobile hydraulic press machine 
using Finite Element Analysis (FEA). The findings shed 
light on the most stressed regions, which aids in pinpointing 
possible weak spots and confirming the machine’s reliability 
and efficiency. Fig. 4 shows the findings of the equivalent 
stress distribution (von Mises stress) for several parts of the 
portable hydraulic press. The machine’s performance and 
structural integrity were assessed under operational settings 
using Finite Element Analysis (FEA), which yielded these 
results. The hydraulic telescopic cylinder with a maximum 
stress of 599.51 MPa is shown in Fig. 4, a. Due to internal 
pressure and external forces occurring during the pressing 
action, it undergoes its maximum stress near the connection 
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points and along the cylinder walls. The stress progressively 
reduces as the cylinder moves away from high-load areas. 
This pattern shows that the cylinder body is structurally 
resilient and that load transfer is effective. The maximum 
stress does not exceed the alloy steel’s allowed yield strength, 
guaranteeing that the hydraulic cylinder may operate safely 
and without failure.

The press machine frame was shown with a maximum 
stress of 393.6 MPa in Fig. 4, b. Concentrations of stress on 
the press machine’s frame are most noticeable when the 
hydraulic cylinder exerts force. This stress is concentrated 
near important joints and places of attachment. Less stress is 
present in places further from the hydraulic contact points as 
the stress radiates outward from the load application points. 
The stresses are evenly distributed throughout the frame, 

and the highest stress readings are below the ASTM A36 
steel yield strength. This guarantees the structural stability 
of the frame under operational loads. The waste press door 
with a maximum stress of 1975.5 MPa is shown in Fig. 4, c. 
The hinge and areas close to the hydraulic force application 
points are the most stressed areas of the waste press door. 
The consistent decrease in stress from the force application 
locations indicates proper force dissipation across the door’s 
surface. Even in certain places with severe stress, those spots 
can be reinforced to make the door last longer and keep it 
from deforming or weary. Operating safely under anticipated 
load situations is a primary goal of the design.

The stress levels found in the waste press door, waste 
press, and hydraulic telescopic cylinder-three crucial compo-
nents of the mobile hydraulic press machine-are compared 
in Fig. 5. The graph’s dashed line represents the ultimate 
tensile strength (UTS) of ASTM A36 steel, and these stress 
values are evaluated. Under real-world scenarios, the anal-
ysis helps gauge how each part holds up structurally and 
how much room there is for error. The waste press door has 
the highest stress value among the components, reaching 
around 120 MPa. There is probably a concentration of stress 
here because the door is subjected to much force as it opens 
and closes, especially at the hinge points and where the hy-
draulic force is applied. The observed stress is significantly 
lower than the UTS of ASTM A36 steel, suggesting a safe 
design with a large safety margin, even though it is the most 
stressed component. However, a redistribution of load or 
localized reinforcements could improve the component’s en-
durance due to the relatively high stress level.

Compared to other sections, the waste press section has 
the lowest stress value, around 20 MPa. This low stress level 
indicates that the load has been distributed well, and there 
are few localized concentrations in this system component. 
The waste press section’s structural robustness is evident 
from its capacity to bear its operational load with low stress. 
There is no immediate need to modify or reinforce the de-
sign. The hydraulic telescopic cylinder records a mild stress 
value of about 80 MPa; this value is also well within the 
material’s safety limits. This stress is common for parts sub-
jected to strong axial loads and high hydraulic pressure. The 
design of the cylinder efficiently controls the applied forces, 
allowing the material to remain within the elastic range 

Fig.	4.	Stress	distribution	of:	a –	hydraulic	telescopic	
cylinder;	b –	waste	press;	c –	waste	press	door

a

b

c

Fig.	5.	Average	stress	distribution	of	the	mobile	hydraulic	
press	machine
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while it is being operated. Under the anticipated operating 
conditions, its stress level verifies the hydraulic system’s reli-
ability. The figure’s dotted line displays the Ultimate Tensile 
Strength (UTS) of ASTM A36 steel, around 550 MPa, and is 
used as a standard for determining the components’ safety. 
There is no danger of material failure in the operational de-
sign because all stress levels are much below this threshold.

5. 2. Results of the total deformation of the mobile 
hydraulic press machine

The hydraulic telescopic cylinder, press machine frame, 
and waste press door are crucial components of the mobile 
hydraulic press machine. The results of the overall deforma-
tion analysis for these parts are shown in Fig. 6. These find-
ings, derived from Finite Element Analysis (FEA), shed light 
on how each part deforms when subjected to loads, guaran-
teeing that the deformation stays within safe parameters for 
effective and secure functioning. The hydraulic telescopic 
cylinder with a maximum deformation of 0.8839 mm is 
shown in Fig. 6, a. At the end of the telescopic cylinder, away 
from the fixed support, axial and bending forces combine 
to cause the greatest deformation. An efficient load transfer 
along the structure is indicated by the distortion gradually 
decreasing as the cylinder approaches the fixed base.

The press machine frame exhibits a maximum deforma-
tion of 0.24334 mm, as shown in Fig. 6, b. Deformation is 
less noticeable in the press machine frame than in the other 
examined components. It is highest in the regions where the 
hydraulic cylinder applies direct force. The distribution of 
deformation is uniform over the frame, with localized peaks 
close to the places of load application. The negligible deforma-
tion under high compressive loads demonstrates the structural 

stiffness and stability of the frame. The waste press door with 
a maximum deformation of 1.536 mm is shown in Fig. 6, c. Out 
of all the parts, the waste press door shows the greatest overall 
deformation; the most extreme deformation is at the outside 
edge, which is the furthest from the hinge points. Because the 
door is securely fastened at the hinge region, the deformation 
diminishes in that direction, suggesting that the hinges effec-
tively limit movement. This component has a higher degree of 
deformation but is still within acceptable operational limits, so 
the door can open and close and stay in the correct position.

Three essential parts of the hydraulic press machine – the 
waste press, the hydraulic telescopic cylinder, and the waste 
press door – show the average total deformation in Fig. 7. The 
comparison of results helps to understand the deformation of 
each component when subjected to operating stress. On aver-
age, the waste press door will deform by about 0.40 mm. The 
average deformation of the components is higher for the waste 
press door. The dynamic pressures applied during opening and 
closing, especially at the free edges furthest from the hinges, 
are the ones responsible for this, therefore it’s not surprising.

The average total deformation of a waste press is 
about 0.20 mm. The minimal deformation observed in the 
waste press is a testament to this area’s structural strength 
and efficient load distribution. Due to its efficient design 
and minimal deformation, the waste press needs no more 
modifications to perform well under operational loads. The 
hydraulic telescopic cylinder’s average total deformation 
is about 0.38 mm. The hydraulic telescopic cylinder shows 
some modest deformation, mostly at the tip, due to axial 
forces and bending moments caused by the hydraulic pres-
sure. The cylinder can work properly without misalignment 
or failure because the distortion is within the allowed range.

Fig.	6.	Total	deformation	of:	a –	hydraulic	telescopic	cylinder;	b –	waste	press;	c –	waste	press	door

a b

c
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5. 3. Results of the safety factor of the mobile hy-
draulic press machine

The mobile hydraulic press machine’s critical components 
were subjected to a safety factor analysis, as shown in Fig. 8. The 
safety factor values determine each component’s dependability 
and structural integrity under applied loads. The safety factor 
evaluates the buffer zone by contrasting the expected operation-
al stress with the structural strength. Fig. 8, a shows the results 
of the hydraulic telescopic cylinder’s safety factor study, which 
shows that the structural reliability is high, with most locations 
having a safety factor greater than 5. Nevertheless, 0.4171 is the 
lowest recorded number, and it happens close to the attachment 
point where the hydraulic stress is applied directly. There are 
noticeable structural changes in the safety factor of the press 
machine frame (Fig. 8, b). A high safety factor exceeding 10 in 
numerous places across the frame indicates that the structure is 
adequately overdesigned to withstand typical operational stress-
es. On the other hand, there are spots where the safety factor 
drops below 0.0076, usually in the load-bearing zones around 
the hydraulic cylinder connection points.

Fig. 8, c shows the waste press section, which has a safety 
factor between 0.6352 and 15. The safety factor is greater 
than 5 in most places, except for a few sites with lower values. 
These areas are usually located close to the press surfaces, 
which are subjected to hydraulic force when the machine 
operates. Fig. 8, d indicates that the waste press door has a 
safety factor range of 0.1266 to 15, with consistently high 
values throughout the structure. The safety factor drops the 
most when the door meets the hydraulic system’s direct force 
and along its edge. While the safety factor does vary some-
what across parts, it is consistently high across the board, 
guaranteeing structural soundness. Low safety factors in 
certain places suggest that the hydraulic telescopic cylinder, 
press frame, and waste press door may need reinforcing.

Fig. 9 presents the average safety factor for four essential 
components of the mobile hydraulic press machine: the waste 
press door, the waste press, the hydraulic telescopic cylinder, 
and the press machine frame. The safety factor values offer 
a numerical assessment of each component’s capacity to en-
dure applied stresses about its material strength. The dashed 
line indicates the minimum acceptable safety factor, acting 
as a standard for assessing the design’s reliability. The waste 
press door demonstrates a safety factor of around 4, suggest-
ing it can manage the applied loads with an adequate margin 

of safety. Nevertheless, its diminished value relative to other 
components indicates a higher susceptibility to stress concen-
tration and possible structural vulnerabilities.

Fig.	7.	Average	total	deformation	of	the	mobile	hydraulic	
press	machine
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Based on its sturdy construction and minimal stress 
levels under operating loads, the waste press exhibits the 
highest safety factor (around 13) among the components. 
This high safety margin guarantees outstanding reliability 
and long-term performance without additional adjustments. 
Appropriately for a heavy component, the hydraulic telescop-
ic cylinder has the lowest average safety factor (around 3). It 
satisfies the minimally acceptable safety factor, but due to its 
vital function in the system, it needs close observation and 
maybe reinforcement in high-stress locations. Supportive un-
der operating loads, the press machine frame has a respect-
able safety factor of around 5. However, its modest number 
implies that some localized stress sites close to the hydraulic 
cylinder attachment would require more care.

6. Discussion of the design and simulation of the 
mobile hydraulic press machine

The structural performance of the three important compo-
nents of the mobile hydraulic press machine – the waste press 
door, the waste press section, and the hydraulic telescopic 
cylinder – can be better understood from the stress distribution 
analysis shown in Fig. 4, 5. The strength and dependability 
of the design in real-life situations are assessed by compar-
ing the stress levels of these parts with the Ultimate Tensile 
Strength (UTS) of ASTM A36 steel, which is approximate-
ly 550 MPa. All components undergo different stress levels, but 
the waste press door reaches about 120 MPa, the most. This 
figure, albeit much lower than the UTS of ASTM A36 steel, 
indicates that it is the component under the greatest stress in 
the system. Hinge points and areas subjected to hydraulic force 
during opening and shutting cycles are the sources of the com-
paratively high stress level. Since these parts are mechanically 
important and subject to concentrated loads, they are likelier 
to experience elevated stress levels.

The waste press section shows the least tension, 
around 20 MPa. A well-designed system with efficient load 
distribution would have this figure substantially lower than 
the other components. With such a low stress level, it’s clear 
that the waste press section’s structure is strong enough to 
withstand the operational loads without localized stress. The 
even distribution of forces over this component guarantees 
minimal localized deformation and good structural reliabili-

ty. Despite 80 MPa, the hydraulic telescopic cylinder registers 
a minor stress value – far lower than the material’s UTS. 
Components exposed to high hydraulic pressure and signifi-
cant axial stresses, as is common in hydraulic systems, some-
times experience this stress. The telescopic cylinder controls 
these forces well, so the material doesn’t go beyond its elastic 
range when it acts. One way to decrease the likelihood of 
localized failure is by observing the progressive shift of stress 
down the length of the cylinder [16]. This indicates that the 
load is being evenly distributed.

The examination of average total deformation for the 
waste press door, waste press, and hydraulic telescopic 
cylinder (Fig. 6, 7) underscores the structural performance 
of these critical components under operating stress. The 
waste press door demonstrates the greatest average overall 
deformation at 0.40 mm. The increased deformation is pre-
dominantly concentrated at the free edges furthest from the 
hinges, where dynamic forces are most pronounced during 
the opening and shutting cycles. The deformation behavior of 
the waste press door is anticipated due to its ability to resist 
hydraulic forces during operation. The operational dynamic 
pressures, especially around the door edges, generate bend-
ing moments that lead to localized deformation. Although 
it is the most deformed component, the deformation stays 
within the material’s elastic limits, preserving the door’s 
functionality without irreversible distortion. Research on 
door-like structures subjected to hydraulic actuation high-
lights the necessity of reinforcing high-stress areas to reduce 
deformation and prolong durability [17].

The average overall distortion in the waste press is around 
0.20 mm, the lowest. The minimal deformation demonstrates 
its structural robustness and efficient load distribution. During 
operation, the waste press experiences compressive forces that 
cause uniform deformation throughout its structure. There 
are no major stress concentrations or weak spots in the waste 
press, as shown by the low deformation value. This proves that 
its design is sufficient for keeping alignment and structural 
integrity intact over time. According to studies conducted 
on compression structures, evenly distributed stress helps to 
limit deformation and the requirement for further reinforce-
ment [21]. Because of axial stresses and bending moments 
caused by hydraulic pressure, the hydraulic telescopic cylinder 
shows a moderate average deformation of about 0.38 mm, with 
most of the deformation centered at the cylinder tip. Under the 
extreme hydraulic pressure, the telescopic cylinder distorts as 
it moves. The progressive distortion shift from its base to its tip 
shows its effective load transfer along its length. Ensuring the 
cylinder remains properly aligned and functional without risk 
of failure, the distortion stays within allowed limits. According 
to research on hydraulic systems, controlling the prevalent 
phenomenon of free-end deformation in hydraulic cylinders 
is possible by making optimum design and material selection 
decisions [18].

The press machine frame, hydraulic telescopic cylinder, 
waste press, and waste press door are the four main parts 
of the mobile hydraulic press machine, and their average 
safety factors are shown in Fig. 8, 9. One important way to 
measure a component’s structural integrity and reliability is 
by looking at its safety factor. This metric compares data to 
the minimum allowable safety factor, which the dashed line 
indicates. A modest safety factor suggests that the waste press 
door can bear the applied stresses with a sufficient margin of 
safety. Under dynamic hydraulic loading, however, the door’s 
reduced safety factor makes it more susceptible to stress con-

Fig.	9.	Average	safety	factor		
of	the	mobile	hydraulic	press	machine
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centrations at crucial points like hinges and edges. Frustration 
or failure may result from this increased vulnerability to stress 
concentrations if not addressed. Researchers [17, 22, 23] found 
that door-like structures should be reinforced around hinges 
to make them more resistant to dynamic forces and reduce 
deformation when subjected to repeated loading.

The waste press portion has the highest safety factor 
because of its structural strength and low operational stress. 
The component’s safety factor of 13 implies that it is over-de-
signed and can withstand applied stresses. This high safety 
factor indicates that the waste press will function reliably 
and last without modifications or enhancements. The waste 
presses with a greater safety factor have longer lifespans and 
better structural performance under normal working condi-
tions [24]. The hydraulic telescoping cylinder has the lowest 
average safety factor, around 3, although it fulfills the re-
quirement. This lower result is expected, given the cylinder’s 
high hydraulic pressure and axial forces. Since the cylinder 
generates the force needed for pressing, its safety factor, 
albeit adequate, should be monitored to prevent failure or 
misalignment, especially at attachment places where forces 
are concentrated. Due to their important function and high 
pressure, frequent inspections and structural reinforcements 
are recommended to keep hydraulic cylinders within the 
elastic range of material deformation [25, 26]. The press ma-
chine frame has a moderate safety margin with a safety factor 
of 5. Therefore, the frame can handle operational loads while 
being structurally stable. Its weak safety factor suggests lo-
calized stress concentrations, especially at hydraulic cylinder 
attachment sites. Localized reinforcing at stress concentra-
tion zones like cylinder attachments to increase press system 
structural stability and safety margin [27].

Although this study used a thorough design, modeling, 
and simulation approach, several limitations could still 
impact how the results are applied in real-world scenarios. 
This study’s Finite Element Analysis (FEA) relies on mate-
rial properties that have been simplified and idealized. Such 
assumptions as the materials’ isotropy and homogeneity may 
not reflect their actual behavior in the real world, particularly 
when subjected to severe loads or other environmental fac-
tors. Research focuses on steady-state situations with static 
loading, where stresses and pressures are applied. Dynamic 
stress, such as cyclic loads, vibrations, and abrupt shocks, is 
common in real-world operations and may cause fatigue-re-
lated failures not considered in this study. Because they are 
based on theoretical qualities, optimizing the design and 
material selection processes could overlook practical man-
ufacturing limitations like material availability, machining 
tolerances, or welding quality. The engineered and manufac-
tured machines may end up being different as a result of this.

Several critical directions should be investigated to develop 
this study further. The long-term reliability of the hydraulic 
cylinder in industrial automation applications will be guar-
anteed by incorporating dynamic and fatigue analysis, which 
will provide a more comprehensive idea of its behavior under 
cyclic and impact forces. Incorporating advanced material 
modeling to account for nonlinear properties, such as plastic 
deformation and anisotropy, is important. Additionally, com-
posite materials or high-strength alloys should be investigated 
to improve durability and reduce weight. By broadening the 
scope of the investigation to encompass environmental and 
thermal factors, including fluid contamination, corrosion, and 
temperature fluctuations, the cylinder’s capabilities will be 
guaranteed in various challenging environments. System-level 

analysis should assess the hydraulic cylinder’s interactions 
with other components in the automation system, enhancing 
overall performance and compatibility. Furthermore, integrat-
ing real-time monitoring systems with sensors and feedback 
mechanisms will enable the creation of smart cylinders capa-
ble of adapting to changing conditions with greater precision 
and safety. In conclusion, the design will be refined, and the 
simulation results will be validated through prototyping and 
experimental testing under realistic conditions. The hydraulic 
system’s energy efficiency will also be enhanced to address 
sustainability and operational cost concerns. As a result of 
these advancements, hydraulic cylinder designs will become 
more advanced, reliable, and robust.

7. Conclusions

1. The waste press door, waste press, and hydraulic 
telescopic cylinder stress analysis shows that the mobile hy-
draulic press machine is structurally reliable and safe within 
ASTM A36 steel standards. All component stress levels are 
well below the Ultimate Tensile Strength (UTS) of 550 MPa, 
ensuring a large safety buffer under expected operational 
conditions. Due to hinge point and hydraulic force appli-
cation stress concentrations, the waste press door has the 
highest stress, 120 MPa. The stress level is safe however the 
larger concentration highlights locations for strengthening 
or load redistribution to improve the door’s longevity and 
performance. The waste press section has the lowest stress, 
20 MPa, indicating excellent load distribution and structural 
robustness. It performs without modification and has little 
stress, indicating great reliability under operational pres-
sures. The hydraulic telescopic cylinder has a mild stress 
of 80 MPa, typical for axially loaded components at high 
hydraulic pressure. The cylinder’s design keeps the material 
elastic, ensuring reliability and safety.

2. The total deformation study highlights the structural 
performance of the waste press, hydraulic telescopic cylinder, 
and waste press door under operational loads. Waste press 
doors deform the most, averaging 0.40 mm. The dynamic 
stresses during opening and shutting cycles are the main cul-
prit. The waste press displays a sturdy structure and good load 
distribution with an average deformation of 0.20 mm. Axial 
stresses and bending moments induced by hydraulic pressure 
distort the hydraulic telescopic cylinder by 0.38 mm, most vis-
ible near the tip. The machine is safe and reliable because all 
components’ deformation values are within operational limits. 
The waste press door could use targeted reinforcements, but 
the hydraulic telescopic cylinder and waste press are structur-
ally sound. These findings demonstrate the design can survive 
operational loads and suggest further enhancements.

3. The mobile hydraulic press machine’s structural reliabil-
ity is revealed by safety factor analysis of the waste press door, 
waste press, hydraulic telescopic cylinder, and press machine 
frame. A safety factor of 4 gives the waste press door enough 
tolerance for applied loads. Waste presses have the greatest 
safety factor, about 13, indicating reliability and structural 
strength. With a safety factor of about 3, the hydraulic tele-
scopic cylinder surpasses minimal safety standards. This press 
machine frame has a safety factor of about 5, suggesting it can 
bear operational loads. The analysis’s safe component opera-
tion confirms the mobile hydraulic press machine’s structural 
reliability and functionality. The machine’s efficiency, dura-
bility, and cost-effectiveness could be improved by targeted 
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strengthening in low-safety components (waste press door and 
hydraulic telescopic cylinder) and material optimization in 
overdesigned portions (waste press).
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