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Introduction

The helicopter tail frame is a sturdy and inflexible beam or profile element that
imparts robustness and stiffness to this specific section of the helicopter's structure.
It provides support for the skin, tail rudder, rudder surfaces, and other components
located in the helicopter's posterior section. We can construct a frame from a diverse
range of materials, including metals, composites, and other robust substances.
Frames configuration is also not similar in all helicopters as it will be influenced by
type and model of the helicopter and the helicopter's purpose too. A tail frame of
helicopter's design and traits can go beyond the particular model and manufacturer
dependence.

Fig. 1. Frame

1. Functions of the frame:

- Architectural support: The framework offers to improve the sturdiness as well
as security of the helicopter's tail area, standing up to the pressures applied
throughout trip together with steering.

- Skin Support: They function as a foundation for affixing external skin
materials.
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- The frame facilitates the attachment of rudder surfaces, such as the tail rudder,
enabling control over the direction of flight.

2. Components:

- Spandrels can be constructed using a diverse range of materials, which may
include:

- Aluminium is frequently employed in the construction of lightweight
helicopters.

- Titanium solves intricate designs problems that of total weight.

- Composites are a layering or blending of materials such as carbon fibers
reinforced with a polymer matrix are examples of materials which they provide both
strength and low weight.

3. Construction:

The condition in a helicopter's tail section can be equipped with different kinds
of frames could be transverse and longitudinal frames for example. The aircraft is
mounted on transverse spars that run through it while also having longitudinal
frames that run up to it. The frame often incorporates such reinforcing elements as
fastening that are supposed to make it robust.

4. Mounting:

- Spandrels are secured to the structural elements with the aid of bolted connections,
weldments, or alternative approaches that provide a tight grip.5. Role in the
structure:

-The tail rotor, located at the aft-end of the rotary wing, consists of the tail section
which is composed of the fuselage, the tail boom, spars, vertical and horizontal
stabilizers, the tail rudder, and other components. The spars provide the grounding
for the entire active control system of the helipcopter. Disperser syncronization is
guaranteed by it.

Fig. 2. Helicopter tail frame
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1 Literature review

The proportion reflects the effectiveness of the materials used to build the tail
frame. The material consumption ratio is an important factor in helicopter tail frame
design because it directly affects the structure's weight, cost, and performance. To
achieve the best use of the material, it is essential to use it to its fullest extent without
unnecessary waste. [3]

The key objective of engineers and also developers when producing a helicopter
tail framework is to lower product intake while maintaining efficiency plus safety
and security standards. In order to achieve this, numerous elements consisting of
the kind of product, the style of the framework, the evaluation of tension as well as
the strategies made use of in production are carefully thought about.[3] Furthermore
the choice of the specific proportion would certainly depend upon the tail structure's
setup, structure and also any type of existing design restrictions. If you have a
specific helicopter version or style in your ideas.

1.1. Pattern Design and Optimization

The process of pattern design necessitates meticulous evaluation of various
factors, such as the component's geometry, the material type, and the employed
manufacturing technique. An intricately crafted pattern not only guarantees the
precise replication of the intended form but also reduces the amount of material that
is wasted. This is especially vital in sectors where raw materials make up a
substantial proportion of production expenses. In metalworking and foundry
operations, patterns are meticulously designed to accommaodate the shrinkages that
occur. Through meticulous calculations of these dimensional alterations,
manufacturers can design patterns that lead to minimal material wastage, thus
optimizing resource utilization. [20]

In addition, pattern design goes beyond simply copying shapes; it
encompasses strategic factors like the organization of cores and cavities within the
pattern. Proper positioning of the frame is crucial to achieve consistent thickness
and structural strength in the end product. In close communication between
designers and tooling engineers the arrangement of mold cores is improved in such
a way that the direction of material flow, the cooling rates and the stress distribution
are taken into account. By the precisely plan we are able to eliminate wastes of
materials and produce everything better and higher than before, at the same time.
[19]
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1.1.1. Technological Advancements in Pattern
Manufacturing

The pattern design and production areas have been significantly changed
due to the rapid adoption of the recent technologies in the manufacturing industry.
CAD software provides features for modeling precise and comprehensive garment
patterns. CAD (Computer-Aided Design) is used as a tool that enables designers to
visualize various scenarios , thus helping them to optimize patterns as much as
possible in regard to materials. [17] Besides, laydowns technologies, such as 3D
printing have revolutionized the pattern making technology. The machine pattern
mastering includes creating intricate and personalized designs accompanied by a
minimal material twitting away. [9] Today's designers can reach the heights of
accuracy in the design patterns and improve their degree of material utilization rates
with such tools of the trade.

Fig. 3. Printing of parts for the aviation industry [23]

The utilization of simulation software in the design process not only presents
a transformative innovation but an example. The Finite Element Analysis (FEA)
together with the CFD numerical simulation allows for predicting the behavior of
materials during processing (forming or casting). Via the virtual testing
implementations, engineers are entitled to the locating of the flaws and fixing them
in different pattern designs before the production process begins. [16] Therefore,
this helps to save time and resources in addition to ensuring that there is no any
waste in the fabric from the very beginning.
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Fig. 4. Computer-Aided Design Products [17]

AutoCAD, developed by Autodesk, is a highly utilized software for making both
2D and 3D drawings, modeling objects, and designing various engineering systems
and buildings. It is highly favored by architects, engineers, designers, and other
experts in the field of design.

The fundamental mechanism of AutoCAD can be summarized as follows:

1. Creating drawings:

AutoCAD offers a diverse array of tools for generating drawings, encompassing
fundamental geometric forms like lines, arcs, circles, and rectangles, as well as
more intricate components like splines and ellipses. [29]

With the aid of precise works with as well as measurements individuals can
conveniently make certain that the thing is built with specific accuracy that is
required.

2. Modifying: AutoCAD streamlines the procedure of changing illustrations by
giving a variety of devices that make it possible for customers to control things with

activities such as moving resizing, replication as well as turning.

Individuals can change it conveniently by utilizing versatile control as well as
wise modifiers.

3. Precision as well as dimension:

The software application exhibits a high degree of accuracy when managing
things measurements as well as dimensions.
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AutoCAD makes it possible for individuals to create measurement lines,
comments, as well as measurement tags, assisting in the assessment of the
dimension together with percentages of items in an illustration. [29]

Fig. 5. Measurement [29]
4. Three-dimensional modelling:

AutoCAD has the ability to produce three-dimensi characteristics of things along
with frameworks. [29]

Individuals have the capacity to use an unique variety of devices to create
together with change three-dimensional items. In addition they might use products,
illumination, along with darkness impacts to properly stand for plus imagine their
models. [29]
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Fig. 6. Three-dimensional modelling [30]
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5. Annotation and scaling:

AutoCAD allows customers to include notes textual components together with
measurement tags right into illustrations, so improving their understandability as
well as promoting interaction with various other customers.

The software program likewise supplies the capacity to resize illustrations for
printing at different ranges or exporting to different data styles.
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Fig. 7. Annotation [31]
6. Collaboration and data sharing:

AutoCAD helps task cooperation by making it possible for synchronised
modifying of a drawing by a number of individuals.

The software application likewise has the ability to trade information with
various other programs and also data styles such as DWG, DXF, PDF, as well as
others helping with smooth combination right into process and also the sharing of
info with various other job individuals.

AutoCAD supplies an extensive variety of devices that make it possible for
layout along with design specialists to develop, change, include notes to, as well as
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visualize various kind of illustrations plus designs. It is an important device for
these professionals.

SolidWorks is a solver in the computer-aided design (CAD) field built by
Dassault Systémes as a tool to enable users to apply three-dimensional creativity. It
is heavily involved in production of engineering materials, which are then broadly
used as building blocks in the process of fabricating many raw goods ranging from
very simple components to sophisticated mechanisms.

SolidWorks aims to provide us with capability of creating three-dimensional
objects by three-dimensional drawings. Users are being given functionalities such
as building and resource parameters; also they are being given the ability to start
with 2-dimensions and end up with 3-D integrations. SolidWorks Interface is
equipped with robust features and easy-to-use functionalities hence facilitating the
design process for best results in terms of efficiency and accessibility. [33]

Since the program is able to perform a wide range of engineering and design
tasks, such as developing components and assembly modeling, making 2D and 3D
drawings and running stress and dynamics analysis, it provides engineers with a
great deal of power. The program is also well integrated with most design and data
management software programs which can be used to enhance the collaboration
and information sharing processes by the team or the company itself. [33]

SolidWorks and its basic functions:

1. Part modelling: With functions such as sketching, extruding, cutting,
chamfering, rounding, etc SolidWorks users create three-dimensional part
models than can be used in further development. This makes the designers
to get understanding of the shape and dimensions with the addition of
details.

2. Assembly Modelling: The program is a structure that has enough facilities
to manufacture many modules. An engineer can take as many complex parts
and make a single functional unit, design the component composition and
their behaviors and analyze the whole system. [33]
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Fig. 8. 3D Modeling [33]

3. Drawing and drafting: SolidWorks enables wusers to generate
manufacturing drawings for both individual components and assemblies.
Users have the ability to create automated visual representations, insert
measurements and descriptions related to dimensions and shapes, and save

drawings in different file formats for later use. [33]
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Fig. 9. 2D Modeling [32]

4. Structural Analysis: The software offers methods for evaluating the
robustness, Kinetics, and more attributes of structures. Users have the ability
to do both static and dynamic assessments, evaluate stresses, strains, natural
frequencies, and other relevant characteristics. [33]

5. Integration with other systems: SolidWorks seamlessly interfaces with
other software products, including data management systems (PDM) and
computer-numerical control (CNC) systems, enabling enhanced project and
production process management.

6. A wide range of additional tools and extensions: Besides the base of it,
the SolidWorks offers a variety of supplemental tools such as surface
generating tools, electric schematics design tools, applying and saving files

in multiple formats, and others.

10
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1.1.2. Environmental Implications and Economic
Impact

The manufacture of articles using the optimized material usage patterns and
design not only save money but also, it is the major step towards environmental
sustainability. It results in the decline of wastes of materials, consequently, fewer
raw resources need to be taken and prepared which significantly decrease
environmental harms. As for the matter of the minimizing of the waste in the
manufacturing processes, it results in the reduction of greenhouse gas emissions
and a less impact on the ecosystem. As the environmental awareness in different
global sectors gets popular, adopting state of the art pattern design techniques to
achieve maximum material usage is an absolute must for making fashion industries
sustainable. [18]

The economic viability of manufacturing operations is directly and
significantly affected by the efficient utilization of materials, which is achieved
through well-designed patterns. Manufacturers can achieve significant cost
reductions by minimizing material waste. Consequently, this improves
competitiveness in the market, enabling companies to provide more economically
efficient products while sustaining profitable margins. Moreover, enhancing
material utilization can result in heightened production capacity without requiring
extra raw materials, thus optimizing the return on investment for current resources.
Manufacturers gain a substantial competitive advantage in the current global market
due to this economic benefit.

Despite the fact that there are many benefits of the optimization of the
material through the effective pattern design, it is necessary to distinguish the
potential challenges of this process, too. One of the main issues here is the balance
between the resources and the product’s quality. From time to time, effective
measures to decrease the use of material could lead to the deterioration of structural
strength or functional performance.

Moreover, the presence of variations in material properties and production
conditions can pose difficulties in attaining consistent rates of material utilization.
The patterns, in their turns, get influenced by several factors including the batches
of material, the temperatures fluctuations, and the equipment tolerances.
Manufacturers therefore need to configure confidence building mechanisms and
surveillance practices on designs to know the materials will be used prudently from
concept to actual production. [18]

Presenting discussions around real case studies have utility in both
illustrating strategy of material utilization as well as revealing positive impact. The
cockpit provides a clear and exemplary case in point for the application of such
materials as titanium or composite alloys in aircraft design. The profound use of
these byproducts which are expensive heavily depends on accuracy in the designing
of the patterns. Aerospace manufacturers ended up realizing a huge cost-saving

11
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through implementing CAD modeling and simulation along a system that enabled
a pattern optimization for complex parts, hence resulting in a massive reduction in
the material wastage realized. The future of pattern-making design in the
manufacturing industry is more promising. However, in pursuit of higher accuracy
and basically the sustainability, the Al and machine learning algorithms will be
most probably used to the optimization processes in different industries. The
technological capacities of these technologies have a number of advantages when
compared with that of manual design, such as the ability to process massive datasets
and detect patterns that cannot be possibly spotted by individuals leading to more
improvements in material use. [18]

On top of that, the development of smart materials and composites would
have a huge impact on the process of evolving pattern design. These materials are
much smarter than the conventional ones and hence they can adapt to various
conditions to produce more flexible and effective patterns. The patterns are also
made to be flexible which gives the manufacturer an advantage to adjust his patterns
in real-time. On the other hand, these smart enabled patterns would have the
freedom to come up with redesigning the way existing materials are being
manufactured or resources are utilized in different industries. [18]

1.2. Development of a Practical Blank
Layout for Stamping Die Design

The blank layout can be considered as the key step in the designing of
stamping dies. Reduction of scrap in sheet metal stamping might generate
substantial of cost savings, mainly due to fastening the expenditures on material.
Moreover, it can help obtain increased production efficiency. [5]

It has become a classic mechanical technique that never leaves the
manufacturing industry. It undergoes an iterative design improvement, thus, | can
strongly say that it will be the main ingredient of the future of stamp printing
technology. The placement of the die blanks is a key and crucial phase in the
stamping's die making process. It facilitates the emission of the blanks in such a
sequence so that they are most organized on a spiral strip. [5] The main goal of a
blank layout is to maximize material efficiency and minimize waste production in
order to meet the requirements of the stamping process. Reducing waste in sheet
metal stamping, which is mainly influenced by the cost of materials, can result in
substantial savings in both strip material and overall production expenses.
Moreover, the result of an empty layout acts as the basis for strip layout design and

12
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the design of die structures, which encompasses the design of the die plate and
stripper. [5]

Previously, the placement of empty spaces necessitated manual intervention
and heavily relied on the designer's expertise and proficiency. However, gaining
extensive experience was a lengthy undertaking, as it required tackling numerous
challenges that are inherent in the practical design process, and cannot be solved by
consulting books or manuals. Pragmatic designers must use computer-aided design
software to improve the quality of their designs and decrease the time required to
complete them. This paper aims to develop a practical system for optimizing blank
layout using AutoCAD's toolkit, based on the given requirement. [5]

Several researchers have presented algorithms for blank layout, which involve
mathematical modeling of the blank layout. These algorithms aim to obtain possible
savings by maximizing material utilization. Chow [6] proposed three approaches
for nesting a single pattern arranged in a single row or double row on a strip of raw
material. Adamowicz and Albano [7] , Dori and Ben-Bassat [8], and Qu and
Sanders [9] proposed a two-stage approach in which irregular shapes were initially
converted into an approximated standard manageable shape, such as a rectangle or
a convex polygon, which was then nested. Dagli and Tatoglu[10] proposed a
heuristic approach which used various priority rules of allocation depending on the
pattern shapes. Nee and Foong [12] have developed an experimental package,
which involves algorithms and evaluation functions. The algorithm developed was
designed to perform pairwise clustering based on an exhaustive search in which
shapes were rotated in increments of 180° until all possible sides were paired. The
algorithm includes routines to execute coordinate rotational and translational
transformation whilst detecting any overlapping of the shapes. Ismail and Hon [11]
proposed an algorithm based on extracting the edge information in the form of edge
arrays, which are used to recognise the possible direction and obtain better pairing.
Lin and Hsu [13] introduced an optimal layout method to obtain the dual-row
optimal blank layout, and displayed the blank layout graphics on the screen using
AutoLisp. Tang and Rajesham [14] proposed an algorithm in which the blank
pattern was approximated by a polygon with a sufficient number of sides. This
method specifically accounted for the grain flow direction, particularly when
dealing with patterns involving bending. Singh and Sekhon [15] presented a
method which is based on a computerised diagraph and matrix approach. Cheok
and Foong [16] developed the IAPDie system which rotates a part through a range
of selected angles, and at each angle an identical part was placed along the advance
direction. Choi et al. developed a system for blanking and piercing of irregular-
shaped sheet metal products based on AutoCAD. The calculation involves
determining the change in utilization ratios for each 2° increment of tilt. It appears
that most algorithms being developed aim to enhance automation in blank layout.
However, there is limited focus on constructing a practical optimization system for
blank layout that takes into account not only a sound algorithm but also the practical
manufacturing requirements. This paper introduces the fundamental ideas of
optimizing blank layout and proposes the overall framework of a viable blank
layout system. [2]

13
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1.2.1. Basic Principles of Blank Layout

The blank means to the outside path of a part that is to be sheared. On the
other hand, if the part must bend up, along the edge or is bellowed, the entire
periphery of the unfolded shape will include an area which will be cut. In this
regard, the group will limit the issue in consideration to the arrangement of the
particular type of unoccupied area on an infinitely long strip. [5] The ratio of
material utilization for this arrangement can be expressed as follows:

n=24%100% [5]

T Pxw

here P is the feed pitch, W is the strip width, n is the number of blanks in one feed
pitch, and A is the area of one blank. In the stamping process, many types of layout
can be produced as shown in Fig. 1, where the arrow stands for the blank. A
practical blank layout system should have the ability to solve many types of layout,
such as 1-row, 2-row, 3-row, and multiple rows. The most commonly used layout
types are shown in Fig. 5:(a) normal 1-row, (b) opposite 1-row, (c) normal 2-row,

and (d) opposite 2-row. Normal layout (Fig. 6(a), (c)) means that all blanks are
arranged with the same rotation angle in the strip; whereas opposite layout (Fig.
6(b), (d)) means that the adjacent blanks always have a difference of 180° in rotation
angle. The blank layout method serves as the fundamental component of the system.
When choosing an algorithm, it is important to thoroughly analyze its practical
applicability in production. The following principles must be observed in order to
ensure the proper arrangement of blanks in a metal stamping operation: [5]

Maximizing material utilization while minimizing scrap should be the goal of
the layout.

The arrangement of blanks should reduce tool changes and increase press
uptime.

To maximize bending and forming processes, the part's orientation should be
taken into account during layout.

To reduce material distortion and increase dimensional accuracy, blanks should
be positioned accordingly.

To cut down on material waste, the layout should make it easier for parts to be
nestled efficiently.

The order in which activities are performed should be taken into account in order
to maximize production flow and reduce handling.

Any unique specifications or limitations, such as part orientation or material
qualities, should be taken into consideration in the plan.

14
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Fig. 12. Four commonly used blank layout modes. [5]

1. Build a higher level of material utilization. This issue becomes of critical
importance when working with premium materials to create a blank of good quality.

2. For a part to be bent it is advantageous to avoid bending along a line that
passes within certain angles relative to a grain flow in the strip. This happens
because while cold rolling the sheet metal experiences plastic deformation causing
in the direction parallel to the rolling direction the grains to align and to lengthen.
It the bent line is parallel to the grain flow direction, there is a probability of the
crack forming along the bending edge.[5]

3. Consider the constraints on strip width (specified as either maximum or
minimum value) or feed pitch (set as maximum or minimum values) in order to
achieve specific strip width or feed pitch required by customer as a part of the
customer requirements.

4. Review the fitness of the die structure design.

5. Decide what feed pitch and strip width are to be used to obtain a high degree
of precision and productivity.

6. It would be advisable to maintain a uniform width for the bridge's whole web.
The web (bridge width) is the minimum distance between two neighboring gaps or
between the gap and the edge of the clip.

16
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1.2.2. Development of Blank Optimisation System

The present research has successfully developed a practical system for
optimizing blank layout. This was accomplished by enhancing the algorithm for
layout calculation and integrating the constraints into the system. This system
operates on a personal computer and utilizes the AutoCAD software. The AutoCAD
software functions as the operating platform. Fig 14, illustrates the overall
framework of the system, while further elaborations are provided in the subsequent
subsections. [5]

Blank

orecin I Design Y inensio Design ' opeatin

Department

objective objective

Production Processes

Fig.13 Scheme of work [5]

To ensure practical viability, additional limitations are incorporated into the
algorithm, such as part orientation, layering, and tooling considerations.
The system generates a comprehensive blank layout plan as its output, which can
be opened in AutoCAD and processed further. The metal stamping process is made
much more accurate and efficient with this method, which lowers costs and raises
production quality.
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Fig.14. The general structure of the blank layout system. [5]

A simple user interface, known as the "Blank layout design wizard,” can be
offered to facilitate the user's management of all blank layout-related procedures.
This allows the user to easily execute modules sequentially in order to achieve an
optimal and practical blank layout, or alternatively, to directly access specific steps.

[5]
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Fig.15. llustration of the bending line restriction. [5]
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1.3. Determination of the place of the pressure
center point

The Tail Blades Facility of Stress (CRP), situated on the tail framework of a
helicopter is a vital aspect in the layout procedure as it straight impacts the security
as well as control of the airplane. The term ™" wind resistant facility"" symbolizes
the particular place where the advancing wind resistant pressure created by the tail
blades is used.

Accurate resolution of the accurate setting of the stress facility factor on a certain
helicopter's tail framework typically calls for extensive design evaluation as well as
screening. This treatment inclusives the use of wind resistant modeling, wind
passage trial and error, together with sometimes computational liquid
characteristics (CFD) simulations. [15]

The area of the CRP is affected by numerous elements such as the measurements
together with setup of the tail blades, the placing of the tail blades about the major
blades as well as the total layout of the helicopter. [6]

1.3.1. Aerodynamic Forces

The tail blades of a helicopter is important for controling its movement. The
helicopter's yaw activity, entailing turning around its upright axis, is handled by this
element. Efficient yaw control is vital as it stops a helicopter from experiencing
instability plus control obstacles.

The tail blades completes this by creating wind resistant pressures. These
pressures arise from the activity of air over the surface area of the tail blades. As
the blades turn they involve with the covering air, producing up pressure together
with ahead drive. The lift as well as drive play an essential duty in balancing out
the torque produced by the major blades.

As the major blades revolve it generates a torque that looks for to turn the
helicopter in the contrary instructions. This sensation is generally described as the
torque response. When, in the lack of a counterbalancing pressure, the helicopter
would certainly undertake uncontrolled turning. The wind resistant pressures
produced by the tail blades act as a vital counterforce adding to the preservation of
equilibrium coupled with security. [15]
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The communication in between the air flow as well as the tail blades is an
intricate aerodynamic sensation. [20] The form, measurements, as well as alignment
of the blades are fastidiously crafted to enhance their efficiency in creating these
pressures. Designers use progressed computational designs to anticipate the air flow
patterns over the blades and also figure out the equivalent wind resistant pressures.
[20]

Additionally, wind passages are made use of to confirm the precision of the
computational designs via physical testing. Within these controlled setups, reduced-
scale reproductions of the helicopter undertake substitute air movement allowing
designers to measure the genuine pressures generated by the tail blades. The empiric
information is crucial for boosting the layout together with ensuring the appropriate
performance of the tail blades. [15]

Basically the capability of the tail blades to generate wind resistant pressures is
crucial for preserving security as well as control of a helicopter. The pressures
discussed are a straight effect of the air movement over the tail blades as well as are
important for counteracting the torque created by the primary blades. Designers
fastidiously make coupled with evaluate the tail blades to guarantee it properly
keeps the helicopter's equilibrium plus security throughout trip. [26]

MR tip vortex

MR rotating
direction

I
W ~
Port wing vortex

a TR rotating
direction

Fig. 16. Schematic of vortex and wake directions around the tail rotor [26]
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1.3.2. Balance and Stability

The Center of Pressure (CRP) on a helicopter's tail rotor is a crucial element in
maintaining equilibrium and steadiness during flight. The strategic positioning of
the counterweight is crucial in order to counterbalance the inherent rotational force
produced by the primary rotor.

"When the major blades turns it produces a torque response that looks for to turn
the helicopter in the contrary instructions. The visibility of this turning pressure can
lead to instability and also provides the helicopter tough to manage. The CRP
features as a vital resisting pressure to this turning pressure properly preserving the
security of the helicopter as well as avoiding it from undertaking unrestrained
rotating. [16]

The CRP is strategically positioned to effectively distribute the aerodynamic
forces produced by the tail rotor. The strategic positioning guarantees that the
opposing force is exerted with accuracy in the specific area required to uphold
equilibrium. The pivot point facilitates the management of the helicopter's
rotational forces, ensuring controlled and stable flight.

The tail blades plays an essential duty in preserving equilibrium along with
security particularly when carrying out maneuvers that entail modifications in yaw
instructions. When a helicopter requires to alter its instructions or heading, the wind
resistant pressures created by the tail blades at the main has (CRP) are necessary.
The pilot can manipulate the yaw motion by modifying the pitch and thrust of the
tail rotor blades, enabling precise and fluid changes in direction. [15]

Engineers carefully and precisely design and position the CRP using a
combination of computational modeling, wind tunnel testing, and flight
testing.They take into consideration several elements such as the measurements
along with setup of the tail blades blades together with the placing of the blades in
relationship to the primary blades. These variables are critical in establishing the
suitable positioning for the CRP to make sure utmost performance in maintaining
the helicopter."[ 16].

Basically the Center of Pressure (CRP) on a helicopter's tail blades is tactically
placed to make sure vital balance and also consistency throughout trip. The major
rotor's torque is responded to by this device to stop unrestrained turning together
with make certain regulated along with steady trip. The specific placing of the CRP
is identified via meticulous design evaluation plus screening guaranteeing its
optimum capability in protecting the helicopter's security.".

21



UNIVERSITY OF DEBRECEN
FACULTY OF ENGINEERING
DEBRECEN DEPARTMENT OF MECHANICAL ENGINEERING

UNIVERSITY of

1.3.3. Effect on Handling

The Facility of Stress (CRP) on a helicopter's tail blades is important in
identifying the airplane's trip attributes. The placement of the tail blades
substantially influences the helicopter's ability to handle its yaw activity, which is
necessary for keeping secure as well as foreseeable trip.

A properly placed CRP is important for accomplishing regular as well as
foreseeable yaw control. Yaw control describes the helicopter's ability to revolve
around its upright axis. These jobs, such as keeping heading throughout trip, making
turns, along with performing maneuvers, are of utmost significance. When the CRP
is tactically placed it efficiently opposes the rotary force generated by the primary
blades, making it possible for precise as well as controlled yaw movements. [20]

Imagine a tactically placed Conservation Reserve Program (CRP) as the crucial
factor of a seesaw. It offers as the main factor that permits the helicopter to quickly
change its yaw alignment. This ensures that the airplane displays a regular coupled
with prepared for action to the pilot's commands, therefore promoting its control
plus maneuverability.

If the CRP were misplaced or improperly placed maybe cause dealing with
obstacles. A poorly placed Control Rudder Pedal (CRP) can bring about slow-
moving or excessively delicate yaw responses thus raising the trouble for the pilot
to keep control. This might cause situations where the helicopter's maneuvers come
to be much less possible, possibly threatening security as well as precision
throughout trip procedures. [14]

Helicopter designers use a mix of sophisticated computational modeling, wind
passage screening, as well as real trip screening to carefully place the CRP. The
experts very carefully analyze variables such as blade form, airfoil styles, coupled
with blades placing to recognize one of the most beneficial placement for the CRP.

Additionally the influence of the CRP on ability to move is a vital aspect that
helicopter makers need to meticulously think about throughout the procedure of
developing brand-new designs or making adjustments to existing ones. It plays a
vital duty in obtaining the desired trip attributes for certain goals or functional
demands.

To sum up the positioning of the Center of Pressure (CRP) on a helicopter's tail
blades considerably influences the airplane’s trip attributes. Properly positioning the
abusive check (CRP) enables smooth as well as expected yaw control thus boosting
the maneuverability of the helicopter. The accurate positioning of the helicopter is
achieved by carrying out complete design evaluation together with screening
assuring a reliable and also foreseeable reaction to pilot directions. [20]
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1.3.4. Design Iterations

The decision of the Facility of Stress (CRP) on a helicopter's tail blades demands
a series of thoroughly prepared style models. This crucial design job is performed
to assure the highest degree of efficiency as well as security throughout the program
of the trip.

Developers use innovative computational versions together with simulations as
a beginning factor. These innovative devices are made use of to identify the first
setting of the CRP. These designs think about countless elements consisting of the
accurate geometry of the tail blades. An extensive evaluation is carried out to
diligently analyze the form, dimension, and also angle of the blades in order to
recognize their communication with the bordering air movement. Along with the
computational versions take mindful factor to consider of the airfoil accounts,
which establish the cross-sectional form of the blades. This action is important in
developing a basic estimation of the optimum place for the CRP. [ 2]".

"Examination of the blades is a vital consider this treatment. The positioning of
the tail blades in regard to the major blades is a critical element that influences the
area of the CRP. Designers carefully analyze one of the most useful placing to make
certain that the wind resistant pressures produced by the tail blades effectively
balance out the torque created by the primary blades.

After making preliminary estimates utilizing computational designs the
succeeding action involves improving and also changing the style with a collection
of models. Designers inspect the end results of these simulations as well as carry
out vital changes to boost the accuracy of the CRP's placement. [12]

Carrying out physical examinations in wind passages improves the precision of
the CRP's setting. Designers gauge the real wind resistant pressures generated by
the tail blades by subjecting smaller sized variations of the helicopter to controlled
wind circulations. The empirical information supplies crucial verification of the
computational designs.

This iterative procedure continues up until the designers are material with the
precision of the approximated area of the CRP. The purpose is to obtain ideal trip
attributes that are both secure and also workable.

To sum up the procedure of identifying the Center of Pressure (COP) on a
helicopter's tail blades is a accurate plus rapid design treatment. The procedure
starts with the usage of computational designs along with simulations that consider
different variables such as blade geometry, airfoil accounts and also blades
positioning. [ 7] The preliminary quotes are ultimately boosted via a series of
models as well as confirmed via wind passage screening. This treatment ensures
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that the CRP is tactically positioned to use the necessary security coupled with
control throughout the program of the trip. [12]

1.3.5. Wind Tunnel Testing

Screening in a wind passage is a vital enter establishing the Facility of Stress
(CRP) on a helicopter's tail blades. It plays an essential duty in confirming the
precision of the computational designs used in the layout procedure. [4]

Throughout this phase designers create a reduced-scale model of the helicopter.
This version is carefully created to properly duplicate the wind resistant features of
the full-scale airplane consisting of the tail blades. The reduced-scale model makes
it possible for precise plus regulated testing producing exact monitorings
concerning the wind resistant qualities of the helicopter.

The wind passage is a devoted center especially developed for carrying out wind
resistant examinations. The framework is confined along with appears like a
passage enabling the generation of regulated air flow. Accurate policy of air flow
is vital for duplicating numerous trip circumstances along with measuring the
resultant wind resistant pressures. [3]

Throughout the wind passage examination the reduced-size helicopter design is
strongly repaired within the passage. Ultimately the wind passage is started,
producing a controlled stream of air that replicates the conditions the helicopter
would certainly run into throughout genuine trip. The rate and also alignment of the
air existing can be changed to imitate various trip circumstances.

Throughout the marketing in between the air movement and also the design
sensing units together with tools that are linked to the design collect information on
the wind resistant pressures created by the tail blades. The pressures that impact the
actions of the helicopter in numerous trip scenarios are lift drag plus side pressure.

The information gotten from wind passage screening provides essential
understandings right into the accuracy of the computational designs.
Inconsistencies or variants in between forecasted as well as gauged wind resistant
pressures help designers in improving designs as well as making required
modifications to improve their precision. [12]

Furthermore wind passage screening makes it possible for designers to explore
a varied range of trip problems coupled with situations. This considerable screening
makes certain that the helicopter's layout is resistant and also with the ability of
continually doing under different problems.
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Wind passage screening is an essential phase in the procedure of figuring out the
Center of Pressure (CRP) on a helicopter's tail blades. The procedure requires
constructing a reduced-scale reproduction of the helicopter and also subjecting it to
controlled air currents within an expert center. The gotten information offers to
confirm as well as improve the computational designs utilized in the style
procedure, ensuring an accurate understanding coupled with optimization of the
helicopter's wind resistant qualities for secure coupled with regulated trip. [12]

1.4. Design the tool

The aviation industry is renowned for its high level of rigor and stringent
regulations, making it one of the most exacting and tightly regulated sectors
globally. The components utilized in the construction of helicopters must adhere to
rigorous criteria of durability, weightlessness, and dependability. [16] The
spandrels, crucial structural components of a helicopter, are meticulously
manufactured with great attention to detail and accuracy.

Helicopter spar stamping refers to the manufacturing process of shaping and
creating a structural component that is utilized in the assembly of helicopters. Spars
are elongated components, typically composed of metal, which serve to uphold the
wings or other structural elements of a helicopter, thereby imparting robustness and
stiffness to the overall framework. The stamping process fabricates these
components by exerting high pressure or impact on sheet material, typically metal,
to shape it into a specific form. [14]
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Fig. 17. Stamping process [25]
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The procedure of marking generally takes place in numerous stages, starting with
the blanking of the sheet product. The procedure involves the adhering to phases:
product prep work, insertion right into the pass away application of stress or
influence to accomplish the preferred form, and also succeeding removal of the last
part from the die.

Accuracy plus control are essential in the stamping procedure of helicopter spars
to attain measurement precision, stamina plus light weight which are crucial for
conference airplane style as well as security criteria. [15]

000
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Fig. 18. Stamping process [24]

Benefits of utilizing stamping in frame production
1- Accuracy and repeatability

Rubbing supplies a distinct possibility to obtain miraculous accuracy together
with uniformity fit as well as measurements of components, which is necessary in
the manufacturing of structures. The stamping procedure returns elements with
extraordinary accuracy that abide by extensive specs. Subsequently, also the tiniest
alterations fit or dimensions can be duplicated with very little disparities. This
ensures uniformity in production and also decreases the possibility of problems or
non-conformity. [14]

2. Production efficiency

The auto marking process provides both efficient production and high
production inputs, thereby allowing the manufacture of a comparatively larger
number of spandrels even within limited time constraints. This remarkable cuts
down the expense of manufacturing by significantly reducing the time taken to
create any part. What is more, low production demands may lower production time.
This is critical for conference job due dates and also pleasing the need for these
products.
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3. Improved strength

The marking procedure improves the architectural honesty of the spandrels'
product. This happens with the alteration of the product's interior framework
therefore boosting its capability to withstand plus sustain outside pressures.
Stamping improves the thickness and also uniformity of the product therefore
significantly adding to the accomplishment of remarkable toughness as well as
sturdiness in the components. Boosting the toughness of spars with marking is
important for guaranteeing their integrity in frameworks that experience substantial
mechanical tensions. [16]

As a recap noting in the manufacturing of spandrels supplies benefits such as
improved accuracy and also performance, along with boosted mechanical
residential or commercial properties. This procedure plays an important function in
the manufacturing chain of high-grade as well as reputable architectural parts.

Fig. 19. Stamping process [34]
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2. Design the pattern plane and ratio of
material utilization

Creating a pattern for product application entails developing a format that
decreases waste as well as makes the most of using readily available products. The
pattern aircraft and also product proportion will certainly rely on the certain product
its residential properties plus the preferred forms or elements being created. [2]

2.1. Design details

To create a part in AutoCAD, it consists of several items. First we download
the software from the official Autodesk website. [17]

1. Opening the programme and setting up a drawing:

When we open AutoCAD we are taken to a workspace where we can create
drawings. Creating a drawing starts with defining the drawing parameters. We
select the units of measurement according to the requirements of our project. For
example, if you are working on parts, select metric units such as millimetres or
centimetres. Also specify the size of the sheet we are going to use, for example A4
or A3. Define the scale of the drawing to match our plans.

MoAEnL R i - L G- L - AT R A N - =

Fig. 20. Part creation process
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2. Creating basic lines and shapes:

After setting up your drawing, you can start creating basic shapes and lines. To do
this, use the line, circle, rectangle and other available tools to create the basic
contours and elements of our pattern. It is useful to keep important drawing
principles in mind, such as the use of intersection points, anchoring to coordinates,
etc.
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Fig. 21. Panel for drawing the part
3. Applying dimensions and annotations:

Adding dimensions and annotations to a drawing aids in comprehending the
scale and measurements of objects. You can use dimensioning tools to indicate the
lengths, widths, heights, and other parameters of objects. This not only benefits us
while working on a project but also assists others who may refer to our project.

Fig. 22. Dimensions and annotations

4. Customize layers and line styles:
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Use layers to organize different layout elements to better manage their visibility and
editing. This will make it more efficient to manage objects assigned to different
layers. Customizing line and hatch styles is also crucial in ensuring the right visual
appearance of your drawing elements.
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Fig. 23. Layers and line styles
5. Checking and editing:

This stage is crucial to identifying any errors, mistakes or discrepancies with the
project specifications. Check the layout to ensure all necessary components are
present and that the scaling, sizing, and text match accordingly. Any inconsistencies
should be edited and errors corrected.

2.2. Ratio of Material Utilisation

The material utilisation rate refers to the efficiency with which a given
material sheet or stock is used in manufacturing. It's calculated by comparing the
area of material effectively used for parts or shapes to the total area of the material
sheet.

Arorar = 4860000 mm? (1)

Apaste = 3303.32mm? (2)
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Auseful = 1264.94 mmz (3)

n= Atotal—Awaste — Auseful
Atotal Atotal
1264.94
n=———=26.6% (5)
4860000

Atorar: the total workpiece area
Ayaste: the necessary area of the workpiece

Aysefuit the waste area

Fig. 24. Frame
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3. Design the blank lay out

The empty lay-out is critical in maximizing production procedures in the
area of device collection manufacturing. It works as an extensive strategy,
meticulously setting up jobs together with physical formats to enhance efficiency
as well as precision while minimizing ineffectiveness. Strategic preparation in this
context involves the cautious factor to consider of concerns such as tooling needs,
product handling as well as operations series in order to maximize along with
enhance manufacturing procedures.

Every procedure in the vacant format is carefully planned to minimize the quantity
of time when the system is not working along with to optimize the performance of
manufacturing. This design works as an interaction device for designers,
developers, and also production individuals to understand the order of tasks plus
collaborate their initiatives successfully. Uniformity and also repeatability are of
critical relevance in device collection manufacturing, thus stressing the essential
nature of specifying the vacant lay-out.

The empty lay-out applies an attire approach for manufacturing, making it much
easier to replicate treatments throughout numerous variations of the device
collection. It is not simply an aesthetic depiction, however a critical prepare for
attaining success promoting reliable, economical along with premium
manufacturing treatments.

Essentially the empty design additionally relates to remove design within the
structure of device collection. It maximizes the plan of uninhabited areas in a supply
remove taking into consideration standards such as reliable use of products, the
range in between uninhabited areas together with the sides of the remove, and also
the density of the product. The objective is to acquire a minimal use of 75% for the
supply remove by tactically organizing the work surface within it.

The strip format component is vital for developing blanking elements from strip
product enabling rapid modeling of the genuine strong 3D strip. The procedure
requires setting up the positioning of work surface in the strip plus identifying their
loved one alignment to each other. Crucial elements to think about consist of
decreasing product waste, maintaining waste from coming to be stuck in between
strikes and also passes away, together with making modifications to ranges based
upon the density of the product.

Properly identifying the supply strip usage portion is necessary for maximizing
financial press device procedures. This requires determining the proportion of the
location of one space to its size coupled with size criteria. Makers readjust the setup
of strips plus confirm the highest possible usage via test formats with the objective
helpful efficiency together with reducing product waste in device collection
procedures.

To summarize the vacant lay-out offers a function past being a simple technological
plan for production procedures. It functions as a driver for boosting effectiveness,
cultivating development, along with advertising sustainability in the manufacturing
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of device collection. Via precise critical company of procedures and also work
surface, suppliers can maximize procedures, reduce inadequacies and also boost top
quality, eventually causing success in the very affordable production market.

Fig. 25. Frame the blank lay out
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4. Determine the place of the pressure center
point

The core goal of production is to produce things with the highest degree of
accuracy as well as precision. In numerous markets such as vehicle, aerospace
airplane, as well as microelectronics an extensive understanding of the
communication in between pressures as well as products is crucial as a result of the
intricate nature of production procedures. The stress center factor is a vital idea that
supplies designers plus developers important understandings right into the
circulation of pressures within a framework or element.

The decision of the stress center factor is essential in the layout and also evaluation
of mechanical elements. Designers use this idea to forecast the habits of products
under differing loading conditions. By exactly identifying the place of the stress
facility, developers can boost their layouts to hold up against and also stand up to
stress and anxieties along with pressures so making sure the sturdiness and also
integrity of completion outcome. In the vehicle market, it is important to understand
the stress facility factor in order to develop suspension systems that offer the
greatest feasible convenience together with security when driving on numerous
sorts of roadways.

In addition the stress facility factor is essential in optimizing the performance along
with affordability of manufacturing procedures. Suppliers can improve product use
minimize cycle period, as well as boost general effectiveness by purposefully
putting devices as well as components in connection with this place. In steel
creating procedures like marking and also shaping, lining up passes away plus
strikes with the stress facility factor can decrease flexing and also boost the
precision of generated components, leading to raised returns together with lowered
manufacturing prices.

Furthermore concentrating on workplace protection is of very vital worth in
business treatments. Establishing the stress center element is crucial for uncovering
prospective dangers triggered by extreme stress and anxieties or irregular lots. By
including this understanding right into threat analyses together with ergonomic
evaluations distributors can properly utilize appropriate preventative steps as well
as ergonomic styles to protect employees and also prevent office problems.

The stress facility factor plays an essential duty in production by giving helpful
details on pressure circulation. This helps in deciding throughout the layout as well
as manufacturing phases. By effectively using this technique, manufacturers can
boost item top quality raise manufacturing performance as well as preserve security
demands therefore progressing in the direction of the highest degree of accuracy
production. As modern technology advancements, extra research study along with
technology in this area will most definitely result in advanced approaches plus
devices, causing continual renovations in the production market. The stress facility
an essential component in airplane layout, substantially influences the wind
resistant effectiveness as well as security of the airplane. When creating structure
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airplane information, the stress facility factor is generally placed at a specific place
in regard to the referral factor on the airplane. This specific place is of extremely
important value in order to ensure the appropriate circulation of weight, equilibrium
as well as wind resistant residential properties of the airplane.

The procedure of airplane building and construction needs precise positioning of
several parts, consisting of wings, body, stabilizers, along with control surface areas
in order to obtain ideal efficiency. The stress facility factor, in some cases described
as the wind resistant facility, is the place where the lift pressure can be stated to be
applied. It functions as a vital criteria for the layout as well as manufacturing of
airplane frameworks.

Properly recognizing together with situating the stress facility factor is important in
airplane structure manufacturing to offer ideal weight circulation, equilibrium as
well as flight features. This thorough concentrate on information assurances that
the aircraft fulfills efficiency criteria along with security requirements in various
trip conditions.

Fig. 26. Determine the place of the pressure center point

The perimeter of a figure is calculated by adding up the lengths of all its sides.
Perimeter refers to the capacity to calculate the total distance around different
shapes. Every figure possesses a distinct formula exclusively designed to calculate
its perimeter.

L=dx*m (6)

LR=L1+L2+L3+L4+L5+L6+L7+L8 (7)
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We can also find the perimeter using the solid works program
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NMepmeTtp:| 43,50 MM

Fig. 29. Perimeter Ls

Muowaae: | 1256622

MepumeTp:| 125,660

Fig. 30. Perimeter L,
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Maowaae: | 19.63MmM"2

MepuseTtp: (15,7 TMHM

Fig. 31. Perimeter Ls

Moowaae: [19.63MM52

Meprmetp:| 15,7 TMmM

Fig. 32. Perimeter Lg
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Miowaak: | FE97MM"2

MepuMeTp:| 35,9901

Fig. 33. Perimeter L,

Muowaak: [15362.7MmM"2

MNeprmerp:| 619,38 Mmm

Fig. 34. Perimeter Lg
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Lg = 36 4+ 15,7 + 43,98 + 125,66 + 15,7 + 15,7 + 36 + 619,38 =
908,12 mm (8)

The fundamental theorem states that the sum of the moments of the constituent
forces at any given position must be equal to the moment of the resultant force at
the same point.

n

r*F = Zri*Fi 9

i=1

F= Zn:Fi (10)
i=1

The location of the pressure center point can be determined using the following
formula:
Y xiFy Qi )i+ (X, yiF))
nop n_F
i=1"1 i=1"1

(11)

Tg = Xl + Yl =

During sheet forming, the thickness of the sheet remains constant, resulting in
forming forces that are directly proportional to the lengths of the cutting lines.

n L: % x;
-1 i
r,=——— (12
n
Z._ L: x1;
XS — -1 l (13)
Lg
X, =
36.69%¥36+38.69%15.74+55.56%¥43.984+150%125.66+150%15.74+261.31%15.74+263.31*36+450%619.38
908.12
=350 mm (14)
YS — i—1™ i (15)
LXR
Y, =
5.5¥36+22.5%15.7+33.23%43.98+56.5¥125.66+86.5%15.7+22.5%¥15.7+5.5¥36+51+%619.38
908.12
=39.9 mm (16)

41



UNIVERSITY OF DEBRECEN
FACULTY OF ENGINEERING

UNIVERSITY of

DEBRECEN DEPARTMENT OF MECHANICAL ENGINEERING

s 6 ; V5 f \
G 5 al (Y8
v1‘q:§] q YS|§ 7

%1 i T
X2
X X4
- X5
X6
q
g
800
&
fa k/ ]
N E
q . D
i" o b=
B E|
¥
pAl
x2
X3
X4.%5
X8
X7
[

800

Fig. 35. Determine the place of the pressure center point
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5. Tool design

5.1. Description of stamping machine operation

Stamping machines are a collection of machinery and tools utilized to shape
components from thin sheets of metal. It finds applications across several industries
including as automobile, household goods, construction, and more. The stamping
process involves the exertion of force to alter the shape and dimensions of a metal
sheet, resulting in the desired form of the part.
The performance of stamping tools counts on using mechanical or hydraulic
pressures to modify the form of sheet steel. At first the product is readied - a steel
sheet with details density as well as measurements. Ultimately the product is
presented right into the maker where it goes through a pushing as well as forming
procedure utilizing specialized mold and mildews together with passes away
adhering to the established specifications. The procedure might require a variety of
tasks, consisting of boxing, flexing, marking plus drawing depending upon the
utmost result.

Marking tools provides countless advantages that make it a crucial element of

commercial production. First of all it uses exceptional performance plus accuracy
in forming elements, leading to decreased production time and also improved item
high quality. In addition marking promotes the production of parts with elaborate
forms together with varied surface area structures, thus improving the adaptability
together with efficiency of products. Furthermore, marking tools shows superb
scalability and also can be conveniently adapted to make a varied variety of
elements making use of a solitary equipment.
Marking tools is necessary in modern-day market as it allows effective production
of steel components along with elements. The convenience, performance and also
precision of its item development make it a critical element in the manufacturing
procedure,thereby promoting the development of both the market as well as the
economic situation.
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Fig. 36. Stamping processes [27]

Additionally stamping devices supplies the included advantage of being an
affordable option for large-scale manufacturing of parts. By using automated
procedures as well as running at broadband, it has the capacity to reduce
manufacturing prices, enhance source application plus reduced manufacturing cycle
times. An extra vital element of marking devices is its capability to readjust as well
as include with various other production innovations. Modern marking press lines
can be integrated with automation, quality assurance plus manufacturing
surveillance systems leading to boosted performance as well as dependability of the
procedure.

Additionally it is important to recognize the value of marking devices in
promoting development as well as promoting technological development. Because
of the introduction of ingenious products together with machining methods the
procedure of marking is regularly progressing causing enhanced precision,
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flexibility, coupled with efficiency. This allows commercial ventures to keep
competition in the marketplace along with adjust to advancing customer
requirements.

Stamping devices plays a vital function in ensuring the production of remarkable as
well as financially effective steel parts, while likewise promoting development as
well as innovation in the commercial domain name. The relevance of this area in
today's economic climate is undeniable, and also extra breakthroughs in modern
technology within this domain name will certainly improve manufacturing
procedures and also lead to even more affordable items.

Fig. 37. Stamping processes [28]

5.2. Create a 3d model from a 2d drawing in solidworks

Before starting collaborate with SolidWorks, it is necessary to have an essential
understanding of the concepts underlying the conversion from 2D to 3D. A 2D
illustration typically includes a frontal, leading, and also side sight of an item along
with the needed dimensions plus specs. The procedure of transforming to a 3D
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version involves the activities of pushing, revolving, as well as lofting the 2D
layouts in order to produce a 3D depiction.

Action 1 import a 2D illustration. Start by importing a two-dimensional
illustration right into SolidWorks. The job can be achieved by either scanning the
illustration or making use of electronic data in DXF plus DWG styles. After
importing the documents it is essential to carefully validate that the illustration
items are properly scaled as well as lined up.

Action 2: Generate initial illustrations. Capitalize on the imported illustration as
an overview to duplicate the illustrations in SolidWorks. Commence by laying out
the essential lays out and also dimensions of things. SolidWorks has a range of
laying out devices such as lines, arcs, circles, as well as rectangular shapes which
make it possible for accurate reproduction of 2D illustrations.
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Fig. 38 Choose file the detail
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Fig. 40. Import DXF to DWG

Step 3:  Perform the actions of extrusion and rotation. After finishing the sketches,
utilize SolidWorks' extrude and rotate features to transform them into three-
dimensional geometry. Apply the process of extrusion to 2D sketches in order to
achieve the desired level of depth and create a three-dimensional representation. To
create a solid shape for cylindrical things like shafts or pipelines, using the rotation
function to rotate the sketch around an axis.
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Fig.42. Frame 3D in SolidWorks

Step 4: Improving the details by integrating extra specifics and also attributes.
After developing the basic framework it is currently essential to include detailed
complexities plus qualities right into the version. SolidWorks supplies an
extensive variety of devices for using fillets including chamfers creating openings
and also incorporating different geometric elements. It is necessary to very
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carefully think about the dimensions and also attributes illustrated in the
preliminary two-dimensional picture.

Step 5:  Refine and confirm. After completing the 3D model, it is important to
conduct a comprehensive validation process to confirm its accuracy and
functioning. Utilize the analytical tools in SolidWorks to conduct simulations,
detect intersections, and verify the design's compliance with given restrictions.
Revise the model and enhance its performance by implementing the required
modifications.

5.3. Create a 3d model stamping machine

Produce a 3D design of a marking maker in SolidWorks includes a number of
actions. Right here's a streamlined overview to obtain you began:

1) Basic style:

* Start by describing the total type of the framework or body of a marking
maker. Use the illustration devices offered in SolidWorks to develop 2D accounts
that properly portray the various parts of the maker.

» Utilize features like Extrude Boss/Base or Revolve Boss/Base to transform
these 2D styles right into 3D solids. These features make it possible for the
development of the key elements of the marking maker, consisting of the base,
columns and also leading framework.

2) Stamping Mechanism:

* Develop the initial sketches on the majority of the facets like death, strikes and
rekind easily.

» Demonstrate these illustrations by using tools like Extrude and Cut-Extrude so
that you can get those objects from two-dimensional to three-dimensional. Make
sure that the scales sector works smoothly, taking careful measurements and
ensuring clearances.

* Reaming aside an even importance must be provided to envelope the grinding as

well as the chamfer functions in the process that will erase the sharp sides and boost
the appearance of the pieces.
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Fig. 43. Lower plate

Fig. 44. Upper plate
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Fig. 45. Upper plate

3) Guides and supports:

« Employ the same techniques as mentioned earlier to draw and fabricate
supplementary elements including support structures, supporting rings, and guides.
« Utilize assembly features, such as Mate and Insert Components, to integrate these
components into the primary design of the stamping machine. Ensure that they are
correctly positioned to optimize the stamping procedure.

Fig. 46. Stand
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Fig. 47. Outer ring

Fig. 48. Outer ring and Stand
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Fig. 49. Assembly part

4) Create a sheet metal part:

Once we have the molding tool, we can create a sheet metal part by placing the
molding tool on a flat sheet surface of sufficient size.

Fig. 50. Material
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Fig. 51. Pressing machine

Number Piece/Construction unit Denomination
1 1 Upper plate
2 1 Lower plate
3 4 Supported ring
4 4 Stand
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Upper plate 1

Fig. 52. Combined assembly tree

5.4. FEA Modelling of Frame

5.4.1. ANSYS Software for static analysis

ANSYS is a software tool used for engineering analysis, enabling the creation
and analysis of diverse systems and objects. It has the capability to simulate three-
dimensional objects, ascertain their materials and properties, and conduct a range
of analyses including static, dynamic, thermal, and  others.
ANSYS stands out due to its exceptional adaptability and extensive array of tools.
Engineers can utilize it to address a wide range of issues, including evaluating
strength and strain, modeling thermal behavior, and calculating dynamic loads.
ANSY S benefits greatly from multiprocessor computing, which allows it to achieve
high speed, particularly on robust computer systems. By integrating with
supplementary modules and extensions, you can effectively address highly intricate
problems. ANSYS is predominantly utilized in the automotive and aerospace
sectors, although its application is also extensive in various other domains, ranging
from energy to medicine.
Engineers employ ANSY'S software to enhance the dependability and effectiveness
of products, while also streamlining the design and manufacturing procedures.
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5.4.2. Geometry imports and mesh refinement

In accordance with the previous chapter, we have created complex 3D models of
the frame elements in SOLIDWORKS. These models are used as the basis for finite
element analysis (FEA) in ANSYS. After loading the geometry into ANSYS, we
enhance the mesh at key connection points to maximise the accuracy of the
simulation. More specifically, we have implemented a mesh enhancement with a
mesh size of 2 mm at the connection interfaces shown in the figure. By applying
this particular mesh refinement technique, it becomes possible to achieve a higher
level of accuracy in estimating the stress and strain distribution within the frame
assembly. Through the mesh refinement process, our goal is to improve the
accuracy of our FEA simulations and better understand frame performance.

an 10060 202 Gy

I - =
56X 15200

Fig. 53. Mesh refinement in pressing machine

5.4.3. Material Properties and Boundary Conditions

When evaluating the connection the physical qualities of its components
are very carefully reviewed. When picking light weight aluminum for a
pushing maker we are likely to take into consideration the product residential
properties as well as efficiency standards. Aluminium is regularly selected
because of its positive mix of toughness, reduced weight as well as capability
to stand up to deterioration.

Light weight aluminum displays appropriate stamina for the elements of a
baling device while preserving a reasonably reduced weight. This boosts the
maker's ability to move along with mobility.

Light weight aluminum is considerably lighter than various other steels
like steel, that makes it much more convenient and also decreases the general
weight of the equipment.
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Aluminium has fundamental rust resistance because of the development of
a safety oxide layer. This layer works as an obstacle, shielding journalism
device from deterioration plus boosting its life-span as well as strength,
especially when it enters into call with destructive compounds or liquids
throughout procedure.

Affordable: Aluminium is typically much more affordable contrasted to
various other steels like titanium or stainless-steel, making it a preferable
choice for making pushing makers without jeopardizing on high quality as well
as efficiency.

Machine ability: Aluminum shows a favorable simplicity of machining
making it possible for the manufacturing of elaborate forms plus parts required
for a pushing equipment with extraordinary precision.

Aluminium has a unified mix of stamina, lightweightness, resistance to
deterioration, thermal conductivity, cost-effectiveness as well as convenience
of machining providing it an appropriate choice for a pushing equipment.
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El- @) Geometry Imports
~F® Geometry Import (A3)
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Fig. 54. Mesh refinement in pressing machine
Contact region 2 is frictionless support for moving punch downwards without

any resistance

I have define different constraints such as fixed support and forces that | have

calculated for different features as discussed in chapters 5.4.4.

5.4.4. Results of used forces 8 N

Forces enable us to comprehend the behavior of structures when subjected to

various loads. Through the analysis of forces, experts are able to ascertain whether
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a structure is capable of withstanding its intended use without experiencing any
structural failure.
Forces enable us to optimize designs. By understanding the forces exerted on a
structure or component, we can optimize its design to effectively withstand those
forces, potentially minimizing material usage or weight without compromising
safety.

Enable us to comprehend the efficiency of machines and systems. Within

mechanical systems, forces can serve as indicators of energy transfer efficiency or
the level of friction present.

Fig. 55. Process forces
To find the forces, | used the formula:

F.=CxLxS5%08x*R,, (18)
F,; =1.2%0.036 x0.00201 * 0.8 « 3.1 * 108 = 26917,92 N  (19)
F., = 1.2 %0.0157 % 0.00201 = 0.8 * 3.1 * 108 = 11739.204 N (20)
F.3 = 1.2%0.0439 « 0.00201 0.8 3.1« 108 = 328249 N (21)
F., = 1.2%0.1256 * 0.00201 = 0.8 x 3.1 « 108 = 93913.63 N (22)
F.s = 1.2 x0.0157 * 0.00201 * 0.8 * 3.1 « 108 = 11739.204 N (23)
F.e = 1.2 x0.0157 * 0.00201 * 0.8 * 3.1 « 108 = 11739.204 N (24)
F., =1.2%0.619 % 0.00201 * 0.8 * 3.1 * 108 = 26917,92 N (25)
F.g =1.2%0.908 = 0.00201 * 0.8 = 3.1 * 108 = 462838.68 N (26)
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5.4.5. Equivalent stress analysis

Examining the equivalent stress is essential for understanding the mechanical
strength of the upper plate when subjected to external forces. The upper plate
assembly has a maximum equivalent stress of 44.421 MPa, indicating localized
areas of significant stress concentration in the structure. On the other hand, the
lowest level of stress is measured at 2.4021 x 10”-5 MPa, indicating places with
insignificant stress. Based on the findings, we may infer that the upper plate exhibits
enough structural strength and is capable of withstanding the imposed load
conditions.

A: Static Structural

Equivalent Stress :

Type: Equivalent {(von-Mises) Stress
Unit: MP3a

Time: 1 (Unconverged) s
4/26/2024 314 PM

44.421 Max
39.485
U 34.549
29.614
24.678
i 19.743
14.807
9.8713
& 4,9356
2.4021e-5 Min

Fig. 56. Directional deformation analysis
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5.4.6. Equivalent elastic strain analysis

Examining the corresponding elastic strain analysis provides insight into how
the jaw upper plate deforms when exposed to external forces, including both elastic
and plastic deformations. The upper plate system has a maximum equivalent elastic
strain of 0.17334 mm/mm, indicating considerable elastic deformation in specific
locations. On the other hand, regions with very little elastic deformation have a
minimum equivalent elastic strain of 0.

A: Stati Structural
Equivalent Elastic Strain
Type: Equivalent Elastic Strain
Unit: mm/mm
Time: 1 (Unconverged) s
4/28/2024 316 PM

0.17334 Max
U 0.15408
0.13482

| 0.11556
0.096208

[ coroms

({ 0.057779

| 0.038519

0.01926
3.1797e-10 Min

Fig. 57. Equivalent analysis of elastic deformation of the upper plate

Converting the distribution of equivalent elastic strain over the upper plate
assembly into a graphical style helps to understand places that are likely to
experience severe deformation.This will allow you to visualize the varied
magnitudes of elastic strain in different upper plate zones.
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5.4.7. Total deformation analysis

After examining the total deformation of the top plate at a load adjustment of 9 Nm,
we found that the maximum deformation was 3.9845 mm and the minimum
deformation was 0 mm. The study shows that the top plate design maintains
acceptable deformation limits when subjected to higher loads. These results indicate
that the design remains structurally sound and is considered safe for the claimed 9

Nm.

Fig. 58. Total deformation
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6. Conclusion

The production layout of a helicopter framework is an elaborate treatment that
requires thorough consideration of several aspects such as the advancement of a
pattern aircraft, the proportion of product use the plan of the space format the
positioning of the stress prime focus and also the layout of the device. In this last
area we will briefly lay out the essential elements coupled with stress the
importance of each phase in the layout procedure..

Pattern Plane and Ratio of Material Utilization

The pattern airplane functions as the essential basis for the building and
construction of the helicopter structure. This functions as the preliminary step in
developing the vacant framework and also establishing the area of the stress prime
focus. The layout of the pattern airplane ought to be enhanced to optimize the use
of products ensuring a framework that is durable light-weight plus very effective.
The product use proportion is an important consider helicopter layout, as it has a
straight effect on the weight along with efficiency of the airplane. An enhanced
pattern airplane coupled with effective product usage can substantially lower the
weight of the structure, thus improving the total efficiency coupled with gas
performance of the helicopter.

Blank Layout

The space design is the succeeding stage in the style procedure. It includes
establishing a detailed method for placing the parts on the pattern airplane. The
space design needs to think about the strength, mass as well as durability of the
products, together with the wind resistant together with architectural requirements
of the helicopter. A smartly crafted vacant plan can effectively remove wastefulness
reduce manufacturing costs, and also improve the total quality of the structure.

Placement of the Pressure Center Point

The placement of the stress centroid is an essential phase in the layout
procedure. It requires determining the specific setting of the center of stress on the
helicopter's framework which straight influences the security plus flexibility of the
airplane. The ideal positioning for the stress prime focus goes to an area that makes
best use of security plus control throughout trip. An ideally crafted stress prime
focus can boost the ability to move of the helicopter together with alleviate the
chance of mishaps.

Design of the Tool

The device's layout is the best phase in the manufacturing procedure of a helicopter
structure. The procedure requires establishing an accurate device efficient in
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properly reducing as well as forming the products according to the provided setup.
The device needs to be crafted to lessen ineffectiveness lower production costs
along with boost the total quality of the structure. An perfectly crafted tool might
assure that the structure is created with utmost accuracy therefore boosting the
safety and security and also effectiveness of the helicopter..

Future Research Directions

Although this research study has actually used a detailed exam of the production
style of a helicopter structure, there are still various other facets that require extra
research study. Adhering to study ventures might focus on the innovation of unique
products and also manufacturing methods to boost the structure's stamina, weight
as well as toughness. Furthermore, refresher courses can be carried out to explore
the wind resistant as well as architectural efficiency of the helicopter, with the goal
of maximizing its layout together with boosting its general effectiveness.

To summarize, the production layout of a helicopter structure is an elaborate
treatment that requires fastidious consideration of several elements such as the
growth of a pattern airplane, the optimization of product use the plan of the spaces
the positioning of the stress prime focus, as well as the device style. With making
use of a carefully structured layout procedure, producers might fabricate a durable,
low-weight plus very efficient helicopter structure that satisfies the needs of
modern-day aeronautics. Future research study ought to focus on the development
of unique products along with production methods, with the examination of the
wind resistant and also architectural capacities of the helicopter in order to boost its
layout and also total effectiveness.
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