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ABSTRACT:

The cost-effectiveness and quality of machined components are significantly influenced by economic and product
design factors. The main elements and aspects at play, when economics and product design meet in the context of
machining operations, are summarized in this chapter. Economic factors in machining cover a wide range of
topics, such as the price of materials, the cost of tools, the price of labor, the use of the machine, and the
effectiveness of total production. The choice of material has a significant impact on both the component's
functionality and the associated machining costs. Cost reductions may result from utilizing materials as
effectively as possible and reducing waste and scrap. Additionally, choosing the best machining technique and
cutting parameters may improve output efficiency and cut down on machining time and expense. Manufacturing,
functionality, and desired requirements are all taken into account while developing products for machining.
Applying design for manufacturability DFM principles makes sure that the design can be effectively
manufactured with the tools and equipment at hand. During the design phase, elements including component
shape, tolerances, surface finishes, and accessibility for machining processes are taken into consideration.
Designers may avoid production challenges and possible rework, lowering costs and lead times, by anticipating
machining restrictions and capabilities.
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l. INTRODUCTION

The machining process heavily depends on financial and product design factors. In machining processes, the
material is removed to shape, mold, or finish a workpiece. By optimizing the economics and product design,
efficiency, cost-effectiveness, and product quality may all be raised. Economic issues in the context of machining
pertain to the effective use of resources, cost management, and profitability maximization. Considerations for
product design center on creating parts or products that are not only useful but also optimal for quick manufacture
and affordable machining [1], [2]. Numerous elements have an impact on the machining process economically:

Material Choice

The workpiece's material selection can have a big influence on how much it costs the machine. Some materials
are harder, tougher, or have different thermal characteristics, making them more challenging to process. Cost
reductions can be achieved by choosing materials that are simpler to manufacture or by investigating substitute
materials that have comparable qualities but superior machinability.

Best Cutting Parameters

To get the required machining results, it is essential to choose the appropriate cutting parameters, such as cutting
speed, feed rate, and depth of cut. Efficiency gains, tool wear reductions, and production cost reductions may be
achieved by optimizing these parameters following the unique material, tooling, and machining requirements [3],

[4].
Tooling Life and Selection

For effective machining, it's crucial to select the right cutting tools based on the particular machining process and
material. Reducing tooling expenses and boosting productivity may be accomplished by choosing high-quality
tools with lengthy tool lives and taking into account possibilities for tool reconditioning or tool coating.
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Setup and Workpiece Fixturing

Stable and precise machining depends on proper workpiece fixturing and setup. Production efficiency may be
increased by minimizing setup time, lowering scrap, and introducing efficient setup practices. The following
elements are crucial when it comes to product design concerns in machining:

Design with Manufacturing in Mind: Designing parts or goods that are simple to fabricate or machine can have
a big influence on manufacturing costs. More cost-effective machining procedures may be achieved by taking
into account elements like tolerances, feature complexity, tool accessibility, and optimal material use.

Optimizing Tool Paths and Tool Access in Design: Maximizing tool pathways and ensuring appropriate tool
access to crucial features can increase machining productivity and reduce needless tool movements. As a result,
cycle durations are shortened, surface quality is enhanced, and productivity is raised.

Reduced Material Waste: Cost-saving implications can result from designing goods with the best possible
material use and the least amount of waste. Reducing material waste results in a more sustainable production
process as well as lower material prices.

Planning for Assembly

Designing with the simplicity of component assembly in mind helps speed up assembly and cut costs. Production
efficiency may be increased by designing components with characteristics that make simple alignment, fastening,
and integration into the final product assembly possible. Manufacturers may cut costs, increase productivity, and
produce goods of superior quality by taking economic and product design considerations into account during the
machining process. To ensure that the design intent matches the capabilities and restrictions of the machining
process, collaboration between design engineers and machining specialists is essential. This will result in
successful and cost-effective manufacturing outputs [5], [6]. The cost-effectiveness and quality of machined
components are significantly influenced by economic and product design factors. The main elements and aspects
at play, when economics and product design meet in the context of machining operations, are summarized in this
chapter. Economic factors in machining cover a wide range of topics, such as the price of materials, the cost of
tools, the price of labor, the use of the machine, and the effectiveness of total production. The choice of material
has a significant impact on both the component's functionality and the associated machining costs. Cost
reductions may result from utilizing materials as effectively as possible and reducing waste and scrap.
Additionally, choosing the best machining technique and cutting parameters may improve output efficiency and
cut down on machining time and expense.

Manufacturing, functionality, and desired requirements are all taken into account while developing products for
machining. Applying design for manufacturability DFM principles makes sure that the design can be effectively
manufactured with the tools and equipment at hand. During the design phase, elements including component
shape, tolerances, surface finishes, and accessibility for machining processes are taken into consideration.
Designers may avoid production challenges and possible rework, lowering costs and lead times, by anticipating
machining restrictions and capabilities. Additionally, machining-friendly product design can enhance component
performance and durability. Design elements that prolong tool longevity, lessen cutting pressures and promote
chip evacuation can improve machining productivity. The design of components that are economical, dependable,
and of good quality may be achieved by balancing structural integrity, functional needs, and manufacturability
[7]-[9]. The integration of financial and product design issues in machining is made possible in large part by
computer-aided design CAD and computer-aided manufacturing CAM technologies. With the use of these
technologies, designers may produce virtual models, simulate machining processes, improve tool routes, and
calculate production costs. Potential problems can be recognized early in the process by utilizing digital design
and simulation, allowing for tweaks and enhancements before real machining.

1. DISCUSSION
Machinability

The term machinability describes the simplicity and effectiveness with which a material may be processed using
different machining techniques. It gauges how well a material can be molded, cut, or molded by removing
material using machines and cutting tools. A material's qualities, such as hardness, toughness, thermal
conductivity, and chemical composition, as well as the machining settings and tools used, affect how machinable
it is. The overall efficacy and cost-effectiveness of the machining process can be significantly impacted by a
material's capacity to be machined. An easier-to-work-with material that has better surface polish, a longer tool
life, and cheaper overall production costs. This is known as excellent machinability. A material's poor
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machinability, on the other hand, might provide difficulties including greater tool wear, slower cutting rates,
poorer productivity, and higher machining costs. The machinability of a material is influenced by many elements,
such as:

Material Durability: Hard materials are typically more challenging to machine than softer materials, such as
hardened steels or exotic alloys. High hardness can cause decreased machining efficiency, faster tool wear, and
slower cutting rates. Aluminum and brass are examples of materials with a lesser hardness that are often easier
for the machine.

Composition Toughness: Strong materials can be difficult to machine because of their resistance to cutting
pressures and propensity to chip or shatter tools. Examples of such materials are certain stainless steel or titanium
alloys. Materials with lower hardness are often simpler to manufacture.

Temperature Conductivity: High thermal conductivity materials, like copper or aluminum, are capable of
swiftly dissipating the heat produced during machining. This enables faster cutting rates and greater machining
efficiency while lowering the danger of tool damage brought on by excessive heat buildup.

Chemical Make-Up: The machinability of a material can be greatly influenced by its composition, particularly
the presence of alloying elements. Certain alloying components or impurities may make the material more
difficult to process by promoting tool wear, hindering chip formation, or causing work hardening.

Microstructure

A material's machinability may be impacted by its microstructure, which includes internal tensions, phase
distribution, and grain size. Compared to materials with larger or irregular grain structures, those with fine and
uniform grain structures often have higher machinability.

Cutting Conditions

The machinability of a material is directly impacted by machining factors including cutting speed, feed rate, and
depth of cut. To achieve the required balance between cutting performance, tool life, and surface quality, optimal
cutting parameters must be established depending on the individual material being machined.

Equipment and coolant

The choice of suitable cutting tools, tool coatings, and lubricants/coolants can have a big influence on a material's
machinability. Cutting effectiveness and tool life may be increased by making the proper tooling decisions
regarding the material, shape, and edge preparation of the tools. Effective heat dissipation, tool wear reduction,
and chip evacuation may all be achieved with the aid of cooling and lubrication. To accomplish efficient and
economical manufacturing, it is crucial to choose the right machining procedures, equipment, and settings after
understanding the machinability of various materials. Manufacturers frequently use testing, empirical knowledge,
and machinability data to establish the best strategy for machining a particular material. Improvements in
machinability continue to be driven by developments in material science, tooling technology, and machining
methods, enabling faster and more accurate machining processes.

Tolerances and Surface Finish

The dimensional precision, functional fit, and desirable aesthetics of machined components are all dependent on
tolerances and surface quality. They have a big impact on the ultimate product's performance, dependability, and
quality. Let's delve further into each idea:

Tolerances

The permissible difference in dimensions from the given design measurements is defined by tolerances. They
outline the permitted variance in feature size, shape, and placement on a workpiece. To specify the range within
which the measurements must fall, tolerances are frequently expressed in terms of upper and lower limits, such as
0.0lmm or 0.001 inches. Tolerances are necessary to guarantee appropriate assembly, component
interchangeability, and the operation of the finished product. They take into account several variables, including
the part's intended function, the capabilities of the production process, and the financial ramifications. Typical
forms of tolerance include:

Measurement Tolerances: Give details on the permitted variance in linear dimensions, such as length, breadth,
height, diameter, or thickness.
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Dimensional Tolerances: Define the range of permissible variation for properties such as straightness, flatness,
roundness, concentricity, or perpendicularity in their shape, orientation, and position.

Positional tolerances: Describe the permitted variation in the placement of features concerning a certain datum
or reference point. Machine operators employ a variety of measurement tools, such as calipers, micrometers,
coordinate measuring machines CMM, or optical systems, to confirm that the tolerances stipulated in the
engineering drawings are being adhered to.

Surface Quality

The term surface finish describes the caliber and texture of a workpiece's machined surface. It specifies the
surface's qualities, such as waviness, lay, and roughness, which have an impact on both aesthetics and functional
performance. The surface finish specifications are determined by the part's intended application. While textured
or rougher finishes may be appropriate for increased grip or adhesive bonding, smooth and polished surfaces may
be required for components that need minimal friction or are exposed to the elements. Typically, measures like
Ra arithmetical average roughness, Rz average maximum height, or Rt total roughness are used to describe
surface quality. The deviations and imperfections seen on the surface at various length scales are quantified by
these metrics.

The right machining techniques, tools, cutting settings, and application of post-machining procedures like
grinding, polishing, or coating are necessary to achieve the required surface finish. Specific surface finish needs
can be met via machining operations including milling, turning, grinding, or honing. Utilizing methods for
measuring surface roughness such as laser scanning, optical interferometry, and stylus profilometry, one may
guantitatively assess and confirm that the desired surface finish has been attained. Tolerances and surface quality
are crucial factors in machining processes, to sum up. While surface finish has an impact on appearance,
functionality, and how parts interact with other surfaces, tolerances guarantee the dimensional correctness and fit
of components. Manufacturers may make sure that machined components and the finished product are of high
guality, usefulness, and dependability by adhering to the set tolerances and attaining the desired surface finish.

Selection of Cutting Conditions

The choice of cutting conditions in the machining process is a vital decision that directly impacts the efficacy,
guality, and affordability of the operation. Cutting conditions, which include the parameters and settings used for
cutting activities such as cutting speed, feed rate, depth of cut, and coolant application, are referred to as cutting
conditions. These parameters should be carefully chosen depending on the workpiece material, tools, machine
capability, and intended machining results, among other considerations. Choosing cutting conditions should take
into account the following factors:

Product Composition

The cutting conditions should be customized for each material since different materials have different
machinability properties. The selection of cutting parameters is influenced by elements including material
toughness, thermal conductivity, hardness, and chemical composition. Softer materials may permit greater cutting
speeds and feed rates, whereas harder materials may call for lower cutting speeds and lighter feed rates to avoid
excessive tool wear.

Tool Life and Tool Selection

When deciding on the cutting circumstances, the choice of cutting tools, including their material, shape, and
coating, should be taken into account. The tooling must be strong enough to survive the cutting forces,
temperature, and wear brought on by the particular cutting circumstances. Also important to consider are the
intended tool life and the necessity of tool replacement or reconditioning.

Feature of the Machine

The choice of cutting conditions can be influenced by the machine tool's capabilities, including its power,
stiffness, and spindle speed range. To guarantee safe and effective machining, it's critical to stay within the
machine's suggested limitations.

Machining Process

The choice of cutting conditions is also influenced by the particular machining process being used, such as
turning, milling, drilling, or grinding. The cutting conditions should be tuned following each operation's unique
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requirements and limitations. For instance, while milling, the feed rate and cutting speed that are chosen have an
impact on chip formation, tool engagement, and surface quality.

Objects of Machining

When choosing cutting conditions, the intended machining results, such as dimensional accuracy, surface quality,
productivity, or tool life, should be taken into account. High cutting speeds and feed rates, for instance, may be
used if productivity is a goal, whereas lower cutting speeds and finer feed rates may be preferred for enhanced
surface quality.

Refreshing and Lubricating

Using coolants or lubricants when milling can assist to disperse heat, lower friction, and lengthening the life of
the tools. To improve cutting conditions and avoid tool wear or workpiece damage, coolant or lubricant selection
and use should be improved.

Observation and Trial and Error

The experience of the machinist or the manufacturing company may also have an impact on the machining
conditions. The choice of appropriate cutting conditions can be aided by prior knowledge, empirical data, and
previous machining experiences. The best cutting settings for a given application might only be found via
experimentation and process improvement. It is essential to remember that choosing the right cutting conditions
frequently involves striking a balance between opposing criteria, such as increasing production while preserving
tool life or obtaining the right surface polish. To optimize the machining operation and obtain the desired results,
continuous monitoring, assessment, and modification of cutting conditions during the machining process may be
required.

Product Design Considerations In Machining

The manufacturability, efficacy, and cost-effectiveness of machining processes are all directly impacted by
product design concerns, which are vital to the process. Several aspects need to be considered when designing a
product for machining to guarantee successful and effective manufacturing. Here are some important machining
design factors to keep in mind:

The Capacity to Manufacture a Design

Creating products with designs that are optimized for quick and affordable machining operations is known as
designing for manufacturability. This involves taking into account variables including the intricacy of the part,
the size of the feature, tolerances, and material choice. Easy and more cost-effective production can be achieved
by streamlining component shape, reducing the number of machining processes, and using materials that are
well-machinable.

Selection of Materials

The product's material selection has a big influence on how it is machined. Hardness, toughness, and heat
conductivity are a few machinability traits that differ amongst different materials. The productivity, tool wear,
and surface quality may all be improved by using materials with excellent machinability. To choose the best
material for the required application and machining technique, collaboration between design engineers and
material experts is essential.

Accessibility and Feature Orientation

Designing features with the correct accessibility and orientation for machining is crucial. Making sure that crucial
features are simple for cutting tools and fixtures to reach may improve machining processes and shorten setup
times. Machining operations can be more effective if the tooling route and accessibility of tool access are taken
into account throughout the design phase.

Considerations for Tolerances and Dimensions

To achieve the intended functional fit and component interchangeability, it is crucial to specify the proper
tolerances and dimensional criteria. When setting tolerances, design engineers should take the machining
capabilitiesincluding the precision of the machine tool and the equipment employedinto account. Tolerances that
are reasonable and practical can assist save wasteful spending, prevent rework, and guarantee appropriate
component assembly.
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Reduce and Consolidate Secondary Operations in Part

It is possible to simplify the machining process and save manufacturing costs by minimizing the number of
distinct pieces and removing the requirement for superfluous secondary operations. It is possible to minimize
assembly processes and cut down on production time and costs by designing parts with integrated features or
fusing many components into a single piece.

Tooling and Fixturing Design

Designing with tooling and fixturing requirements in mind may make machining operations more effective.
Designing components with the appropriate clamping surfaces, reference points, and locating features helps
facilitate fixturing and increase machining precision. The machining processes may be made more efficient by
working with tooling specialists to make sure that the design and the necessary tools are compatible.

Aesthetic Considerations and Surface Finish

In industries where aesthetics is vital, it is necessary to design goods with the appropriate surface finish
specifications and aesthetics. The ideal surface quality can be attained by considering secondary finishing
procedures, such as grinding or polishing, and including the right surface finish criteria in the design.

Planning for Cost-Effective Manufacturing

To achieve cost-effective production, cost issues must be taken into account during the design process.
Significant cost reductions may be achieved by design decisions that enhance tool life, decrease trash, reduce
machining time, and optimize material utilization. Design engineers and manufacturing professionals working
together can assist find areas for process and cost optimization. Manufacturers may improve the efficacy, quality,
and cost-effectiveness of the machining process by taking these product design elements into account. To
successfully and efficiently produce a product, collaboration between design engineers, machining specialists,
and other stakeholders is essential. This will help to ensure that the design intent is in line with the capabilities
and limitations of the machining procedures.

I11.  CONCLUSION

The overall efficacy, cost-effectiveness, and quality of the manufacturing process are all directly impacted by
economic and product design factors in machining. Manufacturers may optimize the design and production of
machined components by taking into account these factors, which will increase productivity, save costs, and
improve customer satisfaction. The significance and advantages of economic and product design concerns in
machining are summed up in the following major principles. Economical concerns and product design
considerations have a considerable impact on the cost-effectiveness and quality of machined components. This
chapter provides an overview of the key factors and variables at play when economics and product design collide
in the context of machining processes. The cost of materials, the cost of tools, the cost of labor, the utilization of
the machine, and the efficiency of overall production are just a few examples of the many economic aspects that
may affect machining. The functioning of the component and the accompanying machining costs are both
significantly influenced by the material selection. Utilizing materials as efficiently as possible and minimizing
waste and scrap may result in cost savings.

REFERENCES

[1] M. R. Abdi, Fuzzy multi-criteria decision model for evaluating reconfigurable machines, Int. J. Prod. Econ., 2009,
doi: 10.1016/j.ijpe.2008.06.009.

[2] G. Zhang en S. C. Y. Lu, An expert system framework for economic evaluation of machining operation planning, J.
Oper. Res. Soc., 1990, doi: 10.1057/jors.1990.65.

[3] H. B. Kief, H. A. Roschiwal, en J. B. Hood, Industrial Robots and Handling, in CNC handbook, 2013.

[4] I. Contador et al., Muestra Trimestral Manufacturera Regional - MTMR, Eur. J. Oper. Res., 2017.
[5] J. M. Sanchez, J. W. Priest, en P. Piumsomboon, Intelligent feature based approach for design for producibility,
1992.

[6] E. Abele, A. Versace, en A. Worn, Reconfigurable machining system RMS for machining of case and similar parts
in machine building, in Reconfigurable Manufacturing Systems and Transformable Factories, 2006. doi: 10.1007/3-
540-29397-3_16.

[7] R. Aydin, A. Brown, F. Badurdeen, W. Li, K. E. Rouch, en I. S. Jawahir, Quantifying impacts of product return
uncertainty on economic and environmental performances of product configuration design, J. Manuf. Syst., 2018,
doi: 10.1016/j.jmsy.2018.04.009.

[8] T. Cooper, Creating an economic infrastructure for sustainable product design, J. Sustain. Prod. Des., 1999.

[9] Y. S. Cheng, K. Y. Fung, K. M. Ng, en C. Wibowo, Economic analysis in product design - A case study of a TCM

Innovative Research Publication 84



International Journal of Innovative Research in Computer Science & Technology (IJIRCST)

dietary supplement, 2016. doi: 10.1016/j.cjche.2015.06.014.

Innovative Research Publication 85



