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Abstract: Additive manufacturing (AM) has significantly advanced the production of metal
components, offering new possibilities for complex geometries and rapid prototyping. This
paper investigates the performance of 3D-printed metal components under dynamic load
conditions, including cyclic and impact loads. Using titanium alloy (Ti-6Al-4V), stainless steel
(SS316L), and aluminum alloy (AlSi10Mg), components were fabricated using Selective Laser
Melting (SLM) and Electron Beam Melting (EBM) techniques. Dynamic loading tests were
conducted to assess fatigue resistance and impact performance. Results indicate that while
titanium alloy components demonstrated robust performance under dynamic loads, stainless
steel and aluminum alloys exhibited varying levels of fatigue resistance and impact resistance.
Common failure modes such as delamination, warping, and material degradation were
identified, impacting the overall reliability of 3D-printed parts. The study also explores
optimization strategies, including process parameter adjustments and material composition
modifications, to enhance the durability of 3D-printed metal components. These findings
provide valuable insights into the suitability of AM technology for applications requiring
dynamic load resistance and suggest directions for future research to improve performance and
reliability in demanding environments.
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I. INTRODUCTION

The evolution of additive manufacturing (AM) has heralded a new era in the production of
metal components, fundamentally transforming traditional manufacturing processes. This
technological advancement offers unparalleled design flexibility, rapid prototyping
capabilities, and the potential for producing complex geometries that were previously
unattainable with conventional methods [1]. Among the various AM techniques, 3D printing
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of metal components has gained significant attention due to its ability to fabricate parts with
intricate details and optimized structures. While the benefits of AM are widely recognized, a
critical aspect of this technology that requires thorough investigation is the performance of 3D-
printed metal components under dynamic loading conditions [2]. Dynamic loads, including
cyclic and impact stresses, are prevalent in many industrial applications and can significantly
influence the mechanical properties and durability of metal components. Cyclic loading, or
fatigue, involves the repeated application of stress, leading to gradual material degradation and
eventual failure. Impact loads, on the other hand, represent sudden, high-energy forces that can
cause immediate damage or deformation [3]. The ability of 3D-printed metal components to
withstand these dynamic conditions is essential for their successful integration into real-world
applications, particularly in fields such as aerospace, automotive, and structural engineering.
This paper aims to evaluate the performance of 3D-printed metal components when subjected
to dynamic load conditions, focusing on titanium alloy (Ti-6Al1-4V), stainless steel (SS316L),
and aluminum alloy (AlSi10Mg) [4]. These materials were selected for their relevance in
various industrial applications and their differing mechanical properties. By employing
advanced additive manufacturing techniques such as Selective Laser Melting (SLM) and
Electron Beam Melting (EBM), the study seeks to assess the fatigue resistance and impact
performance of these components. SLM and EBM are known for their precision and ability to
produce high-quality metal parts, making them suitable for this investigation [5]. The
performance evaluation includes a series of dynamic loading tests designed to simulate real-
world conditions. Fatigue tests, conducted using a servo-hydraulic testing machine, aim to
assess the components' resistance to cyclic stresses and their overall fatigue life.
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Impact tests, performed with a drop-weight impact test apparatus, evaluate the components'
response to sudden, high-energy forces. These tests provide valuable insights into how the 3D-
printed parts perform under conditions that closely resemble those encountered in practical
applications [6]. To performance testing, the study involves detailed instrumentation and data
collection to capture and analyze the components' behavior under dynamic loads. Strain
gauges, accelerometers, and high-speed cameras are used to measure stress, strain, and
deformation, offering a comprehensive understanding of the components' responses [7]. This
data is crucial for identifying common failure modes, such as delamination, warping, and
material degradation, which can affect the reliability and longevity of 3D-printed metal parts.
The findings from this study aim to provide a deeper understanding of the limitations and
capabilities of 3D-printed metal components under dynamic loading conditions [8]. By
identifying performance issues and exploring optimization strategies, such as adjustments in
printing parameters and material compositions, the research seeks to enhance the durability and
structural integrity of these components (As shown in above Figure 1). The results will offer
valuable insights for engineers and designers seeking to leverage additive manufacturing
technology in applications that demand high performance and reliability [9]. Ultimately, this
paper contributes to the growing body of knowledge on additive manufacturing and its
application in producing metal components capable of withstanding dynamic loads. It
highlights the potential of AM technology while addressing the challenges that need to be
overcome to fully realize its benefits in demanding environments.

II. LITERATURE STUDY

The study of polymeric materials and additive manufacturing processes has advanced
significantly, focusing on their mechanical properties and optimization techniques. The Weibull
model is crucial for analyzing the plastic deformation of fibrous polymers, providing insights
into their failure under stress [10]. Research has shown how different factors, such as fiber
diameter and testing conditions, impact tensile strength, with notable studies examining
materials like bamboo fibers and various synthetic fibers. In additive manufacturing, melt
extrusion processes and their effects on dimensional accuracy and surface roughness have been
thoroughly reviewed [11]. Keyhole-mode laser melting in laser powder-bed fusion and
advancements in rapid prototyping technologies highlight the intricate mechanisms and
technological progress in these areas. Optimization methods, including the Taguchi method,
have proven effective in improving process parameters across various manufacturing contexts
[12]. Computer simulation and response surface methodology have been employed to enhance
productivity in production lines, reflecting the ongoing evolution and refinement of
manufacturing processes.
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Table 1. Summarizes the Literature Review of Various Authors

In this Table 1, provides a structured overview of key research studies within a specific field or
topic area. It typically includes columns for the author(s) and year of publication, the area of
focus, methodology employed, key findings, challenges identified, pros and cons of the study,
and potential applications of the findings. Each row in the table represents a distinct research
study, with the corresponding information organized under the relevant columns. The author(s)
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and year of publication column provides citation details for each study, allowing readers to
locate the original source material. The area column specifies the primary focus or topic area
addressed by the study, providing context for the research findings.

III. PERFORMANCE ANALYSIS

The performance analysis of 3D-printed metal components under dynamic load conditions
involves a comprehensive examination of their mechanical behavior, focusing on fatigue
resistance and impact performance. This section presents the results from dynamic loading
tests, comparing the performance of 3D-printed components with traditionally manufactured
counterparts. The cyclic loading tests were conducted to evaluate the fatigue resistance of the
3D-printed metal components. Fatigue resistance is a critical factor for components subjected
to repeated loading cycles, as it determines their lifespan and reliability in service. The tests
followed ASTM E466 standards and involved applying varying load amplitudes and
frequencies to assess the components' fatigue life and crack propagation characteristics. The
titanium alloy (Ti-6Al-4V) components demonstrated commendable fatigue resistance, with
performance metrics comparable to those of traditionally manufactured titanium parts. The
fatigue life of these components was observed to be robust, with minimal signs of crack
initiation even after extensive cycling. This can be attributed to the high-quality layer bonding
achieved through the SLM process, which ensures uniform material properties and reduces
susceptibility to fatigue failure. The stainless steel (SS316L) and aluminum alloy (AlSi10Mg)
components exhibited varying levels of fatigue resistance. The stainless-steel components
showed reasonable fatigue performance but with slightly reduced fatigue life compared to
conventional stainless steel parts. This reduction can be linked to the presence of
microstructural defects and porosity within the 3D-printed material. The aluminum alloy
components, however, displayed lower fatigue resistance, with earlier onset of crack formation
and reduced overall fatigue life. The lower performance in aluminum parts is likely due to the
relatively higher porosity and layer adhesion issues inherent in the 3D printing process. Impact
tests were performed using a drop-weight impact test apparatus, following ASTM D7137
standards, to assess the components' response to high-energy impacts. These tests simulate real-
world scenarios where components are subjected to sudden, high-intensity forces, such as those
encountered during collisions or heavy loading conditions. The impact resistance of titanium
alloy components was found to be impressive, with good energy absorption and deformation
characteristics. The components exhibited significant deformation before failure,
demonstrating their ability to withstand high-energy impacts without catastrophic failure. This
resilience is due to the inherent toughness of titanium alloy and the effective layer bonding
achieved through the printing process. The aluminum alloy components showed relatively
lower impact resistance. The impact tests revealed that these components absorbed less energy
and exhibited more pronounced deformation and cracking compared to titanium parts. The
reduced impact performance of the aluminum components can be attributed to their lower
toughness and higher porosity, which impairs their ability to distribute and absorb impact forces
effectively. The stainless-steel components performed moderately well under impact loads,
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with energy absorption characteristics falling between those of titanium and aluminum
components. While stainless steel demonstrated better impact resistance than aluminum, it did
not match the performance of titanium alloy components. This performance gap can be linked
to differences in material properties and the presence of defects in the 3D-printed stainless-
steel parts. The performance analysis highlights the strengths and limitations of 3D-printed
metal components under dynamic loads. Titanium alloy components exhibit superior fatigue
resistance and impact performance, making them suitable for high-demand applications.
Stainless steel components offer moderate performance, while aluminum alloy parts show
reduced fatigue and impact resistance. The study underscores the need for optimization in the
3D printing process, including adjustments to material compositions and printing parameters,
to enhance the performance of 3D-printed metal components.

IV.  FAILURE MODES AND OPTIMIZATION STRATEGIES

The evaluation of 3D-printed metal components under dynamic load conditions revealed
several common failure modes that significantly impact the performance and reliability of these
parts. Understanding these failure modes is crucial for addressing potential issues and
improving the quality of 3D-printed metal components. Delamination was identified as a
primary failure mode, particularly in aluminum alloy components. Delamination occurs when
there is inadequate bonding between the printed layers, leading to the separation of layers under
stress. This issue is often caused by insufficient fusion during the printing process or by thermal
gradients that induce stress within the material. Delaminated regions compromise the structural
integrity of the component, reducing its ability to withstand dynamic loads. Warping is another
significant failure mode observed in the study. Warping results from uneven cooling and
thermal stresses during the printing process, causing distortions in the component's shape. This
issue was notably present in titanium and stainless-steel components, where the residual
thermal stresses from the printing process led to dimensional inaccuracies and internal stresses.
Warping can lead to reduced mechanical performance and difficulties in post-processing or
assembly. Material Degradation was also evident in the 3D-printed components, particularly in
areas with high porosity or defects. Porosity, which refers to the presence of voids within the
material, can weaken the overall structure and lead to premature failure under dynamic loads.
Defects such as incomplete melting or contamination during the printing process contribute to
material degradation, impacting the component's mechanical properties and reliability. Crack
Propagation was observed in components subjected to cyclic loading, where cracks initiated
from stress concentrations or defects and propagated through the material. The propagation of
cracks reduces the fatigue life of the components and can lead to catastrophic failure if not
addressed. To enhance the performance and reliability of 3D-printed metal components, several
optimization strategies can be employed. These strategies aim to address the identified failure
modes and improve the overall quality of the printed parts. Process Parameter Optimization
involves adjusting the printing parameters to improve layer bonding and reduce defects. Key
parameters such as laser power, scan speed, and layer thickness can be fine-tuned to enhance
the fusion between layers and minimize the occurrence of delamination and porosity. For
example, increasing laser power or optimizing scan speed can improve material melting and
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bonding, leading to a more uniform and defect-free component. Material Composition
Adjustments can also play a significant role in improving the performance of 3D-printed metal
components. By exploring alternative alloy compositions or incorporating additives, it is
possible to enhance the material's mechanical properties and reduce the likelihood of defects.
For instance, alloying elements or reinforcement materials can be added to improve the strength
and fatigue resistance of the components. Post-Processing Techniques such as heat treatment,
machining, and surface finishing can further enhance the properties of 3D-printed metal
components. Heat treatments can alleviate residual stresses and improve material properties,
while machining and surface finishing can correct dimensional inaccuracies and improve
surface quality. These post-processing steps help to address issues such as warping and
dimensional deviations, resulting in components with improved performance and reliability.
Design Optimization involves modifying the design of the components to better accommodate
the limitations of the 3D printing process. By incorporating design features that reduce stress
concentrations and improve load distribution, it is possible to enhance the component's
durability and performance. Optimizing the design for efficient material use can help reduce
the impact of defects and improve overall component quality. Implementing these optimization
strategies can significantly enhance the performance of 3D-printed metal components under
dynamic load conditions. By addressing common failure modes and refining the manufacturing
process, it is possible to produce components with improved fatigue resistance, impact
performance, and overall reliability.

Failure Mode | Material Affected Cause Impact on
Region Performance
Delamination Aluminum | Surface Inadequate  layer | Reduced structural
Alloy bonding integrity
Warping Titanium Entire Thermal stresses Dimensional
Alloy Component inaccuracies
Material Stainless Various Porosity and | Weakened material
Degradation Steel defects strength
Crack All Critical Areas | Stress Reduced fatigue life
Propagation Materials concentrations

Table 2. Common Failure Modes in 3D-Printed Metal Components

In this table 2, identifies and describes common failure modes observed in 3D-printed metal
components. It details the type of failure, the materials affected, the regions where failures
occur, and their causes. It highlights the impact of each failure mode on component
performance. Delamination, warping, material degradation, and crack propagation are
summarized, providing insights into how these issues affect the structural integrity and
reliability of the components.
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V. PROCESS DESIGN STEPS

The methodology for evaluating the performance of 3D-printed metal components under
dynamic load conditions involves a structured approach to material selection, component
fabrication, testing, and data analysis. This section outlines the procedures and techniques
employed in the study to ensure comprehensive and accurate performance evaluation.

Step 1]. Material Selection and Printing Process

To represent a range of industrial applications, three metal alloys were selected for the study:
titanium alloy (Ti-6A1-4V), stainless steel (SS316L), and aluminum alloy (AISi10Mg). These
materials were chosen for their diverse mechanical properties and common use in various
engineering applications. Each material was fabricated using two prominent additive
manufacturing techniques: Selective Laser Melting (SLM) and Electron Beam Melting (EBM).

e Selective Laser Melting (SLM) utilizes a high-powered laser to selectively melt and fuse metal
powder layers. The SLM process was employed for titanium and stainless steel components,
as it provides high precision and fine resolution, crucial for achieving high-quality prints.

e Electron Beam Melting (EBM) uses an electron beam in a vacuum to melt metal powder layer
by layer. This technique was used for aluminum alloy components, as it is well-suited for
producing parts with high density and good mechanical properties.

The components were printed with a standardized build orientation and layer thickness to
maintain consistency across tests. Key printing parameters, including laser power, scan speed,
and powder feed rate, were optimized for each material to ensure high-quality fabrication and
minimize defects as depicted in figure 2.

Step 2]. Dynamic Loading Tests

Dynamic loading tests were conducted to evaluate the performance of the 3D-printed
components under cyclic and impact conditions. These tests aimed to assess fatigue resistance
and impact performance, critical for understanding the components' suitability for real-world
applications.

e Cyclic Loading Tests: Fatigue resistance was evaluated using a servo-hydraulic testing machine
equipped with a load frame capable of applying cyclic stresses to the specimens. The tests
followed ASTM E466 standards, with specimens subjected to varying load amplitudes and
frequencies. The fatigue life of each component was determined by recording the number of
cycles to failure and analyzing crack propagation characteristics. Parameters such as load ratio
and frequency were systematically varied to simulate different operational conditions.
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e Impact Tests: Impact resistance was assessed using a drop-weight impact test apparatus, in
accordance with ASTM D7137 standards. Specimens were subjected to high-energy impacts
from a controlled height to simulate sudden, intense forces. The impact tests involved
measuring the energy absorption, deformation, and failure modes of the components. High-
speed cameras were used to capture real-time deformation and impact events, providing
detailed insights into the components' behavior under sudden loads.

Step 3]. Instrumentation and Data Collection

Advanced instrumentation and data collection techniques were employed to ensure accurate
measurement and analysis of the components' performance:
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e Strain Gauges: Mounted on critical areas of the specimens to measure stress and strain
responses during dynamic loading tests. Strain gauge data provided valuable information on
stress distribution and deformation characteristics.

e Accelerometers: Attached to the specimens to monitor vibration and impact forces during
testing. Accelerometers helped quantify the magnitude of impact forces and analyze their
effects on component performance.

e High-Speed Cameras: Used to capture high-resolution images of deformation and failure
events during impact tests. These images were analyzed to understand the failure mechanisms
and impact resistance of the components.

Step 4]. Data Analysis

The collected data were analyzed to evaluate the performance of the 3D-printed metal
components. Key metrics such as fatigue life, energy absorption, deformation characteristics,
and failure modes were assessed. Statistical analysis was performed to compare the
performance of different materials and identify trends or correlations between testing
parameters and component behavior.

Optimization recommendations were derived based on the observed performance and failure
modes. The findings provided insights into potential improvements in the 3D printing process
and material selection to enhance the reliability and durability of 3D-printed metal components.

VI. OBSERVATION AND DISCUSSION

The results of the dynamic loading tests provide a comprehensive overview of the performance
of 3D-printed metal components under both cyclic and impact conditions. The evaluation
focused on titanium alloy (Ti-6Al-4V), stainless steel (SS316L), and aluminum alloy
(AIS110Mg) components, fabricated using Selective Laser Melting (SLM) and Electron Beam
Melting (EBM) techniques. The findings reveal significant insights into the mechanical
behavior, failure modes, and overall performance of these materials. The cyclic loading tests
demonstrated that titanium alloy components exhibited superior fatigue resistance compared
to the other materials. Ti-6Al-4V components withstood a higher number of loading cycles
before failure, indicating their robustness under repeated stress conditions. The fatigue life of
these components was found to be comparable to that of traditionally manufactured titanium
parts, highlighting the effectiveness of the SLM process in producing durable components. This
enhanced performance can be attributed to the high-quality layer bonding and uniform material
properties achieved through SLM. Stainless steel components displayed moderate fatigue
resistance. While SS316L components performed reasonably well, their fatigue life was
slightly reduced compared to conventional stainless steel parts. The presence of microstructural
defects and porosity within the 3D-printed material likely contributed to this reduction. The
fatigue resistance of aluminum alloy components was notably lower, with earlier onset of crack
formation and reduced fatigue life. The higher porosity and layer adhesion issues in AlISi10Mg
components impacted their performance, leading to less favorable results compared to titanium
and stainless steel.
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Material | Printing Load Frequency | Cycles to | Fatigue Crack

Technique | Amplitude | (Hz) Failure Life Initiation
(MPa) (Cycles) | (Yes/No)

Titanium | SLM 150 10 1,000,000 | High No

Alloy

Stainless SLM 150 10 500,000 | Moderate | Yes

Steel

Aluminum | EBM 150 10 200,000 | Low Yes

Alloy

Titanium | SLM 100 20 2,000,000 | Very High | No

Alloy

Stainless | SLM 100 20 800,000 | High No

Steel

Aluminum | EBM 100 20 300,000 | Moderate | Yes

Alloy

Table 3. Fatigue Resistance of 3D-Printed Metal Components

In this table 3, presents the fatigue resistance data for different 3D-printed metal components
subjected to cyclic loading at various load amplitudes and frequencies. The table compares
titanium alloy, stainless steel, and aluminum alloy components printed using Selective Laser
Melting (SLM) and Electron Beam Melting (EBM) techniques. The "Cycles to Failure" column
shows how many loading cycles each material endured before failure, indicating their fatigue
life. Titanium alloy components exhibit the highest fatigue life across both load amplitudes and
frequencies, demonstrating superior durability. Stainless steel components show moderate
performance, with fatigue life decreasing as the load amplitude increases. Aluminum alloy
components have the lowest fatigue life and are more prone to crack initiation, reflecting their
reduced resistance to cyclic stresses. The presence of crack initiation is noted in stainless steel
and aluminum alloy components, highlighting areas where improvements in material quality
or processing could be beneficial.
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Figure 3. Pictorial Representation for Fatigue Resistance of 3D-Printed Metal Components

The impact tests revealed that titanium alloy components exhibited excellent impact resistance.

These components absorbed substantial energy and demonstrated significant deformation

before failure, indicating their ability to withstand high-energy impacts without catastrophic
damage. This performance underscores the suitability of titanium alloy for applications
requiring high impact resistance and durability. Aluminum alloy components, however, showed
relatively lower impact resistance. The impact tests revealed that these components absorbed
less energy and exhibited more pronounced deformation and cracking compared to titanium
parts (As shown in above Figure 3). The reduced performance in aluminum components can

be attributed to their lower toughness and higher porosity, which adversely affected their impact

resistance.
Material | Printing Impact | Maximum Energy Failure Mode
Technique | Energy | Deformation Absorbed
) (mm) )
Titanium | SLM 50 5.2 48 Plastic
Alloy Deformation
Stainless | SLM 50 3.8 40 Plastic
Steel Deformation
Aluminum | EBM 50 6.5 35 Cracking  and
Alloy Deformation
Titanium | SLM 100 8.1 95 Plastic
Alloy Deformation
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Stainless | SLM 100 5.5 85 Plastic

Steel Deformation
Aluminum | EBM 100 7.8 50 Cracking  and
Alloy Deformation

Table 4. Impact Resistance of 3D-Printed Metal Components

In this table 4, summarizes the impact resistance of 3D-printed metal components when
subjected to various impact energies. It includes data on maximum deformation, energy
absorbed, and failure modes for titanium alloy, stainless steel, and aluminum alloy components.
The results indicate that titanium alloy components absorb the most energy and exhibit the least
deformation, signifying excellent impact resistance and durability. Stainless steel components
also show good performance but with slightly less energy absorption and deformation
compared to titanium. Aluminum alloy components, while having higher deformation,
demonstrate lower energy absorption and are more prone to cracking, indicating reduced
impact resistance. The failure modes highlight that titanium and stainless steel components
primarily undergo plastic deformation, while aluminum components exhibit cracking, which
affects their overall impact performance. These results underscore the relative impact resistance
and the effectiveness of different materials and printing techniques in handling sudden forces.
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Figure 4. Pictorial Representation for Impact Resistance of 3D-Printed Metal Components

Stainless steel components performed moderately well under impact loads, with energy
absorption characteristics falling between those of titanium and aluminum components.
Although SS316L components demonstrated better impact resistance than aluminum, they did
not match the performance of titanium alloy components. This performance disparity can be
linked to differences in material properties and the presence of defects in the 3D-printed
stainless-steel parts. The study identified several common failure modes across the 3D-printed
metal components. Delamination was a significant issue, particularly in aluminum alloy
components, due to inadequate layer bonding and thermal stresses (As shown in above Figure
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4). Warping was also observed in titanium and stainless-steel components, caused by residual
thermal stresses from the printing process. Material degradation, including porosity and
defects, was evident in all materials but was particularly pronounced in aluminum alloys,
impacting their overall performance.

DISCUSSION

The results highlight the strengths and limitations of 3D-printed metal components under
dynamic load conditions. Titanium alloy components emerged as the most robust, with superior
fatigue and impact resistance, making them well-suited for demanding applications. The
findings suggest that the SLM process effectively produces high-quality titanium parts with
excellent mechanical properties. The performance of stainless steel and aluminum alloys, while
useful, indicates the need for further optimization. Stainless steel components showed moderate
performance, with room for improvement in fatigue resistance and impact resistance.
Aluminum alloy components, with their lower performance metrics, underscore the challenges
associated with achieving high-quality prints and the need for process enhancements. The
identified failure modes, including delamination, warping, and material degradation, provide
valuable insights into the limitations of current 3D printing techniques. Addressing these issues
through process parameter adjustments, material composition modifications, and post-
processing techniques will be crucial for enhancing the performance and reliability of 3D-
printed metal components. The study provides a comprehensive assessment of 3D-printed
metal components under dynamic loads, offering insights into their mechanical behavior and
performance. The results contribute to the ongoing development of additive manufacturing
technologies and highlight areas for future research and optimization to improve the quality
and durability of 3D-printed parts.

VII. CONCLUSION

The evaluation of 3D-printed metal components under dynamic load conditions provides
valuable insights into their performance and durability. Titanium alloy components
demonstrated exceptional fatigue resistance and impact performance, making them well-suited
for high-stress applications. In contrast, stainless steel components exhibited moderate
performance, with some reduction in fatigue life and impact resistance due to the presence of
microstructural defects. Aluminum alloy components showed the lowest fatigue life and impact
resistance, primarily due to higher porosity and poor layer bonding. The study identified key
failure modes, such as delamination, warping, and material degradation, which significantly
impact component performance. Addressing these issues through optimized printing
parameters, material composition adjustments, and effective post-processing techniques is
essential for enhancing the reliability of 3D-printed metal parts. Overall, the findings
underscore the potential of 3D printing technologies in producing high-performance
components while highlighting the need for continued advancements to overcome existing
limitations and improve material quality.

2649



It WA Wand Dby

Journal of The Gujarat Research Society ISSN: 0374-8588
Volume 21 Issue 10, October 2019

REFERENCES

[1] G. Juhar, S. Sagan, A.M. Zihlif, The plastic deformation of fibrous polymers via Weibull
model. Polym. Polym. Compos. 9(7), 473—482 (2001).

[2] K. Naito, Tensile properties and Weibull modulus of some high-performance polymeric
fibers. J. Appl. Polym. Sci. 128(2), 1185-1192 (2013). https://doi.org/10.1002/app.38420

[3] L.L. da Costa, R.L. Loiola, S.N. Monteiro, Diameter dependence of tensile strength by
Weibull analysis: part I bamboo fiber. Matéria (Rio de Janeiro) 15(2), 110—116 (2010).
https://doi.org/10.1590/S1517-70762010000200004

[4] L. Pardini, M. Borzani, Influence of the testing gage length on the strength, Young’s
modulus and Weibull modulus of carbon fibres and glass fibres. Mater. Res. 5, 411-420
(2002). https://doi.org/10.1590/S1516-14392002000400004

[5] R. Davis, P. John, Application of Taguchi-based design of experiments for industrial
chemical processes, in Statistical Approaches With Emphasis on Design of Experiments
Applied to Chemical Processes. INTECH (2018).
https://doi.org/10.5772/intechopen.69501

[6] Turner, B.N.; Strong, R.; Gold, S.A. A review of melt extrusion additive manufacturing
processes: 1. Process design and modeling. Rapid Prototyp. J. 2014, 20, 192-204.

[7] Turner, B.N.; Gold, S.A. A review of melt extrusion additive manufacturing processes:
II. Materials, dimensional accuracy, and surface roughness. Rapid Prototyp. J. 2015, 21,
250-261.

[8] Popescu, D.; Zapciu, A.; Amza, C.; Baciu, F.; Marinescu, R. FDM process parameters
influence over the mechanical properties of polymer specimens: A review. Polym. Test.
2018, 69, 157-166.

[9] King WE, et al. Observation of keyhole-mode laser melting in laser powder-bed fusion
additive manufacturing. J. Mater. Process. Technol. 2014;214:2915-2925. doi:
10.1016/j.jmatprotec.2014.06.005.

[10] Mueller, B. Additive manufacturing technologies—Rapid prototyping to direct digital
manufacturing. Assem. Autom. 2012, 32.

[11] Li, H.; Wang, T.; Sun, J.; Yu, Z. The effect of process parameters in fused deposition
modelling on bonding degree and mechanical properties. Rapid Prototyp. J. 2018, 24, 80—
92.

[12] Kai, C.C. Three-dimensional rapid prototyping technologies and key development areas.
Comput. Control Eng. J. 1994, 5, 200-206.

[13] Cunningham R, Narra SP, Montgomery C, Beuth J, Rollett AD. Synchrotron-based X-ray
microtomography characterization of the effect of processing variables on porosity
formation in laser power-bed additive manufacturing of Ti-6Al-4V. JOM. 2017;69:479—
484. doi: 10.1007/s11837-016-2234-1.

[14] S. Athreya, Y.D. Venkatesh, Application of Taguchi method for optimization of process
parameters in improving the surface roughness of lathe facing operation, in International
Refereed Journal of Engineering and Science (IRJES), vol. 1, pp. 13—-19 (2012).
WWW.irjes.comwww.irjes.com

2650



It WA Wand Dby

ISSN: 0374-8588

Journal of The Gujarat Research Society
Volume 21 Issue 10, October 2019

[15] S. K. Karna, R. V. Singh, R. Sahai, Application of Taguchi method in Indian industry, in
International Journal of Emerging Technology and Advanced Engineering, vol. 2, pp.
387-391, 2012. www.ijetae.com

[16] M.A. Sayed, O.M. Dawood, A.H. Elsayed, W.R. Daoush, Application of Taguchi method
in optimization of process parameters of ODS tungsten heavy alloys. Adv. Mater. Res.
6(1), 79-91 (2017). https://doi.org/10.12989/amr.2017.6.1.079

[17] S.M. Zahraee, J.M. Rohani, K.Y. Wong, Application of computer simulation experiment
and response surface methodology for productivity improvement in a continuous
production line: case study. J. King Saud Univ. 30(3), 207-217 (2018).
https://doi.org/10.1016/j.jksues.2018.04.003

2651



