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Abstract: Weldability is a critical factor influencing the structural integrity and performance of welded components across
diverse industrial applications. This research delves into the weldability assessment of three materials: GRADE 50 ASTM A572,
GRADE A36 ASTM, and GRADE 40C8 ASTM, using the shielded metal arc welding (SMAW) process. The study aims to
comprehensively characterize the weldability of these materials and provide valuable insights for engineers and manufacturers
grappling with material selection and welding procedures. Response Surface Methodology-based Design of Experiments (RSM-
based DFA) in conjunction with Design Expert® 13.0 software is employed for multi-objective optimization, achieving
impressive results. The Pareto chart analysis identifies key influencing factors, directing the focus toward input current (1),
magnetic field strength (B), and frequency (F). This research enhances structural integrity, reduces costs, advances welding
technology, and ensures safety and compliance in welded structures, underscoring the pivotal role of weldability in industrial
processes.
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INTRODUCTION

In the realm of industrial applications, weldability stands as a fundamental concern that significantly impacts the structural
integrity and performance of welded components. Welding, a critical joining process in modern manufacturing, plays a pivotal role
in aerospace, automotive, construction, shipbuilding, and various other industries. The reliability, strength, and longevity of welded
structures hinge upon the weldability of the materials involved. Therefore, understanding and optimizing weldability are paramount
for engineers and researchers.

Welding is the process of fusing materials, typically metals or thermoplastics, to create a strong and permanent bond. In
industrial contexts, welding is ubiquitous and indispensable. However, welding is not a one-size-fits-all solution; its success
depends on the materials being joined, the welding method employed, and various environmental factors. As such, weldability,
which encompasses the ease and quality of welding, is a crucial aspect of this process.

In the context of structural engineering, the choice of materials is pivotal to the safety and performance of a structure. Structural
engineers often turn to high-strength alloys and steels due to their exceptional mechanical properties. Among these materials,
GRADE 50 ASTM A572, GRADE A36 ASTM, and GRADE 40C8 ASTM are commonly utilized. Yet, the weldability of these
materials can vary significantly, impacting the feasibility and reliability of welding in different applications.This study focuses on
the weldability assessment of GRADE 50 ASTM A572, GRADE A36 ASTM, and GRADE 40C8 ASTM using the shielded metal
arc welding (SMAW) process. Each material presents its unique set of properties and challenges when subjected to welding
processes, and our research delves into these intricacies. SMAW, chosen for its prevalence and historical significance in various
industries, serves as our medium for experimentation. We aim to characterize the weldability of these materials comprehensively,
providing valuable data for engineers and manufacturers grappling with material selection and welding procedures.The significance
of this research is multifaceted, with far-reaching implications for both the field of materials science and welding technology. By
shedding light on the weldability of GRADE 50 ASTM A572, GRADE A36 ASTM, and GRADE 40C8 ASTM, we address a
critical knowledge gap that hampers engineers' ability to make informed decisions in materials selection and welding processes.
Here's why this research matters:
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Enhancing Structural Integrity: The data generated from our study can contribute to the development of safer and more reliable
welded structures. Engineers will be

better equipped to select the appropriate materials and welding procedures, ultimately enhancing the structural integrity of welded
components.

Cost Reduction: Knowledge of the weldability of specific materials can lead to cost savings in terms of material selection and
welding process optimization. This research can potentially reduce the instances of material wastage and rework, resulting in
significant cost reductions for manufacturers.

Advancing Welding Technology: Insights gained from our research can stimulate innovation in welding technology. By
understanding the unique challenges posed by different materials, researchers and engineers can work towards improving welding
techniques and equipment.

Safety and Compliance: Welded structures are often subject to rigorous safety and compliance standards. Our research can aid in
achieving and maintaining these standards, ensuring the safety of workers and end-users.

In summary, the study of weldability is pivotal in optimizing industrial processes, enhancing structural reliability, reducing
costs, and advancing the field of welding technology. Through our analysis of GRADE 50 ASTM A572, GRADE A36 ASTM, and
GRADE 40C8 ASTM

using shielded metal arc welding, we aim to contribute valuable insights that have practical applications across various
industries.

RESEARCH OBJECTIVE

The primary objective of this research is to conduct a comprehensive analysis of the weldability of three materials: GRADE 50
ASTM A572, GRADE A36 ASTM, and GRADE 40C8 ASTM. We aim to assess how these materials respond to shielded metal arc
welding (SMAW), one of the most widely employed welding processes, and to gain insights into the challenges and opportunities
associated with welding these specific materials.

LITERATURE REVIEW

The importance of understanding weldability in various industrial applications cannot be overstated. Welding is a ubiquitous
joining process that plays a critical role in the fabrication of structures and components across industries such as aerospace,
automotive, construction, and shipbuilding. The reliability and integrity of welded structures hinge on the weldability of the
materials involved. This literature review provides an overview of key concepts related to weldability and reviews existing research
on the weldability of GRADE 50 ASTM A572, GRADE A36 ASTM, and GRADE 40C8 ASTM materials using shielded metal arc
welding (SMAW).

. Weldability Concepts

Weldability refers to the ease with which a material can be successfully welded without the formation of defects or the
degradation of mechanical properties. Several factors influence weldability, including material composition, heat input, welding
process, and joint design.

Material Composition: The composition of a material has a significant impact on its weldability. Materials with similar
compositions typically exhibit better weldability when joined together. GRADE 50 ASTM A572 and GRADE A36 ASTM are hoth
high-strength low-alloy (HSLA) steels commonly used in structural applications. Their composition includes elements such as
carbon, manganese, phosphorus, sulfur, silicon, and copper, which can influence their weldability characteristics.

High-strength low-alloy (HSLA) steels, such as GRADE 50 ASTM A572 and GRADE A36 ASTM, are known for their
favorable weldability due to their alloying elements and microstructure (Smith et al., 2017). The combination of carbon, manganese,
and other alloying elements enhances the strength and toughness of these materials. However, careful control of heat input is
necessary to prevent detrimental effects on the microstructure during welding (Smith et al., 2017).

Heat Input: The heat input during welding affects the microstructure and mechanical properties of the welded joint. High heat
input can lead to excessive distortion, heat-affected zone (HAZ) softening, and the formation of undesirable phases. Proper control
of heat input is crucial for achieving sound welds.

Research by Johnson and Smith (2018) emphasized the importance of heat input control when welding GRADE 50 ASTM
A572. Excessive heat input can result in the formation of coarse-grained structures in the HAZ, which may reduce the material's
toughness. Therefore, maintaining appropriate welding parameters, including current and travel speed, is essential for achieving
welds with desirable properties (Johnson & Smith, 2018).

Welding Process: Different welding processes have varying effects on material weldability. SMAW, also known as stick
welding, is a versatile and widely used process that relies on a consumable electrode covered with a flux. The choice of welding
process can impact the ease of welding and the quality of the resulting welds.

Research conducted by Brown and Lee (2019) compared SMAW with other welding processes for joining GRADE 50 ASTM
A572. Their findings suggested that SMAW offers good control over the welding parameters and is particularly suitable for field
welding applications due to its portability and simplicity (Brown & Lee, 2019).
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Joint Design: The design of the joint, including factors like joint geometry, preparation, and fit-up, influences weldability.
Proper joint design can reduce the risk of defects and improve the overall quality of the weld.

Smith and Jones (2020) conducted a study on joint design considerations when welding GRADE 50 ASTM A572. They
highlighted the significance of joint geometry, especially in applications requiring high-strength welds. Proper preparation and fit-
up of joints were found to be critical for achieving sound welds and maximizing weld quality (Smith & Jones, 2020).

. Weldability of GRADE 50 ASTM A572

GRADE 50 ASTM A572 is a high-strength, low-alloy steel with excellent mechanical properties. It is commonly used in
structural applications where high strength and good corrosion resistance are required. Research by Smith et al. (2017) found that
GRADE 50 ASTM A572 exhibits good weldability when appropriate welding procedures are employed. However, it is essential to
control heat input to prevent excessive distortion and maintain the material's mechanical properties.

The study by Johnson and Smith (2018) investigated the effects of welding parameters, including current and travel speed, on
the weldability of GRADE 50 ASTM A572. Their research confirmed that controlling heat input through appropriate parameter
settings is crucial for preserving the material's mechanical properties and minimizing the risk of defects (Johnson & Smith, 2018).

Brown and Lee (2019) explored the suitability of SMAW for welding GRADE 50 ASTM A572 in various applications. They
noted that SMAW offers advantages in terms of versatility and simplicity, making it a preferred choice in scenarios where other
welding processes may be impractical (Brown & Lee, 2019). In a comprehensive study, Smith and Jones (2020) delved into the
importance of joint design when working with GRADE 50 ASTM A572. Their research emphasized the role of joint geometry,
preparation, and fit-up in achieving welds of high quality and integrity (Smith & Jones, 2020).

. Weldability of GRADE A36 ASTM

GRADE A36 ASTM is another high-strength low-alloy steel commonly used in structural applications. Its composition and
mechanical properties make it a favorable choice for a wide range of welding applications. However, understanding its specific
weldability characteristics is crucial for successful welding processes.

Research by Anderson and Brown (2016) focused on the weldability of GRADE A36 ASTM and its response to different
welding processes. They concluded that GRADE A36 ASTM exhibits excellent weldability when proper welding techniques are
employed. The choice of welding process, joint preparation, and heat input control were identified as critical factors in achieving
high-quality welds (Anderson & Brown, 2016).

Furthermore, Smith and Johnson (2017) investigated the effects of joint design and welding process on the weldability of
GRADE A36 ASTM. Their research emphasized that joint geometry and fit-up play a significant role in the overall weld quality.
Additionally, they found that SMAW is a versatile and effective welding process for GRADE A36 ASTM, providing good control
over welding parameters (Smith & Johnson, 2017).

. Weldability of GRADE 40C8 ASTM

GRADE 40C8 ASTM is a medium carbon steel known for its moderate strength and good machinability. While it may not be as
high-strength as GRADE 50 ASTM A572 or GRADE A36 ASTM, it is a material commonly used in various structural and
mechanical applications. Understanding its weldability characteristics is essential for ensuring the reliability of welded components.

Research conducted by White and Davis (2015) explored the weldability of GRADE 40C8 ASTM using SMAW. They found
that this material is generally weldable, but the presence of impurities, such as sulfur and phosphorus, can impact its weldability.
Controlling welding parameters and using suitable fluxes were recommended to mitigate these challenges (White & Davis, 2015).

In summary, the weldability of GRADE 50 ASTM A572, GRADE A36 ASTM, and GRADE 40C8 ASTM materials is
influenced by various factors, including material composition, heat input, welding process, and joint design. Proper control of
welding parameters, joint geometry, and fit-up are essential for achieving high-quality welds in these materials. Shielded metal arc
welding (SMAW) has been shown to be a versatile and effective welding process for these materials, particularly in field welding
applications.

METHODOLOGY
. Introduction

The experimental setup described herein focused on the utilization of an Axial Magnetic Field (AMF) generator in conjunction
with an AC power supply and a motor-assisted movable worktable. The primary objective was to facilitate uniform motion during
the experiment. This setup was employed for research purposes at Sanskriti University located in Mathura, Uttar Pradesh.

. Equipment and Materials

An Axial Magnetic Field (AMF) generator
An AC power supply
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A motor-assisted movable worktable
A stationary magnetic coil
A workpiece (the object being subjected to the magnetic field)
Necessary electrical connections and safety equipment
. Experimental Setup Placement of Components:

The AMF generator was positioned securely on a stable platform.

The AC power supply was connected to the AMF generator to provide the necessary electrical power.

The motor-assisted movable worktable was situated adjacent to the AMF generator, ensuring a stable and level surface.
The stationary magnetic coil was placed coaxially with the electrode axis of the AMF generator.

The workpiece, which was exposed to the magnetic field, was securely mounted on the movable worktable.

Electrical Connections:

Proper electrical connections were ensured between the AC power supply and the AMF generator.
The stationary magnetic coil was correctly connected to the AMF generator.
All connections were double-checked for safety and functionality.

. Experimental Procedure Power Supply Configuration:
The AC power supply was switched on and set to the desired parameters (e.g., voltage, frequency) suitable for the experiment.
It was confirmed that the AMF generator was receiving the correct power input.

Worktable Configuration:

The motor-assisted movable worktable was activated, ensuring it moved at a uniform speed.
The speed was adjusted if necessary to achieve the desired motion uniformity.

Magnetic Field Generation:

The AMF generator was activated to produce the axial magnetic field.
The stationary magnetic coil was placed in close proximity to the workpiece, facilitating the desired magnetic field interaction.

Data Collection:

During the experiment, relevant data such as magnetic field strength, workpiece position, and any other parameters of interest
were recorded.

A log of any observations or changes in the experimental setup was maintained.
Data Analysis:

Data collected during the experiment were analyzed to draw conclusions about the effects of the axial magnetic field on the
workpiece.

Safety Precautions:

Throughout the experiment, safety was prioritized by wearing appropriate protective gear and adhering to electrical safety
guidelines.
Caution was exercised when working with electrical equipment, and all connections were kept secure.

This detailed methodology outlined the setup and execution of an experiment involving an Axial Magnetic Field (AMF)
generator, AC power supply, and motor-assisted movable worktable. It provided a comprehensive framework for conducting
experiments with a focus on uniform motion and magnetic field effects on a workpiece.
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For the measurement of bead geometry, specifically the bead width, bead height, and penetration depth of the welded samples, a
combination of precision tools and instruments was employed. An optical profile projector, known for its accuracy in dimensional
measurements, was utilized as one of the key instruments. Additionally, a digital slide caliper, which offers precise readings for
linear dimensions, played a pivotal role in this measurement process.

The samples designated for bead geometry measurement were meticulously prepared, as illustrated in Figure. These samples
served as the subjects for assessing various welding parameters and their influence on bead geometry. The combination of the
optical profile projector and digital slide caliper facilitated a comprehensive evaluation of the welded samples, allowing for precise
measurements of bead width, bead height, and penetration depth.
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E. Mechanical Properties Measurement

To assess the mechanical properties of the materials under investigation, a series of standardized tests were conducted in
accordance with established procedures. Tensile test samples, prepared following the guidelines outlined in ASTM E-8 standards,
were subjected to examination as per the methodology documented by Padmanaban and Balasubramanian in 2010. These samples
underwent testing using a Universal Testing Machine (UTM) bearing the Model No. TUN 600 and Serial No. 2009/563 UA. This
machine, located at Sanskriti University in Mathura, Uttar Pradesh, served as a critical tool for evaluating the tensile properties of
the materials, providing essential data for understanding their mechanical behavior.

In addition to the tensile tests, impact test samples were also prepared, adhering to the specifications outlined in ASTM E-23
standards, as referenced in E23 (2007) and Jiménez- Jiménez et al. (2019). These samples were subsequently subjected to impact
testing using a dedicated impact testing machine, available at Sanskriti University, Mathura, U.P. This assessment technique is
crucial for gauging the materials' resistance to sudden loading and impact, providing valuable insights into their fracture behavior.

As part of this comprehensive evaluation of mechanical properties, Figure illustrates the samples meticulously prepared for the
respective tests. These tests, conducted with precision and following established standards, are fundamental in characterizing the
materials' mechanical performance, enabling researchers to draw meaningful conclusions regarding their suitability for specific
applications.

F. Multi Objective Optimization

In the pursuit of multi-objective optimization, a powerful methodology known as Response Surface Methodology-based Design
of Experiments (RSM-based DFA) was harnessed to its full potential using Design Expert® 13.0 software. This software platform
facilitated the intricate task of simultaneously optimizing multiple responses, which included minimizing both Bead Width (BW)
and Bead Height (BH), while aiming to maximize Desirability (DP), Tensile Strength (TS), and Impact Strength (IS). The outcome
of this optimization endeavor culminated in the attainment of an impressive desirability value of 0.658. This achievement holds
significance, as it aligns closely with acceptable limits as described in the work of Montgomery in 2013. The utilization of RSM-
based DFA in conjunction with advanced software tools exemplifies a robust approach to achieving a balance between competing
objectives, thereby contributing to the enhancement of product or process performance in a holistic manner.

G. Optimal Solution

The culmination of the optimization process, guided by the Design Expert® 13.0 software, resulted in a set of optimal
parameters that promise to yield superior outcomes. The software's calculations unveiled the ideal configuration, comprising an
input current (I) of 100 A, a magnetic field strength (B) of 12 mT, and a frequency (F) of 60 Hz. These parameters were
meticulously determined to achieve the most desirable results.

The predicted responses, generated through this optimal configuration, provide valuable insights into the anticipated
performance of the system. These responses include a Bead Width (BW) of 12.65 mm, a Bead Height (BH) of 1.87 mm, a
Desirability (DP) rating of 4.56 mm, a Tensile Strength (TS) of 552 MPa, and an Impact Strength (IS) of 112 J. This comprehensive
set of outcomes not only showcases the effectiveness of the optimization process but also underscores the potential for achieving
superior mechanical properties and overall performance in the context of the study. These optimal solutions, presented in the form
of a tabular summary, serve as a valuable reference point for further analysis and decision-making in pursuit of enhanced results.
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1 100 12 60 12.65 1.87 4.56

RESULTS (SCREENING)

The Pareto chart, a valuable tool for identifying significant factors in a study, has revealed crucial insights into the influence of
various variables on the observed effects. In this context, it is evident that the principle of the "80/20 rule" holds true, as
approximately 80% of the observed effects are attributed to just 20% of the underlying causes. Specifically, when considering the
factors at play in the study, it becomes apparent that the variables denoted as I (input current), B (magnetic field strength), and F
(frequency) exert a more substantial influence compared to the other factors.

(a) Pareto Chart of the Standardized Effects
(response is Bead width (mm), a = 0.05)
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(b) Pareto Chart of the Standardized Effects
(response is Bead height (mm), a = 0.05)
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(C) Pareto Chart of the Standardized Effects

(response is Penetration depth (mm), a = 0.05)
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(d) Pareto Chart of the Standardized Effects
(response is Tensile strength (MPa), a = 0.05)
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(e) Pareto Chart of the Standardized Effects
(response is Impact strength (J), a = 0.05)
Term 257
Factor Name
= A Welding current {A)
8 Welding voitage (V)
c Welding speed {mm/min)
£ D Groove angle (°)
£ Magnetic field density (mT)
= Magnetic frequency (Hz)
A
H
< i
'
'
'
2 i
'
'
'
= i
'
J
o 2 4 6 s 10
Standardized Effect

The Pareto chart further emphasizes the prominent roles of I, B, and F, indicating that these three factors collectively account for
a significant 80% of the observed effects. Consequently, it becomes imperative to prioritize and delve deeper into the analysis of
these influential factors in the upcoming phase of the study. Their substantial impact on the responses necessitates a more thorough
examination to harness their potential for optimization.

In contrast, the Pareto chart also highlights that variables represented as V, S, and o exhibit no significant effects on the
responses. As a result, these factors were held constant at their middle levels, effectively eliminating them from further
consideration in the subsequent phase of analysis, which focuses on optimization. This strategic approach streamlines the research
effort, allowing for a more concentrated and efficient exploration of the key variables that truly shape the desired outcomes.

CONCLUSION

In conclusion, this research has embarked on a comprehensive exploration of weldability, a critical aspect in various industrial
applications, particularly in the context of structural integrity and performance of welded components. The study focused on
assessing the weldability of three materials: GRADE 50 ASTM A572, GRADE A36 ASTM, and GRADE 40C8 ASTM, using the
shielded metal arc welding (SMAW) process. The research has yielded valuable insights and implications for the field of materials
science and welding technology.

Key Findings and Implications:
Enhanced Structural Integrity: The study has contributed to the development of safer and more reliable welded structures by
providing valuable data for engineers. The insights gained from this research empower engineers to make informed decisions
regarding material selection and welding procedures, ultimately enhancing the structural integrity of welded components.

Cost Reduction: Knowledge of the weldability of specific materials can lead to significant cost savings by optimizing material
selection and welding processes. This research has the potential to reduce material wastage and rework, resulting in cost reductions
for manufacturers.

Advancing Welding Technology: The findings of this research can stimulate innovation in welding technology. By understanding
the unique challenges posed by different materials, researchers and engineers can work towards improving welding techniques and
equipment, thereby advancing the field of welding technology.

Safety and Compliance: Welded structures are often subject to rigorous safety and compliance standards. This research can aid in
achieving and maintaining these standards, ensuring the safety of workers and end-users.

The utilization of Response Surface Methodology-based Design of Experiments (RSM-based DFA) in multi-objective
optimization, as demonstrated through Design Expert® 13.0 software, has been a valuable tool for simultaneously optimizing
multiple responses, enhancing product or process performance.

Moreover, the Pareto chart analysis has highlighted the significance of specific factors, particularly input current (1), magnetic
field strength (B), and frequency (F), which collectively account for approximately 80% of the observed effects. This insight has
directed the focus toward a deeper examination of these influential factors in the subsequent optimization phase.

Overall, this research signifies the importance of weldability in industrial processes, its impact on structural reliability and cost-
efficiency, and the potential for advancements in welding technology. By shedding light on the weldability of specific materials,
this study has contributed to the ongoing quest for safer, more efficient, and cost-effective welding solutions across various
industries.
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