ISSN NO: 0886-9367

The International Journal Of Analytical
And Experimental Modal Analysis

Volume No. 17
Issue No. 2
May - August 2025

D

WA

ENRICHED
PUBLICATIONS

ENRICHED PUBLICATIONS PVT. LTD

S-9, IInd FLOOR, MLU POCKET,
MANISH ABHINAV PLAZA-II, ABOVE FEDERAL BANK,
PLOT NO-5, SECTOR-5, DWARKA, NEW DELHI, INDIA-110075,
PHONE: - + (91)-(11)-47026006




ISSN NO: 0886-9367

The International journal of analytical
and experimental modal analysis

Aims and Scope

About This The International journal of analytical and experimental modal analysis is a branch of
mathematics which deals with mathematical methods that are basically used including weather
forecasting, engineering, business and finance, science, and medicine. It consisted principally of
applied analysis, most notably differential equations, stochastic control theory, approximation theory,
numerical analysis, scientific computation, the mechanics of solids, applied probability. Computational
mathematics involves mathematical research in areas of science where computing plays a central and

essential role, emphasizing algorithms, numerical methods, and symbolic methods.

The International journal of analytical and experimental modal analysis (IJAEMA) is an international
peer reviewed journal devoted towards mathematical sciences. All the articles published under
IJAEMA, include high quality papers, which cover all the major field of mathematics. [JAEMA keeps
updating day-to-day research & development to the scientific niche around the world. The journal
publishes original articles, commentary, editorials, letters to the editor, review articles and case report

describing original research in the fields of mathematical sciences

IJAEMA Open Access As IJAEMA is an international Open Access journal, all the articles published
under this journal will be accessible to all internet users throughout the world without any barrier of
access under the terms of the Creative Commons Attribution License. The International journal of
analytical and experimental modal analysis (IJAEMA) covers publication of novel concepts, new
methods, new regimens, new technologies, alternative approaches and promises to provide most
authentic and complete source of information on current development in the field of mathematical

sciences.




ISSN NO: 0886-9367

Editor-in-Chief

Michal A. Olszewski

Editorial Board

Dr. Ruth Kiraka,

Dean, Institute of Continuing Education,
Strathmore

University, Kenya.

Dr. Syed Nisar Hussain Hamdani,
Pofessor & Director of Kasmir Institute of
Economics UAJK, University of AJK ,
Muzaffarabad, Pakisran.

Dr. Sule L. Aker,
Associate Professor, Eastern Mediterranean

James Boulton,
Professor, School of English, Bangor

University, University, UK.
Cyprus.
Kevin CHENG, Lars Kolvereid,

Assistant Professor, Department of
Sociology and Social
Policy, LINGNAN University, Hong Kong.

Professor, Bodo Graduate School of
Business, Norway.

Louise Jalbert,

PhD, Professor, Department of Philosophy,
University of

Montreal, Canada.

Mohammad Reza Noruzi,

Instructor, Department of Management and
Economics,

Tarbiat Modares University, Tehran, Iran

Thomas Traynor,

PhD, Professor, Department of Economics,
Wright State

University, USA.

Dr. G. Shankar Lingam;

MCA, M.Phil.(CS), M.Tech.(CSE),
APSET,UGC-NET, Ph.D, D.Litt.
Bheemaram, Warangal Urban -506015

Dr. Gajanethi Swathi Kumari;
MBA (HR), UGCNET, M.Phil.,
M.Sc.(Applied Psychology), M.S.

Dr. R. Vishwanathan,
Ph.D (July-2017) Mechanical-
Manufacturing

Dr. A. Sirajudeen,
Ph.D (OCTOBER-2016)ECE-Retinal Image
Processing

Dr. K. Nagajyothi,
Ph.D (2014) CHEMISTRY-Physical-
Organic Chemistry Medical Univ

Dr. G. Mahesh,
Ph.D (JUNE-2012)
EEE-Power Electronics







ISSN NO: 0886-9367

The International Journal Of Analytical
And Experimental Modal Analysis

(Volume No. 17, Issue No. 2, May - August 2025)

Contents

Sr. No | Article/ Authors Pg No

01 EVALUATION OF PROCESS PARAMETERS OF PARABOLIC CUPS 1-16
ININCREMENTAL DEEP DRAWING PROCESS USING Aa7075
-A. Aahlaadl G. Devendar2 Dr A. Chennakesava Reddy3

02 SINGLE POINT INCREMENTAL FORMING AND SIGNIFICANCE OF 17 -32
ITS PROCESS PARAMETERS ON FORMABILITY OF CONICAL
CUPS FABRICATED FROM Aa6082

-Pusa ankitl G. Devendar2 A. Chennakesava Reddy3

03 Object Detection in Blurred Video using YOLO Algorithm 33-44
- Gorripudi Sirisha 1, .NarasimhaRao2,B.S.NMurthy3

04 THE ARCHITECTURE OF LOVE TAJ MAHAL 45 -51
- ARTHALA RANGA RAO NAKILI ANAND

05 Effects of General and Specific Handball Training in Sequence and Parallel | 52 - 56
on Strength Endurance among Handball Players

-Srinivasa Rao Kondapallii, Dr. M. Rajashekaran







ISSN NO: 0886-9367

EVALUATION OF PROCESS PARAMETERS OF
PARABOLIC CUPS IN INCREMENTAL DEEP DRAWING
PROCESS USING Aa7075

A. Aahlaadl G. Devendar2 Dr A. Chennakesava Reddy3
IM. Tech, Department of Mechanical Engineering, INTUH UCEST, Hyderabad,
Telangana, India. 3Senior Professor, Department of Mechanical Engineering, INTUH
UCEST, Hyderabad, Telangana, India.

ABSTRACT

Incremental deep drawing is a process of metal forming used to manufacture complex and deep drawn
components from sheet metal in manufacturing. The process gradually shapes a flat sheet of metal into the
desired three-dimensional shape through a series of incremental steps where, at each step, the punch
moves both vertically and horizontally relative to the sheet metal. The main motto of our work is to
analyse and evaluate the process parameters in order to enhance both efficiency and quality in parabolic
cup production. Through experimentation and analysis, we will investigate how various input parameters
impact the factors such as sheet thickness, step depth, tool radius, coefficient of friction and mechanical
properties of AA7075 parabolic cups. To achieve this, we will utilize Taguchi’s techniques, for finite
element analysis design procedures by employing ABAQUS software code. The output parameters are
effective stress, strain and the reduction in sheet thickness during the parabolic cup formation. We
anticipate that our findings will significantly contribute to advancing manufacturing processes and
promoting the utilization of AA7075 alloy across applications.

1L.INTRODUCTION

Deep drawing is a widely used metal forming process in which a sheet metal blank is radially drawn into
a forming die by a mechanical punch. This process transforms flat sheet metal into complex, hollow
shapes like cups, cylinders, or deep components without compromising material integrity. Deep
drawing is particularly suitable for high-volume production due to its efficiency and cost-effectiveness.

Incremental Deep Drawing (IDD): An Overview

Incremental Deep Drawing (IDD) is a modern variation of the conventional deep drawing process. It
uses incremental, localized deformation to shape the sheet metal, rather than forming the entire partin a
single stroke. This technique enables greater flexibility in forming complex shapes and reduces the need
for expensive tooling.
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(a) Conventional deep drawing (b) Single Point Incremental Forming (SPIF)

In IDD, the deformation of the sheet metal occurs progressively and is performed in small steps. The key
aspects include:

Tool Movement: A small forming tool (typically spherical or hemispherical) incrementally moves over
the sheet metal surface, gradually forming the desired geometry.

No Need for a Dedicated Die: Unlike traditional deep drawing, the forming process can be carried out
without a fixed die, using a simple backing support instead.

Localized Plastic Deformation: The tool applies localized pressure, causing the material to flow
plastically in specific areas.

Computer Control: The process is often controlled by CNC (Computer Numerical Control) or robotic
systems for high precision.

Single Point Incremental Forming (SPIF)

SPIF is a popular and mostly used incremental forming method than any other types of incremental
forming in the recent years. It has gained a lot of attention because of its flexibility in forming method.
SPIF process was developed from sheet metal spinning, sheet metal shear flowing and hammering with
included CNC technique to control the forming tool movement. In this process, blank holder secures the
flat sheet of metal tightly and allows the sheet to be deformed by the forming tool. This method doesn’t
require any die and forming takes place through a single tool containing hemispherical tip with the
support of a backplate on the opposite side of the to reduce the effect of spring back. The main advantage
is this technique allows a relatively fast and cheap production of prototypes or small series of sheet metal
parts and has a capability to manufacture a variety of irregular-shaped, axisymmetric components and
highly customized medical products in small batches.

At o Foversd ' orrwg ' %2

= =

Bocklets

Figure : Single Point Incremental Forming Process
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2.LITERATURE REVIEW

Shishir Anwekar, [1] discussed the process of development of die and punch. Also they stated that it is
complicated process and needs highly skilled workers to produce error free assembly. To overcome the
trials and error procedure used the simulation technique. Shambhuraje Jagatap [2] discussed the
temperature effect on die, blank, blank holder consider in the process. It stated that as temperature
increases contact pressure decreases. Hakim S. Sultan [3] perform the work by using LUSAS simulation
software and conclude that The increment of die radius causing decrement in the load needed to deform
the same pattern some and at the same time increasing the maximum stress concentration on curve
region. Akshay Chaudhari [4] This paper is based on the calculation of different part use in deep drawing
process such as blank diameter, draw ratio, draw force, clearance, machine tonnage etc. Mathews
Kaonga [5] discussed about the forming processes such as punching, blanking and drawing and also
stated the reason behind the variation of calculated and simulated values with significance of constants.
S. Schneider [6] provides the use of RambergOsgood equation to find the tangent modulus property of
material. In above referred papers feed the basic required data but not shows the actual procedure to find
the punch force require to develop defect free component. Kitazawa et al. [7] used different two stage
strategies to produce hemi ellipsoidal shapes and investigated the limits before fracture varying the
radius and the height of the geometry. Jeswiet et al. [8] used a three stage strategy to form an automotive
headlight reflector. As far as the authors know, no work has yet been presented in literature, where a
multi stage strategy allows forming of a part with a 90° drawing angle in SPIF. In two point incremental
forming (TPIF) a 90° drawing angle has been achieved, [9,10].

Objectives

1)To investigate the formability of parabolic cups utilizing aluminum alloy AA7075 through the
incremental deep drawing process.

2)To determine the importance of process parameters- sheet thickness, step depth, tool radius and
coefficient of friction in forming parabolic cups.

3)To analyse the efficiency of incremental approach in evaluating various process parameters in deep
drawing process.

4)To examine the influence of process parameters on the effective stress, strain and thickness reduction
during the formation of parabolic cups.

5)To use Taguchi's approach and finite element analysis using ABAQUS software for the optimization
of design and analysis of the incremental deep drawing process.

6)create the tool path for parabolic cup using software -MATLAB- for precise incremental forming.

Methodology

Design
procedure

Material and
tool selection

The International journal of analytical and experimental modal analysis (Volume - 17, Issue - 02, May - August 2025) Page No - 3
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Tool path
generation

Post processing
and evaluation

Output
Analysis

Fig 3: flow chart

3.Design Procedure:

The design procedure for the finite element analysis will carried out using Taguchi’s techniques with
ABAQUS software code. This involved setting up the parameters and conditions for the FEA to
simulate the incremental deep drawing process.

Material and Tool Selection:

AA7075 alloy sheet will be used for the single point incremental sheet forming to fabricate parabolic
cups. The mechanical properties and chemical composition of the alloy were considered for the study.
Finite Element Modelling and meshing:

Finite Element Modelling (FEM) and Meshing play a significant role in simulating and optimizing the
Incremental Deep Drawing (IDD) process. FEM provides insights into deformation patterns, thickness
distribution, stress/strain evolution, and potential defect formation, helping predict the final output.
Here's a detailed overview:

1. Steps in Finite Element Modelling for IDD

a. Preprocessing

Geometry Creation

Define the geometry of the sheet metal, forming tool, and, ifapplicable, the die.

Represent the workpiece as a flat sheet with defined dimensions and thickness.

Material Definition

Select appropriate material models (elastic-plastic, viscoplastic, or damage-based models).

nclude properties such as:

Elastic modulus, Poisson’s ratio.

Yield strength, hardening behavior.

Flow stress-strain curves.

Fracture or failure criteria (e.g., ductile damage models).

Boundary Conditions

Fixation: Constrain the sheet’s edges (fully or partially).

Tool motion: Apply prescribed tool paths (spiral, contour, etc.).

Contact definitions between:

Tool and sheet (consider friction models).

Sheet and die (ifused).

The International journal of analytical and experimental modal analysis (Volume - 17, Issue - 02, May - August 2025) Page No - 4
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Meshing

*Create a finite element mesh for the workpiece (sheet metal):

*Typically shell or solid elements are used.

*Refined mesh in critical regions (tool contact areas).

*Ensure an optimal balance between accuracy and computational cost.

*Tools can often be treated as rigid bodies with coarser meshing.

Tool Path Generation:

The tool path for forming the parabolic cups will be generated to define the trajectory of the tool during
the incremental forming process.

Experimentation, and evaluation:

Forming the setup for conducting experimentation on the machine, then evaluating the influence of
process parameters, such as Step depth, Tool radius, Blank thickness, Coefficient of friction for the
formation of parabolic cups.

Output Analysis:

The output parameters are effective stress, strain and the reduction in sheet thickness during the
parabolic cup formation.

Process parameters.

In Incremental Deep Drawing, a variety of process parameters are present. Understanding process
parameters is crucial for effective process control, improved dimensional control, and process
optimisation. Here are a few process variables that significantly affect the process.

1)Sheet thickness

2)Step depth

3)Tool radius

4)Coefticient of friction

Sheet Thickness

Effect on Material Flow and Formability: The sheet thickness affects the formability of the material and
the stress needed to deform. Deformation of a thick sheet necessitates higher stresses and more effort
and might be challenging to draw from without wrinkles or tears. Slightly thicker sheets may need to be
drawn in smaller increments to avoid overstretching. Effect on Tool Wear: Additionally, thicker sheets
may cause increased tool wear as a result of greater forces and friction. Dimensional Control: Also,
thicker sheets will help ensure parts remain dimensionally accurate, with less danger of thinning or
rupture than those from thinner sheets.

Step Depth.

Incremental Deformation: Step depth in IDD corresponds to the distance of tool penetration into the
material in each pass. The deeper the step, the higher is the strain in the material at each stage of the
deformation. More rapidly, the part gets formed with larger step depth; however, higher step depth may
lead to defects such as tearing, cracking, or wrinkles if not controlled.

Tool Load and Force Distribution: The depth of the step affects forces on the tool and sheet. An
excessively deep step might concentrate too much force, leading to damage or incomplete distribution

of material.

Quality of Surface Finish: Shallow depths generally result in smoother surface finishes, while deeper
steps are likely to result in tool marks or other imperfections on the surface.

The International journal of analytical and experimental modal analysis (Volume - 17, Issue - 02, May - August 2025) Page No - 5
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Incremental Steps Size Adjustment: The step depth must be adequately balanced so as not to
compromise the deformation speed with respect to the ability of the material to form without failing at
critical shearing stress points.

Tool Radius.

Effect on Material Flow and Wrinkle Formation: The radius of the punch is influential on material flow
into the die. A smaller tool radius will result in sharper deformation which might cause higher stresses
due to more probable tears in the material. However, a large radius will scatter the force over a larger
area that will reduce failure but could come with wrinkles or more gradual deformation. Effect on part
Geometry: A tool with a larger radius may lead to less sharp features, especially if fine details are
required. The choice of radius needs to balance between producing sharp features and avoiding material
damage or failure. Surface Finish: A smoother tool radius is helpful in improving the surface quality as
some localized wear is reduced and rough texture in the formed part is avoided.

Coefficient of Friction.

Influence of material flow: friction between the tool and sheet material is among the most influencing
factors during incremental forming. A higher friction coefficient can prevent material flow, resulting in
excessive wear to tools and uneven deformation. It may also increase the amount of force needed to
form, eventually breaking the tool or producing part defects. Tool and Die Wear: Because the friction is
high, both the tool and die are worn out faster, which entails high maintenance costs and eventually
contributes to reduced tool life. Additionally, increased energy consumption per pass reduces the overall
efficiency of the process.

Forming Defects: High friction causes defects in the form of surface scratches and wrinkles, and
unevenness in thickness. Low friction could help in better material flow, but it might just make material
slide out of shape, thus getting misaligned. Design of Experiments (DOE) is a systematic approach to
study and optimize the Incremental Deep Drawing (IDD) process for materials like Aluminum Alloy
7075. By using DOE, you can efficiently investigate the effects of process parameters on outputs such as
formability, thickness distribution, and defect minimization while reducing the number of experiments
required.

Experimentation, and evaluation:

Forming the setup for conducting experimentation on the machine, then evaluating the influence of
process parameters, such as Step depth, Tool radius, Blank thickness, Coefficient of friction for the
formation of parabolic cups.

Factor Symbol | Level-1 | Level-2 | Level-3
Sheet thickness, (mm) A 0.8 1 12
Step depth, (mm) B 0.5 0.75 1
Tool radius, (mm) C 6 8
Coefficient of friction D 0.03 0.1 0.15

Tablel :process parameters

The International journal of analytical and experimental modal analysis (Volume - 17, Issue - 02, May - August 2025) Page No - 6
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Trial No.

O oo ~a|Ov|wh| da| Wb
(PS USR VY ) S g e e e B
Wbt =Wt =D
b | = || e o | PO | W[t = | O
o to = ww o] =T

Table2 :orthogonal array

Finite Element Modeling (FEM)

Finite Element Modeling (FEM) is a computational technique used to approximate solutions for
complex engineering problems. It divides a large, complicated problem into smaller, manageable parts
called finite elements. These elements are interconnected and collectively solve the larger problem by
applying mathematical models.

4.DESIGNAND ANALYSIS

This step involves creating the geometry of the part that to be analyzed. It includes defining the shape,
dimensions, and features of the part. ABAQUS provides tools for sketching and creating 3D models. In
this section geometry of sheet and tool are formed

150 mm

Wi 051

Fig 4: representation tool and sheet

The International journal of analytical and experimental modal analysis (Volume - 17, Issue - 02, May - August 2025) Page No - 7



ISSN NO: 0886-9367

TR T ey WP P S — T

Gl LR et i s S NS00 oK -
LBl i1 23 4 4
e A%

= E ekecTUhe e v el 6y P ey

Tarsisg Codroident poiat sslectec

Fig 5 : Shows the tool and sheet at same instance

Load

Here, the loads and boundary conditions are applied to the model. Loads can include forces, pressures,
displacements, and other types of external influences. Boundary conditions constrain certain degrees of
freedom in the model to simulate how it is fixed or supported in the real world

Mesh

Meshing involves dividing the model into smaller, finite elements that ABAQUS can use for numerical
analysis. Here defining the mesh density, element types, and meshing techniques. A finer mesh typically
results in more accurate results but requires more computational resources.

The International journal of analytical and experimental modal analysis (Volume - 17, Issue - 02, May - August 2025) Page No - 8
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Tool path

S.RESULTSAND DISCUSSIONS
Effect of process of parameters on effective stress

The International journal of analytical and experimental modal analysis (Volume - 17, Issue - 02, May - August 2025) Page No - 9
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Factor S1 52 S3 SS v A% F P

A 1697.40 | 1681.00 | 1695.30| 53.09 1 53.09 |1769.67| 20.57
B 1686.30 | 1694.40 | 1693.00| 12.49 1 1249 | 41633 | 484
C 1672.50 | 1699.70 | 1701.50| 176.00 1 176.00 | 5866.67| 68.21
D

1696.00 | 1691.60 | 1686.10 16.39 1 16.39 | 54633 | 633
e 0.03 4 0.01 033 0.03
g b 6752.20| 6766.70 [ 6775.90 [ 258.00 8 100.00

Note: SS is the sum of square, v is the degree of freedom, V is the variance, F is the Fisher’s Ratio, Pis the
percentage of contribution and T is the sum squares due to total variation.

Note: SS is the sum of square, v is the degree of freedom, V is the variance, F is the Fisher’s Ratio, P is
the percentage of contribution and T is the sum squares due to total variation. In Table four.1, the share
contribution shows that the parameter (C) Tool radius, all via itself contributes 68.21%. The parameter
sheet thickness (A) stands 2nd and its have an impact on is 20.Fifty seven% on powerful pressure. The
step depth (B) has an impact of most effective 4.84% on the whole version inside the powerful stress.
The coefficient of friction (D) contributes simply 6.35% of the overall variant within the powerful
strain. Figure four.1 offers the impact of sheet thickness, step intensity, device radius, coefficient of
friction on von Mises strain caused in AA7075 sheet all through incremental deep drawing.

Sheet Thickness: As the sheet thickness increases from 0.8 to 1.0 mm, the von Mises stress
decreases,likely because thicker sheets can distribute the applied force over a larger volume, reducing
stress. However, when the thickness increases from 1.0 to 1.20 mm, the von Mises stress increases again
due to the higher resistance offered by the thicker material to plastic deformation.

Step Depth: Initially, with an increase in step depth from 0.50 to 0.75 mm, the stress increases due to the
higher depth of material deformation required per step. As the step depth increases from 0.75 to 1.00
mm, the stress decreases, likely due to strain relaxation and the larger step allowing more uniform
deformation.

Tool Radius: The von Mises stress is lower with a 4 mm tool radius, but increases with tool radii of 6
mm and 8 mm, likely because larger tools increase the contact area, concentrating stress in localized
regions.

Coefficient of friction: Lower friction results in lower resistance between the tool and sheet, thus
reducing stress. With increasing friction (0.05 to 0.15), frictional forces become significant, increasing
stress due to higher resistance to sliding. The powerful stresses had been respectively 559.5 MPa, 569.8
MPa, 568.1 MPa, 559.Eight MPa, 566.4 MPa, 564 MPa, 567 MPa, 558.2 MPa, 570 MPa, for trails 1 to
nine. The most powerful pressure is determined inside the cup of path 9. The maximum effective
pressure is observed within the cup of path 9.

In each instance, the von Mises strain does no longer surpass the last tensile energy of the AA7075 alloy.
The remaining power of Aa7075 alloy is 572 MPa. All the trial conditions are in the limits of AA7075
alloy. Because the AA7075 alloy underwent enough plastic deformation, the Von Mises stress was
finely reduced at the bottom (the final part to form) of the parabolic cup

The International journal of analytical and experimental modal analysis (Volume - 17, Issue - 02, May - August 2025) Page No - 10
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Figure 6: Effect of process parameters on von Mises stress
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Trnil 46 Sheet thicknes 1.0 ms
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Figure :The von Mises stress induced in the conical cups of all trail runs

Effect of process of parameters on effective strain

Page No - 11
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Factor | SI S2 S3 SS | v | V F P

A 952 | 1015 1043 (015( 1 | 015

[
s
a2
(]
[
o

-
(o]

B 1023 | 976 | 1011 [ 004 | 1 | 004 | 356 | 286
C 907 | 11.18 )| 985 | 076 | 1 | 0.76 | 67.63 | 5433

D 934 | 1095) 981 (046 1 | 046 | 4094 | 3289

- 4 (000 000 | -0.80
0.01

T 3817 | 4203 | 4020 140 | 8 100.00

In Table 6, the percentage contribution indicates that the parameter (C) Tool radius, all by itself
contributes 54.33%. The parameter sheet thickness (A) stands second and its influence is 10.72% on
effective strain. The step depth (B) has an effect of only 2.86% on the total variation in the effective
strain. The coefficient of friction (D) contributes merely 32.89% of the total variation in the effective
strain.
Sheet thitkness (mm) Step depth (mm) Yool 1adsn (mm) Coelfient of icton
in

.
a7

16

35

Stann rate

13 .
32
31

30
os 10 2 030 ors 100 4 L] n oo0s 0w o1

Figure 7: Effect of process parameters on strain rate.

The Variation in shear strain rate of AA7075 sheet with sheet thickness, step depth, tool radius, and
coefficient of friction at incremental deep drawing shown in (figure 7). With an increase in sheet
thickness, it is found that the strain rate increases with the available amount of material for deformation.
At a step depth of 0.75 mm, the strain rate is lower and due to probably balanced materialflow and
deformation. It increases with a step depth of 1 mm with considerable deformation per step. Lowering
the radii of tools, therefore (to 4 mm, and 6 mm), resulted in a higher strain rate by causing ocalized
deformation. However, an 8 mm tool radius spread out the deformation and brought down the strain rate.
Low friction, such as 0.05, simplifies the material flow and corresponds to a higher strain rate.

The International journal of analytical and experimental modal analysis (Volume - 17, Issue - 02, May - August 2025) Page No - 12
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Higher friction, such as 0.1, decreases the strain rate by increasing resistance. The further increase of
frictionup to 0.15 restricts material flow, which correspondingly increases the decrease of the strain rate

- Trumil 1 Traill 2 - Tradl 3
e a i
E 3 fi== i
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Figure : PEEQ, Effective strain rate for the Trails 1-9

TN :AN
[ \/ | | | N/

Figure : Plastic strain induced along the walls of cup

Effect of process of parameters on thickness reduction

In Table 7, the percentage contribution indicates that the parameter (A), sheet thickness, all by itself
contributes 53.85%. The parameter tool radius (C)stands second and its influence is 19.23% on
thickness reduction. The step depth (B) and coefficient of friction (D) has an effect of 11.54% on the
total variation in the thickness reduction.

The International journal of analytical and experimental modal analysis (Volume - 17, Issue - 02, May - August 2025) Page No - 13
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A 2.80 2.30 360 |1 0.14 1 | 0.14 ) 1400 ]| 5385
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Figure : Effect of process parameters on thickness reduction.

: 0886-9367

The effect of sheet thickness, step depth, tool radius, coefficient of friction on thickness reduction in
AAT7T075 sheet during incremental deep drawing is shown in (figure 10). Thickness reduction increases
with greater sheet thickness, as the material undergoes more elongation in the cup walls during the deep
drawing process. The centerline of the parabolic cup, particularly in the walls, experiences more
thickness reduction than the bottom. Step Depth, Tool Radius and Friction have minimal impact on
thickness reduction. The major changes occur in the wall regions of the cup, as these are subjected to
greater elongation compared to the bottom The elements in the mid region of cup walls are elongated
higher than bottom of the parabolic cup walls.

The International journal of analytical and experimental modal analysis (Volume - 17, Issue - 02, May - August 2025)
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Distance from center to Mlange, mm

Figure: Variation of sheet thickness along the walls of cup.

6. CONCLUSION

The major SPIF process parameters which influence the formability of parabola cups of AA7075 alloy
were sheet thickness and tool radius. Based on the analysis of von Mises stress, strain rate, and thickness
reduction across nine trials, it is evident that Trial 1 offers optimal performance. This trial exhibits the
lowest von Mises stress (559.5 MPa), which reduces the risk of material failure, and the lowest strain
rate (2.689), which minimizes excessive deformation. Although the reduction in thickness largely
depends on the thickness of the sheet and remains the same for all trials, the 0.8 obtained in Trial 1
further validates the process's efficiency.
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ABSTRACT

4 N\
Single Point Incremental Forming (SPIF) is an advanced sheet metal forming technique widely used for

manufacturing complex shapes without the need for dedicated dies, making it particularly suitable for
rapid prototyping and low-volume production. In SPIF, a localized tool incrementally deforms the
material, layer by layer, following a predefined tool path, resulting in a desired shape such as conical cups.
When fabricating conical cups from AA6082 aluminum alloy, the process parameters—such as tool
diameter, feed rate, stepdown size, spindle speed, and lubrication—significantly influence the material's
formability. These parameters determine the strain distribution, thickness variation, and surface finish of
the final product. In This study examines the effect of key process parameters—tool diameter, step down,
feed rate, and spindle speed—on the formability of conical cups made from AA6082 aluminum alloy.
Results show that larger tool diameters and smaller step downs improve formability and surface quality.
Optimizing these parameters is essential for producing high-quality parts, especially in industries like
automotive and aerospace, where lightweight materials are crucial.

1.LINTRODUCTION

Sheet metal forming is one of the most important manufacturing processes, which is inexpensive for
mass production in industries. Sheet metal forming involves conversion of flat thin sheet metal blanks
into parts of desired shape and size by subjecting the material to large plastic deformation. Metal
forming processes are classified into bulk forming processes and sheet metal forming processes.

Single point incremental forming (SPIF)

The need for environmentally friendly manufacturing processes has seen the development of
government regulations and customer perceptions of environmental issues effect buying decisions.
Sheet metal processing, which does not produce chips during forming, is a traditional machining
process. However, the quantity and quality of finished products that are produced using sheet metal
processing has gradually become small, diverse, customized and requires precise manufacturing and
development. Single point incremental forming (SPIF) is used in industry to decrease the
manufacturing cost and to increase machining efficiency. A round-tipped punch moves along a
predefined path to produce an open-formed surface product, as shown in Fig
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[

(1) (1)

(iii) (iv)

Figl. Diagram for SPIF: (i) the un deformed stage of the initial unprocessed sheet; (ii) the punch
contacts the sheet and feeds to the depth of the first incremental point; (iii) the punch is horizontally fed
in the longitudinal and latitudinal directions at each increment in depth and (iv) the final product is
formed.

Incremental sheet forming (or ISF, also known as Single Point Forming) is a sheet metal forming
technique where a sheet is formed into the final work piece by a series of small incremental
deformations. However, studies have shown that it can be applied to polymer and composite sheets too.
Generally, the sheet is formed by a round tipped tool, typically 5 to 20mm in diameter. The tool, which
can be attached to a CNC machine, a robot arm or similar, indents into the sheet by about 1 mm and
follows a contour for the desired part. It then indents further and draws the next contour for the part into
the sheet and continues to do this until the full part is formed. ISF can be divided into variants depending
on the number of contact points between tool, sheet and die (in case there is any). The term Single Point
Incremental Forming (SPIF) is used when the opposite side of the sheet is supported by a faceplate and
Two Point Incremental Forming (TPIF) when a full or partial die supports the sheet.

Fig 2 : Incremental sheet forming
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2. LITERATURE REVIEW

Bagudanch et al. [1] while studying the forming forces resulted that there is an increase in maximum
forming force with corresponding increase in tool diameter.G. Vishal et. al. [2] while experimenting
with A12024-0 observed that formability increases with tool diameter &with large side radius of flatend
tool (see fig 6).Considering the heat assisted ISF heating of product with current is done by Fan G. [3] to
inc. the formability of materials. Results showed that increase in diameter can decrease temperature and
thus formability. An interesting fact noticed by Zhang S. et al.[4] that tool diameter was an insignificant
factor while evaluating and optimizing the formability of an AZ31 (Mg alloy) during hot ISF assisted
with oil bath heating. Maxi. forming angle gets significantly affected by the change in dia.Kumar Y. et
al.[5]; they have developed an analytical model for modified MSMS (multi stage multi step) forming
strategy.

Duflou J. et al.[6] which showed that vertical step size variation has least effect on the forming force
onAl13003-0, can therefore AZ be increased in favor of lower ‘part production time’. Considering Mg
alloy as sheet material Zhang S. et al. conclude how formability of Mg alloy was most affected by
forming temp. followed by step depth & sheet thickness. The results of experiment by G. Vishal et. al. [2]
proved how formability of A12024-O showed positive response while dealing with thicker sheets. Also
the forming forces required to form material showed proportionality with the thickness of the sheet
showed some positive response performed the formability increases with increase in forming angle ( fig
8). It is very difficult to form a part with high forming angle in a single stage, multi stagestrategy had
been proposed by S. Martin et. al.[7] to produce a cup with 90° drawing angle. Also Kumar Y. et al. [8]
proposed an analytical model for modified MSMS (multi stage multi step) forming strategy which
showed possibility to attain forming angle up to 900 due to hydrostatic support at other end.

Gill N. et. al.[9] has experimented to assess the impact of the kind of grease utilized in SPIF. Results
showed that greater the hardness of material to be formed, lower the necessity of viscosity of lubricant.
Also it was noticed that lubricant performance depend upon the material too as the lubricants which
guaranteed good results in Al were not up to the mark for steel & vice-versa. But lubricant played no role
inreducing the spring back phenomenon in their experiment.

Objectives

1. Identify key process parameters: Toolpath strategy, feed rate, step size, and blank holder force will be
explored for their individual and combined effects.

2. Quantify formability metrics: Cup depth, wall thickness uniformity, and presence of defects will be
measured to assess formability outcomes.

3. Evaluate parameter impact: The influence of each parameter on formability metrics will be analyzed
to understand their individual and interactive contributions.

4. Establish parameter guidelines: Based on the analysis, optimal and workable ranges for each
parameter will be established for achieving desired formability in SPIFed AA6085 conical cups.

5. Validate findings: Numerical modeling or experimental testing will be employed to validate the
identified parameter guidelines and their impact on formability.

6. Contribute to SPIF knowledge: This work aims to add valuable insights to the understanding of SPIF
process parameters and their influence on formability, particularly for high-strength materials like
Aa6085.
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Fig 3: flow chart

3. Design Procedure:

The design procedure for the finite element analysis will carried out using Taguchi’s techniques with
ABAQUS software code. This involved setting up the parameters and conditions for the FEA to
simulate the incremental deep drawing process.

Material Preparation:

* Obtain AA6082 sheet metal of desired thickness and dimensions.

* Ensure the sheet is free of defects and impurities.

* Clean the sheet surface to remove any contaminants that might affect formability. SPIF Setup:
* Design and fabricate a suitable SPIF setup, including:

* CNC milling machine with adequate travel and load capacity.

* Ball-shaped forming tool made of hard material (e.g., tungsten carbide).

* Blank holder system to secure the sheet metal without hindering material flow.
* Force and displacement sensors for data acquisition.

* Software for toolpath generation and process control

Experiment Design:

* Define the target conical cup geometry (dimensions, wall thickness).

* Select process parameters to be investigated, such as:

The International journal of analytical and experimental modal analysis (Volume - 17, Issue - 02, May - August 2025) Page No - 20



ISSN NO: 0886-9367

* Toolpath strategy (spiral, linear, etc.)

* Step depth (incremental deformation size)

* Feed rate (speed of tool movement)

* Toolpath orientation (horizontal, inclined)

* Blank holder force

* Use a design of experiments (DOE) approach to plan experiments efficiently and identify significant
interactions betweenparameters.SPIF Process:

* Conduct the SPIF process according to the designed experiment:

* Secure the sheet metal in the blank holder.

* Implement the chosen toolpath and parameter settings.

* Collect data on forces, displacements, and other relevant variables.

Formability Evaluation:

* Analyze the fabricated conical cups to assess their formability:

* Measure the final dimensions (depth, diameter, wall thickness) and compare them to the target
geometry.

* Check for surface defects like cracks, wrinkles, or thinning.

* Use image analysis or microscopy to evaluate surface quality and microstructure.

Data Analysis:

* Analyze the collected data using statistical methods to:

* Evaluate the influence of individual process parameters on formability metrics.

* Identify significant interactions between parameters.

* Develop amodel or relationship between process parameters and formability outcomes.

Validation and Conclusion:

* Validate the findings with additional experiments or numerical simulations.

* Draw conclusions about the significance of process parameters on formability and recommend
optimal settings for achieving desired cup geometries.

Experimentation and evaluation:

Forming the setup for conducting experimentation on the machine, then evaluating the influence of
process parameters, such as Step depth, Tool radius, Blank thickness, Coefficient of friction for the
formation of parabolic cups.Output Analysis: The output parameters are effective stress, strain and the
reduction in sheetthickness during the conical cup formation

Process parameters.

In Incremental Deep Drawing, a variety of process parameters are present. Understanding process
parameters is crucial for effective process control, improved dimensional control, and process
optimisation. Here are a few process variables that significantly affect the process.

1)Sheet thickness

2)Step depth

3)Tool radius

4)Cocfticient of friction

Sheet Thickness

Effect on Material Flow and Formability: The sheet thickness affects the formability of the material and
the stress needed to deform. Deformation of a thick sheet necessitates higher stresses and more effort
and might be challenging to draw from without wrinkles or tears. Slightly thicker sheets may need to be
drawn in smaller increments to avoid overstretching.

Effect on Tool Wear: Additionally, thicker sheets may cause increased tool wear as a result of greater
forces and friction.
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Dimensional Control: Also, thicker sheets will help ensure parts remain dimensionally accurate, with
less danger of thinning or rupture than those from thinner sheets.

Step Depth.

Incremental Deformation: Step depth in IDD corresponds to the distance of tool penetration into the
material in each pass. The deeper the step, the higher is the strain in the material at each stage of the
deformation. More rapidly, the part gets formed with larger step depth; however, higher step depth may
lead to defects such as tearing, cracking, or wrinkles if not controlled.

Tool Load and Force Distribution: The depth of the step affects forces on the tool and sheet. An
excessively deep step might concentrate too much force, leading to damage or incomplete distribution
of material.Quality of Surface Finish: Shallow depths generally result in smoother surface finishes,
while deeper steps are likely to result in tool marks or other imperfections on the surface.Incremental
Steps Size Adjustment: The step depth must be adequately balanced so as not to compromise the
deformation speed with respect to the ability of the material to form without failing at critical shearing
stress points.

Tool Radius.

Effect on Material Flow and Wrinkle Formation: The radius of the punch is influential on material flow
into the die. A smaller tool radius will result in sharper deformation which might cause higher stresses
due to more probable tears in the material. However, a large radius will scatter the force over a larger
area that will reduce failure but could come with wrinkles or more gradual deformation.Effect on part
Geometry: A tool with a larger radius may lead to less sharp features, especially if fine details are
required. The choice of radius needs to balance between producing sharp features and avoiding material
damage or failure.Surface Finish: A smoother tool radius is helpful in improving the surface quality as
some localized wear is reduced and rough texture in the formed part is avoided.

Coefficient of Friction.

Influence of material flow: friction between the tool and sheet material is among the most influencing
factors during incremental forming. A higher friction coefficient can prevent material flow, resulting in
excessive wear to tools and uneven deformation. It may also increase the amount of force needed to
form, eventually breaking the tool or producing part defects.Tool and Die Wear: Because the friction is
high, both the tool and die are worn out faster, which entails high maintenance costs and eventually
contributes to reduced tool life. Additionally, increased energy consumption per pass reduces the overall
efficiency of the process.Forming Defects: High friction causes defects in the form of surface scratches
and wrinkles, and unevenness in thickness. Low friction could help in better material flow, but it might
just make material slide out of shape, thus getting misaligned.

Taguchi and ANOVA

Taguchi and ANOVA are two powerful techniques used in experimental design and data analysis to
optimize processes and improve quality. They are widely applied in engineering, manufacturing, and
research for identifying critical factors affecting a system's performance.

Taguchi Method

The Taguchi Method is a statistical approach developed by Genichi Taguchi for designing robust
experiments to improve product or process quality. It emphasizes reducing variation in output by
controlling the influence of uncontrollable factors (noise).
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Analysis of Variance (ANOVA)

ANOVA is a statistical technique used to determine whether there are statistically significant
differences between the means of three or more groups. It helps assess the influence of different factors
and their interactions in an experiment.

Experimentation, and evaluation:

Forming the setup for conducting experimentation on the machine, then evaluating the influence of
process parameters, such as Step depth, Tool radius, Blank thickness, Coefficient of friction for the
formation of parabolic cups.

Factor Symbol |Level-1 |Level-2 |Level-3

Sheet thickness, mm A 1.0 1.2 1.5

Step depth, mm B 0.50 0.75 1.00

Tool radius, mm U 4.0 5.0 6.0

Coefficient of friction  |D 0.05 0.10 0.15
Tablel :process parameters
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Table2 :orthogonal array
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Finite Element Modeling (FEM)

Finite Element Modeling (FEM) is a computational technique used to approximate solutions for
complex engineering problems. It divides a large, complicated problem into smaller, manageable parts
called finite elements. These elements are interconnected and collectively solve the larger problem by
applying mathematical models.

4.DESIGNAND ANALYSIS

This step involves creating the geometry of the part that to be analyzed. It includes defining the shape,
dimensions, and features of the part. ABAQUS provides tools for sketching and creating 3D models. In
this section geometry of sheet and tool are formed

Fig 4: representation tool and sheet

Material properties

In this step, you assign material properties to the part. This includes defining the material's mechanical
properties, such as density, elasticity, plasticity of AA6082. The plasticity values are been extracted
from stress vs strain curve from the software called get data digitalize.

ComMPOSITION OF AABOB2 ALLOY

Ie Si Mn 1i £r Cu Mg n Al
05 07-13 0401 0.1 025 0.1 0.6-1.2 0.2  Balance
TABLE 2

MECHANICAL PROPERTIES OF AAB082 ALLOY

Density 2700 kgfm3
Young's mochilus 70 GPa
Tensile strength 300 MPu
Poisson's ratio 0.33

Assembled the parts such as tool and sheet of my model if it consists of multiple components. defined
the relationships and interactions between the parts, such as connections, joints, and constraints. This
step ensures that the parts are positioned correctly relative to each other.
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Fig 5 : Shows the tool and sheet at same instance

Load

Here, the loads and boundary conditions are applied to the model. Loads can include forces, pressures,
displacements, and other types of external influences. Boundary conditions constrain certain degrees of
freedom in the model to simulate how it is fixed or supported in the real world

Mesh

Meshing involves dividing the model into smaller, finite elements that ABAQUS can use for numerical
analysis. Here defining the mesh density,element types, and meshing techniques. A finer mesh typically
results in more accurate results but requires more computational resources.

The International journal of analytical and experimental modal analysis (Volume - 17, Issue - 02, May - August 2025) Page No - 25



ISSN NO: 0886-9367

Job and Visualization

In the final step, it is to create and submit a job for analysis. This involves specifying the analysis
settings, such as solver options and output requests. if the job is completed, we can use ABAQUS's
visualization tools to view and interpret the results. This includes generating plots, animations, and
reports to understand the behavior of the model under the applied conditions.
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Fig 5: Representation of completed Simulation and

generated Conical Cup
5.RESULTS AND DISCUSSIONS
Effect of process of parameters on effective stress

Factor | S1 S2 S3 SS v \Y F P

A 1159.60 | 1175.90 | 1170.70 | 46.21 1 46.21 | 231050 | 9.58

B 115440 | 1176.20 [ 1175.60 | 102.78 |1 102.78 | 5139.00 |[21.30

C 1145.90 | 1185.30 [ 1175.00 | 278.36 |1 278.36 | 13918.00 | 57.70

D 1161.40 | 1165.90 | 1178.90 | 55.05 |1 55.05 | 275250 |11.41
e 0.02 4 0.01 0.50 0.01
T 4621.30 | 4703.30 | 4700.20 | 48242 |8 100.00

Note: SS is the sum of square, v is the degree of freedom, V is the variance, F is the Fisher’s Ratio, Pis the
percentage of contribution and T is the sum squares due to total variation.
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Sheet thickness(mm) Step Depth{mm) Tool Radius(mm) Coefficient of Friction

392 ° b - f »

390

Von mises Stress
-

08 10 12 0.50 0.75 1.00 - 6 8 0.0% 0.0 0.5

Trail 13 Sheet thickness 0.5 mm

Trail 7-9 Sheet thickness 1.2 mm
1. Sheet Thickness
e Observation: The von Mises stress increases as the sheet thickness increases initially but then
decreases slightly as itreaches a higher thickness.
e Reason: As sheet thickness increases, the material's resistance to deformation also increases, leading
to a rise in von Mises stress. However, thicker sheets distribute the stresses more evenly, reducing
localized stresses and slightly lowering the von Mises stress after a certain point.
2. Step Depth
e Observation: The von Mises stress fluctuates with different step depths, showing a mild increase and
then leveling off.
e Reason: A larger step depth increases the amount of plastic deformation required, increasing the
stress. However, after a certain depth, the effect on stress tends to stabilize as the sheet i1s already
significantly deformed and further depth doesn't lead to proportionally higher stress increases.
3. Tool Radius
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e Observation: The von Mises stress dramatically increases with a smaller tool radius and decreases as
the radius becomes larger.

e Reason: A smaller tool radius creates a sharper bending action and more localized deformation,
leading to higher stresses. As the tool radius increases, the deformation becomes smoother and the stress
distribution more uniform, reducing the von Mises stress.

4. Coeftficient of Friction

e Observation: The von Mises stress increases as the coefficient of friction increases.

e Reason: Higher friction between the tool and the sheet metal restricts the smooth flow of the material
during the forming process, causing higher resistive forces and, consequently, higher von Mises stress.
This is due to the increased difficulty in drawing the material with higher friction.

2) Effect of process of parameters on effective strain

Factor | S1 S2 S3 SS v v F P

A 6.86 1.05 71.21 0.01 1 0.01 15.06 2.85
B 1.10 1.10 6.92 0.01 1 0.01 15.06 2.85
C 6.47 6.85 7.80 0.31 1 0.31 466.87 88.40
D 6.91 7.11 7.10 0.02 1 0.02 30.12 5.70

e 0.00 4 0.00 0.00 0.20
T 2735 (2810 (2903 |035 8 100.00

Note: SSis the sum of square, v is the degree of freedom, V is the variance, F is the Fisher’s Ratio, Pis the
percentage of contribution and T is the sum squares due to total variation

sheet thickness(mm] step depth (mm) ! 1001 radivs{mm) . coefficient of friction(mm)
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Figure 7 : Effect of process parameters on strain
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Figure :8 PEEQ, Effective strain rate for the Trails 1-9

1. Sheet Thickness

e Observation: As sheet thickness increases, the strain rate increases initially, then stabilizes.

e Reason: Thicker sheets offer greater resistance to deformation, so the material is subjected to higher
forces and faster deformation, leading to a higher strain rate. However, after reaching a certain
thickness, the deformation stabilizes and the strain rate changes less dramatically, as thicker sheets
distribute the strain more evenly over a larger volume of material.

2.Step Depth

e Observation: The strain rate increases slightly at lower step depths but decreases as the step depth
increases.

e Reason: At lower step depths, there is more concentrated deformation, leading to higher strain rates.
As the depth increases, the deformation is spread over a larger area, reducing the localized strain rate.
This can also be due to the material reaching a steady state of deformation at higher step depths, where
further increments in depth do not cause significant increases in strain rate.

3.Tool Radius

e Observation: The strain rate increases dramatically as the tool radius increases, peaking around a
higher radius, then shows a slight drop.

e Reason: A smaller tool radius creates sharper deformation and bending, leading to localized low strain
rates. As the tool radius increases, the contact area between the tool and sheet increases, spreading out
the deformation and causing a rapid rise in strain rate. Beyond a certain tool radius, the strain rate
stabilizes or decreases slightly as the deformation becomes more uniform across the material.

4. Coefficient of Friction

e Observation: The strain rate initially increases with the coefficient of friction but then stabilizes at
higher friction levels.

e Reason: Higher friction restricts material flow, forcing the material to deform more rapidly, resulting
in an increase in strain rate. As frictioncontinues to increase, it reaches a point where the strain rate
stabilizes, as the material is already experiencing high levels of resistance.

3) Effect of process of parameters on thickness reduction
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Factor 51 52 53 S8 v V F P
A 2.90 3.20 3.60 0.08 1 0.08 8.00 28.57
B 3.20 3.50 3.00 0.04 1 0.04 4.00 14.29
c 3.00 3.70 3.00 0.11 1 0.11 11.00 | 39.29
D 3.00 3.50 3.20 0.04 1 0.04 4.00 14.29

0.01 0.00 0.00 3.56
e 4
T 1210 | 1390 |12.80 |0.28 g 100.00
o~ _Sheet Thickness(mm)] | Step Depthimm) _ Tool Radinimm)] _ Cocfficient of Friction{mm]
?
120 . \
£ 1 *.
8 us J \ M\
E / {
T I |
o 1 |
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Figure 9: Effect of process parameters on thickness reduction

1. Sheet Thickness

STH, Shell thickness for the Trails 1-9

e Observation: The thickness reduction increases significantly with the increase in initial sheet

thickness.

The International journal of analytical and experimental modal analysis (Volume - 17, Issue - 02, May - August 2025)

Page No - 29



ISSN NO: 0886-9367

e Reason: Thicker sheets tend to resist deformation more, but once they yield, they experience more
noticeable thinning during forming. The material flows more freely in thicker sheets, leading to higher
localized thinning, which manifests as greater thickness reduction. Thinner sheets are more uniformly
stressed, which limits the extent of reduction.

2. Step Depth

e Observation: Thickness reduction increases slightly at lower step depths but decreases as the step
depth increases.

e Reason: At lower step depths, the material is more constrained, resulting in higher localized thinning,
leading to greater thickness reduction. As the step depth increases, the material flows more freely due to
greater deformation, which allows for a more even distribution of strain, reducing the amount of
thinning. Deeper steps also result in material being more evenly stretched, which limits the reduction in
thickness.

3. Tool Radius

e Observation: Thickness reduction increases sharply with a smaller tool radius and peaks at a medium
radius before decreasing as the tool radius becomes larger.

e Reason: A smaller tool radius creates a sharper bend in the material, leading to more localized
stretching and thinning. As the tool radius increases, the deformation becomes more gradual and the
stress is spread out over a larger area, which reduces localized thinning.

4. Coefticient of Friction

e Observation: Thickness reduction increases initially with the coefficient of friction, peaks, and then
decreases.

e Reason: A higher coefficient of friction restricts the material's flow, leading to higher forces being
required to draw the material, which in turn increases the likelihood of thinning. However, when friction
becomes too high, the material is constrained to the point that it cannot flow freely, and this reduces the
severity of thickness reduction. The material experiences less stretching, leading to less localized
thinning at
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Figure 11: Variation of sheet thickness along the walls of cup for the trails 1-9

6.CONCLUSIONS

The study on incremental deep drawing of conical cups using AA6082 aluminum alloy identifies tool
radius, sheet thickness, step depth, and coefficient of friction as key process parameters that
significantly impact the material’s mechanical performance and formability.

1. Von Mises Stress:

o Tool radius has the most substantial influence on von Mises stress. Larger tool radii lead to greater
contact areas during forming, resulting in increased stress.

o Sheet thickness also plays a significant role. Thicker sheets initially reduce the stress due to their
rigidity, but as thickness exceeds around 1.0 mm, the material becomes more resistant to deformation,
which increases stress levels. However, stresses remain below the ultimate tensile strength of AA6082,
ensuring the material’s structural integrity throughout the process.

2. Strain Rate:

o The tool radius is again a dominant factor in strain rate, where smaller tool radii cause higher localized
strain. Thicker sheets exhibit greater strain, particularly along the walls of the cup, as they undergo more
significant deformation. In contrast, step depth and coefficient of friction have a lesser influence on the
overall strain rate.
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o To prevent excessive deformation, balancing tool radius and sheet thickness is critical in maintaining
control over strain during the forming process.

3. Thickness Reduction:

o Sheet thickness is the most influential parameter when it comes to thickness reduction. Thicker sheets
tend to experience more thinning, particularly in high-strain regions like the cup walls. Smaller tool
radii and higher step depths also contribute to localized thinning but are less significant compared to
sheet thickness.

o Ensuring a balance in sheet thickness is essential for avoiding excessive thinning while maintaining
uniformity in the final product.

Optimized Performance:

e Across the trials, lower von Mises stress and strain rates are observed when the tool radius is
optimized, and

sheet thickness is moderate, contributing to better material stability and control over deformation.

Final Conclusion:

For AA6082 aluminum alloy, tool radius and sheet thickness are the primary factors affecting von Mises
stress and strain, while sheet thickness is the major driver of thickness reduction. These observations
emphasize the importance of careful selection and optimization of these parameters to enhance the
formability, mechanical performance, and structural integrity of AA6082 in deep drawing processes.
Balancing the tool geometry and sheet material characteristics is key to achieving superior results in
incremental forming of conical cups.
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ABSTRACT

4 2\
Detecting objects is already a difficult task. It is much more challenging when the pictures in the video are

blurry since the camera was used on a hand-held phone or in a car. Most previous efforts have either been
centered on clear pictures with easily identifiable ground truth or have addressed that motion blur as one
of several generalized corruptions. Blur artifacts brought about by out-of-focus, camera movement, or
dynamic object motion are frequently seen in pictures taken in real-world environments. The majority of
object identification techniques donot specifically account for these blur artifacts, although they a re
unavoidable, and as a result, they may not be ableto identify objects in fuzzy films. Applying picture de-
blurring before object detection is one option. The majority of current research on video object

recognition focuses on feature gathering at the instance and pixel levels, even the influence of blur on the
process of aggregation has not yet been a dequately explored. However, in this research, we are going to
use the Deblur GAN approach for de-blurring the video, and then we are going to apply a YOLOV3,
which is the latest algorithm for detecting objects.

Keywords—YOLOvV3,DeblurGAN,DetectionofObjects,Blur artifacts.

1.INTRODUCTION

Object recognition has been a significant difficulty for systems that use computer vision used in
autonomous and surveillance vehicles during the past few decades. Commercial cameras are typically
used in these systems, which frequently produce photos with blur artifacts as a consequence of things
like out-of-focus and moving cameras or objects. The deep learning network's object detecting skills
have greatly increased. Compared to object recognition in still pictures, object detection in video frames
exhibits far higher appearance variance. Frequent visual changes like blur might drasticallylower the
detection's accuracy. Defocus and motion blur to make it challenging for the still image detector to geta
precise conclusion. Therefore, it is desirable to use blur information for object recognition in movies[ 1].
.Compared to object recognition in a static image, object detection in a video is more difficult due to
fluctuations in the frame by frame. The two categories of video object detection techniques are feature
aggregation and box-level post processing. Feature aggregation is essential for determining how the
adjacent frames are out of alignment. The accuracy of feature aggregation-based methods is high
erthanbox-level post-processing techniques. A method called computer vision(CV) provides for the
interpretation of the data contained in pictures or videos. In comparison to human supervision, computer
vision technology shows better performance [2]. It can support computerized inspection, navigation,
video surveillance, and other tasks.
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Video surveillance systems are used in the detection of objects in an image or video and this system is
the most used system for recognition, and these systems are used to recognize, track, and analyze the
objects in an image or video without the need for human involvement. When taking pictures, out-of-
focus or defocus blur is aregular issue. The object's distance from the focal plane is the major cause of
defocus blur. While certain blurs are intended to draw attention to the important things, others must be
erased. In terms of object detection and deep learning, YOLO networks have made major
improvements. The huge appearance variation that happens in video frames makes object recognition in
videos more difficult than object detection in still images. Identifying what and where, in particular,
what objects are present in a given image and where they are positioned within the image, is one of the
methods of object core issues visual computing[3].

Classification, which may also identify things but not inform the viewer of their location in the image, is
less difficult than object detection. Additionally, when a shot has many items, classification fails. This
research focuses on video deblurring related to blind motion. Applying convolution networks has lately
resulted in major improvements in the linked fields of picture super-resolution and in
painting(GANs).GANSs are known for their capacity to maintain image features in pictures, produce
results that are similar to the original, and appear visually real[4]. Modern work on picture image-to
image translation and super-resolution using Generative Adversarial Networks served as inspiration for
de-blurring as an example of such image-to-image translation(GAN). So, in this paper, Deblur GAN has
been used to de-blur the image. Using conditional generative adversarial networks and a multi-
component loss function,Deblur GAN is a method. After de-blurring we detect the object by using the
YOLO algorithm. The two categories of YOLO algorithm are feature aggregation and box-level post-
processing. Feature aggregation is essential for determining how the adjacent frames are out of
alignment. The accuracy of feature aggregation-based methods is higher than box-level postprocessing
techniques. An abstract rectangle known as a bounding box establishes a box for an item and acts as a
point of reference for object recognition. It establishes the location's X and Y coordinates of the place of
interest inside each image and draws these rectangles across the pictures. This conserves valuable
processing power while helping machine learning algorithms in locating their target and examining
collision routes. One of the most of ten used techniques for an notating pictures in deep learning is the
use of bounding boxes. YOLO is a method that recognizes things in real-time by using neural networks.
This approach is well-known for both its speed and accuracy 5]. It has been applied in many applications
to identify humans, animals, and traffic signals, among others.

2.Related work

This section explains there late work on the detection of objects in videos. The objects can be detected by
many methods, but the majority of the methods used up to no ware for detecting objects in unblur videos
and some of the methods are for detecting objects in blur videos. A. Detecting objects using Blur-Aid
Feature Aggregation Network Yujie Wu et al. (2020) [1] proposed a video object detection network for
aggregating blur-aid features from end to end (BFAN). With good accuracy and no further processing,
the BFAN that has been shown concentrates on the process of aggregation impacted by blur, including
motion defocus and motion blur. In BFAN, the object blur of each frame was assessed to establish the
weight for aggregation. By assessing the amount of object blur in each frame, they put there commended
method to the test on the widely used dataset for Image Net VID. The widely used data set for Image Net
VID, a sizable set for detecting objects in video, was utilized to evaluate there commended method. It
has 3862 practice sets, 937 test sets, and 555 validation sets all of which have been painstakingly
annotated. Most video samples include 25 or 30 frames. BFAN still performs better than MA Net and SC
Net when just object blur is considered. Extensive testing shows that the suggested approach beats
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cutting-edge video object identification methods while using only slightly more computing. However,
in some odd situations when the objects are too tiny to be recognized, the blur mapping and saliency
networks may not succeed, something that can be improved in the future. Sung Jin Cho et al. (2022) [2]
presented a brand-new method of learning dubbed self-guided learning, it involves locating objects in
murky images. By including random motion blur in the current dataset for object identification, they
first created a training dataset that included crisp and fuzzy picture pairings with item labels. They
created networks for teachers and students that can input both clear and fuzzy photos. The majority of
the network characteristics are between instructor and shared student networks, and they work together
to learn under complete supervision. In addition to rendering soft labels the network of teachers
additionally supplies picture attributes as cues for de blurring at the feature level during the network of
students' education. The teacher's recommendations for similar soft labelship the net work of students
learn new knowledge about object recognition in foggy images. The suggested architecture strengthens
the resilience of various popular object detectors against picture blurring, according to experimental
data. In subsequent work, they want to extend the suggested approach to a wider range of models, such
as YOLO, DETR, and even two-stage models. Keng Hao Liuet al. (2020)[3] introduced a technique for
motion blurring based on high-frequency residual pictures. Their initial suggestion was a deblurring
module with two stages.Thefirstphaseinvolvesfirsthazinessthat approximately retrieves the hidden
limited elements picture, whereas the second stage eliminates the ringing artifacts and maintains shape
information within a framework for improvement.

Three reference data sets were used in the testing, which revealed that there commended technique
outperformed the cutting-edge in both the superiority and the quantified elements. Upcoming tasks will
involve developing a comprehensive strategy that integrates the preliminary blurring, and refining
processes into a single framework, lowering theintricacy of the model, speeding up computation, and
expanding the design idea of our system to cover additional aspects of picture restoration. B. YOLO
Network Yunyun Song et al. (2022) [13] The MS-YOLO network, a multi-source upgrade within the
YOLOVS network, was suggested and serves as the basis for the fusion of many data source objects
using a deep learning recognition approach reported in this article. The linked
investigationinthisjournalusestheY OLOv5network.

The total Y OLOv5networkismadeupoftheintermediatelayer (Neck), the detecting layer (Head), and the
backbone network (Backbone). Both the PAN (Spatial Pyramid Pooling) and the FPN (Feature Pyramid
Networks) structures are included in the intermediate layer of YOLOvS. The YOLOvVS backbone
network is known as CSP Dark net. Feature fusion, which merges features from several backbone
layers, significantly improves the feature information of the detection layer. In this paper, theauthor
constructed the MS Dataset dataset to evaluate, train, and validates the performance of the MS-YOLO
network. 7000 shots, comprising 1400 images from training equipment and 5600 from the test group.
The gathered photos have a 1280x 1024resolution. Six commonly used categories are included in the
dataset: vehicles, people, bicycles, motorbikes, buses, and trucks. In autonomous driving, several
sensors are used to identify the surroundings. MSYOLO considerably improves detection accuracy
while simultaneously resolving the issue of partial information feature waste.
ZhiXuetal.(2021)[21]suggested the FL-YOLO and a framework for cloud-edge interaction. FL-YOLO
is accelerated by separableconvolution that is depth-wise, which also minimizes the number of
parameters and computational requirements. Detection on several scales allows FL-YOLO to swiftly
identify objects of various sizes. A unique framework for cloud-edge interaction has been suggested.
The model optimization of this framework is used in regard to instantaneous intelligent video
surveillance.

The International journal of analytical and experimental modal analysis (Volume - 17, Issue - 02, May - August 2025) Page No - 35



ISSN NO: 0886-9367

This paradigm allows data exchange between the cloud and the edge despite poor network
circumstances. The authors used the data sets single —scene pedestrian dataset and the pedestrian
dataset. The dataset for pedestrians for FL Single-scene YOLO is increased by the cloud-edge
collaboration t080.7%. The model runs quickly and accurately whilebeing only 16.1MBin size. Emre
Cintas et al. (2020) [24] The most accurate targetidentificationalgorithmsareY OLOv3-Tiny(You Only
Look Once) and KCF and the quickest results are proposed. The authors made a brand-new UAV dataset
available for further research and confirmation of the suggested methodology. They put out a brand-new
tracking technique that operates on real-time, inexpensive hardware platforms with gathered statistics.
They created a GCS for new managementtracking and UAVs progress in performance that is computer
vision-based. According to experimental findings, the suggested method offers a maximum accuracy
rate of 82.7%andameanCPUframerateof29.6.Thesuggestedreal- time solution uses object
identification, localization, and correction to automatically identify and track the UAV visible in a
picturesque stream. An updated benchmark ATAUAYV dataset is produced for use in academic research.
The ground command post monitors the effectiveness of the formulas and is made to operate UAVs.
Mohammad Shahid etal. (2022) [22] Object identification using R-CNN (regions with convolutional
neuralnet works)The suggestedstrategy makes use of selfattentionon Spatiotemporal propertiesthat can
discriminate between fire and other objects, allowing the network to provide better segmentation masks
for use as area recommendations.

3.SYSTEM DESIGN

The Architecture Diagram of the system helps to get a clear idea of the conceptual view of object
detection for blurred videos. Figure 3 represents the proposed architecture diagram of the conceptual
view of object detection for blurred videos. The Architecture Diagram briefly explains the steps that are
followed in developing the model for detecting objects in blurred videos.

Input Frame Frame
Blurred Video Identification Extraction

Detecting Objects
with
Boundary Boxes

T

ifyi Applying Applying
Specifying |

names of # R '« DeblurGAN
detecting objects Algorithm [ | for blurred frames

4

Percentage
probability
of prediction

FIGUREL: Architecture diagram

Blurred video

The collection of blurred videos was gathered from https://www.pexels.com/search/videos/blur/. The
films have are solution 0f960 x540pixelsandarecapturedat24 frames per second (fps). Additionally, we
investigate cutting-edge approaches to object identification using a percentage chance of prediction.
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Frame Identification

A digital image is segmented into several segments, often known as image regions or objects. (sets of
pixels). The purpose of segmentation is to make an image's representation more understandable and
straightforward to analyze. Image segmentation is frequently used to identify objects and boundaries in
pictures (such as lines, curves, etc.). Picture segmentation, in more exact terms, is the process of giving
each pixel in a picture a name such that pixels with the same label have specific properties.A set of
segments that collectively encompass the full picture or a set of contours that are recovered from the
imageare the products of image segmentation.(see edge detection). Regarding any attribute or
calculated feature, such as color, intensity, or texture, every pixel in an area is comparable. Comparable
qualities in adjacent places are drastically varied in color. With the use of interpolation methods like
marching cubes, the contours produce dafter picture segmentation may beutilized toproduce3D
reconstructions when applied to a stack of images, which is usual in medical imaging.

Frame Extraction

In order to speed up video browsing, content summary, indexing, and retrieval, video key frame
extraction seeks to use as few video frames as possible to represent as much video material as feasible,
decrease redundant video frames, and reduce processing. To learn complex and variable motion
recognition, multi-feature fusion-based motion recognition and video key frame extraction are used.
Multiple characteristics are first combined, and only then is similarity assessed. The clustering
algorithm then groups the video sequences according to the scene. The key frames are then removed
based on the smallest amount of motion. The motion will undoubtedly be successfully promoted by the
development of video clip retrieval technology.

Implementing the deblur GAN model Loss function

To restore sharp images is the aim. IS is only given a blurred video IB as an input; as are sult, no blur
kernel information is supplied. The skilled CNN, or "Generator," is responsible for de blurring. It makes
an approximation of the IS picture that corresponds. Additionally, we introduce criticism to the network
and train the two networks in an oppositional fashion during the training period. Dys function loss We
combine content loss and adversarial loss to create the loss function.

L= LcAaN o A-Lx
e’ e’
Sd” loss content Zosi

total loss

Where in all experiments, this is equivalent to 100. We do not condition the discriminator, in ontrast
to Isolaetal. [16], as wedonotneed to penalize the input output disparity. negativeloss
Thelossfunctionusedinthemajorityofconditional GANrelatedstudiesisavanillaGANobjective[20][25].
AmorerecentmethodofusingtheleastsquareGAN|[23]thatismorereliableandyields results of better
uality are provided by [47].

We employWGAN
GP[11],whichhasbeendemonstratedtoberesilienttotheselectionofgeneratordesign[2],as the critical
unction. Theseresults were verified by our preliminary tests using various architectures, and we can
use a greatly lighter design. Thedeficit is determined as follows

The International journal of analytical and experimental modal analysis (Volume - 17, Issue - 02, May - August 2025) Page No - 37



ISSN NO: 0886-9367

N
LGAN = E —Dg_ (Goo (IP))

n—1

Deblur GAN which was learned without a GAN component converges, but the images it creates are
smeared and fuzzy. elimination ofcontent.TheLlorMAElossandthe
L2orMSElossonrawimagesaretwotraditional options for the" content" lossfunction. Due to the pixel-
wise average of all feasible solutions in the pixel space, using those functions as the onlyoptimization
results in blurry artifacts on generated images [20]. Instead, we used the Perceptual loss that was just
recently suggested [17].Based on the disparity between the CNN feature maps of the generated and
target images, perceptionloss is a straightforward L2 loss. The generator network creates an estimate of
the sharp picture using the blurred image as input. Essential network computes the distance between the
recovered and sharp images. The overall loss is made up of the critic's WGAN loss and the perceptual
loss [17]. The perceptual loss is the disparity between the sharp and restored images' conv3.3 feature
maps. Only the generator is retained during testing.

I"Vi,j Hi._-j

Lx = W Z Z(jS-jus)w-y_éi-j(Gf’G(IB])I-H)Q

w=1 y=1

Where 1,j is the feature map acquired by the j-th convolution (after activation) prior to the i-th max-
pooling layer in the VGG19 network, which has been pre-trained on Image Net [7], The feature maps'
lengths are W 1,j, and H 1,j. We use activationsfromtheVGG3,3 convolution layer in our study. The
activations of the deeper levels are characteristics of a higher abstraction [46].[20]. Perceptual loss is
concerned with restoring general information [16]. [20]On a blurred video sample, it produces worse
results-27.9vs.28.7w/0 PSNR.

Network architecture:

Generator For style transfer tasks, the CNN architecture is comparable to that proposed by Johnson
etal.[17].It has twostridden convolution blocks with duration 12 and nine residual blocks[13](Res
Blocks)as well as two transposed convolution blocks. Each Res Block is made up of a convolution layer,
an instance normalization layer[38],and Re LUactivation[26]. In each Res Block, dropout[35]
regularization with a probability of 0.5 is applied after the first convolution

Layer In addition, we present the global skip connection known as Res Out. CNN applies a residual
correction IR to the blurred picture IB, resulting in IS=IB+IR. We discover that using this approach
speeds up training and improves model generalization. We define a critic network during the training
period

4. Implementing the YOLO model

YOLO begins with an input image, which is then split into squares (such as the 3x3 grid).

Image categorization and localization are used on each grid. YOLO then predicts the bounding boxes
and their corresponding class probabilities for objects. The labeled data must be transferred to the
algorithm in order for it to be trained. Assume the picture is divided into a 3 X3 grid and there are three
classes into which the objects must be classified. Assuming the classes are people, cars, and trucks, the
ylabelforeachgridunitisan8-dimensionalvector,as shown in Table 1.
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pc
bx
by
bh
bw
cl
2
c3

TABLE1:8-dimensionalYlabel

* The probability of an item being present in the grid is described by pc in this case.
« [fan entity is present, the bounding box dimensions are defined by bx, by, bh, and bw.
*cl,c2,and c3 represent the divisions.

Because there is no object in this grid, pc is zero, and all other values in they label are '?' Because there is
no entity in the grid, it makes no difference what the bx, by, bh, bw, c1, ¢2, and c¢3 numbers are. In Figl1,
there are two objects(2cars) ; YOLO selects the midpoint of these two objects and assigns them to the
grid containing the midpoint of these objects. The label for the left-center grid with the vehicle is
displayed.

1
bx
by
bh
bw

0

1

0

TABLE 2 : Y label of the left-centered grid

Because there is an entity in this grid, pc will be set to 1, and bx, by, bh, and bw will be decided by the
same grid cell with which we are dealing. As aresult, because the vehicle is in the second class, c2 =land
cland c3 =0. For each of the nine squares,an8-dimensional output vector is generated. This performance
will add another layer to the (3 X 3 X 8). Regardless of whether an entity spreads to more than one grid,
the object could be assigned to a single grid where its midpoint is discovered. We can reduce the
likelihood of various objects occurring in the same grid cell by increasing the number of grids.
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=> Detecting objects with Bounding boxes:

A bounding box is a rectangular structures upper imposed on an image that includes all of the essential
properties of the object within it. It is one of the most basic and time- efficient image annotation
techniques. According to the project requirements, the annotator draws a box around the subjects of the
images.

=> Specifying Names:

Data labeling is the process of adding goal attributes to data and labeling them in order to train the
machine and deep learning models. Object detection requires data labeling in order to conduct computer
vision tasks such as object segmentation, object counting, and object tracking.Businesses are eager to
embrace Al-enabled technology due to the potential benefits of automated decision-making.

Businesses and industries can provide machines with a better understanding of real-world conditions by
labeling data,opening up new possibilities. Labeling data is essential when conducting machine
learning tasks because it aids in both inputand output classification. Labeled data sets enable machine
learning models to be taught how to identify patterns in data, resulting in more accurate results. Machine
learning algorithms that have been trained with labeled data can recognize patterns in new unlabeled
data.

=> Percentage probability of prediction:

As an evaluation standard, a confidences core is computed. This confidences core, expressed as a
percentage, indicates the likelihood that the image will be properly detected by the algorithm. Thes
cores are calculated based on the mean average precision at various loU (Intersection over Union)
levels.

The magnitude of overlap between two bounding boxes of two items is used to calculate Intersection
over Union (IoU) [39]. The IoU algorithm is as follows:

Area of Overlap

IoU =

Area of Union

Precision is determined based on the True Positives (TP),False Positives(FP), and False Negatives(FN)
that result from comparing the predicted object to the ground truth object. FN does not apply in our
situation. When the ground truth bounding box matches the forecast bounding box, a TP is generated.
When a predicted object has no connection with the ground truth object, an FP is recorded. When
aground truth object has no connection with the predicted object, an FN is recorded. The confidence
score is calculated by taking the mean of all precision values for all thresholds. The average precision is
provided as follows :

1 E TP
[Thresholdsl T TP+FP+FN

Confidence = Average precision =

5.Result and discussion
We have a blurred video for identifying items in blurred videos. We applied the Deblur GAN algorithm
to the blurred video and obtained the findings shown below.
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Our project's main goal is to detect objects from a frame extracted from a de-blurred video. We
downloaded the blurred video that is appropriate for executing our project for this purpose. The
following are the out comes of our project's effective implementation.

The following are the findings of successfully applying the DeblurGAN algorithm of version 2 to our
video. To accomplish this, we first conducted data preprocessing on our video and then divided the data
into frames.

FIGURE2:DeblurGANisappliedtothevideo

The segmented frames are deblurred using the DeblurGAN algorithm. Then the deblurred frames are
combined into a video.

From the deblurred video we have taken a deblurred frame. To the selected frame we have applied the
YOLO algorithm of version 3.The YOLO algorithm is used to detect the objects in the frame. It can
perform 3operations. They are

1. Detecting objects with Bounding boxes
2. Specifying Names
3. Percentage probability of prediction
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FIGURE3:Applying YOLO to deblurred frame

6. Conclusion

For the purpose of recognizing things in blurred videos, the project "Conceptual View of Object
Detection for Blurred Videos" is employed. Deblur GAN, a Conditional Adversarial Network
optimized using a multicomponent loss function, is a Conditional Adversarial Network that we
introduced together with a kernel-free blind motioned blurring learning technique. Additionally, we
created an ovel technique for simulating ever al blur sources in a realistic synthetic motion blur. Based
on the findings of object detection, we present anew bench mark and evaluation technique and
demonstrate how Deblur GAN considerably facilitates the detectionof

blurred pictures. One of the most well-known and effective object detection models is called "You Only
Look Once," or YOLO .Yolo is always the preferred choice for real-time object identification. The
YOLO algorithms split both input pictures into the SXS grid structure. Object detection may be done
using any grid. Now, the observed object boundary boxes are predicted by these grid cells. Each box has
five key characteristics, including x and y coordinates, the width and height of the object, and the
likelihood that the box actually contains theobject. Deep learning-based object identification has gained
popularity in recent years due to its potent analysis of simple-to implement single-object approach
abilities and scale transition. In order to categorize objects using a single neural network fordetection,
this study proposes a set of YOLO criteria. The regulations are simple to make and may be in
stantaneouslythoroughly photographed. Utilizing position oncept approaches, restricts the classifier to
a certain area .Utilizing position concept approaches, restricts the classifier to a certain area. In order to
estimate boundaries, YOLO has access to the entireimage. Further more, it anticipates fewer false
positives in historical areas. This algorithm "only looks once" since it onlyneeds to produce an
estimation after one forward propagation has passed across the network.

The main objectives of this project are to deblur a video and find things in the deblur red video's frame.
In the future, it may be expanded to include object detection and be applied to the whole video.
Therefore, only those who have thiscode are able to access the movie. This may be created and made
into an appor web application in the future so that the general public can utilize it.
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ABSTRACT

The Taj Mahal, a timeless emblem of affection, stands as one of the globe's most celebrated architectural
masterpieces. Constructed by Mughal Emperor Shah Jahan in tribute to his spouse Mumtaz Mahal, the Taj
Mahal is famous for its architectural excellence, elaborate design, and its representation of love and
sorrow. The building of this monument, which was finalized in 1653, signifies the pinnacle of Mughal
architecture, blending Persian, Ottoman, and Indian influences. This paper explores the history of the Taj
Mabhal, its architectural and cultural importance, and its influence on India's heritage. Additionally, it
addresses the preservation issues encountered by this UNESCO World Heritage site and its worldwide
impact. Through this examination, the Taj Mahal is portrayed not only as a marvel of architectural skill but
also as asymbol of everlasting love and commitment.

Key words Taj Mahal, Mughal architecture, Shah Jahan, Mumtaz Mahal, Agra, symmetry, Islamic
garden, cultural heritage, conservation, architecture, mausoleum.

Abbreviations

The Taj Mahal, renowned as one of the most recognizable landmarks globally, takes its name from
Persian and Urdu roots. The term "Taj" signifies "crown," representing magnificence and nobility, while
"Mahal" means "palace," denoting a site of splendor and beauty. Collectively, Taj Mahal can be
understood as "The Crown Palace" or "The Royal Palace." This title embodies the stunning design of the
monument and its importance as an everlasting emblem of affection, constructed by Emperor Shah
Jahan in honor of his cherished wife, Mumtaz Mahal. The blend of Persian, Islamic, and Indian
architectural styles further amplifies the majestic nature of its name, establishing the Taj Mahal as not
merely a historical edifice but aremarkable work of artistic and cultural significance.

INTRODUCTION

The Taj Mahal, situated in Agra, India, is a monument that requires no introduction. Commissioned by
Emperor Shah Jahan in 1632 as a tribute to his beloved wife Mumtaz Mahal, it embodies the essence of
love while showcasing remarkable artistic and cultural significance. As one of the most frequented and
recognized landmarks globally, it exemplifies the architectural brilliance of the Mughal Empire.
Constructed in a distinctive fusion of Islamic, Persian, Ottoman, and Indian architectural styles, the Taj
Mahal has emerged as a symbol of everlasting love and a testament to India's rich cultural and
architectural legacy.
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The background of the Taj Mahal is as detailed and intriguing as the monument itself. It mirrors the
political, social, and personal circumstances of the Mughal Empire during Shah Jahan's reign. Its
remarkable beauty establishes it as one of the most notable constructions of its period, while the
additional historical, cultural, and symbolic layers enrich its appeal. The objective of this research is to
explore the Taj Mahal in an integrated fashion, considering its historical significance, architectural
elements, cultural meanings, preservation activities, and worldwide influence. Each part of the paper
will address a particular dimension of the monument, delivering a thorough assessment of its
significance both historically and in the modern era. The beauty of the Taj Mahal is undeniable;
however, it has confronted several challenges over the centuries, including environmental pollution,
acid rain, and stress on its structure. To safeguard its pristine appearance, various conservation measures
have been putin place, such as limiting industrial activities in the surrounding area and managing visitor
access. Since its designation as a UNESCO World Heritage Site in 1983, the Taj Mahal has received
global recognition and is esteemed as one of the New Seven Wonders of the World.

Historical Significance And The Construction Of The Taj Mahal

The Taj Mahal was constructed in honor of Mumtaz Mahal, Shah Jahan's cherished wife, who passed
away during childbirth in 1631. Grief-stricken by her loss, Shah Jahan made a promise to create a
structure that would symbolize their love and immortalize her memory. The first phase of construction
commenced in 1632, featuring an intricate architectural design and the gathering of materials. It is
thought that Shah Jahan selected Ustad Ahmad Lahauri as the lead architect, who, along with a large
group of skilled workers, carefully designed and built the monument. The creation of the Taj Mahal was
profoundly influenced by Shah Jahan's personal sorrow and unwavering devotion. Historical accounts
suggest that upon the Taj Mahal's completion, Shah Jahan envisioned constructing a second mausoleum
made of black marble on the opposite side of the Yamuna River for his own burial. Unfortunately, his son
Aurangzeb confined him, preventing this aspiration from coming to fruition. This section will delve into
the historical backdrop surrounding the commissioning of the Taj Mahal and examine how the power
and affluence of the Mughal Empire shaped the monument's construction.

The creation of the Taj Mahal symbolized not only the profound grief of Shah Jahan but also the
impressive strength, cultural sophistication, and artistic ambition of the Mughal Empire. At the height of
its power during Shah Jahan's reign from 1628 to 1658, the Mughal dynasty was characterized by
economic success, territorial expansion, and a vibrant patronage of the arts. His architectural projects,
including the Red Fort in Delhi, Jama Masjid, and various sections of Agra Fort, demonstrated the
empire's grandeur. Nonetheless, the Taj Mahal emerged as his most ambitious project, seamlessly
blending Islamic, Persian, and Indian architectural influences into an extraordinary masterpiece.

The design of the Taj Mahal serves as a symbolic manifestation of paradise, illustrating concepts of
divine beauty, everlasting life, and celestial harmony. The layout of the charbagh garden, drawing
inspiration from Persian gardens, reflects the Islamic notion of Jannah (paradise). Furthermore, the
presence of Quranic inscriptions throughout the monument highlights themes of faith, eternity, and the
afterlife, thereby affirming the notion that Mumtaz Mahal’s soul has ascended to a celestial domain.

The Taj Mahal is not merely a stunning work of stone and artistry; it is a lyrical ode in marble, created
from love and devotion. This extraordinary monument serves as a link between historical significance
and timelessness, conveying the story of Shah Jahan and Mumtaz Mahal to every individual who walks
its corridors. Each intricate detail, each serene pool, and each lofty minaret reverberates with a love so
extraordinary that it has defied the passage of time. Beyond its stunning architectural features, the Taj
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Mabhal signifies the human aspiration for lasting significance in an ever-changing world. It serves as a
reminder that love, when inscribed in the annals of history, can eclipse even the greatest of empires.
Although monarchs may fade and ages may turn, the Taj Mahal persists a steadfast witness to an eternal
love narrative, overseeing the flow of time with poise and grandeur. There are no existing original
photographs of Shah Jahan and Mumtaz Mahal, as they resided in the 17th century, which was before the
invention of photography. Nonetheless, they are depicted in various historical paintings and Mughal
miniature artworks as shown as below

Myth of the Black Taj Mahal

A longstanding legend associated with the Taj Mahal suggests that Shah Jahan intended to construct a
second mausoleum made of black marble on the opposite side of the Yamuna River. This proposed
"Black Taj Mahal" was meant to serve as his own burial site, designed to complement the white Taj
Mahal and represent the dichotomy of life and death. Unfortunately, before he could bring this ambition
to fruition, he was deposed and imprisoned by his son, Aurangzeb, in 1658. While confined within Agra
Fort, Shah Jahan spent his remaining years observing the Taj Mahal through a small window until his
passing in 1666. While there is a lack of significant archaeological evidence to confirm the existence of a
proposed Black Taj Mahal, the remnants of a garden complex and a dilapidated structure located across
the Yamuna River imply that Shah Jahan might have contemplated an extension of the mausoleum's
design.

Architectural design and their distinctive features.

The architectural design of the Taj Mahal is a remarkable synthesis of various traditions. It is constructed
on a substantial octagonal platform, featuring a prominent white marble dome at its core. This dome
ascends to a height of 35 meters and is flanked by four minarets, each reaching 40 meters, which
together create a strikingly harmonious silhouette. The monument's symmetry and meticulous attention
to detail in both its design and the overall site planning enhance its status as one of the most visually
captivating structures globally. A notable characteristic of the Taj Mahal is the charbagh, which
translates to a fourfold garden. This garden, influenced by Persian design principles, features a
symmetrical arrangement that reflects the Islamic conception of paradise, where streams of water
meander through a flourishing green setting.
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The reflection pool situated in the garden further enhances the monument's aesthetic, offering a
mirrored view of the Taj Mahal that represents the relationship between the physical and the divine. The
central mausoleum is the final resting place of Shah Jahan and Mumtaz Mahal, encased within a
sophisticated marble screen that features intricate inlay work with semi-precious stones like lapis lazuli,
jade, and turquoise. The rich floral patterns, Islamic calligraphy, and geometric motifs that decorate the
walls, floors, and ceilings enhance the spiritual and aesthetic qualities of the monument. This section
will provide a thorough exploration of the architectural features, highlighting the integration of various
design traditions and the profound symbolic significance of the structure.

Transforming Earth into Elegance: The Creation of a Masterpiece.

The establishment of the Taj Mahal involved considerable resources and cutting-edge engineering
techniques. The building process began in 1632 and lasted for more than 20 years, reaching its final
completion in 1653. Thousands of artisans, laborers, and workers from across the Mughal Empire were
engaged in this grand project. A particularly striking feature of the Taj Mahal is its use of Makrana
marble, sourced from Rajasthan. This white marble provides the structure with its characteristic shine
and was carefully crafted and polished to form the iconic dome and detailed inlay patterns of the
monument.

In addition to the predominant use of marble, the Taj Mahal was built using a variety of other materials,
including jade, crystal, lapis lazuli, and turquoise, which were imported from regions as distant as Tibet,
Arabia, and Afghanistan. These exquisite gemstones were skillfully embedded within the marble,
creating the breathtaking floral and geometricdesigns that embellish the monument. Moreover, the
construction of the Taj Mahal required the application of advanced engineering techniques, such as
brick foundations and layering strategies, to ensure the structure's strength and durability.
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A Lasting Icon of Love, Divine Serenity, and Historical Significance

Rich in symbolism, the Taj Mahal features a design where every detail holds deeper significance. The
most apparent symbolism relates to Shah Jahan's love for Mumtaz Mahal, leading to its designation as
the "icon of eternal love." The marble mausoleum stands as a powerful representation of the Emperor's
dedication to his beloved wife. Furthermore, the Islamic elements woven into the structure's design
reflect profound spiritual meanings.

The charbagh garden, with its distinctive four-part design and central water channel, serves as a
representation of paradise in Islamic culture. This notion is inspired by the descriptions of the Garden of
Eden found in the Qur’an. Likewise, the symmetrical and balanced architecture of the Taj Mahal reflects
the concept of divine order. The central dome signifies the heavens, while the tombs of Mumtaz Mahal
and Shah Jahan rest beneath it, bridging the human experience with the divine. This section will delve
into how the design of the Taj Mahal mirrors both the intimate love between Shah Jahan and Mumtaz
Mabhal and the overarching cultural and spiritual ideologies of the Mughal Empire.

The Significance of the Taj Mahal in Mughal and Indian Heritage

The construction of the Taj Mahal epitomizes the magnificence of the Mughal Empire under the rule of
Shah Jahan. This era represented the peak of the Mughal Empire, characterized by remarkable
architectural advancements, a vibrant cultural scene, and significant political influence. The Taj Mahal
stands as both a heartfelt homage to Mumtaz Mahal and a manifestation of the Emperor's authority and
artistic aspirations. Consequently, the Taj Mahal is intricately connected to the cultural, political, and
social dynamics of Mughal India. The monument has significantly influenced Indian culture and its
national identity. Recognized as a UNESCO World Heritage Site, the Taj Mahal epitomizes India’s
diverse heritage, showcasing a harmonious fusion of Islamic, Persian, and Indian cultural influences.
Beyond being a national emblem, the Taj Mahal serves as a global cultural icon, inspiring numerous
artistic expressions, literary works, and cinematic creations. This section will explore the significance
ofthe Taj Mahal within the frameworks of both Mughal and contemporary Indian culture.

Challenges in Preservation and Conservation.

Although the Taj Mahal continues to be a remarkable example of beauty, it is currently facing numerous
preservation challenges. The effects of pollution from nearby industrial activities and vehicle exhaust
have caused the white marble of the monument to yellow and deteriorate. Moreover, the significant rise
in tourist activity has led to increased wear and tear. To combat these issues, conservation efforts have
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been initiated, which include specialized cleaning approaches, such as abrasive cleaning, as well as the
restoration of its architectural features. Besides cleaning and restoration activities, initiatives have been
introduced to restrict industrial operations around the Taj Mahal to prevent additional environmental
damage. Comprehensive regulations have been put in place to reduce pollution levels and maintain the
monument's structural integrity. This section will examine the conservation methods applied, the
challenges faced, and the ongoing initiatives aimed at protecting the Taj Mahal for future generations.

The Enduring Global Legacy of the Taj Mahal

The Taj Mahal is not simply a monument; it embodies a universal representation of love, beauty, and
artistic expression. Its architectural splendor has motivated the design of various edifices globally, and
its story of unwavering devotion continues to resonate with many. As a timeless treasure that crosses
cultural and temporal boundaries, the Taj Mahal serves as a poignant reminder of the enduring nature of
love and art. Apart from its artistic and cultural relevance, the Taj Mahal functions as a significant
representation of India's rich historical narrative and enduring legacy. It showcases the remarkable skill
and innovation of the Mughal artisans who committed years to its construction. Throughout history, it
has withstood various adversities, including natural degradation, environmental challenges, and pivotal
historical moments. Today, dedicated conservation efforts are in place to uphold and preserve its
grandeur, guaranteeing that future generations can experience its beauty. Whether appreciated for its
romantic story, architectural mastery, or cultural significance, the Taj Mahal remains a perpetual symbol
of human creativity and passion.

CONCLUSION

Shahjahan, often referred to as ‘the Magnificent,” committed a significant portion of his life, resources,
and effort to realize the Taj Mahal as a memorial for his beloved queen, Mumtaz Mahal. His appreciation
for art and architecture was unparalleled among the lavish Mughal Emperors of the Indian
Subcontinent. The Taj Mahal is not solely the result of inspiration; its creation required extensive labor,
achieving what could be termed ‘this fearful symmetry,” a phrase attributed to William Blake,
highlighted by precise dimensions. The attraction of the Taj Mahal is deeply connected to the
magnificence of Mumtaz Mahal, whose resting place is surrounded by an everlasting Persian garden. Its
most prominent characteristic is its elegant, feminine silhouette. The famed architect Ustad Ahmad
Lahori played a crucial role in designing the exquisite Taj Mahal, demonstrating extraordinary expertise
in achieving flawless symmetry and skillfully reflecting the persona of Arjumand Banu Begam, also
known as Mumtaz Mahal. The Taj Mahal remains an unparalleled manifestation of love. Nevertheless,
despite its status as a UNESCO World Heritage Site since 1983, this globally acclaimed monument is
suffering from neglect and requires prompt and careful attention to ensure its preservation.
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ABSTRACT
4

The purpose of the present study was to find out the effects of general and specific handball training in\
sequence and parallel on strength endurance among handball players. To achieve the purpose of the study,
45 male inter-collegiate level handball players studying in and around Warangal District, Telangana, India
were selected as subjects. The handball players who represented inter collegiate level competitions were
only considered. Their age ranged from 18 years to 23 years. The selected subjects were randomly
assigned into three equal groups of 15 subjects each. Group-I underwent General and Specific Handball
Training in Sequence, Group-II underwent General and Specific Handball Training in parallel, group-III
acted as control. By using standard testing procedure, the data on strength endurance was collected before
as well as after training. Pre and post test random group design was adopted. The assessed data of the three
group’s through standardized tests was analyzed to discover the significant variation between two tests
(pre & post) through paired ‘t’ test. Additionally, magnitude (%) of changes was also calculated. To
abolish the early mean disparity, the three group’s data (pre&post) were calculated through ANCOVA
statistics. When the ‘F’ (adjusted) score in ANCOVA was high, the post hoc (Scheffe’s) test was followed.
After 12 weeks of treatment, general and specific handball training in sequence (8.08%) as well as general
and specific handball training in parallel (3.45%), group’s strength endurance enhanced considerably.

Keywords: General and specific handball training, Strength endurance and Handball players

INTRODUCTION

Handball is professionally played in number of European nations. However, notwithstanding the
professionalization, which is advancing in this sport, a lack of scientific information on its performance
can be noticed. This can be due to many reasons, one of them is that most of the research which has been
conducted in this field has been published in Eastern European countries and is not readily accessible to
the sport science community. Another reason can be attributed to the conservative approach most
coaches have towards physical conditioning for handball players. In this work we have analyzed the
performance model of handball from a metabolic standpoint and proposed some coaching hints for
practical application of sport science findings. In recent time handball game became fast paced sports
with competitors putting on impressive athletic shows.

Running, throwing, and jumping are all basic athletic disciplines, and handball is an ideal combination
of all three. As a result, it is not only a strictly competitive sport, but also a fine sport that many people
will benefit from for training and health. The player must be talented to start quickly, run consistently,
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deceive his opponent, pick up the ball quickly or catch it in the air, pass the ball to his teammates with
accuracy, and perform all types of throws; in short, his body, arms, and legs must be practiced in
harmony.Handball's growing popularity can be explained by the fact that, as the name implies, hands
play the most important role; hands are naturally the most deft members of the body. There are several
different types of throws that can be used to score a goal. The handball player is encouraged to bring his
thoughts into action with his hands. Of course, the game is quicker than other ball games.The
competitive nature of this sport makes it fascinating to watch as technique and grace blend with courage
and physical strength, psychological status, physiological parameters, and anthropometric
characteristics. Increased game speed, a tougher body game, and greater flexibility in technique and
tactic are described as emerging trends in international sport, especially in team games. Working on and
practicing all major components, such as teamwork, strategies, strategy, psychological qualities, and
physical fitness is the only way to improve performance.Research in sports field has shown that an
individual's or a team's future success can be predicted by analyzing those variables that are found to be
the foundation for overall performance. The following variables, such as bio-motor, anthropometrical
as well as psycho-motor capabilities, are more important than others in determining an individual's
playing ability. Sports science has a major impact on handball performance. To play at a top level, this
team sport requires a variety of external as well as internal variables.

Training is a process of preparing an individual for any event or an activity or job. Usually in sport, we
use the term sport training which denotes the sense of preparing sports persons for the highest level of
performance. Sports training are a pedagogical process based on scientific principles aiming at
preparing sportsmen for higher performances in sports competitions. Competitive sports aims at high
sports performance and for that the physical and psychic capacities of sportsmen are develop up extreme
limits. This normally does not happen in other human activities. As a result valuable knowledge about
the limits of the human performance and various performance factors can be developed. It also leads to
discovery of means and methods for improving various physical and psychic capacities to exceptionally
high levels. This knowledge can fruitfully be applied to other areas of sports and human
activities.Handball is an upcoming sport, played by men and women in almost all countries. Since the
researcher believes that an empirical study is required to find out the changes on motor fitness and skill
related variables of handball players. Furthermore, there had been very little research on handball
players, which prompted the investigator to pursue this research. The purpose of the present study was to
find out the effects of general and specific handball training in sequence and parallel on strength
endurance among handball players.

METHODOLOGY

Selection of Subjects

To achieve the purpose of the study, 45 male inter-collegiate level handball players studying in and
around Warangal District, Telangana, India were selected as subjects. The handball players who
represented inter collegiate level competitions were only considered. Their age, height and weight
ranged from 18 years to 23 years, 168 cm to 174 cm, 58 kg to 76 kg respectively. The selected subjects
were randomly assigned into three equal groups of 15 subjects each. Group-I underwent General and
Specific Handball Training in Sequence, Group-II underwent General and Specific Handball Training
in parallel, group-IIl acted as control. The strength endurance was chosen as dependent variable and was
assessed by conducting Bent-knee sit-ups test.
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Training Programme

The experimental groups trained at the same time of day, three days a week, throughout the study.
During the training, all subjects were under direct supervision and were instructed on how to perform
each exercise. The experimental group-I performed General and Specific Handball Training in
Sequence, group-I1 performed General and Specific Handball Training in parallel, and group-11I was the
control group they did not involved in any specific training. The General and Specific Handball Training
in Sequence and parallel protocol groups participated in a 12-week training program performing a
variety of exercises designed. The program was broken down into 4 fourweek periods. Every fourth
week, the overall volume of the workout was taken down to allow the players to deload and recover in
order to prepare for the next four-week cycle.The subjects of the two experimental groups performed the
specific training package alternatively three days in a week for 12 weeks.

Collection of Data

The initial testing took place before the beginning of the training period while the final testing was
performed after 12 weeks of intervention with the general and specific handball training groups and
control group on strength endurance.

Statistical Techniques

The assessed data of the three group’s through standardized tests was analyzed to discover the
significant variation between two tests (pre & post) through paired ‘t’ test. Additionally, magnitude (%)
of changes was also calculated. In order to nullify the initial mean differences the data collected from the
three groups prior to and post experimentation on selected dependent variables were statistically
analyzed to find out the significant difference if any, by applying the analysis of covariance (ANCOVA).
The pre test means of the selected dependent variables was used as a covariate. Since three groups were
involved, whenever the obtained ‘F’ ratio value was found to be significant for adjusted post test means,
the Scheffe’s test was applied as post hoc test to determine the paired mean differences, if any. In all the
cases the level of confidence was fixed at 0.05 level for significance.

RESULT
The handball player’s strength endurance was analyzed statistically and presented in table- 1-3.

Table — 1: Paired‘t’ Test Results and % of Changes on Strength Endurance

of Chosen Three Group’s
Group Test | N | Mean SD DM r‘;;i; %
s |5 TS ST TG T9615 | 13| o
o [ B TS DSoa L0 | aar |
o e T Bt Tt oy | 035 | o

Table value for df 14 is 2.15(*significant)

The pre and post values of both training groups differ considerably since the ‘t’ values of general and
specific handball training in sequence (12.43) as well as general and specific handball training in
parallel (4.44) groups were greater than the table value (df14=2.15). After 12 weeks of treatment,
general and specific handball training in sequence (8.08%) as well as general and specific handball
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training in parallel (3.45%), group’s strength endurance enhanced considerably.

By using ANCOVA statistics, the strength endurance of all 3 groups were analyzed and exhibited
intable—2.

Table — 2: ANCOVA Statistics Output on Strength Endurance of Chosen Three

Group’s
GSHTS | GSHTP | Control | SoV SS df MS ‘P
Adjusted B 26.003 2 | 13.001 | 22.74*
32 2 4.4
Mean 363 3526 S W | 23.437 | 41 572

(Table value for df 2 & 41 is 3.23)*Significant (.05 level)
The ANCOVA result proved that the adjusted final means (GSHTS =36.32, GSHTP =35.26&
CG=34.46) on strength endurance of all 3 chosen groups significantly differs, as the derived ‘F’ value
(22.74) is better than the required value (df2 & 41 =3.23).

As the adjusted final means is significant, the follow up test was applied as put on view in table-3.

Table — 3: Scheffe’s Test Outcome on Strength Endurance of Three Groups

Variable GSHTS GSHTP Control (CG) MD CI
Strength 36.32 35.26 1.06* 0.70
Em‘;ufance 36.32 34.46 1.86* 0.70

35.26 34.46 0.80* 0.70
*Significant (.05)

It proved that due to GSHTS (1.86) and GSHTP (0.80) the strength endurance was greatly enhanced.
Though, general and specific handball training in sequence (GSHTYS) is better than general and specific
handball training in parallel (GSHTP) since the mean difference (1.06) is higher than CI value (0.70).
Chosen three group’s strength endurancescores are illustrated in diagram-1.

Figure — 1: Chart Showing Strength Endurance of Chosen Groups

Estimated Marginal Means of vo2Z2post

26.50—

26 .00
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25 .00
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group

Covariates appearing in the model are evaluated at the following values: vo2pre = 24 3833

T
1.00
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Discussion

Previous study conducted by Sakthivel and Kumaresan (2020) also found significant improvement in
physical fitness variables like agility, leg explosive power, muscular strength endurance and overall
playing ability of inter university level male Handball players due to specific handball skill training.
Ravindran, (2019) investigated the effect of game-specific training on playing ability among handball
players and found significant improvement in handball playing ability. The greatest improvements in
fitness and performance occur when training simulates the physiological and technical demands of
competition (Rushall & Pyke, 1990). Game-based training is increasingly being used as a means of
improving the skill and physical fitness levels of team sport athletes (Reilly & White, 2004; Gabbett,
2002; Gamble, 2004; Sassi et al., 2004a & 2004b) as it allows the simulation of movement patterns of
team sports, while maintaining a competitive environment where athletes must perform under pressure
and while fatigued (Gabbett, 2003). Perhaps more importantly, game-based training offers an additional
challenge to team-sport athletes that would not normally be present in non-skill related conditioning
activities.

Conclusion

After 12 weeks of treatment, general and specific handball training in sequence (8.08%) as well as
general and specific handball training in parallel (3.45%), group’s strength endurance enhanced
considerably. Though, general and specific handball training in sequence (GSHTS) is better than
general and specific handball training in parallel (GSHTP) in improving strength endurance. From a
practical perspective, general and specific handball training should be supplemented with more
traditional conditioning to simulate the high-intensity, repeated-sprint demands of competition.
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