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The Effect of the Eccentric Loading on the
Components of the Spine

Samir Zahaf®, Hamani Habib °, Bensamine Mansouri®, Abderrahmane Belarbi® & Zitouni Azari¥

Abstract- The objective of this work is to study the effect of the
backpack on the components of the spine system of a child,
know the effect of an eccentric load on the intervertebral discs,
the creating a 3D model of the spine of child of 80 kg overall
weight under the effect of three eccentric load (P2, P3, P4)
plus P1 compression load and calculated by the element
method ends, For the boundary conditions we fixed the
sacrum (Embedding the sacrum). We propose in this section
to draw up a comprehensive study of the distributions of
stresses and normal elastic strain of Von Mises in the
intervertebral discs based on loads supported. The resulis
show that the stress and strain of Von Mises are highest and
concentrated in four intervertebral discs (D1, D15, D16 and
D17), which causes a problem that calls (herniated disc). We
concluded that the cause of the posterior load, a 350 mm lever
arm with a 200N load present maximum Von Mises stresses
concentrated in four intervertebral discs (D1, D15, D16, D17),
which justifies the distance between the load which is the point
of application of the load and the axis of the spine plays a very
important role in increasing the solicitation of the latter.

Keywords: child;, herniated discs; lumbar-thoracic;
intervertebral discs; finite element; biomechanics; von

mises stress-strain; disc degeneration.
. INTRODUCTION

he spine or rachis consists of a movable column of
T24 free vertebrae and a fixed column formed of
fused vertebrae: the sacrum and coccyx \"(Fig. 2) \"
it is the fixing strut of many essential muscles in the
posture and locomotion and protects the spinal cord
located in the vertebral canal ; it supports the head and
transmits the weight of the body to the hip joints; with a
length of about 70 cm in men (60 cm in women), its
reduction may reach 2 cm when standing [1].
Intervertebral discs connect the vertebral
bodies, provide the mobility of the column and amortize
them pressure and shocks. Each consisting of a
peripheral annulus (annulus) containing a gelatinous
core (nucleus). Disc degeneration begins, after a phase
of asymptomatic dehydration, with tears in the fibrous
ring. The core can then migrate into the thickness of the
ring and cause acute or chronic back pain. If it moves
further through the ring, the ring may protrude to the rear

Author a o p ¥ Department of Mechanical Engineering, University of
Sciences and Technology, Oran, Algeria.

e-mails:  zahafsamir1983@gmail.com, Hamanihabib31@gmail.com,
Smail_mansouri@yahoo.fr, azari@univ-metz.fr

Author Q. Laboratory of Biomechanics, Polymers and Structures, ENIM-
Metz, France. e-mail: belarbi_abd@yahoo.fr

side of the disc while forming a HERNIATED DISC this is
indicated in \"(Fig. 1) \" and \"(Fig. 2) \". This hernia can
migrate into the spinal canal and even exclur leaving the
disc. This disc herniation can come compress or "stuck"
in one or more nerve roots located near the drive. It is
the cause of symptoms: pain is sciatica when the back
of the thigh, cruralgie when the pain is in front of the
thigh [2] see Figure 1 and figure 2.

I,hemimd
disc

Fig. 1: Normal disc (top). Herniated disc (bottom)
shows the gel-filled nucleus escapes through a tear in
the disc annulus and compresses the spinal nerve [3].

It is the cause of symptoms when sciatic pain is
in back of the thigh, crural when pain is in front of the
thigh. It comprises variably pain in the lower limbs,
defourmillements or tingling sensation (paraesthesia),
the sensitivity to disturbance of sensation (dysesthesia)
up to a complete loss of feeling (anesthesia), loss
muscle strength or partial or complete paralysis or
sphincter disorders. continuously exerted, the pressure
of the herniated disc can cause irreversible damage [2].

© 2016 Global Journals Inc. (US)
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Fig. 2: Evolutionary forms of the herniated disc. (a) back pain. (b) - crack the annulus, (c) -progression the disc
material, (d) — prolapse [4]. & www.espalda.org

Every year it is the same finding, schoolchildren
satchels or bags to back are too heavy and can cause
long-term back problems and deformities of the spine
that is to say students complain of back pain, shoulder
pain, muscle pain, knee pain, pain in the neck,
numbness pain, bad posture, poor balance and falls
due at the port of a backpack overloaded view \'(Fig. 3)
\" [5].

F1g. 3: A school child wears a
backpack.

Worse, their weight increases over the years
from 6.5 kg in 1997 to 8 kg today in the best case. This
would amount to carry to an adult of 80 kg weight 17 kg
Yet the official circular of 2008 National Education clearly

© 2016 Global Journals Inc. (US)

advocates that the weight of the backpack should not
exceed 10% of the weight of the child, ie, primary, about
2.5 kg ... we're off!! It is between 8 and 15 years back is
the most fragile, and scientific studies have
demonstrated imaging (MRI), the risk of joint damage
and intervertebral disc are real [5].

Yet the official circular of 2008 National
Education clearly advocates that the weight of the
backpack should not exceed 10% of the weight of the
child, either primary, about 2.5 kg ... we're off!l It is
between 8 and 15 years back is the most fragile, and
scientific studies have demonstrated imaging (MRY), the
risk of joint damage and intervertebral disc are real [5].

During this period of school age, the spine of
children is particularly rough ride. With their school bags
too heavy, students are real porter, causing stiffness
and pain, which are themselves a source of bad posture
on often inadequate seating.

It is in this context daily, as well as family
education, the accumulation, repetition of these
situations will cause joint damage, common causes
such as scoliosis. This explains the fact that 67% of
students suffer from muscle tension, 50% of back pain,
24% falling asleep during classes and 15% of pain in the
shoulders [5]. The schoolbag defined as an eccentric
load \"(Fig. 3) \", the load represented by the mass (P4),
in other words, this load created a moment of posterior
bending which tends to bend the spine and causes a
problem called lumbar disc herniation is the most
common cause of low back pain.



Fig. 4. Model biomechanics of the spine (A school child
wears a backpack).

The diagram \"(Fig. 4) \" represents a child to
age 10 years of overall specific weight 38 kg to wear a
backpack, backpack is the mass of 15 kg representing
the weight P4.

The MRI study [6], alerts of this overweight
effect in the development of degenerative disc disease,
back pain and then heriated disc \ » (Fig. 5) \".

In this work, the simulation of the disc
degeneration, based on a finite element model of the
spine depending on the mechanical properties were
established ; the boundary condition has been applied
in the frontal plane to define restriction on movements of
translation and rotation of the spine.

We propose in this work to draw up a
comprehensive study of stresses and strains in the
spinal discs distributions based on supported loads.
The results show that the level of degeneration
increased in all intervertebral discs but concentrated in
the four disks D1, D15, D16 and D17.

Fig. 5 shows two vertebrae of the spinal column
with an intervertebral disc under the effect of &
compound loading (compression P1+ bending moment
P4). The compressive load P1 creates an internal
pressure in the nucleus, this pressure will there after
generate the disc degeneration or degenerative disc
disease \'(Fig. 5)\" and \'(Fig. 7)\", as regards the
forward flexion P4, if the load of the schoolbag
increases, automatically distance between the point of
load application and the axis of the spinal colum
increases, we see that the posterior portion of the
annulus fibrosis is compressed and the other front
portion is tensioned, that is to say the nucleus pulposus

burst back (posterior compression), this compression
produced by disc protrusion comes into contact with a
nerve root called herniated disc this mentioned in \'(Fig.
2)\".

P1

Annulus fibrosus Compression

Bul Te

Nucleus pulposus

Fig. 5: The intervertebral disc with (a): compression [7].

Normal Disc

Degenerated Dise  Herniated dise

Fig. 6: Load distribution at the disc D1 according to his
state [8].

© 2016 Global Journals Inc. (US)

Global Journal of Researches in Engineering (A) Volume XVI Issue IV Version I H Year 2016



Global Journal of Researches in Engineering (A) Volume XVI Issue IV Version I H Year 2016

P4

Flg. 7: The intervertebral disc with (b): bending [7].
[I.  MATERIAL AND METHODS

The objective of this study was to investigate
the effects induced by an eccentric load of the
backpack on the back of a child, know the effect of an
eccentric load on the intervertebral discs, cortical bone,
cancellous bone, posterior bone, sacrum, basin, created
a 3D model of spine, the total mass of person standing
of specific global 80kg under the effect of three
eccentric loads (p2, p3, p4) plus a p1 compression load
and calculated by the finit element method, the
boundary conditions we fixed the sacrum (incorporation
of the sacrum) see \'(Fig. 4) \".

The analysis of biomechanical
includes several steps.

The first is to study the form to define the
geometrical configuration of the object, which allows the
reconstitution of the vertebra, the ligament and bone
using CAD programs.

The result is a 3D geometric model including
these three components will then be prepared for use in
finite element analyzes for the study of stresses and
strains distribution in the system.

The steps for the execution of the 3D vertebra
model \"(Fig. 8) \" are as follow:

a) Draw cortical bone that is the upper hinge and the
lower hinge, then make the smoothing process; this
gives a solid body called the vertebral body.

b) Secondly, draw the posterior arch (blade with the
pedicle) with the spinous process.

c) Finally we draw the transverse process.

problems

© 2016 Global Journals Inc. (US)

Flg. 8: Lumbar vertebras.

The simulation of the disc degeneration is
based on a finite element model of the healthy spine.
Fig. 9 shows a spine model, this consists of five lumbar
vertebrae (L1, L2, L3, L4 and L5) plus the sacrum and
the basin, twelve thoracic vertebrae (TH1, TH2, TH3,
TH4, TH5, THe6, TH7, TH8, TH9, TH10, TH11, TH12) and
17 inter vertebral discs between (S1-L5, L5-L4, L4-L3,
L3-L2, L2-L1, L1-TH12 TH12-TH11, TH11, TH10, TH10-
TH9, TH9-TH8, TH8-TH7, TH7-TH6, TH6-TH5, TH5-THA4,
TH3-TH4, TH3-TH2 TH2-TH1) and various ligaments
thoracic lumbar spine (anterior longitudinal ligament,
posterior longitudinal ligament, ligament interspinous,
ligament supraspinatus, yellow ligament and capsular
ligament), ligaments of the basin (sacroiliac posterior
ligament, sacrotuberous ligament and interosseous
ligament).

Fig. 9: Spine studied.

(a): Lateral (left) view. (b): dorsal view. (c): front view.
(d): lateral (right) view

In static loading conditions, the model of the
reconstructed spine is used in an analysis for studying
the role of the inter vertebral discs and the stress
distribution in these disks as well as its supporting
structures. The spine is reconstructed in 3D to study the
system dimensions (IVD - ligament-bone) \"(Fig. 10)\".



Fig. 10 Vertebra and sacrum dimensions.

In order to define the boundary conditions,
restriction on movements of translation and rotation of
the spine has been applied in the lower plane, and
defined as having zero displacements. Several charges
in the anterior direction were applied as follows:

e The application of the load on the upper side of the
thoracic vertebra TH1.

e The fixed part applied to the body of the basin.

e The interfaces between the different components of
the system of the spine, the cortical bone, the inter
vertebral disk and ligament are treated as perfectly
bonded interfaces \"(Fig. 10)\".

Fig. 9 shows an isometric view of an explored
assembly of the spine and each component of the spine
system is denoted by letters.

ABBREVIATIONS

D4: intervertebral disk upstairs four.

N4: nucleus in the intervertebral disc upstairs four.
D2: intervertebral disk upstairs two.

N2: nucleus in the intervertebral disc upstairs two.
L2: lumbar vertebra is on level two.

D4: intervertebral disk upstairs four.

N4: nucleus in the intervertebral disc upstairs four.
AF1: annulus fibrosus one.

AF2: annulus fibrosus two.

. Cancellous

RAna

N4 : Nucleus

Pul D(tjs
-
T

D, : Annulus fibrosus

—_—

Posterior Bone !
D4+

Fig. 11:3D modeling thoracic vertebra L3, D4 disc of
the lumbar spine (SOLIDWORKS 2016 software).

Cortical

RAno

Ligament interosseouse

}L w
Ligament sacroiliac

Basin

Sacrum

Ligament sacrotuberous

Fig 12: Model details of basin and sacrum (ligaments).

Table 71: Mechanical characteristics of disc tissue [9].

Authors o, (MPa)
BROWN (axial direction) 1.4
GALANTE (horizontal direction) 35+03
GALANTE (fiber direction) 10.7 =09
wu 3.7

The selection of constitutive equations of the
vertebral bone is defined as the part of the bone which
carries the inter vertebral disc, composed of cortical
bone, cancellous bone, the posterior arch, with a
Young's modulus of about 12000 MPa. It is well known
that cortical bone has better load capacity than the
cancellous bone. Cortical bone is considered as an
isotropic material, and homogeneous linear elastic.
Table 1 shows the tensile strength of the structure
annulus fibrosis according to different authors. These
materials are anisotropic and non-linear elastic.

The behavior of inter-transverse ligament and
inter-spinous ligament is nonlinear viscoelastic as in

© 2016 Global Journals Inc. (US)
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previous studies [10]; a linear elastic model is chosen to
represent this behavior.

Ansys Workbench software was used for
analyzing this geometry and generate the most suitable
mesh. For the studied behavior, we used tetrahedral
elements, type Solid187 conforming to defined
parametric surfaces interfaces \"(Fig. 13) \".

It is necessary to mesh the components of the
spine with small and confused elements to ensure
optimum accuracy of the results of stresses and strains
in the inter vertebral discs.

The material properties of the spine
components were selected after a careful review of the
published literature “Table 2”; it was considered
appropriate to define the cortical and cancellous bone
as homogeneous and isotropic. The magnitudes of
12000 MPa and 100 MPa (cortical and cancellous,
respectively) were observed in all studies by various
researchers.

Table 2: Material Properties Specified in the Model.

oL Poisson
Material Modulus . References
Coefficient
(Mpa)
Cortical Bone 12000 0.3 [11,13,14,15,16,17,18,19,20,21,22,27,36]
Cancellous Bone 100 0.2 [11,14,15,17,18,19,21,22,24 25 26,27,36]
Posterior Bone 3500 0.25 [13,14,15,18,19,21,22,24 27 28 37]
Cartilage Endplates 12000 03 [21,23,25,29]
Annulus Ground Substance 40 0.45 [11,14,17,19,20,21,22,23,25,33,31,32,35,36,37]
Nucleus Pulposus 1 0.499 [12,14,15,16,18,20,21,27,30,383,34,35,36,37]
Anterior Longitudinal Ligament 20 0.3 [14,15,17,18,19,37]
Posterior Longitudinal
Ligament 20 0.3 [14,15,17,18,37]
Ligamentum Flavum 19.50 0.3 [14,15,17,18,37]
Intertransverse Ligament 58.7 03 [14,15,17,18,37]
Inter-Spinous Ligament 116 0.3 [14,15,17,18,37]
Supra-Spinous Ligament 15 0.3 [141517'18'37]
Capsular Ligament 32.9 0.3 [14,15,17,18,37]
The basin [38]
Sacrotuberous Ligament 40 0.3 (38]
Sacroiliac posterior Ligament 40 03 (38]
Interosseouse Ligament 40 0.3 138]

Since physiologically the nucleus is fluid filled,

the elements were assigned low stiffness values (1MPa)

and near incompressibility properties (Poisson’s ratio of
0.499). Biologically, the annulus fibrosus is comprised of
layers of collagen fibers, which attributes to its non-
homogenous  characteristics. However, due to
limitations in modeling abilities, the annulus was defined
as a homogenous structure with a magnitude of 4.2
MPa.

This was based on the modulus of the ground
substance (4.2 MPa) and the collagen fibers reported in
the literature, taking into account the volume fraction of

© 2016 Global Journals Inc. (US)

each component. The complete model of the spine
\'(Fig. 13)\' was realized by the SOLIDWORKS
SOFTWARE VERSION 2014 and was then transferred to
the software Calculates each element ends ANSYS 16.2
WORKBENCHE generated the default mesh then
generated linear global custom mesh tetrahedra 10
nodes conform to surface.

The three views of spine model with
condensed mesh are shown in \"(Fig. 13)\". All element
and node numbers are specified in “Table 3”.

Fig. 13 shows a complete model that consists
of 1178694 elements and 2005025 nodes. Cortical bone



Table 3: Element and node numbers in the column vertebral system components.

COMPONENT NODES ELEMENTS Thickness
Cortical Bone 961810 644683 3mm
Cancellous Bone 244460 164441 Smm
Posterior Bone 226389 132464 3mm
Cartilage endplates 160055 87710 3mm
Annulus Ground Substance 244800 114036 3mm
Nucleus Pulposus 42449 26112 3mm
Anterior Longitudinal Ligament 45798 24467 3mm
Posterior Longitudinal Ligament 14414 6607 3mm
Ligamentum Flavum 30226 13447 3mm
Transverse Ligament 285328 131648 3mm
Inter-Spinous Ligament 28968 13158 3mm
Supra-Spinous Ligament 17833 8279 3mm
Capsular ligament 51816 24072 3mm
Sacrotuberous Ligament 20878 10128 3mm
Sacroiliac posterior Ligament 5876 3080 3mm
Interosseouse Ligament 13756 8306 3mm
TOTAL 2005025 1178694 3mm

Fig. 13 Spine 3D finite element modeling (ANSYS 16.2 software).

© 2016 Global Journals Inc. (US)
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The posterior arch was modeled with
tetrahedral elements to 10 nodes contains (132464
elements, 226389 nodes), the nucleus pulposus in the
annulus fibrosus were modeled with tetrahedral type
elements 10 nodes (26112 elements 42449 nodes), the
annulus fibrosus were modeled with elements of type
tetrahedral to 10 nodes (114036 elements, 244800
nodes).

The gelatinous cartilage modeled with a
tetrahedral element to 10 nodes (87710 elements,
160055 nodes). Finally, the different types of ligaments
generated by a tetrahedral mesh to 10 nodes “Table 3”.
The diagram in \ "(Fig. 4) \" shows a person standing of
specific global 80kg weight, the overall mass (Head,
Neck, Arm (left + right), Forearm (left + right), hand (left
+ right)) is 13,4517kg to divided by the top surface of
the thoracic vertebrae Th1 representing the pressure P1,
P2 load represents the mass of the body superior Trunk
is 12,768kg, the distance between the point of
application of the load and axis (yy ') is 200 mm \ "(Fig.
14)\".

The total mass of the lower trunk of the human
body is equal to 22 kg; represented by P3, the distance
between the point of application of the load and the axis
(yy ) is 250 mm \ "(Fig. 14) \" P4 represents the
maximum mass of the backpack is (20 kg), the distance
between the point of load application and the axis (yy ‘)
of the spine is (350 mm) \ "(Fig. 14) \".

For the boundary conditions we fixed the

sacrum (Embedding the sacrum) \"(Fig. 14) \".
We propose in this section to draw up a comprehensive
study of the distributions of stresses and elastic strain in
the intervertebral discs, the cortical bone, cancellous
bone, the posterior arch, anterior longitudinal ligament
and posterior according to the supported loads.
Distributions of global stress state for each component
of our model were presented.

A quantitative analysis was performed based on
a scale of progressive visual colors predefined by the
software used (ANSYS Workbench 16.5), ranging from
dark blue to red.

. Fixed support

. Pressure : P1 = -0,3014M Pa. . Distant load : P2 = -127,68N. .Distant load : P2 = -220N. . Distant load : P2 = -200N.

Fig. 74: Model biomechanics of the spine (posterior loading).

© 2016 Global Journals Inc. (US)



I11. RESULTS

Fig (15) shows a histogram of stress and
maximum strain of Von Mises, we notice that the spine
undergoes a concentration of maximum stresses in the
thoracic region, in the order word the stresses in the
thoracic vertebrae (Th3, Th4, Th5, Th6, Th7) are
respectively equal to (995,68MPa, 754.61 MPa, 467.09
MPa, 483.08 MPa, 369.65 MPa) as mentioned in \ "(Fig.
17)\".

Fig 16 shows a load applied to the upper
surface of the thoracic vertebra TH1 of the spinal
column causes a high concentration of maximum Von
Mises strains in the anterior part of vertebral bodies (red
section) this is mentioned in \ "(Fig. 17) \".

On the other hand, Fig 17 shows that the
posterior arch of the thoracic vertebrae (Th3, Th4, Th5,
Th6, Th7) absorbed the maximum von Mises stresses,
these stresses were observed on a posterior side of the
spine (red contour) with respect to other components of
the system of the spine. Proceeding from the fact that
the Fig (17) and (16) that watches the posterior load
presents greater strains within two thoracic vertebrae
(Th3, Th4) which are equal to (0.29194, 0.21867), which
means that the so-called vertebrae are the most
stressed in the case of posterior bending.

Fig (18) shows that the posterior loading
presents maximum stresses and strains concentrated in
the intervertebral disc D1 that is to say between the
sacrum and the lumbar vertebra L5, in the order word
the \ "(Fig. 19) \" clearly shows that the loading posterior
with a lever arm equal 350mm presents maximum Von
Mises stresses and strains concentrated in the disc D1
and are respectively equal to (6,9797MPa, 1,7347mm /
mm).

Fig. 15: Histogram of stress and strain in the spine for a
load of 20kg.
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Fig. 16. Distributions of stresses and strains in the thoracic vertebrae (Th3, Th4) for a load of 20kg.

© 2016 Global Journals Inc. (US)

[ssue

XVI

Global Journal of Researches in Engineering (A) Volume



(A) Volume XVI Issue IV Version I E Year 2016

oi ino
llleerlllb

=]

Global Journal of Researches in En

Von Mises Stress Th3.

«f
<
o

Anterior

»

Posterior

Von Mises strain

Th3.

«f
o

Anterior

»

Posterior

Von Mises Stress Th4.

Anterior

»

Posterior

Von Mises strain

Tha.

Anterior

%

Posterior

Von Mises Stress

Th7.

4

Anterior

&

Von Mises Stress Th5.

Von Mises strain

Von Mises strain

Anterior

2

Posterior

Ths.

o

Anterior

S

Posterior

Th7.

4

Anterior

&

Von Mises Stress Thé.

o

Anterior

.%

Posterior

Von Mises strain

Thé.

o

Anterior

.%

Posterior

© 2016 Global Journals Inc
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Fig. 17: Distributions of stresses and strains in the thoracic vertebrae a load of 20kg.

@

Fig. 18 Histogram of stresses and strains in the DIV for a load of 20kg.

We see in Fig (18) the intervertebral discs (D1,
D15, D16, D17) absorbed the maximum stresses that
equal (6,9797MPa, 4,4374MPa, 4,7858MPa,
2,7365MPa), On the other hand the posterior loading
presents of maximum strains concentrated in the
intervertebral discs (D1, D15, D16, D17) which are
respectively equal to (1.7347, 1.0586, 1.1463, 0 66065)
as mentioned in \ "(Fig. 19) \". Figure (9) shows that the
mixed loading (P1 compression + bending moment
(P3)) has a contour of maximum red part stresses in the
disc D1 and we see in this figure the front part of the

(Us)

disc D1 is pulled and another compressed part, other
hand figure (9) clearly shows that the backpack is a
repeated effort back into everyday life ultimately cause
disc problems, particularly at the lumbar region (lumbar
disc herniation).
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Fig. 19. Distributions of stresses and strains in the DIV for a load of 20kg.

Von Mises Stress D1

Anterior

Posterior

Von Mises strain D1
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Posterior

Fig. 20. Distributions of stresses and strains in the intervertebral disc D1 for a load of 20kg.

Fig (20) shows that the mixed loading (P1
compression + bending moment (P3)) has a contour of
maximum stresses red part in the disc D1 and we see in
this figure the front part of the disc D1 is pulled and
another compressed part, other hand \ "(Fig. 20) \'
clearly shows that the backpack is a repeated effort to
back into everyday life ultimately cause disc problems,
particularly at the lumbar region (lumbar disc herniation).

We see in Fig 21 that the backpack it's a very
dangerous loading and with time creates pain in the 1st,
2nd intervertebral disc and causes sciatica or cruralgia,
regarding the spinal nerve compressed by the two disks
(D1, D2) and the pressure causes intense pain radiating
throughout the leg, the path of pain follows closely the

path of the nerve. In extreme cases, this results in partial
or complete paralysis of the leg.

A load applied to the upper surface of the
thoracic vertebra TH1 of the spinal column causes a
high concentration of normal maximum von Mises
stresses in the anterior and posterior part of the cortical
bone (S1, Th12, Th5, Th1) (parts by red) this is indicated
in\"(Fig. 22) \".
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Herniated excluded
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! ‘ Hernia

Spinal cord

(c) (d)

Fig. 27 Images of a girl 17 years old suffering back pain so severe, she was unable to walk. TDM spine lumbosacral
axial section (a, b) and sagittal reconstruction (c) showing a double HD L4-L5 and L5-S1 (d) Standard radiography
spine profile lumbosacral showing a pinch last intervertebral disc L5-S1.

(a) (b)

(c)

Fig. 22: MRI of the lumbar sacral spine of a 16-year-old boy showing: (a) MRI weighted sagittal sequence T1, T2, (b)
weighted axial T2, (c) showing a herniated disc L5-S1 posterolateral left side and migrated down.
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Fig. 23: Histogram of stresses and deformations in the cortical bone for load of 20kg.

On the other hand, \ "(Fig. 22) \" shows that the
maximum von Mises stresses in the cortical bone (S1,
Th12, Th5, Th1) are equal to (40,069MPa, 140.15 MPa
223.82 MPa 496, 69 MPa) as compared to other
components of the system of the spine see \ "(Fig. 24) \".
A loading of the posterior backpack applied on the
upper surface of the thoracic vertebra TH1 of the spinal
column causes a high concentration of maximum
normal strains in the anterior part of the thoracic
vertebra Th (red part) this is mentioned in \ "(Fig. 23) \',
with regard to the said vertebra supported Von strain
value set which are equal to (0,041791mm / mm) relative
to the other components of the system of the spine.

Fig (25) shows a histogram of the stresses and
strains Von put supported by the cancellous bone and it
is noted that the maximum stress is concentrated in the
cancellous bone of the thoracic vertebra Th1 as shown
in\ "(Fig. 26) \".

The posterior load \ "(Fig. 3) \" shows clearly that
the stresses and strains of Von Mises are concentrated
in the two cancellous bone (Th1, Th5) and are
respectively equal to (4.6282Mpa, 5.7386MPa) and
(0.049594, 0.057685) this is mentioned in the (Fig 26)
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Von Mises Stress Th5 Von Mises Stress Thl

Anterior Anterior

Posterior Posterior
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Fig. 24. Distributions of stresses and strains in the cortical bone for load of 20kg.
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Fig. 25: Histogram of stresses and strains in the cancellous bone with a load of 20kg.
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Fig. 26 Distributions of stresses and strains in the cancellous bone with a load of 20kg.
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Histogram of stresses and strains in the posterior arch for a load of 20kg.
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Fig. 28. Distributions of stresses and strains in the posterior arch for a load of 20kg.

The posterior loading of the backpack with a
350mm lever shown that increased stresses and strains
of Von Mises illustrated in the face of upper and lower
articulation of the posterior arch of the thoracic vertebrae
(Th3, Th4, Th5 , Th6, Th7) (red outline) \ "(Fig. 27) \", on
the other hand \ "(Fig. 28) \"shows clearly legend stress
and strain of Von Mises put in the thoracic region (Th3,
Th4, Th5, Th6, Th7) are respectively equal to
(995,68MPa, 754,61MPa, 467,09MPa, 483,08MPa,
369,65MPa) and (0.29194, 0.21719, 0.16183, 0.21867,

0.21867) compared to other components of the system
spine. We see in Figure 18 the role of the basin to
transmit the load to the lower part of the human body
and absorbation stresses and strain Von bets (red
outline), we note that the two bodies (basin, sacrum)
supported stresses and normal elastic deformations
which are equal to (46,069MPa, 28,201MPa) and
(0.012947, 0.0187) relative to the other components of
the system of the spine.
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Fig. 29. Distributions of stresses and strains in the basin and sacrum for a load of 20kg.
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IV. DIsCUSSION

In sum, we concluded that the posterior loading
is certainly an aggravating factor, and may cause long
term back problems and strains of the spine, the 3D
model of the spine of a child under the effect of an
eccentric load and calculate by the FEM provokes
stress and strains maximum of Von Mises concentrated
in the intervertebral disc (D1) and are equal to
(6,9797MPa, 1,7347mm / mm) as noted in the \ "(Fig.
18) \", with regard to \ "(Fig. 19, 20, 21) \" show that the
intervertebral disc (D1) is the most damaged which is
disc degeneration often occurs after a phase
asymptomatic dehydration cracks, tearing of annulus
fiborosus (D1 ), the nucleus (N1) can then along these
cracks migrate into the ring thickness (D1), and cause
acute or chronic back pain, If the core (N1) move
around more through the ring (D1), the core can project
to the posterior surface of the disc while forming a
lumbar disc herniation, this hernia can complete rupture
of the ring, migrate laterally into the vertebral canal, or
up or down, and even exclude leaving the disk,
herniated disc that can come be compressed one or
more nerve roots "stuck" near the disc, causing the
symptoms of pain "sciatica" when the rear seat of the
thigh or "cruralgie" when the seat of pain in the front of
the thigh. This justifies that the distance between the
load which is the point of application of the load and the
axis of the spine plays an important role in increasing
stresses at the intervertebral discs.

V. CONCLUSION

In sum, we concluded the case of posterior
loading 350mm lever arm with a load 200N posterior
indicate normal maximum Von Mises stresses in four
intervertebral discs (D1, D15, D16, D17) and are equal
to (6,9797MPa, 4,4374MPa, 4,7858MPa, 2,7365MPa)
these mentioned in \ "(Fig. 18) \", on the other hand \
"(Fig. 19) \"clearly shows the elastic strain is higher in the
four intervertebral discs (D1, D15, D16, D17) that are
equal (1.7347, 1.0586, 1.1463, 0 66065), which justifies
that the distance between the load which is the point of
application of the load and the axis of the spine plays a
very important role in increasing the solitation of the
latter.
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Leakage and Cavity Shape Studies of Labyrinth
Seals

R Mohana Rao?® & Dr. Manzoor Husain®

Absiract- Labyrinth seals are a non-contacting sealing device
consists of a series of cavities connected by small clearances.
They are used in many places in gas turbine engine to
optimize and improve their design using CFD, is of interest to
this study with newer designs of labyrinth seal. Preliminary
investigations were carried out to establish the baseline
capability for CFD analysis of labyrinth seals using Fluent and
also to finalize the turbulence model with mesh type, thereafter
detailed 2-D axi-symmetric analyses with different geometries
and configurations. The applications of the new labyrinth seal
designs are important to meet future performance of gas
turbine goals. This paper presents improved design of canted
seal design using RANS equations, with Turbulence two
equations k-w turbulence model using Computational Fluid
Dynamics (CFD).

Keywords: labyrinth seal, CFD, ansys workbench, canted
shape

NOMENCLATURE

e - Dissipation of turbulent kinetic energy
k - Turbulent Kinetic energy
s- Tooth pitch, mm

A: Area [m2]

H: Step height [mm]

h: Teeth height [mm]

k: Specific heat ratio

m: Mass flow rate [kg/s]

N: Number of teeth

Po: Total pressure [kPa]

PR: Pressure ratio, Poin/Pout
s: radial clearance [mm]

To: Inlet total temperature [K]

Abbreviations
RANS - Reynolds-Averaged Navier- Stokes

[. INTRODUCTION

viation industry face challenges when crude oil
price increase that influence the economic

conditions of world. This will directly impact on the
engines running on crude oil products which convert
chemical energy into mechanical energy for
transportation, power generation etc., lead to
optimization of turbo machinery future fuel conservation
requirements. Studies show that reducing the high

Author a:  Post graduate from BITS Pilani, India pursuing PhD from
JNTU Hyderabad. e-mail: mohan.ramanadham@gmail .com

Authoro: PhD, Professor, JNTU Hyderabad, Telangana.

e-mail: manzoorjntu@gmail.com

pressure turbine seal leakage of engine airflow would
produce significant improvement of engine specific fuel
consumption.

Gas path sealing is therefore a fundamental
area of interest when seeking improvements in the
efficiency and performance of aircraft engines. By
reducing the level of leakage from the gas flow, efficient
sealing helps retain the energy. As the performance
improvement becomes marginal, reduction in leakage
flows becomes more important. Therefore, labyrinth
seals are used more intensively, their clearances are
more tightly designed hence configurations are evolving
continuously. Therefore, the requirement for an accurate
leakage prediction is becoming more crucial. Labyrinth
seals are the most common flow path seals applied to
turbine engines. They consist of several knife edges in
close clearance in a number of Configurations. Labyrinth
seals rely on controlled leakage across the seal driven
by the pressure difference between the seal ends. The
design of the seal forces the flow to separate at the knife
edge causing loss of kinetic energy and pressure from
the gas flow.

[I. PRESENT WORK

In order to finalize the combination of
parameters to be changed to improve the seal design,
the experimental case of advanced seal configuration,
Design 5; reported by H. L. Stocker in [3] is considered
as baseline case. In the present work, the authors have
conducted a CFD investigation on different
configurations of canted teeth. The design evolved while
conducting a parametric study on teeth height, teeth tip
thickness, stepped teeth, inclined teeth etc. The
baseline configuration is a simple sharp teeth labyrinth
seal. The results obtained for the baseline configurations
using this methodology were validated by comparing
against 2D and 3D experimental data on stationary
labyrinth seals with smooth land.

a) Baseline geometry: Canted Sharp Teeth

Fig. 1 shows labyrinth seal geometry with
dimensions. The labyrinth seal test section consists of
an upper part, stepped, and a lower part with teeth. In a
real engine, the upper and lower parts correspond to the
stationary and rotating parts, respectively, have 4 teeth
with inclined called Canted Seals. The two seals have
almost similar teeth dimensions. Geometry definition:

© 2016 Global Journals Inc. (US)
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Pitch — 7.62 mm; step height — 3.05 mm; Knife height —
3.81 mm and seal canted angle 50 deg

Fig.1: Base line teeth with 50 degree canted

b) New geometry: Canted Advanced Teeth

Fig.2 depicts the advanced sharp teeth are
modified to increase the base of seal called Canted
Advanced teeth. Except base width rest of parameters
are kept same as original design.

g

Fig.2: Modified advance seal teeth with 50 degree
canted

c) Performance Parameters

The performance of a seal can be described by
the relation between the pressure ratio and a flow
parameter. The most common flow parameter is the
following flow function:

m~/1,,1n
ACPO, mn

I1I. ANALYSIS

a) Numerical analysis

Computational  Fluid Dynamics (CFD) is
extensively used because its capability to analyze a
large number of design configurations and parameters
in a relatively short period of time. Therefore, with the
development of commercial codes, the use of CFD
analysis has been increasing rapidly in recent years in 2
or 3 dimensional analysis. The test cases adopted in
this work are two-dimensional with number of different
operating conditions are analyzed.

b) Boundary Conditions

A commercial finite volume code, Ansys
Workbench with Fluent 16.1v [10] is used. This
commercial tool has wave linking geometry that

© 2016 Global Journals Inc. (US)

eliminates loss of geometry while importing from CAD
model to Fluent, manages entire problem in project
charter. It was assumed that air was an incompressible
ideal gas and the flow was steady and adiabatic.
Various turbulence models available in Fluent [10] were
considered for the current simulations.

A realizable two-layer k-e turbulent model was
used closest to Stocker [3], This model combines the
realizable k-e turbulent model with the two-layer
approach. The realizable k-e turbulent model uses
equivalent kinetic energy and dissipation rate equations,
but has additional flexibility of all y+ wall treatment that
gives reasonable results for intermediate meshes where
the cell falls in the buffer layer. Polyhedral mesh
elements were used to create unstructured meshes in
the entire domain. Fig.3 & 4 shows an example of
generated computational grids.

The grid density in the clearance area was
refined to locate sufficiently large number of meshes,
this is done using inflation of smooth transition with 8 ~
10 layers. For a given geometry, the inlet temperature is
kept ambient and the exit pressure was essentially
ambient (99.5kPa) and inlet pressure is varied to
corresponding inlet total pressure was obtained thru
calculation.

c) Mesh

Fig. 4: Modified Advance seal mesh (Model B)



d) Mesh Sensitivity

Pr. Ratio
1.92

1.9 4
1.88
1.86 -
1.84 -
1.82
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0 50000 100000

L 4
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Fig. 5: Grid dependence of the CFD result

Grid dependence was checked to produce
sufficiently converged solutions according to mesh size.
Fig. 5 shows an example of grid dependence in the
case of the Base geometry seal, presenting a variation
of pressure ratio with the number of meshes for a given
mass flow rate. The number of meshes ranges from
26,000 to 220,000 for the sharp teeth seal and from
43500 to 250,000 for the modified stepped seal,
depending on the clearance size.

e) Single Vs Double Precision Solver Comparison Study

To study use of single and double precision
solvers, baseline case was analyzed using single
precision solver. The results from single precision solver
were similar to those obtained except inlet velocity from
the double precision solver. The CPU time for single
precision solver was found more than double precision
solver.

Table 1
At Inlet At Exit
Analysis No.of | Mass Vv v Mass Pt Del. T Pr =
Sno Descripton | Cells | oW | (mys) Temp () (m/s) | flow (psa)* Temp (k) ) Pt(in)/
(m/s) (m/s) Ps(out)
1 S‘”Q'gﬁre‘:ism” 177644 | 00073 | 9.5577 | 29514999 | 14.203 | -0.007 | 99500 | 323.14679 | 27.997 2
olver
2 Double 177644 | 00077 | 10.047 | 29514999 | 12.977 | -0.008 | 99500 | 323.14999 28 2
Precision Solver

Fig. 6: Convergence plot for Double Precision
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T m @ m = w wm ow
Metstons

Fig. 7: Convergence plot for single Precision

) Model A case with Experimental data exit ambient pressure. Models are run the pressure ratio
The Model A and Model B are run through by  reaching 3.0
varying inlet pressure with ambient temprature and at

Fig. 7: Model A velocity contours

The model A results are plotted with the fig. for the graph showing experimental results CFD
experimental results. This is in line with the data. Refer  data which is ~ 5% variation.

Fig. 8: Model a results with Experimental results

© 2016 Global Journals Inc. (US)



V. RESULTS AND DISCUSSION

Analysis of Results with different Seal
Configurations

In this paper following studies are carried:

Various Turbulence Models Studied

Model A case with canted angle:70, 60, 40
Step height: 2.0 mm and 3.05 mm
Knife-edge clearance: (0.25 and 0.51 mm)
Rotor speeds (rpm): 0,170000, 20000, 30000

a) Turbulence Model Study

2D axi-symmetric analysis of the modified
Labyrinth Seal geometry (with rotation speed of 10,000
rom) was first carried out. The objective was to establish
baseline capability to run lab seal CFD analysis using
Fluent and validate the experimental results.

Table 2: Turbulence Models

S.no

Analysis
Description

No. of
Cells

At Inlet

At Exit

Del. T

Pin
(Pas Cal)

temp

Mass
flow

Vin
(m/s)

Vout
(m/s)

Tout
K

(deg R)

Pr=
Pt(in)/
Ps(out)

Std. k-e
10%,L.s-

T

197061

199200

295.14999

0.00754186

10.37968

15.023524

300

4.85001

5%),2layer
zornal model

2 Std. ke (TI-
3%,L.s-
3%),2layer
zornal model

197061 199200 295.14999

0.00753624

10.37896 | 15.023502 | 300 4.85001 2

3 Std. ke (TI-
1%,L.s-
3%),2layer
zornal model

197061 199200 295.14999

0.00754114

10.38819 | 15.04188 | 300 4.85001 2

4 Spalant
Allmaras (T .I-
3%,L.s-
3%),strain
Vorticity based
production

197061 199200 295.14999

0.00475953

6.729263 | 11.53694 | 300 4.85001 2

5 K-omega (T.I-
3%,L.s-
3%),Compress
ibility  effects,
shear flow
correction

197061 199200 295.14999

0.00600749

8.296661 | 39.94806 | 300 4.85001

6 |RrsM (T
3%,L.s-
3%),Wall B.C
from K
equation, Wall
reflection
effects

197061 199200 295.14999

0.00613915

9.127268 | 28.85895 | 300 4.85001 )

The Fluent results matched with the
experimental results. This analysis was followed by
turbulence models studies. The baseline model was
analyzed first with Standard k-e model (Turbulence
Intensity = 10% and Length Scale = 5%). The same
model was then analyzed with standard k-e turbulence
model but for different turbulence parameters, namely,
Turbulence Intensity (T.1.) of 3% & 1%, and Length Scale
(L.S) 3% & 1% respectively. Standard k-g, Spalart-
Allmaras, k-omega, Reynolds’s Stress Model were tried
out with the baseline geometry. All the turbulence
models showed consistent results except RSM &
Spalart-Allmaras, with less mass flow and low velocities.
It was decided to use Standard k- € model for all future
analyses.

b) Model A case with Canted angle

For Base line case (Model A) the canted angle
is varied with 40, 60 and 70 degree and the analysis is
carried with same boundary condition but the results
show no improvement in flow parameter. Flow
parameter values are much higher (15 % to 60%)
compared with base line canted 50 degrees. Refer fig. 9
for velocity contours. The studies reveal that 50 degree
is optimal canted angle for seal design for leakage flow.

© 2016 Global Journals Inc. (US)
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Fig. 9: Model A with various canted angles of velocity contours

c) Model B studies with step height and clearance

Analyses with step height and wall clearance
between fixed wall and rotating wall are carried. Refer
Fig. 10, 11,12, 13 with wall clearance ( 0.25, 0.51) and
step heights (2.0 & 3.05) are analyzed based on review
of minor differences in flow feature, the spacing of 0.25
was finalized for future axi-symmetric analyses. The
models are analyzed for 10000 rpm. This analysis was
considered as baseline analysis for all subsequent
analyses. To improve the sealing efficiency, several
labyrinth seal designs with varying geometries were
analyzed

Fig. 10: Model B with .51 clearance and 3.05 step
height- velocity contours

© 2016 Global Journals Inc. (US)

Fig. 17: Model B with .25 clearance and 3.05 step
height- velocity contours

ANST
R16.1

Fig.72 : Model B with .25 clearance and 3.05 step
height- velocity contours of Tooth 1 and 2.




LEAKAGE AND CAVITY SHAPE STUDIES OF LABYRINTH SEALS

Fig. 13: Model B with .25 clearance and 3.05 step
height- velocity vectors (stream function) of Tooth 2.
Comparing Figures 7, 10 and 11 the model B
with .25 with step height 3.05 has created more

turbulence in the flow thereby creating frictional flow
resistance. Also since the stepped walls are inclined in
the direction opposing the flow, there is direct resistance
created for the flow to move downstream.

As observed in Figures 12 and 13 vortices are
formed in the stepped wall zone at the outermost
portion of the cells between sharp teeth also the vortices
in the lower zone of the cells appear to be intensified.
The step disrupts flow entering the clearance region and
increases flow lockage upstream of and in the clearance
area thereby reducing the exit pressure at each tooth
(following the second tooth) overall leakage as
compared to the baseline sharp teeth design.

Fig. 14 shows the seal performance of various
models. Model B with .51 clearances has not shown
much improvement. The flow parameter vs pressure
ratio for this case is very high compared to base line
sharp teeth model but Model B with .25 clearances is
shown much higher improvement than any model.

Model B with .25 clearances shows 14.9%
improvement when compared to Baseline Model A.

0.02

0.018

0.016
g 0.014 -

ete

—— Experimental Data Sharp Teeth
flow parameter

g 0.012
0.01

=== (FD data for Sharp Teeth

ow Para

0.008
i 0.006

—Modfied seal with .51 clearance

0.004

0.002

== Modfied seal with .25 clearance

0
0 1 2

Pressure Ratio

Fig.14: Seal performance of various models

The high performance seal Model B is further
studied with various speed parameters. It shows the
speed increase performance further improved this is
because of radial velocity creates turbulence flow in the
flow path that restricts movement. Refer Fig. 15 for seal
performance at various speeds.
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Fig.15: Seal performance of various models with different speeds

V. CONCLUSIONS

a) Standard k-g, Spalart-Allmaras, k-omega, and RNG
k-e models give similar flow field for the analyzed
lab seal configuration. Reynolds Stress Model gives
elevated temperature field inside the domain. RNG
k-e turbulence model predicted less temperature
rise and more pressure drop. The effect of throttling
process in tooth clearance and the vortex flow are
two main factors which influence flow resistance
and leakage in seal.

b) The solution time is more with single precision
solver than double precision solver

c) Model B with .25 clearance shows 14.9%
improvement than baseline Model A.

Further work may be carried out for honeycomb
wall with various diameters. Also air injection study with
holes (modeled as slots in the 2d axi-symmetric
analysis) to introduce in between the knife-edges in
order to disturb the jet studies may be carried out.
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Study of Minor Loss Coefficient of Flexible Pipes
for Different Bend Angles and Different Bend
Radius by Experiment and Simulation

M. S. Islam %, Avizit Basak °, M. A. R. Sarkar® & M. Q. Islam®

Absiract- The aim of this work is to investigate the minor loss
for locally available bended flexible pipes of different
dimensions. Minor loss coefficients for different bend angles
and different bend radius of these pipes are ascertained,
using both experimental method and numerical analysis.
Different parameters on which Minor Loss depend were
observed and their relations to the Minor Loss were analyzed.
Minor loss coefficient for different bend angles and two bend
radiuses were determined. Minor losses were measured under
different flow rates. The Minor Loss Co-efficient was also
determined by solving Navier-Stokes Equation, with the help of
standard computer program. For Turbulent Stresses
Boussinesq assumption is used. As Turbulence model K¢ is
implemented.  Navier-Stokes  equations  for  viscous,
incompressible flow shows mixed elliptic-parabolic behavior.
So, semi-implicit method for pressure linked equation
(SIMPLE) was used.

Keywords: minor loss co-efficient, bends, k-¢ turbulence
model.

[. INTRODUCTION

he losses that occur in pipelines due to bends,
elbows, joints, valves etc are called minor losses.

Minor loss in a bend is due to flow separation on
the curved walls and a swirling secondary flow arising
from the centripetal acceleration. Since the flow pattern
in valves, bends and fittings are quite complex, the
theory is very weak. The losses are usually measured
experimentally and correlated with the pipe flow
parameters. In turbulent flow, the Minor Loss varies as
the square of the velocity. The form of Darcy’s equation
used to calculate minor losses of individual fluid system
components is expressed by the equation

By = KV2/2G oo, (1)

Where, h,, = minor loss for a fitting, k = minor loss
coefficient, v = velocity of the fluid for the time. Bends
are provided in pipes to change the direction of flow
through it. An additional loss of head, apart from that
due to fluid friction, takes place in the course of flow
through pipe bend. The fluid takes a curved path while
flowing through a pipe bend as shown in figure 1.
Whenever a fluid flows in a curved path, there must be a
force acting radially inwards o n the fluid to provide the
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inward acceleration, known as centripetal acceleration.
This results in an increase in pressure near the outer wall
of the bend, starting at some point A and rising to a
maximum at some point B. There is also a reduction of
pressure near the inner wall giving a minimum pressure
at C and a subsequent rise from C to D.

Therefore, between A and B and between C and
D the fluid experiences an adverse pressure gradient
(the pressure increases in the direction of flow).

Figure 1: Flow through bend pipe

Fluid particles in this region, because of their
close proximity to the wall, have low velocities and
cannot overcome the adverse pressure gradient and
this leads to a separation of flow from the boundary and
consequent losses of energy in generating local eddies.

Losses also take place due to a secondary flow
in the radial plane of the pipe because of a change in
pressure in the radial depth of the pipe. This flow, in
conjunction with the main flow, produces a typical spiral
motion of the fluid which persists even for a downstream
distance of fifty times the pipe diameter from the central
plane of the bend. This spiral motion of the fluid
increases the local flow velocity and the velocity gradient
at the pipe wall, and therefore results in a greater
frictional loss of head than that which occurs for the
same rate of flow in a straight pipe of the same length
and diameter.

In the context of our study, there are some
contributions of particular importance. Khan and Islam
[1] made an experimental investigation of flow through
flexible pipes and bends. In their work they used metal
made pipes. Two manometers were used: one for
trough to trough and one for crest to crest readings.
Khan, Ahmed, Jonayat [2] determined friction factor of
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flow through flexible pipes and minor loss coefficient of
flexible bends. Ahmed, Chakraborty and Fattah [3] did
their work on locally manufactured PRR pipes bends to
measure friction factor and minor loss coefficient
respectively. In 1895 Reynolds [4] rewrote Navier-Stokes
equation in time averaging form. Jones and Launder [5]
and Harlow and Nakayama [6] developed k -
turbulence around 1970 model. In 1972 Caretto,
Patanker and Spalding [7] introduced SIMPLE algorithm
for solving Navier-Stokes Equations for viscous,
incompressible flow. Jaiman, Oakley and Adkins [8] did
CFD modeling of corrugated flexible pipes. In their work
they constructed a numerical model of the corrugated
flexible pipes and did simulation to show variation of
velocity distribution throughout the pipe, 2011).

[1. SETUuP & DATA COLLECTION

a) Experimental Setup

Gatevalve

Flexible pipe
/Reduter /Exhausmpe
Bending Support

| B

—
Bucket

Manometer

Figure 2: Schematic Diagram of Experimental Setup

b) Specimen Preparation

s At first flexible pipes are trimmed into required
length using a hack-saw.

% One PVC pipe (1 inch) is selected corresponding to
the diameter of reducer and threads were cut at the
end of the PVC pipe to be fitted with reducer.

% The end of the PVC pipe which was to be matched
with the flexible pipes was smoothened and
chamfered.

« Now using drill machine, two drills transverse to the
flexible pipe’s length were made at two modes
where manometer are required to be connected
with pipe nipples With help of two pipe tubes
(1.5mm diameter).

% Steps 1 to 4 were repeated for pipe bends. To hold
the bended flexible pipes in the desired position
stand were used.

« Now that required machining operations are done;
specimen were properly washed and cleaned to
eliminate dirt, oil and other undesirable internal
surface matter.

© 2016 Global Journals Inc. (US)

c) Construction Setup

» One end of the flexible pipe was connected with the
corresponding PVC pipe with the help of reducer
(reducer is fitted with the gate valve).

» Thread tapes were used to ensure proper sealing in
different connections.

» The other end of the flexible pipe was directed to the
bucket.

» After preparing the manometer, manometric fluid
(CCl4) was injected to it.

» The limbs of manometer were connected to the
nipples attached to the specimen through flexible
tubes (1.5mm diameter) and fine wires were used to
ensure proper sealing.

» Priming of the manometer was performed.

» Two stands were used to maintain the specimen
horizontal and wood piece was used to keep the
discharge end at elevated height to ensure full flow
of water.

d) Data Collection Procedure

In order to collecting data working fluid (water)
was allowed to flow through the experimental setup for
three different dimensions of the flexible pipe. Differential
Manometer was used to measure pressure drop
through the bend. As manometric fluid, Carbon Tetra-
Chloride (CCL4) was used.
% At first, the inner diameter of the specimen was
measured.
The room temperature was observed.
Mass of empty bucket was measured.
The zero level of the manometer was checked.
By opening the gate valve water was allowed to flow
through the testing section and all the sealing was
checked.
Now stop-watch was turned on and water flowing
through the pipe was collected to the bucket.
Steady state manometer readings were collected.
After a time, stop-watch was turned off and mass of
water filled bucket was measured by platform scale.
Stop-watch reading was taken.
By changing the gate valve opening flow rate was
varied and reading were taken at these flow rates by
repeating step six to nine. These way four readings
were taken for each bend angle.
+ The above procedure was performed for three

different diameters and two different bend radius.

EEF

-+ ¥+ #

[1I. THEORY

The simulation of water flow in a flexible bend
pipe of different diameter, bend radius and angle was
done by solving the Navier-Stokes Equation, with the
help of commercial simulation software ANSYS 13
(WORLBENCH and FLUNET).

The fluid flow phenomenon is governed by the
Navier-Stokes Equations. As the temperature change
was slight during the experiment. So the simulation was



done assuming constant temperature. This simplified
the process by decoupling Continuity and Momentum
equation from Energy equation. Now, Reynolds Time-
averaged Navier-Stokes equation,

Continuity equation:

U v oW

ax ay oz =0 @)
Momentum Equation:
x-component:
u@uw) , p@w) , wWEWY) _ _ ap , 4 ( 0; _
'D(ax +E)y+6z)_ 6x+6x( ox
w2 9 (2= o+ 2 (W~ ouw
pu?) + = ) + S (05— W)@

y-component:
22y 24 il o 2y D (00
'D(uax + vay + Waz - dy dx
2 (42— %) + 2 (w22~ i)
+ dy (“ay pv +62 “az prw (4)
z-component:
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Here the terms pu'z, pu'v' etc are called turbulent
stresses.
According to Boussinesqg assumption!®

6uk

A 2 T
puiuy = 2urS;; — 56 (HTE"‘ pk (6)

Where, Sl-]- = mean strain tensor = 1w + oty ,
2 M0x; dx;

ur = Turbulent viscosity, k = Kinetic energy of

turbulence,u = (u, v, w) Fluctuating velocity vector,

x = (x,y,z) = Position Vector.

According to K-e model ©/®

Cup (k)2
s ™
Here, e= Dissipation rate.
The transport equation for kinetic energy of turbulence

k,
DOk L SOk ok o f( L our oK) _
P (u dx T dy t Waz) - dx; (,LL t Prk) 6xj]
2 T aui
pe + (ZMTSij - §Pk5ij)a_xj (8)

The transport equation for Dissipation rate €,

224 5% L wE) = 2 [(, a2
p(uax + vay + W&z) - ax; ('u +Prg) axj] +

2 5 du; 2
Cel%(zﬂTSij —§Pk5ij)a—zj— ngp% ©)

Where,C,, C1, Ce2, Pry, are constant. The values used in
simulation are 0.09, 1.44, 1.92 and 1.0 respectively. And

water density and viscosity used are 995.325 kg/s and
7.9 X 10~* Ns/m? respectively. Boundary condition for
simulating water flow in bends are listed below,

1. Atvelocity inlet u=w=0;v=0.625 m/s

2. At pressure outlet p(gage)=0;

3. At wall no-slip condition.

Navier-Stokes equations for viscous,
incompressible flow shows mixed elliptic-parabolic
behavior. So, semi-implicit method for pressure linked
equation (SIMPLE) [7], [12], [13] was used.

The under-relaxation Constant and Spatial
Discretization Method are as follows,

Under- | Spatial Discretization
Parameter relaxation Method
Pressure 0.3 Second Order
Momentum 0.7 Second Order Upwind
Turbulent Kinetic 08 Second Order Upwind
Energy '
Turbulent Second Order Upwind
o 0.8
Dissipation Rate

And the Stopping Criterion for different equation
are given below,

Equation Residual
continuity 0.0001
X &y - momentum 0.00001
z-momentum, kinetic energy, dissipation| 0.001
rate

IV. RESULTS

The values of Minor Loss Co-efficient are
tabulated for different Pipe Diameter, Bend Radii and
Bend Angles. Both data from experiment and simulation
are mentioned below.
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a) Experimental Results

Table 1. Minor Loss Co-efficient (simulation data) at an inlet velocity of 0.625 m/s

Bend Pipe Rati Minor Loss Co-efficient
No.| RadD | D@ ° k
(mm) d — | 30° | 60° | 120° | 180°
(mm) D

1 80 5.2 0.065 | 7.063 | 5935 | 7.028 | 8.796
2 80 7.2 0.090 | 6.859 | 7.928 | 7.511 | 7.640
3 80 8.3 0.104 | 3.545 | 3621 | 3.719 | 3.556
4 120 5.2 0.043 | 6.033 | 6.061 | 7.856 | 7.815
5 120 7.2 0.060 | 7.918 | 9.345 | 8.183 | 7.065
6 120 8.3 0.069 | 76.31 | 0.919 | 4.034 | 8.500

b) Simulation Results

Table 2: Minor Loss Co-efficient curve fitted at an inlet velocity of 0.625 m/s

Pipe Ratio Minor Loss Co-efficient
No. Bend RadiD Dia. d k
(mm) d D | 30° | e0® | 120° | 180°
(mm)
1 80 52 | 0065 | 7.494 | 4568 | 12.38 | 20.01
2 80 72 | 0090 | 5221 | 2.830 | 6.066 | 10.68
3 80 83 0104 | 4465 | 2.128 | 5240 | 11.69
4 120 52 0043 | 1.156 | 1.696 | 2.718 | 3.734
5 120 72 0060 | 0773 | 1.127 | 1.827 | 2,532
6 120 83 | 0069 | 0.654 | 0963 | 1.531 | 2123
V. DISCUSSION a small pressure variation can induce a large

a) Error Analysis
The experimental data has some inevitable
errors which affects the result in a little degree. These
errors can be classified into two types
e Errorin experimental procedure
e Error due to inaccuracy of measuring Devices
The susceptible reasons for the error in

experimental data are described briefly below
(@) The pipes used for the experiment may have
variable roughness and cross-sectional area. This
may have caused error.
Basically, the channels to fit the pipes were made
by curving the wooden structure and these channels
were not smooth enough to ensure precise data
readings.
(c) Traditional Multiple-lever weighting system (bucket
platform) was used for measuring water mass. This
method has very poor accuracy.
Priming of manometer was one of the major
concerns. As inaccurate priming leads to erroneous
pressure drop reading. It is a difficult task. Every
time the pipe was changed, manometer had to be
primed. It was very time consuming. Even after all
the efforts, may be priming was not accurate to its
desired level.
(e) Despite all the effort, experimental setup wasn’t leak

proof. This introduced additional pressure in the

system. And in this type of experimental thesis work

(0)

© 2016 Global Journals Inc. (US)

discrepancy from standard value.

() The water flow was controlled by a Gate valve,

incorporated with the main water supply line of the

laboratory. It is not quite accurate method for flow
control. Moreover, while the data was taken from

Bend Radius = 120mm, the flow was fluctuating.

This induced large error which can be clearly seen

from the large difference between experimental and

simulation data.

Pipes were flexible. When bend was formed with

them, there cross-sectional area got distorted

slightly, from uniform circular section to elliptical
section. This also caused variable cross-sectional
area in the bend.

(h) As CCl4 has low density, it showed large deflection
due to small pressure variation. In the setup
Manometer scale has limited range. This forced to
limit the flow rate to narrow range, as manometric
deflection increased with flow rate.

(i) Experiment was done with limited number of pipe,
bend radius and bend angle. All the graphs, both
experimental and simulation, presented in this paper
are best fitted curve, based on quadratic regression.

() For simulation temperature variation is not
considered, as it complicated matter immensely
with only a little change in result. Besides, during
our experimentation temperature remained nearly
constant.



b) Graph Analysis
i. Minor Loss Co-efficient Vs. Reynolds Number

Minor loss coefficient (k) vs. Reynolds Murnber (Re)

Pipe Diameter=5.2mm, Bend Radius=8crm, Bend Angle=20
12

=
T
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2]
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Figure 3: Minor Loss Co-efficient Vs. Reynolds Number

Following observation can be made from the
above graph between Minor Loss Co-efficient Vs.
Reynolds Number for Pipe of 5.2 mm diameter and
Bend Radius and angle of 8 cm and 900.

» The Minor Loss Co-efficient decreases with increase
in Reynolds Number. An inverse relation between
Minor Loss Co-efficient and Reynolds Number is
observed which is in accordance with lto’s formula
for Minor Loss Co-efficient.

K = constant x Re %17

» At low Reynolds Number (2000-4000) Minor Loss
Co-efficient diminished at high rate. But At large
Reynolds Number (above 4000) the curve becomes
flatter. This is may be due to transition from laminar
to turbulent flow.

ii. Minor Loss Co-efficient Vs. Bend Angle

Minor loss coetfictent (k) vs. Bend angle
Pipe Diamneter=5 2, Bend radius=8cm
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Figure 4: Minor Loss Co-efficient Vs. Bend Angle

The points that can be noticed are listed below:

» The Minor Loss Co-efficient increases with Bend
angle, for both experimental and simulation data.
These show a power relation between Minor Loss
Co-efficient and Bend Angle.

(k = constant x ™)

» The experimental data closely matches with the
simulation data.

» The differences between simulation and
experimental data are due by many errors and
limitation in both experiment and simulation
which are briefly discussed in Error Analysis.

ii. Minor Loss Co-efficient Vs. Ratio between Pipe
Diameter and Bend Radius

Minor loss coefficient (k) vs. Ratio of pipe diameter & bend radius (d/R)
bend angle = 30
10 T T
e
<=
=
=
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.2
bz
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(=]
o
0
@
kS
=
e
= 3
=
sl experimental
: : sirnulation
1 L L L i T T
0.04 0.05 0.08 0.07 0.08 0.08 0.1 0.11
Eatio of pipe diameter & bend radiuz (VR

Figure 5: Minor Loss Co-efficient Vs. Ratio between Pipe
Diameter and Bend Radius

Discussed below are some observable points,
> The Minor Loss Co-efficient rises until it reaches the
maximum (between % = 0.06 to 0.08) then it

diminishes to lower value.

> The experimental data simulation data are similar.

> The Minor Loss Co-efficient has a parabolic relation
with the Ratio of Pipe Diameter and Bend Radius.

V1. CONCLUSION

This section concludes the study of the minor
losses in locally available flexible pipes of diamgtgr

52mm, 7.2mm and 8.3mm for bend angle of 300,
600,900,1200,1500,1800 and bend radius 12cm and
8cm.

> Minor loss coefficient in general shows a decreasing
trend with respect to Reynolds number for a given
angle and pipe diameter.

> For a given Pipe Diameter and Bend Radius

increase in bending angle increases Minor loss

coefficient.

For a given Bend angle Minor loss coefficient

increases with the ratio of Pipe Diameter and Bend

Radius until it reaches a maximum value, then it

decreases.

VII. ScoOPE FOR FUTURE WORKS

Some guideline for future work is as follows,

1. The thesis work center on the minor losses occurred
in locally available flexible pipes. Therefore it will be
beneficial to determine total head loss, both minor
and frictional loss, developed in a piping system
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using flexible pipes and finally required power of the
piping system.

The simulation was done using SIMPLE solution
method, other solution method can be employed to
see whether more accurate results are obtained or
not.

k-¢ turbulence model is utilized in simulating the
flow. Different other model like k-w, Spalart-Allmaras
can be used and compared with experimental to
find the best model suitable for this specific fluid
flow problem.

Manometric fluid other than Carbon-tetrachloride
(CCl,) should be used, as CCl, manometer shows
very large deflection due to small change in
pressure.

The traditional Platform-Scale method is an
outdated measuring technology. It has been a
prime source of experimental error. It should be
replaced by more modern measuring device like
Turbine Flow Meter etc.

Further experiment must be conducted on more
Pipe Diameter (d), Bend Angle () and Bend Radius
(R). So that an empirical co-relation between Minor
Loss Co-efficient (K) and Reynolds Number (Re),
d/R and © can be developed. Present study
concluded that K has an inverse relation with Re,
parabolic relation with d/R and quadratic relation
with ©.

Further experiment should be conducted to find out
the velocity profile. Present study provides with
simulated velocity profile.
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NOMENCLATURE
Symbol | Meaning Unit
P Pressure (Pa)
V Velocity (m/s)
Z Elevation (m)
g Acceleration due to (m/s?)
Gravity
d, Outside diameter of pipe | (m)
d Inside diameter of pipe | (m)
t Time (sec)
R Bend radius (m)
0 Bend angle (degree)
Vi Specific weight of (KN/m?)
manometric fluid
T Temperature (°C)
H, Deflection in manometer | (m)
y Specific weight of water | (KN/m®)
p Density (kg/m?®)
u Absolute viscosity (Ns/m?)
Pitota) Total head loss (m)
Nimaion Major head loss (m)
Niminon N | Minor head loss (m)
Q Volumetric flow rate (m¥s)
Q, Mass flow rate (kg/s)
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Numerical Investigation of Spring Back on Sheet Metal

Bending Process
By Alie Wube Dametew & Tafesse Gebresenbet

Abstract- Spring back is the main defect in sheet metal bending process. The spring back of
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Numerical Investigation of Spring Back on Sheet
Metal Bending Process

Alie Wube Dametew ¢ & Tafesse Gebresenbet °

Abstract- Spring back is the main defect in sheet metal
bending process. The spring back of sheet metal bending,
which is defined as elastic recovery of the part during un
loading conditions. It should be taken in to considerations so
as to produce bent sheet metal parts within acceptable quality.
Spring back is affected by the factors such as; sheet
thickness, tooling geometry, friction condition; material
property and processing parameters. In this research the
numerical investigation of Spring back on edge bending die
process is done.. The numerical Analysis is done using
ANSYS™ LS-DYNA™. The influence of sheet metal thickness,
sheet metal type, friction, tool radius and tool shape on spring
back for Aluminium, copper, mild steel and High strength
steels, sheet metal have been considered for investigations.
Keywords: sprint back, sheet metal, banding process,
elastic recovery, numerical investigation

[. INTRODUCTION AND BACKGROUND OF
THE STUDY

any sheet metal components are produced in
I\/l different size and accuracy using various sheet

metal forming processes. In order to obtain
consistent and accurate product dimensions is crucial in
manufacturing industry. In sheet metal forming process,
a major factor preventing accurate final product
dimensions is spring back in the part. Spring back is
shape deviation from the design intended geometry
which is due to the elastic recovery that occurs after the
elastic plastic forming process. Factors that affect the
amount of spring back for sheet metal forming process,
including both process and material parameters such
as; tooling geometry, friction condition; forming speed,
die temperature, mechanical properties of materials,
sheet metal type and sheet metal thickness. To obtain
the desired geometry of the part; spring back prediction
and optimizing is a considerable issue in sheet metal
bending because tooling design primarily relies on
accurate prediction of spring back.

a) Statement of the problem

The Bending process needs repeated
experiments to reach the final accurate product. Some
sheet metal products are produced still with defects and
poor product quality. One of the main accuracy
problems is due to elastic spring back effects. In this
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thesis investigation will be conducted to identify spring
back effect of wiping die bending process and analysis
will be yield the spring back reduction.

b) Objectives
i. General Objectives
The main objective of this study is to investigate
the factors influencing spring back formation in sheet
metal forming for  optimizing the sheet deformation
process.
ii. Specific Objectives
« To investigate factors that influence spring back
during wiping die bending.
« To analyze and simulate bending variables using
analytical and finite element methods.
« To validate variables obtained from analytical and
numerical modeling.
«» Predict spring back and.
% To optimize sheet bending operation.

c) Metrology of the research

The research methodologies adopted in this
study to achieve the stated objectives are presented as
following: Initially a detailed survey of published
literature review was conducted, This study was
conducted to study spring back formation in sheet
bending and predict factors affecting this phenomenon,
using Numerical Analysis is done. A simple 2D and 3D
bending process were investigated through numerical
simulations for four sheet metal types i.e. aluminum,
copper, mild steel and high strength steel, The
parameters investigated in this study include; die
geometry, sheet metal thickness, sheet metal type and
friction condition. For the prediction and analysis of
these factors done using Ansys10™ and LS-DYNA™,
The analytical results were spring back for further
numerical simulation analysis, since it was found that
there are a number of issues which requires further
study. Comparison of analytical and numerical results
was also conducted, and lastly Conclusion and
recommendations for a future work was provided.

[I. LITERATURE REVIEW

A great deal of research has been conducted
in order to reduce spring back, which would optimize
the sheet forming process by reducing geometrical and
material variables in the formed part. Finite element
technique has played a major role in carrying out sheet
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metal forming and spring back analysis in order to gain
accurate results. This chapter tries to summarize some
key background references and their contributions to
the problem of spring back. [Fahd Fathi Ahmed Abdi,
2000] presented the work which was concerned with the
spring back experienced by the deformed sheet
following the punch release stroke. He used several
numerical techniques which enabled to define and
determination of spring back.

A 3D hybrid membrane/shell method [Jeong-
Whan, 2002] was developed in order to perform spring
back analysis from the membrane mid-plane solution
and also to reduce computational cost for sheet metal
forming simulations. In the hybrid method, the bending
strain and stresses were numerically calculated as post-
processing considering incremental shape changes of
the sheet obtained from the membrane finite element
analysis beforehand. The stress and strain were passed
on to a shell model to calculate spring back. With regard
to verification purpose, the hybrid method was applied
to predict the spring back of a 2036-T4 Aluminum alloy
square blank is formed into a cylindrical cup. The spring
back prediction was in good situation with the
experimentally measured data and also with the results
obtained using a shell model to simulate both loading
and unloading conditions. For a bending-dominant
problem, the method was also applied for the
unconstrained cylindrical bending of a 6111-T4
aluminum alloy sheet, which exposes large spring back.
According to W.P. Carden (2002) was the Measurement
of spring back in Draw-bend have been carried out and
analysed to investigate the role of typical process
variables on spring back. The investigation leads to
conclude that friction in the normal range encountered in
sheet metal forming has little effect on spring back, This
conclusion departs for fact of friction effect , most likely
due to the fact that in many experiments the sheet
tension cannot be controlled independently of friction.
Ridha Hambli (2003) develops the effects of the die
radius on the spring back angle obtained by simulation
with and without the influence of damage. It can be
observed that with the damage influence the spring
back is lower as a consequence of the material
parameters variation especially, the Young's modulus
and the strain within the fibers. The difference between
the curves decreases with increasing die radius. The
decrease is attributed to the damage reduction within
the sheet for higher die radius values. To estimate and
reduce spring back of ax-symmetric part manufactured
by Flex forming process was developed by
[Hariharasudhan Palaniswamy, 2004] using combined
optimization and FEM technique. Finite element
simulations were performed in order to study the
interrelationship of the blank dimensions and interface
conditions on the spring back for an Axisymmetric
conical part manufactured by flex forming. Sensitivity
analysis are done using the finite element method (FEM)
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demonstrated that the magnitude of spring back and
the overall dimensional quality are highly influenced by
the initial dimensions of the blank. A conventional
optimization method combined with FEM was used to
obtain optimum blank dimensions that can reduce
spring back. Finite element simulations of the forming
process were conducted by Taylan Altan (2004) to study
the influence of interface conditions on spring back. In
the simulations, the Coulomb friction coefficient between
the blank and die was varied from ¢ = 0.05 to 0.15,
within constant dimensions. FE results on the influence
of friction are shows that a very small increase in spring
back with increase in interface friction is observed, it
implying that friction has a negligible effect on spring
back formed part. They conclude that Interface friction
to have negligible effect on spring back for flex forming
process of the conical part considered in study.

[Buranathiti and Jian Cao, 2004] develops an
effective analytical model to predict spring back for a
straight flanging process to effectively predict spring
back for a potential application in determining optimal
tooling shapes and process parameters, understanding
the mechanics of spring back, a mainly elastic recovery
process, is essential. Spring back optimization of
bending processes was proposed by [Daniel Lapidate,
2005] using the concept of experimental design and
response surface methodology .this work described a
sheet metal bending process optimization method for
spring back minimization by combined finite element
analysis, response surface method and gradient
optimization  techniques.  Several  work-hardening
models were evaluated by [M.C. Oliveira a, 2006] in
order to determine their influence on the numerical
prediction of the spring back phenomenon.  Variation
simulation analysis method [Peng Chen b,2007] was
developed for the effects of variations in material
(mechanical properties) and process (blank holder force
and friction) on the spring back were investigated for an
open-channel shaped part. [T. Meindersa, |.A. Burchett,
2007] Proposed in the product design of spring back
prediction, spring back compensation and optimization
by Finite Element (FE) Analysis. The accuracy of the
spring back prediction is improved; the FE simulation
can be used to adapt the geometry of the forming tools
and the process parameters to compensate for spring
back.

[T11. RESULTS AND DISCUSSIONS

This section is developed for the discussion
and analysis of the results obtained in the Conducted
numerical investigations.The developed model is used
prior to implementation by utilizing different analyses to
examine the effect of each parameter in the sheet metal
bending process. The analysis conducted to examine
the effect on the process is using the following ways



1. Conducting analysis in the developed numerical
and analytical model to analyze and investigate the
effect of each parameter.

2. Analytical predictions is compared with the previous
studies, and then, we discuss the result and the
recommendations are done.

a) Numerical predictions of spring back

Finite element analysis of wiping bending
process was conducted using two types of element
types such as; Plane element 182 and shell element
163. Spring back of sheet should be bent depends on
the yield strength of the material. As the materials yield
strength increases the spring back after unloading also
increase. The spring back will occur where the yield
stresses of the material is greater than the stress after
un-loading condition. If the yield stress is equal the
stress after deformation, there is no spring back. For
stress- strain diagram the materials beyond yield stress
it deforms plastically. The spring back is determined
from numerical results using the following formulas
Energy Dissipation Method

Consider elastic stretching of sheet metal up to
a strain of e. The energy required in this stretching
operation can be expressed as

Wmin:fggmin dW =

emin emin emin omindl
J" Fdl = [ oxAdl =V |, =

vV [ omin « demin)

Wmax:fogmax dW —

emax emax emax omaxdl
Sy Fdl=[" omaxAdl =V |, — =

emax
V[, omax*demax

W spring back=W max-W min

When the loads are removed from this
specimen, this elastic energy will be released again. The
energy dissipation, i.e., the applied energy per unit of
volume of material, hence can be expressed as

. w emin . . w
Umin = — = fo omindemin And  Umax = 7=

v
Jo " omax * demax
U spring back=U max-U min

For in the case of elastic deformations only, this
energy dissipation can alternatively expressed as

emin 1 1
U= f Eemindemin = E(Eez)min =3 (o * &)min
0

emax 1 1
U= f Eemaxdemax = > (Ee®)max = > (o * &)max
0

U spring bacK:U max'U min

The above formula predict that the amount of
spring back in different conditions. The variation
between maximum deformation stress and un-loading
stress in different region are large the spring back

increase. If the maximum and un-loading stress/strain
variation is small and close to the maximum deformation
stress, the spring back will be reduced. The amount of
spring back is equal to the amount of these stress
variations. Hence, using these information the amount of
spring back are predicted from numerical results in the
following way.

i. Effect of sheet metal thickness

emin 1 1
U= f Eemindemin = 3 (Ee®)min = 3 (o * &)min
0

emax 1 1
U= f Eemaxdemax = 3 (Ee¥)max = 3 (o * e)max
0

U spring back:U max'U min

R/

At 0.8mm of aluminium sheet metal energy
dissipation is

U o [ominxemin = 2[0.699948 = (—0.702)] = 0.24

U o [omaxemax = [0.865889 = (0.0327)] = 0.0141

U spring back=U max-U mn_ 0.0141 — 0.24 = —0.22

% At 4.5mm of aluminium sheet metal
dissipation is

energy

—0.303525 * (0.851 * 1073)] =

U min:% [Gminxsmin = % [
1291 + 103

U x5 [omaxemax = 2[0.123278 * (0.206)] = 0.01602

U spring baok:U max'U min= [001602 - (_01291 * 10_3)] =
0.016149

From the numerical result the minimum (SMN),
and maximum stresses/ strain (SMX), in different
coordinate system the results are display. On the result
shown Figure 6.6 (a-h) indicates that, with the smaller
sheet metal thickness the energy dissipation due to
elastic deformation_is large. But when increasing of
sheet thickness from (0.8 mm to 4.5mm) the energy
dissipation due to stress/strain variation is reduced from
-0.22 to 0.01615, this implies that maximum energy
dissipation_is close to the minimum energy dissipation
value. When the minimum energy dissipation approach
to the maximum value the material is deform plastically.
Hence, the spring back is reduced while increasing of
sheet metal thickness. Hence, increasing of the
thickness from 0.8mm 4.5mm within this range the
spring back is reduced 20.35%
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b) Nodal solution y-component (0.8 mm thickness)



d) Nodal solution x- component (4.5 mm thickness)
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f) Nodal solution z-component (4.5 mm thickness
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i
ELEMENT S0LUTION

g) Elastic Strain and Element solution for Aluminum sheet metal (at 0.8mm)

h) Elastic Strain and element solution for Aluminum sheet metal (at 4.5mm)

Fig. 6.6: The effect of sheet metal thickness

ii. Effect of sheet metal Type
At 0.8mm of aluminium sheet metal energy dissipation is
[—0.699948 % (—0.702)] = 0.24

o
°n

TP . o
min=3 [ominxemin =

NP N

U rax [omaxemax = 2[0.865889 * (0.0327)] = 0.0141

U pring back=U max-U mn- 0.0141 — 0.24 = —0.22
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s At 0.8mm of high strength steel sheet metal energy dissipation is

U o [ominxemin = 2[0.202x107% x (~0.201x107%)] = —0.0203x10~¢

1

U max% [omaxsmax = =[0.433x107 x (0.004196)] = 0.908x10*

2

U sorng back =Y max-U min- 0.908x10* — (—0.0203x1076) = 0.91

The numerical results of Aluminium, copper,
mild steel and high strength steel sheet metal
figure.6.6.and figure .6.7 (a-d) shows that for constant
sheet metal thickness (0.8mm), the energy dissipation
variation is range from -0.22 to 0.91 .Result clearly show
that increasing the sheet metal strength (Aluminium to
High strength steel) the variation increases. High
strength steel needs a considerable higher amount of

1
ELEMENT SOLUTION

maximum punch load than the aluminium sheet metal.
As we know increasing of sheet metal ultimate strength
the punch load is increase. Due to this higher strength,
the material is not easily deformed plastically. As a
result, the material returns to the original shape and
spring back occurs. Hence, the spring back increases
from Aluminium to High strength sheet metal.

a) Element solution for Aluminum sheet metal (at 0.8mm)

© 2016 Global Journals Inc. (
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C) Element solution for High strength steel sheet metal (at 0.8mm)
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Stress and Nodal solution for High strength steel sheet metal (at 0.8mm)

Fig. 6.7: The effect of sheet metal Type

b) The effect of Tool geometry

i. Tool radius (Rp)

The analysis is to examine the effect of varying
the punch radius on spring back. For this purpose the
punch is having a different radius Rp, = 10mm, 16mm
and 23mm are utilized. The spring back results obtained
from numerical analysis in figure6.8 (a-c) shows that
Smaller values of the punch radius (Rp=10mm), for the
same blank thickness result in smaller spring back
values in the deformed sheet metal. From the figure
clearly indicates that for reducing of tool radius from23
mm to 10mm the spring back is reduced.

© 2016 Global Journals Inc. (US)



NUMERICAL INVESTIGATION OF SPRING BACK ON SHEET METAL BENDING PROCESS

a) Element solution for punch radius (Rp) =10mm

b) Element solution for punch radius (Rp) =16mm

© 2016 Global Journals Inc. (US)

Global Journal of Researches in Engineering (A) Volume XVI Issue IV Version I E Year 2016



2 ii.  Effect of Tool Shape

: In the case of edge bending die observed in fig
; 6.8 variation of the result range from -0.25to 0.0739 and
‘ in the case of differential die the variation ranges from
= 0.16 to 0.23 .these result shows that in the case
= deferential die the result close to the maximum value.

1
ELEMENT SOLUTION

(A)

q
S

[HOAVG)

gineering

S5ZE-05
E-07

S

Global Journal of Researches in En

¢) Element solution for punch radius (Rp) =23mm
Fig. 6.8 The effect of tool radius (Rp)

The reason is in deferential die the pressure is applied in
different cross sections of the blank. Due to this the
material is deformed plastically. Hence, tool Shape is a
significant factor for spring back formation and spring
back is highly reduced in the case of differential die
bending.

H a) Element solution x -component (with 0.8mm thickness Al sheet metal)

© 2016 Global Journals Inc. (
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b) Element solution y-component (with 0.8mm thickness Al sheet metal)

Fig. 6.9: The effect of tool shape

il The effect of friction
s At 0.07 friction coefficient the energy dissipation is

U o5 [ominxemin = 261211 + (0.181x10~%)] = 0.26

[0.433x107 % (0.311x107%)] = 0.67

N | =

1
Umax:E [omaxemax =

U spring back =Y maxU min= 0.67 — 0.26 = 0.19
At 0.50 friction coefficient the energy dissipation is

Umm% [omaxemax = %[—0.433x107 % (—0.122x1076)] = 0.524

Upar 5 [omaxemax = 2[~821.995 « (0.122x107)] = —0.05x10"3
U spring back:U max'U min= _0.05x10_3 - (0524) = _05205

Numerical result conducts that, the coefficient
friction varies from u¢ = 0.01 to 0.50, with constant
dimension and the same sheet metal type. The result
increases from 0.19 to 0.52 these needs for maximum
bending force. During increasing of the bending force
the material will be deformed plastically. But this higher
amount force is removing from the material it is highly
returned to the original position. Due to this fact the
spring back is increased by increasing of friction
coefficient for certain limit.
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NUMERICAL INVESTIGATION OF SPRING BACK ON SHEET METAL BENDING PROCESS

a) Element solution y-component (at p =0.01)

b) Element solution y-component (at p =0.05)
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NUMERICAL INVESTIGATION OF SPRING BACK ON SHEET METAL BENDING PROCESS

¢) Element solution y-component (at p =0.15)

d) Element solution y-component (at u =0.50)
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e) Stress and Nodal solution y-component (at p =0.01)

f) Stress and Nodal solution y-component (at p =0.5)
Fig. 6.70: The effect of friction

V. [MPLICIT RESULTS

The implicit numerical results have the same
effect with explicit result but the difference is the amount
of values for the parameters.

a) The effect of sheet metal thickness
The implicit result shows in Figure 6.11 with the
smaller sheet metal thickness the stress and strain

© 2016 Global Journals Inc. (US)

variation are large. But when increasing of sheet
thickness from (0.8 mm to 4.5mm) the stress variation is
reduced from 2.12 to - 0.0154. This implies that
increasing of the thickness from 0.8mm 4.5mm the
spring back is reduced.



Fringe Levels

1,912e-05 _
1.701e-05
1.491e-05
1.280e-05
1.069e-05
8.5042-06

6.477e-06

4.369¢-06
2.262e-06 |

1546807 _

a) Mean strain at (0.8mm thickness)

Fringe Levels

3268604 _

-4085e-04_

b) Mean strain (4.5 mm thickness)

Fig. 6.11: the effect of thickness

b) Material type

The effect of sheet metal type shows that in
figure 6.12 for constant sheet metal thickness, the stress
variation is range from - 0.0154 to 0.212. The results
clearly show that increasing the sheet metal strength
(Aluminium to High strength steel sheet metal) the
variation increases. This is due to the yield stress of the
sheet metals that is spring back of sheet should be

bent, depends on the yield strength of the material. As
the materials yield strength increases the spring back
after unloading also increases. The spring back will
occur where the yield stresses of the material is grater
than the stress after Un-loading condition. If the yield
stress is equal the stress after deformation, there is no
spring back .hence the spring back increases from
Aluminium to High strength sheet metal.

4075e-11
1.455e-11
1164811

-3.783e-11

-6.403e-11

AA642-10

a) Mean strain (Aluminum sheet metal)
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-5 T3e-11 _

b) Mean strain (High strength steel sheet metal)
Fig. 6.72: the effect of thickness

variation of spring back angle decrease the spring back

= c) The effect of angle
also decrees.

E Fig 6.13 shows that the bending angle
increases the variation will be reduced, when the

a7.13 PRIDICTION OF SPRING BACK
. T Mode Ids

B
ar.42— x Adoatas
qle-10-21-36

ar.1

LT

Angle Dala

| nooe 1as

A
A 04142
P B _change in angle-30-4142

PRIDICTION OF BPRING BACH

]

A J8-D1 25-2%
B Angle-3u-31 2822

Fig. 6.13: Effect of bending angle
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d) The Effect of tool Radlius

The numerical results shows in figure 6.14, For
Small punch radius the numerical result have smaller
spring back values in the deformed sheet metal. From

FPRIDICTION OF SFPRING DACK
T

L]
-]
[=4
]
T
=
o

this result predicts that for increasing of tool radius from
21 to 47 mm the spring back is increase from 0.01 to
1.2.

| node s

A 4240-22
4 B change in radius-42-43-22

b)

Fig. 6.14: The effect of tool radius

V. VALIDATION OF THE MODE

Under this topic Analytical predictions are
compared with the previous studies. In the second
method, we compare the Analytical investigations with
the finite element predictions. It is an effective result in
comparing for the validation of the attained results.

a) Comparison of our investigation with the previous
studies

The  Stepped Binder Force Trajectory and

Neural Network Control proposed by Jian Cao and Brad

Kinsey in order to predict and control spring back in

forming process. Regarding the sheet thickness and

binder force as possibly the most significant process
parameter, the robustness of their control system was
tested against variations in the friction coefficient, and
excellent results were obtained. However, the effect of
material type in the material properties and sheet
thickness were not investigated in their work. Therefore,
further closed-loop control simulations with these
variations were conducted here in order to form a
comparison with the neural network control system. The
spring back angle values from these neural network
control system have wider difference comparing to our
result. The resulting spring back angle from the process
was calculated within a range of 0.29° to 1.8°. For sheet
metal thickness range from 0.8-4.5mm.but in the case of

2016 Global Journals Inc. (US)
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our result within the same thickness range the spring
back angle values are 019-0.03. This indicates that the
spring back angle of our analysis was considerably less
and closer to the original angle. Though the method we
have to use and developed are required producing
accurate and sufficient results for predicting and
controlling of spring back comparing with natural
network control method. Recep Kazan (2008) was also
conducted to predict  spring back in wipe-bending
process of sheet metal using artificial neural network
(ANN). Here, several parameters were considered to
predict spring back. The important parameters they
considered for the analysis were sheet thickness and
tooling geometry are used. In order to investigate the
effect of die radius and blank thickness on the spring
back angle of flanging process, models were done with
the sheet metal thickness are taken as 0.7mm to 5.0mm
and die radius also 0.7 to 5.0mm should considered.
However the results with variations in sheet thickness
(0.8-4.5mm) spring back angle by artificial neural
network were investigated 1.763°. -1.24°.

For constant thickness with different sheet metal
type the Variations of radius was investigated 1.2764.-
1.89 but in our result the spring back is predicted with
0.08-0.49°.and 0.557-1.333 angle and tool radius
respectively. From these analysis our parameter
selection and prediction method (analytical and FEM) is
better for prediction of spring back and optimization of
bending process.

VI. CONCLUSIONS AND RECOMMENDATION

a) Conclusion

In this research work a detailed study of the
parameters that influencing on spring back was
conducted. The conducted literature review revealed
that, although similar studies were conducted in the
previous developed models were unable to consider
simultaneously all the parameters influencing spring
back formation. Accordingly this work is an attempt to
study spring back by including more parameters at a
time in order to study spring back and predict the
amount of spring back in sheet deformation process,
thereby optimizing the sheet bending process. However
a numerical investigation of spring back is conducted
using ANSYS™ |LS-DYNA™, The developed implicit and
explicit numerical models are used for prediction of
spring back formation by varying parameters such as:
sheet metal material and thickness, coefficient of friction
between the die and the material, and tool radius and
tool shape .

The results were compared with the previous
study results and, the following conclusions were drawn
from this study;

b

% The result shows that increasing sheet metal
thickness from 0.8mm to 4.5 mm the spring back is
reduced by 20.35 %.

© 2016 Global Journals Inc. (US)

n

When increasing of sheet metal strength spring
back increases however, in these cases more
maximum required punch loads are needed.
Aluminium exhibits lower spring back than mild steel
and high strength sheet metals. Using Aluminium
sheet metal instead of High strength sheet metals
spring back is reduced by 56. %

For decreasing of the tool radius leads to spring
back is reduced.

Modifying tool shape also changes spring back. i.e.
using deferential die instead of edge bending die
the spring back is reduced by 12 %

Increasing of friction coefficient from 0.01 to 0.50 the
spring back is increase by 52%.

Hence, an optimum value of sheet metal thickness,
material type and tool radius should be chosen for
reducing of spring back. Finally utilizing and
compensation of tool geometry is considered for
optimizing of bending process, when the spring
back is reduced, this is also helps to obtain quality
sheet metal product manufacturing.

L3

#

o

I

b) Recommendation and future works
Some of the suggestions for further investigations are:

< To verify the spring back prediction through an
experiments

< To compensate of spring back in the die design
using FE simulations

« Development of spring back prediction is

conducted in warm and cold sheet metal conditions

are also considered.
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Performance of Composite Structures Subjected
to High Velocity Impact — Review

Enock A. Duodu®, Jinan Gu®, Wei Ding® & Shixi Tang ®

Absiract- In recent years, breakthrough in the development of
modelling techniques and impact analysis of composite
materials subjected to high velocity has been made. The study
methodically reviews the modelling techniques for the
structural response of composite materials under high velocity.
Although, report gives numerical model as widely used
method, yet experimental test is always required to validate
both analytical and finite element designs. The assessment
shows that all modelling methods are suitable for application
based on loading conditions of the composite structure.
Lastly, the reference list provides databank for future
researchers and engineers on composite structure subjected
to high velocity impact.

Keywords: analytical approach, experimental method,
finite element simulation, high velocity impact, composite
materials

[. INTRODUCTION

arbon fibre-reinforced composites are known for
their high weight-specific stiffness and strength

properties, which make them a preferred
altenative in the material selection for modern
lightweight structures in aeronautic and automotive
engineering. However, these materials are susceptibility
against impact loads. Internal damage formed in
composite laminates spreads beyond the impacted
area, and significantly reduces the strength and stiffness
of the composite [1]. Composite materials response to
impact loading and also the dissipation of the incident
kinetic energy of the projectile is different when
compared to metals. In traditional materials energy is
absorb through elastic and plastic deformation which
result in permanent structural deformation [2]. However,
the capability of the composites to undergo plastic
deformation is extremely limited as the resultant energy
is frequently absorbed to create large zones for fracture
with resultant reductions in both strength and stiffness
[3].

Composite materials are extensively used in
industrial applications such as aerospace, marine,
locomotive and civil engineering structures due to their
superior material properties. However, these materials
tend to involve many microscopic damages including
stiffness reduction due to impact which often leads to
catastrophic failure. Currently, the extent of fiber-
reinforced composites applied in aircraft structures has
become one of the most important targets making the

Author a: School of Mechanical Engineering, Jiangsu University,
Zhenjiang, 212013, China. e-mail: enockduodu@ujs.edu.cn

advancement of modern structural design. Nevertheless
the applications in aerospace industry, composites are
increasingly used in other industries such as civil,
sporting equipment, medical fields, automotive, railways
and in marine vessels specifically for masts, hulls, desks
and propellers. Unlike traditional materials, composites
offer an endless array of design variations with flexibility
accompanied by complications in modelling and
analysis. This performance attracted transportation
industries to develop structures replacing metallic
material with the lighter structures. However, composite
structures are poor to impact resistance owing to cyclic
loading conditions, which results in inelastic behavior
and poor damage resistance. Composite structures can
develop local failures or exhibit local damage such as
matrix cracks, fiber breakage, fiber-matrix debonds, and
delaminations under normal operating conditions which
may contribute to their failure.

High velocity impact is defined as local wave
dominated response independent of boundary
conditions ranging above 10 m/s, and characterized as
dynamic events [4] with high speed and small mass.
High velocity impact produces a short duration, steeply
rising loading pulse when impacting the structure. It is
dominated by inertial forces, wave propagation and
changes in material stiffness, strength and fracture
energy due to a high strain rate [5]. There are many
parameters which influence the response of composite
materials under high velocity impact, and these include:
type, architectures and volume fraction of the
reinforcement, laminate thickness, matrix system,
projectile geometry and mass [6]. At high incident
impact energies, target perforation may occur and the
passage of the impactor naturally results in petalling,
cracking and spalling. Although such damage reduce
the load-bearing ability of the structure, its effects can
generally be predicted using fracture mechanics
principles [7].

In a high velocity impact, the response of the
structural element is governed by the local behaviour of
the material in the neighbourhood of the impacted zone;
the impact response of the element being generally
independent of its support conditions; and in most
cases, impact test is carried out experimentally using a
single stage gas gun. In recent years, researchers [8-10]
have used sensors and transducers, however, residual
velocity is difficult to measure as a result of shear plugs
while other researchers have adopted a high-speed
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video cameras [11] due to its consistency and
precision. As a result of focus on the impact response, it
is important to understand the material’s behaviour and
the mode of assessment when subjected to impulsive
loading.

Nowadays, composites are believed to have
superior potential applications as the primary load-
bearing structure in many industries, thus, studies on
impact behaviour of carbon fibre composite have
attracted much attention and become a hot research
interest in the discipline of composite materials. This
work is a bit of that endurance to establish numerical
models capable for structural optimization in diverse
engineering applications especially aeronautics and
astronautics design. Therefore, the main objective of this
paper is to review recent models used to analyze impact
response of composite materials subjected to high
velocity. Depending on the nature of the structure and
the impact threshold, numerous studies have adopted
analytical, experimental and numerical methods to
analyze the structural behavior. On like metals,
composite materials are anisotropic or orthotropic in
nature and their mechanical behaviors under impact are
complicated to predict, and therefore presents
distinctive and demanding task for researchers and
engineers to study in order to predict the impact
response during static and dynamic loading conditions
for safe used. This work endeavor is part of that
endurance and aims to review the methodologies
capable to predict structural performance in diverse
engineering applications.

[I. METHODS OF ANALYSIS

a) Experimental technique

Lahuerta et al. [12] used an experimental
technique to measure the delamination length in mode /
tests based on video image processing. A non-
dimensional formulation of an analytical model
proposed in a previous work of Garcla Castillo et al.
[13] was redeveloped by [14] based on energy criteria
to study the ballistic behaviour of composite plates
made from woven laminates of E-glass fibers. This
model allows for estimation of the residual velocity of the
projectile, the ballistic limit, the energy absorbed by
different mechanisms during the penetration of the
laminate, and the contact time between the projectile
and the laminate. Good agreement was found for
residual velocities, contact time and ballistic limit for two
geometry ratios.

Hosur et al. [15] conducted experimental study
on response of stitched/unstitched woven
fabriccarbon/epoxy composite laminates subjected to
high velocity impact loading. The ensuing damage is
characterized through ultrasonic NDE. Result of the
study indicates that the damage is well contained within

© 2016 Global Journals Inc. (US)

the stitch grid in the stitched laminates but higher for the
unstitched laminates. Their studies also proved that
ballistic limit increased with the increase in the thickness
of the laminate; however, satin weave laminate exhibited
higher ballistic limits in most of the cases.

Garcia-Castillo et al. [16] examined the damage
in  preloaded glass/vinylester composite panels
subjected to high-velocity impacts. In their study, three
representative structural cases (no, uniaxial and biaxial
loadings) was analyzed. The result shows that the
damage area was localized in the center of the panel;
and qualitatively the damage area was largest on the
non-loaded laminate of impact velocity of 136 m/s
followed by 130m/s velocity uniaxial loading with the
least being the 98m/s impact loading of the biaxial
laminate. The study reveals that the impact energy and
damage area was greater in the non-preload laminates
than in the uniaxial and biaxial preloaded laminates. This
difference occurs due to the increment of effective
stiffness in panels subjected to membrane loads, which
decreases the displacement of the panels, and
accordingly reduces the damage area. This
phenomenon is more significant at the perforation-
threshold energy, where the bending of the panels is the
greatest. High velocity impact response of sandwich
structure composite laminated plates, Kevlar-29/epoxy
and 60 61-T6 aluminium was experimentally
investigated by [17] using a nitrogen gas gun.
Adopting the same approach, high velocity projectile
impact through different thickness of polyurea
coated  AA5083-H116 aluminium alloy plates was
assessed by [18].

Jabbar et al. [19] presented experimental study
to compare the mechanical and ballistic performance of
composites reinforced with single-layer and double-layer
inter-locked woven fabrics low and high velocity
impacts. The energy absorption and mechanical failure
behavior of composites during the impact event were
found to be strongly affected by the weave design of the
reinforcement. The composites reinforced with double-
layer interlocked woven fabrics were found to perform
better than those comprising single-layer fabrics in
terms of impact energy absorption and mechanical
failure. Similarly, Sultan [3] prescribed a study to
examine the effect of thickness on fiber glass reinforced
epoxy matrix subjected to high velocity impact loading.
Their results show that the mechanical properties,
damage characterization and impact resistance of

type C-glass/Epoxy 600 g/m? possess better
toughness, modulus and penetration compared to
type C-glass/Epoxy 200 g/m? Moreover, as the plate
thickness increases, the maximum impact load and
impact energy increases relatively. The result clearly
reveals that impact damage was in the form of
perforation, fiber breakage and matrix cracking.



Sabet et al. [20] presented experimental study
on high velocity impact performance of glass reinforced
polyester (GRP) resin composite plates with different
type of reinforcement between the velocity range of 80
to 160 m/s. Result shows higher ballistic limit velocity
(velocity at which samples fully penetrated the target
plates with zero residual velocity) for 3 mm GRP plates
with cross-ply unidirectional reinforcement followed by
unidirectional reinforcement and plain weave, the plates
with satin weave and chopped strand mat (CSM)
reinforcements were almost in same level. The report
added that thicker specimens (6 mm), plates with plain
weave reinforcement  showed  better  ballistic
performance towards sharp tipped conical projectile
impact, followed by cross-ply unidirectional, satin
weave, unidirectional and CSM reinforced plates.
Experimentally, the study reveals that the ballistic limit
velocity for all specimens correlate well with estimated
ballistic limit values obtained in full perforation tests.
Findik et al. [21, 22] have investigated experimental
study on impact performance of some polymer-based
composites and observed the contact mechanism as
well as dynamic response of composite laminates. Pol
et al. [23] performed experimental study on the influence
of nano-clay Closite 30B on ballistic impact behavior of
2D woven E-glass/epoxy laminated composites.

The standard material characterization under
compression and fracture modes was assessed by
[24] under experimental study of high velocity impact
fracture of ice. The failure of fiber reinforced
thermoplastic composites (polypropylene made of
hybrid E-glass/PP yarns) was investigated under
medium and high velocity impact loading conditions by
electromagnetic and  acoustic  emission  signal
measurements [25].

Hazell et al. [26] presented experimental study
on the response of a bonded carbon-fiber-reinforced
plastic composite panel to impact, penetration, and
perforation by a high-velocity steel sphere. Hou et al.
[27] identified and discussed the ballistic performance,
quasi-static and impact perforation of metallic sandwich
structures with aluminum foam and studied the effects
of several key parameters as impact velocity, skin
thickness, thickness, density of foam core, and
projectile shapes on the ballistic limit and energy
absorption of the panels during perforation of impact
loading.

To elucidate the penetration and failure
mechanisms, an experimental test using the JH-1
ceramic model of the projectile penetrating into a silicon
carbide-faced polycarbonate is implemented in the
hydro-code Autodyn-2D [28]. Ubeyli et al. [29] have
experimentally studied the ballistic behavior of laminated
composite having alumina front and dual phase steel
backing layers using 7.62 mm armor piercing (AP)
projectiles under normal impact. The results showed
that utilization of a 6 mm thick alumina front layer which

is bonded to dual phase steel enhanced the ballistic
resistance of the dual phase steel remarkably.

A study of the high velocity impact response of
thick composite plates under tensile preload using a
glass sphere projectile and an impact velocity is
presented in [30], where less delaminations compared
to the unloaded case are obtained under tensile
preloads. Ballistic impact tests on thick woven E-
glass/vinyl ester plates with compressive preload and
variable velocities are performed by [31]. The authors
report a detrimental effect on the residual strength of the
composite plate.

b) Analytical study

Talib et al. [32] formulated analytical model to
predict the performance of hybrid composite made of
woven fiber Kevlar-29 and AlLO; powder/epoxy
subjected to high velocity impact. The relationship
between the ballistic limit with the thickness and energy
absorption with thickness for Kevlar-29 fiber and Al,O,
powder-reinforced composite materials was
established. It was found that the proposed equation is
suitable for this type of composite materials after
comparing the behavior of the theoretical analyses with
the experimental work. The experimental results showed
good agreement compared with the theoretical work.
The results indicate that the improvements in the
performance target for bullet-proof applications are
achieved.

Extensive parametric studies were carried-out
on woven fabric thick composites and the energy
absorption to predict the ballistic impact behavior of
thick composites [33, 34]. Also, a normal impact and
perforation  of conically-tipped hard steel cylinders
was done on laminated Kevlar-29/polyester targets and
pneumatic and powder guns, with a 12.7 mm barrel
diameter are used for dynamic testing where ballistic
limits, terminal velocities and perforation are determined
on target plates [35, 36].

An analytical formulation by Sheikh et al. [37] to
predict the residual velocity of cylindrical projectiles
under high velocity impacts on carbon epoxy laminates
is investigated. Similarly, Udatha et al. [38] proposed
analytical model to predict the performance of 3D woven
composites under high velocity impact. For comparison,
studies are also presented on the performance of two-
dimensional plain weave E-glass/epoxy composites. A
good match is observed between the analytical
predictions and experimentally obtained limit velocities
for complete penetration. It is observed that limit velocity
for complete penetration for three-dimensional woven
composite is higher than that of two-dimensional plain
weave composite.

Mishra et al. [39] formulated mathematical
model based on theory of single yarn impact and
implemented in MATLAB code to calculate the energy
absorption and strain induced in the Kevlar and leather
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layers composites under high velocity impact. Results
of the study shows that the stored energy increases and
strain decreases with increase in impact time due to
initially high  kinetic energy utilizing of impactor for
deformation than the absorbed in layers. As the impact
time increases, tendency of deformation reduces and
energy absorption improves. Again, the strain energy is
high at the time of impact inception, due to kinetic
energy of impactor is more than the energy absorbing
capacity of layers which results in maximum damage of
the layers; and the cone area developed in the Kevlar
layer is more in comparison to leather layer has absorb
more energy than leather layers. The study concludes
that outcome of the results may be used as preliminary
design tool for an assembly of rigid and semi-rigid
materials in an armor system to reduce the experimental
cost and time.

Ravi kumar et al. [40] presented analytical
method to predict the compressive strength at high
strain rate of 5000 s™ loading of a typical woven fabric E-
glass/epoxy composite L2R. The result is compared with
the experimental tests using compressive split
Hopkinson pressure bar apparatus, which observed that
the compressive strength is enhanced at high strain rate
loading compared with that at quasi-static loading.

Pernas-Sanchez et al. [41] proposed a
simplified analytical model of carbon/epoxy tape quasi-
isotropic laminates to assess the different energy
absorption mechanisms and predict the residual velocity
of the projectile subjected to high velocity impacts. The
model is validated by experimental test using destructive
and non-destructive techniques.

Hossein et al. [42] studied the variation of the
ballistic limit with areal density in a woven fabric made
from Kevlar fibers. The model allows variation of spacing
between laminas in order to study their effect on the
ballistic limit. Again, the models based on energy-
conservation laws consider that the kinetic energy of the
projectile at impact should be consumed during the
perforation process by the elastic deformation of the
panel, by the failure process of the laminate (which
includes several mechanisms), by friction and heating of
the laminate, and by accelerating the panel after impact
[14].

Garc"1a-Castillo redeveloped an energy model
based on the proposals of Naik, et al. [43] to study
laminate plates subjected to ballistic impact with and
without in-plane preloads [44, 45]. The authors’ model
assumes that the plate absorbs the energy by three
mechanisms: the elastic deformation of the fibers, the
acceleration of the plate, and the generation of damage
in the laminate. This damage may be due to the failure
of fibers, delamination, and matrix cracking. This model
is later used in a non-dimensional formulation to analyze
the influence of several ratios in the ballistic behavior of
thin laminates [46].
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Fatt et al. [47] presented analytical solution to
predict the residual velocity of a hemispherical-nose
cylindrical projectile impacted on a composite sandwich
panel at high velocity range of 75-325m/s. The analytical
approach was mechanistic without any detailed account
of progressive damage due to delamination and
debonding but changes in the load-bearing resistance
of the sandwich panel due to failure and complete loss
of resistance from the face sheets and core during
projectile penetration. The study indicated that the
predicted transient deflection and velocity of the
projectile and sandwich panel compared fairly well with
results from finite element analysis. Again, analytical
predictions of the projectile residual velocities were
found to be in good agreement with experimental data
found in literature.

Using an existing model [48], Feli and Pour [49]
presented a new analytical model for perforation
process of composite sandwich panels with honeycomb
core subjected to high-velocity impact of cylindrical
projectile. The redefined model is validated by
comparing with [48] experimental tests and numerical
model. A good agreement between the residual velocity
of projectile in the new analytical model and experiment
tests was established.

Mamivand et al. [50] developed analytical
technique for the ballistic behaviour of 2-dimensional
(2D) woven fabric composites. Similarly, Feli and Asgari
[51] have presented analytical approach for perforation
of ceramic/multi-layer woven fabric targets by blunt
projectiles. This model was used to model back-up
woven-fabric material and deformation of yarns during
perforation where the kinetic and strain energy of yarns
ware determined. Feli et al. [52] developed analytical
model and FE simulation based on FE code in LS-DYNA
for normal penetration of cylindrical projectiles onto the
ceramic-composite targets. Liaghat et al. [53] presented
analytical technique to determine the ballistic limit
velocity of metallic honeycombs impacted by cylindrical
projectiles. This method is based on the assumption
that the total kinetic energy of the projectile is dissipated
in folding and crushing of honeycomb, tearing of cell
walls, forming and shearing of the plug.

Lépez-Puente et al. [54] formulated analytical
application to predict residual velocity after the impact
onto a thin carbon/epoxy woven laminate. Their model
considers three different energy absorption mechanisms
for the laminate. The study used experimental impact
test to validate the model and the results clearly shows a
very good correlation between the results obtained from
both experimental and numerical simulations in
literature.

A non-dimensional formulation of an analytical
model proposed in a previous work of Garcia Castillo et
al. [13] was redeveloped by [14] based on energy
criteria to study the ballistic behaviour of composite
plates made from woven laminates of E-glass fibers.



This model allows for estimation of the residual velocity
of the projectile, the ballistic limit, the energy absorbed
by different mechanisms during the penetration of the
laminate, and the contact time between the projectile
and the laminate. Good agreement was found for
residual velocities, contact time and ballistic limit for two
geometry ratios.

Talib et al. [32] formulated analytical model to
predict the performance of hybrid composite made of
woven fiber Kevlar-29 and AlLO; powder/epoxy
subjected to high velocity impact. The relationship
between the ballistic limit with the thickness and energy
absorption with thickness for Kevlar-29 fiber and Al,O,
powder-reinforced composite materials was
established. It was found that the proposed equation is
suitable for this type of composite materials after
comparing the behavior of the theoretical analyses with
the experimental work. The experimental results showed
good agreement compared with the theoretical work.
The results indicate that the improvements in the
performance target for bullet-proof applications are
achieved.

Extensive parametric studies were carried-out
on woven fabric thick composites and the energy
absorption to predict the ballistic impact behavior of
thick composites [33, 34]. Also, a normal impact and
perforation  of conically-tipped hard steel cylinders
was done on laminated Kevlar-29/polyester targets and
pneumatic and powder guns, with a 12.7 mm barrel
diameter are used for dynamic testing where ballistic
limits, terminal velocities and perforation are
determined on target plates [35, 36].

An analytical formulation by Sheikh et al. [37] to
predict the residual velocity of cylindrical projectiles
under high velocity impacts on carbon epoxy laminates
is investigated. Similarly, Udatha et al. [38] proposed
analytical model to predict the performance of 3D woven
composites under high velocity impact. For comparison,
studies are also presented on the performance of two-
dimensional plain weave E-glass/epoxy composites. A
good match is observed between the analytical
predictions and experimentally obtained limit velocities
for complete penetration. It is observed that limit velocity
for complete penetration for three-dimensional woven
composite is higher than that of two-dimensional plain
weave composite.

Mishra et al. [39] formulated mathematical
model based on theory of single yarn impact and
implemented in MATLAB code to calculate the energy
absorption and strain induced in the Kevlar and leather
layers composites under high velocity impact. Results
of the study shows that the stored energy increases and
strain decreases with increase in impact time due to
initially high  kinetic energy utilizing of impactor for
deformation than the absorbed in layers. As the impact
time increases, tendency of deformation reduces and
energy absorption improves. Again, the strain energy is

high at the time of impact inception, due to kinetic
energy of impactor is more than the energy absorbing
capacity of layers which results in maximum damage of
the layers; and the cone area developed in the Kevlar
layer is more in comparison to leather layer has absorb
more energy than leather layers. The study concludes
that outcome of the results may be used as preliminary
design tool for an assembly of rigid and semi-rigid
materials in an armor system to reduce the experimental
cost and time.

Ravi kumar et al. [40] presented analytical
method to predict the compressive strength at high
strain rate of 5000 s™ loading of a typical woven fabric E-
glass/epoxy composite L2R. The result is compared with
the experimental tests wusing compressive split
Hopkinson pressure bar apparatus, which observed that
the compressive strength is enhanced at high strain rate
loading compared with that at quasi-static loading.

Pernas-Sanchez et al. [41] proposed a
simplified analytical model of carbon/epoxy tape quasi-
isotropic laminates to assess the different energy
absorption mechanisms and predict the residual velocity
of the projectile subjected to high velocity impacts. The
model is validated by experimental test using destructive
and non-destructive techniques.

Hossein et al. [42] studied the variation of the
ballistic limit with areal density in a woven fabric made
from Kevlar fibers. The model allows variation of spacing
between laminas in order to study their effect on the
ballistic limit. Again, the models based on energy-
conservation laws consider that the kinetic energy of the
projectile at impact should be consumed during the
perforation process by the elastic deformation of the
panel, by the failure process of the laminate (which
includes several mechanisms), by friction and heating of
the laminate, and by accelerating the panel after impact
[14].

Garc "1a-Castillo redeveloped an energy model
based on the proposals of Naik, et al. [43] to study
laminate plates subjected to ballistic impact with and
without in-plane preloads [44, 45]. The authors’ model
assumes that the plate absorbs the energy by three
mechanisms: the elastic deformation of the fibers, the
acceleration of the plate, and the generation of damage
in the laminate. This damage may be due to the failure
of fibers, delamination, and matrix cracking. This model
is later used in a non-dimensional formulation to analyze
the influence of several ratios in the ballistic behavior of
thin laminates [46].

Fatt et al. [47] presented analytical solution to
predict the residual velocity of a hemispherical-nose
cylindrical projectile impacted on a composite sandwich
panel at high velocity range of 75-325m/s. The analytical
approach was mechanistic without any detailed account
of progressive damage due to delamination and
debonding but changes in the load-bearing resistance
of the sandwich panel due to failure and complete loss
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of resistance from the face sheets and core during
projectile penetration. The study indicated that the
predicted transient deflection and velocity of the
projectile and sandwich panel compared fairly well with
results from finite element analysis. Again, analytical
predictions of the projectile residual velocities were
found to be in good agreement with experimental data
found in literature.

Using previously developed model of Buitrago
et al. [48], Feli and Pour [49] presented a new analytical
model for perforation process of composite sandwich
panels with honeycomb core subjected to high-velocity
impact of cylindrical projectile. The redefined model is
validated by comparing with [48] experimental tests and
numerical model. A good agreement between the
residual velocity of projectile in the new analytical model
and experiment tests was established.

Mamivand et al. [50] developed analytical
technique for the ballistic behaviour of 2-dimensional
(2D) woven fabric composites. Similarly, Feli and
Asgari[51] have presented analytical approach for
perforation of ceramic/multi-layer woven fabric targets
by blunt projectiles. This model was used to model
back-up woven-fabric material and deformation of yarns
during perforation where the kinetic and strain energy of
yarns ware determined. Feli et al. [52] developed
analytical model and FE simulation based on FE code in
LS-DYNA for normal penetration of cylindrical projectiles
onto the ceramic-composite targets. Liaghat et al. [53]
presented analytical technique to determine the ballistic
limit velocity of metallic honeycombs impacted by
cylindrical projectiles. This method is based on the
assumption that the total kinetic energy of the projectile
is dissipated in folding and crushing of honeycomb,
tearing of cell walls, forming and shearing of the plug.

Lopez-Puente et al. [54] formulated analytical
application to predict residual velocity after the impact
onto a thin carbon/epoxy woven laminate. Their model
considers three different energy absorption mechanisms
for the laminate. The study used experimental impact
test to validate the model and the results clearly shows a
very good correlation between the results obtained from
both experimental and numerical simulations in
literature.

c) Finite element method

A numerical model with appropriate erosion
criteria for impact analysis of hybrid-fiber engineered
cementitious composites (ECC) panels using LS-DYNA
commercial software under high velocity is investigated
by [55]. The study shows that the tensile stress-strain
relationship of the developed numerical model
compared with the experimental test in reference [56] is
in good agreement.

Prakash et al. [57] developed FE model to
study the influence of adhesive thickness on high
velocity impact (HVI) performance of ceramic (Al,O,-
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99.5)/aluminum  (AI5083 H116) composite laminate
through a detailed numerical investigation using the
AUTODYN software platform. The result of the study
discloses that interface layer plays a significant role in
the impact performance. The result is validated by
experimental analysis for optimum designs of the target
plates. Park et al. [58] performed numerical analysis
using the commercial software tool LS-DYNA on high
velocity impact of shear thickening fluids (STF)
impregnated Kevlar fabric. The simulation results are in
good agreement with empirical data obtained. The
empirical and numerical study on the energy absorption
characteristics of neat Kevlar and STF impregnated
Kevlar fabrics suggest a positive effect by the STF
impregnation on the energy absorption.

Pernas-Sanchez et al. [59] developed finite
element model to predict the behavior of composite
unidirectional laminates under high velocity impact. The
numerical model is validated by C-Scan images which
exhibit very good correlation with reference to
penetration and the damaged area. Wang et al. [60]
conducted FE analysis on CFRP laminates subjected to
high velocity impact. The predicted numerical results are
validated by experimental measurement; and the study
shows that thin CFRP laminates have higher energy
absorbing efficiency (EAE) under higher velocity
(energy) while thick CFRP laminates have higher EAE
under lower velocity (energy) impact. The energy
absorbing efficiency comparison shows that impact
velocity range of EAE-CFRP laminates is higher than
that of stainless-steel. Therefore, CFRP laminates are
seen as a potential advantage to substitute the metal
plates in higher velocity impact resistance structures.

lvanez et al. [61] formulated a user material
VUMAT subroutine and implemented into
ABAQUS/Explicit finite element platform to predict the
high-velocity impact response of sandwich plates. The
accuracy of the finite-element model is determined by
comparing experimental data with numerical predictions
in terms of ballistic limit and residual velocity.
Satisfactory agreement with the experimental results
was established. The comparison of the damaged area
in sandwich and spaced plates revealed that the
suppression of the foam core in the sandwich structure
affects the size of the damaged area. Buitrago et al. [48]
formulated a model and implemented into
ABAQUS/Explicit ~ through  user-written ~ VUMAT
subroutines finite element to predict the behaviour of
sandwich panels made of carbon/epoxy laminate skins
with aluminum honeycomb core under high-velocity
impacts. The model is validated with experimental tests
by comparing numerical and experimental residual
velocity, ballistic limit and contact time.

Heimbs et al. [62] have carried out an
experimental and numerical study of the influence of
tensile and compressive preloading impact on the
performance of carbon/epoxy plates at high velocity.



Ultrasonic C-scans and micrographs are used for the
post-test damage inspection, where matrix cracking and
delaminations are observed as the major impact
damage modes. Tensile preloading is found to reduce
the extent of delaminations, while compressive preload
increased the extent of delaminations resulting from a
higher bending deflection of the impact plate. The study
shows that preloading has an influence on the impact
response of laminated composite plates and is relevant
in the structural design analyses.

Silva et al. [63] presented experimental and
numerical application to predict the ballistic impact on
composite laminated plates reinforced with Kevlar-
29/Vinylester. The analysis is performed using a
commercial code based on finite difference hydrocode
AUTODYN and values obtained are compared with the
experimental data to evaluate the performance of the
simulation. Good correlation between numerical
simulation and experimental results is achieved for
deformation and damage of the laminates. Tham et al.
[64] conducted a combined experimental and 3D
dynamic nonlinear finite element (FE) approach to study
damage in composite beams subject to ballistic impact.
The influence of tensile and compressive preloads on
the soft body impact behaviour of composite laminates
has been studied experimentally and numerically in [65],
where the researchers used gelatine projectile as a
substitute material.

Burger et al. [66] formulated a model based on
Lagrangian and implemented into an explicit solver in
the commercial FEA software ABAQUS/Explicit to
simulate the ballistic impact of an armor-piercing
projectile in hybrid ceramic/fiber reinforced composite
armor. The ballistic limit prediction velocity shows that
global damage and residual velocity are very accurate
when experimentally compared. Sastry et al. [67]
developed numerical model and implemented into the
commercial software ABAQUS/Explicit to study the
effect of ballistic impact on the composite plate made-
up of woven fabric CFRP, the E-glass/epoxy and the
Kevlar/epoxy for different ply stacking sequences. The
result indicates that the Kevlar/epoxy absorbs a
maximum kinetic energy of energy compared to the
other the two materials. The numerical simulation
provides quick estimation with good accuracy and
reliability as compared to experimental results.

Sevkat et al. [68] presented a combined
experimental and numerical approach to study the
ballistic impact response of S2-glass fiber toughened
epoxy composite beams using a high speed gas gun.
Again, a hybrid particle finite element algorithm for
high velocity impact based on the Generalized Particle
Algorithm (GPA) is formulated [69-71] and compared to
the other computation algorithm.

Mohotti et al. [72] formulated a bird strike-like
projectile simulation using explicit finite element code in
LS-DYNA to investigate the behaviour of multi-layered

composite plate coated with polyurea and aluminium
alloys under high velocity impact. The study shows that
the application of polyurea coatings resulted in a higher
residual velocity reduction per unit areal density than
aluminium alloys. This indicates the feasibility of
polyurea to be utilised in layered composite armour
systems in mitigating ballistic threats.

Kumar et al. [73] have numerically study the
effect of impactor and laminate parameters on the
impact response and impact-induced damages in
graphite/epoxy laminated cylindrical shells using 3D
finite element formulation. The numerical results
compared with experimental data showed good
correlation. Zhao and Cho [74] investigated the impact-
induced damage initiation and propagation in the
laminated composite shell under low-velocity impact.
The study employed a three dimensional eight-node
non-conforming element with Taylor's modification
scheme to analysis the interlaminar stress distribution
and damage propagation.

Ghosh and Sinha [75] developed a finite
element model to predict the initiation and propagation
of damage laminated composite plates under forced
vibration and impact loads. Tarfaoui et al. [76]
presented a FEA of static and dynamic tests on thick
flament wound glass/epoxy tubes. The material
characteristics of the models are validated to predict the
static and dynamic elastic behavior. Kim et al. [77] have
numerically proposed a damage model based on
continuum damage mechanics for the progressive
damage analysis of a composite structure. The damage
model is implemented in the user material subroutine of
the ABAQUS/Explicit program. The impact response
and damage from the numerical analysis are
comparable with results obtained through experimental
test.

[1I. CONCLUDING REMARKS

This paper reviews the modelling techniques to
analysis the impact response of composite structures
subjected to high velocity. Three approaches;
experimental, analytical and numerical methods were
successfully employed to predict the impact behaviour.
The report shows that numerous researchers assessed
the impact behaviour of composite edifice through
experimental method due to the simplification of use
and does not need detail parameter on actual damage
mechanisms. But, this method is costly and difficult to
extend towards more general loading conditions, where
multi-axial stress conditions are imposed. Finite element
simulations have been applied to structural analysis
under high velocity impact loadings for accurate
estimation of results under both static and dynamic
conditions. On the other hand, computational cost is
very high, which requires high performance computers
to model complex impact events. Again, numerous
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researchers and engineers have applied analytical
models due to low computational cost and time, and
capable to define the physical behaviour of the
composite materials. Noticeably, analytical formulations
are only applicable to simple models. The report shows
that all methods for analysis are suitable for application
based on loading conditions of the composite material.
Nonetheless, numerical simulation offers the most
detailed information on the spatial and temporal
distribution of damage during impact which is more
flexible and powerful alternative and widely used
compare to analytical formulations and experimental
tests.
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Characterization and Simplified Modeling of the
Failure Behavior of Spot Welds from Extra-High
Strength Steels for Crash Simulation

Sachin Patil* & Hamid Lankarani °®

Absiract- Vehicle collision characteristics  significantly
influenced by spot welded joints in vehicle steel body
components. In engineering practice, spot welds are normally
not modeled in detail, but as connection elements which
transfer forces and moments. Therefore a proper methodology
for the development detailed weld model to study structural
response of the weld when the applied load range is beyond
the yield strength discussed in this paper. Three-dimensional
finite element (FE) models of spot welded joints are developed
using LS-Dyna. Simple spot weld models are developed
based on the detailed model behavior developed earlier. In
order to generate testing data, virtual tensile testing
simulations are carried out with mesh sensitivity in the necking
zone. This high mesh resolution around necking zone is
required to capture the steep gradients in the pressure and
stress tri-axility, etc. Once the stress strain curve are
generated in the simulations examined damage function and
evolution to represent failure. Various EHSS steels grades
used in this study. The results from this study shows
reasonable agreement between the simulations and the test
results. Hence, spot weld model obtained should be
considered for crash analysis applications to understand
behaviors of structural parts.

Keywords:  finite  element;  spot  weld;  weld
characterization; EHSS steel, T section specimen; B-
PILLAR component IIHS testing.

[. INTRODUCTION

pot welding is the primary joining method used for
the construction of the automotive body structure

made of steel. A major challenge in the crash
simulation today is the lack of a simple yet reliable
modeling approach to characterize spot weld
separation. Various approaches for Numerical
simulation of spot welding has been discussed by [1, 2,
3, 4]. A study of a spot weld for numerical analysis of
automotive applications under crash loading conditions
using validation model 3 point- bend test were studied
by Sebastian et al [5].Hardness in the heat-affected
zone and stresses are studied [6,7,8,9] that exhibit
sharp hardness change adds to brittleness and notch
sensitivity. Lee et al [10] and Chao [11] have studied the
ultimate tensile strength of resistance spot welds in mild

Author a: Doctoral student in Mechanical Engineering at Wichita State
University. e-mail: sapatil1@shockers.wichita.edu

Author o: Professor, Department of Mechanical Engineering, Wichita
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steel subjected to combined loading tension and shear
loads. Detailed solid element simulations of local spot
weld deformation under various loads provide rationale
for the experimental observations and model
simplifications discussed in paper by Deng et al [12].
Schweizerhof K et al [13] has discussed mesh sensitivity
in spot weld modeling. Failure model parameters are
derived from Finite element method (FEM) test
simulations [14] since it’s difficult to measure of local
properties in spot welds.

The present work deals with a complete study
on identification and modeling of spot weld connections.
Relatively few studies have been conducted on the
failure model of a spot weld under impact loading
conditions whereas quasi-static cases are found more
often. Most of studies are based on AHSS, DP 600
material as spot-weld and those sources do not show
that EHSS steel materials sheet metal spot welding. In
this study, the mechanical properties and spot weld-
ability of newly developed EHSS steels are discussed
which are widely used in automotive crash area with
high energy intake e.g., front rails, sill, crash box, etc.
The separation criteria are implemented into a
commercially available explicit finite element code. This
work is further focuses on acceptance of a B-pillarrail
components subjected to axial impact. B-pillar
commonly used hat section rails spot welded from end
to end to integrate side structure. The key
methodological evolution on the spot weld behavior is
combined with a study on weld of Hat beam specimen
of a prototypical B-pillar system.Thus improving crash
safety through virtual prototyping is best approach to
lessen cost and time.

1. FiNITE ELEMENT MODELING, PARAMETER
[DENTIFICATION

Reliable modelling of deformation and damage
behavior are necessary for the assessment of weld
failure in automobile components. In this study, the
mechanical properties and spot weld-ability of newly
developed steels are discussed [15]. All of the
specimens are made of high-strength steel (EHSS)
sheet metal of the same thickness of 1.2 mm. This steel
is having a yield strength 368 Mpa close to Dual phase
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DP600 but lower tensile strength. The high-strength steel
materials HSLA340 showed a mutually comparable
strength at quasi-static loading [16].Uniaxial tensile tests
and shear tests were made and studied to evaluate the
mechanical properties of the material. In order to
generate testing data, virtual tensile testing simulations
were carried out with mesh sensitivity (30636 nodes and

30151 elements) in necking zone, as shown in Fig 1(a).
This high mesh resolution around necking zone is
required to capture the steep gradients in pressure and
stress tri-axility, etc. A yield curve is defined to consider
effect of strain rate due to dynamic event and to
consider the deformation mechanism.

(a)

(b)

Fig.1: (a) FE simulations of tensile tests on smooth flat specimens, (b) Detail meshing of weld zone

The deformation of spot weld in HSS steel were
numerically investigated under the relevant loads
tension, shearing and bending specimens to develop
reference model for validation and to avoid high costs
for experimentation. Different properties are needed to
consider for different zones to predict plastic flow
localization and failure in steel spot weld. Failure strain
are scaled to maintain the same strain energy to fail in
various regions [17]. The spot welds are modeled by
using fine solid mesh, as shown in Fig 1(b), to analyze
the localized deformation. Fine solid mesh allows one to
consider spot weld geometry and hardness gradient of
its material [18]. This approach is also suitable for the
spot welds rupture, which will be modelled in the crash
analysis by element elimination. Safer car with improved
spot weld rupture definition will provide realistic results
compared to physical situation. Brittle fracture produces
disastrous consequences as it occurs without warning.
This necessitates that we propose a proper failure
damage model in this study.

To demonstrate the proposed approach,
simulation results of Extra High Strength Steels (EHSS)

for lap-shear and coach peel specimens were used, [19,
20]. Characterization and deformation relevant to weld
specimen loading were analyzed for the assessment of
weld failure. The failure loads were used as the
reference loads to determine the loads applied for other
tests such as the fatigue tests, torsion test, etc. Von-
mises stress and plastic strain experienced by the weld
as well as strain rate corresponding to materials defined
in various regions of weld were validated in terms of
output result. This suggests that the predicted material
constitutive laws using the inverse FE modelling for
different zones is accurate. The deformation and failure
behavior of weld joints were investigated on small scale
specimens under tension and shear loading and KS-2
loading [21]. Spot weld models are developed in FE
code LS-Dyna and its parameters identified. Detailed
description about the modeling can be referred from
[22-23].Damage in weld initiated is the function of failure
function defined in the FE program Ls-Dyna.
Identification of the material parameters for the elastic-
plastic region including damage and failure is an
iterative process to follow physical testing.

Table 1: Spot Weld Material Parameters EHSS Steel Material

*MAT_SPOTWELD_DAMAGE-FAILURE_TITLE ( MAT_100_DA)

mid ro e pr sigy et dt tfail

1 7.80E-09 | 2.00E+05 0.3 368 784 te 6 0
$$ Failure Parameter EHSS steel grade

efail nrr nrs nrt mrr mss mtt nf
0 11030 25033 25033 16547 37548 | 37548 0
rs opt fval true t beta
0 0 5 1e-6 0 0

*DEFINE_SPOTWELD FAILURE_RESULTANTS

id dsn dss dicidsn dicidss
1 0.9E+02, 1.80E+02 1.00E+04 1.00E+04

*MAT SPOTWELD DAMAGE-FAILURE predicted the accurate weld failure patterns consistent with all three experimental test
modes[24]. Potential issues could happen if the material properties are not properly treated in the spot weld material card.

© 2016 Global Journals Inc. (US)



I[1I. VALIDATION OF AUTOMOTIVE COMPONENTS

In order to model vehicles involved in
automotive crashes, the structural components of these
vehicles may need to be modeled in detail. Square
beam parts are very common in automotive systems for
absorbing energy during impact events like front and
rear rails, cross members in the B-pillar structure,
bumpers and B and C pillar reinforcements. Structural
integrity of these welded structures are generally
controlled by the strength of the spot welds which

commonly fail under combined loading. Component
level analyses and tests were conducted to establish the
material properties of the spot weld.

a) T-Section Specimen Analysis

The T-joint specimens were used for the stress
in the transverse direction also under load speeds
simulating of 1 m/s. For this purpose also identified a
slide mass in the amount of 192 kg to realize the failure
of spot welds as shown in figure 2(a).

(b)

Fig. 2: (a) Simulation setup of T-joint specimen, (b) Baseline spot weld model behavior

In baseline, artificial nature of contact forces
disturbs the internal spot weld forces and stresses.
Strain plots for critical welds are shown below. This is
done to check for possibility of weld tearing. There is
failure of shell elements due to high localized strain

15 Spotweld Model for Given steel materal prop
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without any failure of spot welds causing unphysical
deformation. Validation of simulation model was done
as described in the following section. The simulations
were compared out with new spot weld parameters as
shown in Figure 3.

ok

Fig. 3:(a) Force response of simulation loading (Baseline and New spot weld), (b) New spot weld post deformation

Comparing with baseline, the main failure mode
encountered for weld on front and side of vertical rail.
The force amplitude for these welds is between 2 kN
and 12 kN, which avoid tearing of sheet metal with tail
formation of these spot weld (Figure 9).Also high strain
observed in this region of weld. This is more realistic
deformation when compared to physical test. Overall

weld force level changed slightly from baseline. Based
on this information, it can be conclude that given EHSS
steel are comparable with test specified HL340 steel
results as referenced below figure 4 .Many simulations
were carried out changing the weld material parameters
and mesh sensitivity to improve the performance.

(a)

H340LA, 1m/s, 192kg,quer
Frontansicht

Experiment

‘ﬁ 1

Simulation

(b)

Fig. 4. Comparison of post deformation (a)New spot weld simulation loading (b)Experimental loading [25]

Also the representation of the local spot weld
forces from the simulation under a loading rate of 1m/s
and a slide mass of 192 kg are shown in Figure 5 below.
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Fig. 5: (a) Location of spot weld on specimen, (b) weld failure captured from the simulation

Table 2: T-section specimen weld deformation for 30 milli-sec

Spot Deformation
weld ID mode

1 fails
2 fails
3 partial failure
4 partial failure
5 OK
6 OK

Max force Timein
kN Max (ms)
13 27
12.8 28
11.6 24
10.8 23
10.1 29
9.5 27

T-section specimen weld deformation for
30milli-sec observed and result shown in table 2. Two
partial damage spot weld, two ruptured and two without
damage. All weld forces for no tearing mode are below
allowable force level 12596N however weld ID 1 and 2
observed complete failure due to exceeding allowable
force level. At macroscopic scale, the mechanical
performances of this new steel configuration spot weld
are excellent in term of energy absorption. The final total
internal energy of the T- joint rail component with new
spot weld model is 127 kd which is greater than baseline
116.7 kJ. Initial lower peak load implies a better
performance of the energy collapsible structure in terms
of safety design. The oscillations in the calculated force
curve occur .These oscillations are caused by the
immediate removal of the hexahedron is reached
caused the failure criterion, since the elimination of the
stored elastic energy at the Area around the spot weld is
suddenly released. It is clear that the behavior of the
force - time curves from simulation and experiment
approach lesser peaks after the first force peaks. The
force levels vary little from each other. This suggests
that on a good set of failure criteria close. The
performance, can be grown in individual spot weld
forces, with mechanical properties comparable to
experimental investigation carried out by literature even
though the material involving spot weld differs. Figure 5
shows the post deformation of specimen in this
simulation study as well as experimental loading [25]. It
can be seen that the deformation pattern is comparable
to the experiment on similar grade steel. A considerable

© 2016 Global Journals Inc. (US)

amount of experiments have been performed to
investigate the failure behavior of spot weld in similar
setup [22]. In general, new spot weld model prediction
is on conservative side and these spot weld model has
been well characterized by this component model. The
material data for the vehicle spot weld simulation can be
adjusted to fit the results from this component
simulation.

IV. B-PILLAR [THS COMPONENT TESTING

The automotive industry continues to face the
challenge of developing efficient side body structures
that meet the performance requirements for multiple
crashworthiness test modes. B-pillar, Roof and Side sill
are the key structural members that help reduce the risk
of injury to the occupants during a side impact crash
event. Insurance Institute for Highway Safety (IIHS)
evaluates a vehicle's crashworthiness with the help of
Side impact test. Protecting people in side crashes is
challenging because the sides of vehicles have relatively
little space to absorb energy and shield occupants. The
side crushing deformation is crucial to maintain space
integrity in the occupant compartment. Thus structural
performance of weld need special attention. Side impact
crash tests consist of a stationary test vehicle struck on
the driver’'s side by a crash cart fitted with an [IHS
deformable barrier element. The 1,500 kg moving
deformable barrier (MDB) has an impact velocity of 50
km/h (81.1 mi/h) and strikes the vehicle on the driver’s
side at a 90-degree angle [26]. The longitudinal impact
point of the barrier on the side of the test vehicle is



dependent on the vehicle’s wheelbase. The impact
reference distance (IRD) is defined as the distance
rearward from the test vehicle’s front axle to the closest

edge of the deformable barrier when it first contacts the
vehicle (Figure 6). Middle plane of barrier is in-line with
front row dummy seat reference plane

Fig.6: Moving deformable barrier alignment with test vehicle [26]

The MDB is accelerated by the propulsion
system until it reaches the test speed (50 km/h) and
then is released from the propulsion system 25 cm
before the point of impact with the test vehicle. The
impact point tolerance is + 2.5 cm of the target in the
horizontal and vertical axes. The impact speed tolerance
is 50 = 1 km/h. The MDB alignment calculation was
configured to maximize loading to the occupant
compartment.

One of the leading automotive OEM client was
interested in B- pillar correlation with new weld
methodology. B-pillar subsystem level test is best way to
study of weld performance in Impact Analysis (Figure 7).
The crash event between the MDB and the target vehicle
is shortened by this approach. IIHS Side Impact barrier
mounted on wagon fixture base for sled test. Barrier
engages B-pillar only in component level resulting in
single load path for energy management. Thus
developing component testing to confirm performance
prior to full-vehicle testing is best strategy. A laboratory
experiment was designed at Wichita State University's
National Institute for Aviation Research to test the B-
Pillar spot weld welded structures [27]. Wichita State
University's National Institute for Aviation Research
utilizing state-of-the-art testing, measurement and data
collection equipment along with advanced software and
techniques to perform crash sled test analyses. This

SPC

Crash dynamics lab performs various component level
crash tests. NIAR research center wagon fixture base
used for this subsystem level test. The test conditions
are equivalent to full vehicle test as per IIHS test
protocol, especially confirmation of impact point is same
as used in full vehicle test setup. The results of B-Pillar
Component test were used to improve the spot weld
finite element model developed at Wichita State
University, simulating the crash events at NIAR sled test
facility with a higher degree of correlation.

An area of focus in this study is the deformation
mode capture. This component level setup not captures
door to occupant interaction. To understand the effects
of the spot weld, two FE models have been developed.
The first model is MAT 100 SW to provide a baseline test
and understanding of side impact crash at a basic level.
The second door model is a new spot weld in terms of
spot weld parameters which is representative of weld
failure. [Studies have been performed by modeling the
components of the door including the trim, inner panel,
outer panel, Hinge pillar and Rocker material. The CAE
model is followed latest procedure per Side Safety
regulation using 4 mm mesh.Two pieces for b pillar are
layered & weldedafter the blanking process &before hot
stamping, Spot weld modeled with new paramter
applied for high strength steel parts as indicated in
picture.
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wagon fixture base for barrrier mouting

Fig.7: Test setup for B-Pillar spot weld welded structures [28]

The idea was to make the wagon accelerate like
in the full-scale test by LINCAP, to validate the new spot
weld model. These sled tests are referred to as
correlation tests. The sled tests were done to evaluate
how well the spot weld perform and what could be
improved to meet the customer needs. Based on
physical test findings, a procedure was developed for
spot weld failure in order to correlate properly in Ls-
Dyna simulations. In simulation model, B-pillar is
impacted by a moving rigid impactor plate. The
impacting mass is modeled using a mass element of
1500 kg and is attached to the impactor plate by a
reference point located on RBE3. A SPC boundary
condition is imposed at upper and lower end of B-pillar

using *Boundary SPC constrained to zero in all three
direction.B-Pillar spot weld design had significant
strength gradient at joint between upper and lower B-
pillar components. B-pillar Lower material changed from
HSS to EHSS steel grade characterized in earlier
section. EHSS steel grade provides increased
elongation for event. This side impact model was then
used to investigate the effects of spot weld failure. Spot
welds commonly fail under combined loads during
impact scenario. Spot weld lines around B pillar are
shown in figure 7.

BLUE: Baseline RED: New SW Model

= baseline

+ New weld model

B-Pillar Deformation Base Vi New Spot Weld

* CAE model baseline

0 ms

CAE model with new weld model

105 ms

Fig.8: Post-crash deformation of the B-Pillar spot weld welded structures

The load balance between underbody and
upper body has changed in new spot weld Design and
caused the lower body intrusion. The B-pillar side
impact simulation shows the comparison of side sill
deformation mode between baseline and new spot weld
model(Figure 8).Baseline CAE model softer than the test
predicting moredeformation than the test.
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Fig. 9: (a)Comparison of Stress contour of the B-Pillar spot weld welded structures LH side view, (b) Test
Deformation of the B-Pillar[27] RH side view, (c)B-pillar velocity comparison

Post deformation of test vs simulation
compared in figure 9. Baseline FE model having MAT
100 spot weld material model displayed undesirable
structural performance as per stress contour. This
model had insufficient Strength/elongation combination.
New Spot WeldB-pillar Modelimproved CAE correlation
for deformation modes as shown in figure 9. It is
observed that internal energy of B-pillar reinf parts is 6

baseline. Also result were compared with side impact
crash test data found in Lightweight BIW Structure
project by the Auto/Steel Partnership (A/SP), 2009[29].
Component test correlates well with B pillar
simulation when spot welds failure defined as per
MAT 100 _DAMAGE model. This focused on the need to
define spot weld failure for side impact testing to
evaluate the risk of injuries and then finding

% more for New Spot Weld Model compared to  countermeasure to diminish it.
Table 4: Result Summary for B-Pillar IHS Component Testing /Side Impact statistics
l;:z: Measuring Points Target | Baseline | New Spot Weld Model
B pillar velocity (at beltline) (m/sec) 10 10.2 10
S B pillar residual intrusion (at beltline) (mm) 70 123 94

WSU sled tests are simplified cases which do
not account forintrusion and occupant to door spacing.
Hence above table compare simulation study for
baseline and new spot weld model. New Spot Weld
Model analysis catches well velocity &crush modes.
Overall New Spot Weld Model show lower velocity. Not a
big difference in B-pillar beltline velocity however B-pillar
residual space cut down by 60 mm. The baseline
simulation shows less survival space as compared to
New spot weld model.Reducing B-pillar intrusion vis
structural upgrading of the body side weld failure model.
Failure in the weld diminish momentum exchange
between door and dummy and thus it delay force by
more energy absorption. This is compliant for occupant
cushioning. Failure of weld at bottom concentrating the
impact load on the occupant in the lower pelvis region.
A more desirable crush pattern for the B-pillar/door is to
remain upright during side impact for a more evenly
distributed impact loading on the occupant.

V. CONCLUSION

To establish modelling procedure for weld
failure in this paper, simulation model was built and
correlated with the Baseline test specification. A failure

spot weld analysis performed in this work could he
extremely relevant from the vehicle design stand point.
The weld model includes failure criteria based on a
critical plastic failure strain, as well as on a force
envelope. Depending on the materials, a greater
number of different specimen tests will be needed to
identify the parameters for the damage model. Two
examples were provided to demonstrate the
implementations of this procedure and to show the
improvement of the results through the use of new spot
weld model. In the first example, axial load was applied
on a hat shape rail to observe crush deformation mode.
In the second example, T section specimen impacted to
see weld failure in joint region, the weld failure
significantly improved. Both of the examples proved the
proposed spot welding procedure was correct. Then,
investigations based on the simple models were
performed to identify the B-pillar velocity in side impact
simulations. National Institute for Aviation Research did
this project to show their capability to capture this
correlations The system integrated FEM has proven to
be a valuable and effective predictive tool that can
account for spot weld interactions for Structural integrity
of B-Pillar welded structures. Through computational
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simulations results,

this study provide essential

information to match performance of weld and to study
the stiffness of the b-pillar sub-structure.
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To avoid postal delays, all transaction is preferred by e-mail. A finished manuscript submission is confirmed by e-mail immediately and
your paper enters the editorial process with no postal delays. When a conclusion is made about the publication of your paper by our
Editorial Board, revisions can be submitted online with the same procedure, with an occasion to view and respond to all comments.

Complete support for both authors and co-author is provided.
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Original research paper: Such papers are reports of high-level significant original research work.
Review papers: These are concise, significant but helpful and decisive topics for young researchers.
Research articles: These are handled with small investigation and applications

Research letters: The letters are small and concise comments on previously published matters.
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The recommended size of original research paper is less than seven thousand words, review papers fewer than seven thousands words
also.Preparation of research paper or how to write research paper, are major hurdle, while writing manuscript. The research articles and
research letters should be fewer than three thousand words, the structure original research paper; sometime review paper should be as
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have adequate numerical treatments of the data will be returned un-refereed;

(g) Discussion should cover the implications and consequences, not just recapitulating the results; conclusions should be summarizing.
(h) Brief Acknowledgements.
(i) References in the proper form.

Authors should very cautiously consider the preparation of papers to ensure that they communicate efficiently. Papers are much more
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approach and instructions. They will in addition, be published with much less delays than those that require much technical and editorial
correction.
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The Editorial Board reserves the right to make literary corrections and to make suggestions to improve briefness.
It is vital, that authors take care in submitting a manuscript that is written in simple language and adheres to published guidelines.
Format

Language: The language of publication is UK English. Authors, for whom English is a second language, must have their manuscript
efficiently edited by an English-speaking person before submission to make sure that, the English is of high excellence. It is preferable,
that manuscripts should be professionally edited.

Standard Usage, Abbreviations, and Units: Spelling and hyphenation should be conventional to The Concise Oxford English Dictionary.
Statistics and measurements should at all times be given in figures, e.g. 16 min, except for when the number begins a sentence. When
the number does not refer to a unit of measurement it should be spelt in full unless, it is 160 or greater.
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anhydrous or hydrated, and the concentration must be in clearly defined units. Common species names should be followed by
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Structure
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names of the authors and co-authors, and the place(s) wherever the work was carried out. The full postal address in addition with the e-
mail address of related author must be given. Up to eleven keywords or very brief phrases have to be given to help data retrieval, mining
and indexing.

Abstract, used in Original Papers and Reviews:
Optimizing Abstract for Search Engines

Many researchers searching for information online will use search engines such as Google, Yahoo or similar. By optimizing your paper for
search engines, you will amplify the chance of someone finding it. This in turn will make it more likely to be viewed and/or cited in a
further work. Global Journals Inc. (US) have compiled these guidelines to facilitate you to maximize the web-friendliness of the most
public part of your paper.

Key Words

A major linchpin in research work for the writing research paper is the keyword search, which one will employ to find both library and
Internet resources.

One must be persistent and creative in using keywords. An effective keyword search requires a strategy and planning a list of possible
keywords and phrases to try.

Search engines for most searches, use Boolean searching, which is somewhat different from Internet searches. The Boolean search uses
"operators," words (and, or, not, and near) that enable you to expand or narrow your affords. Tips for research paper while preparing

research paper are very helpful guideline of research paper.

Choice of key words is first tool of tips to write research paper. Research paper writing is an art.A few tips for deciding as strategically as
possible about keyword search:
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e One should start brainstorming lists of possible keywords before even begin searching. Think about the most
important concepts related to research work. Ask, "What words would a source have to include to be truly
valuable in research paper?" Then consider synonyms for the important words.

e It may take the discovery of only one relevant paper to let steer in the right keyword direction because in most
databases, the keywords under which a research paper is abstracted are listed with the paper.

e One should avoid outdated words.

Keywords are the key that opens a door to research work sources. Keyword searching is an art in which researcher's skills are
bound to improve with experience and time.

Numerical Methods: Numerical methods used should be clear and, where appropriate, supported by references.
Acknowledgements: Please make these as concise as possible.

References

References follow the Harvard scheme of referencing. References in the text should cite the authors' names followed by the time of their
publication, unless there are three or more authors when simply the first author's name is quoted followed by et al. unpublished work
has to only be cited where necessary, and only in the text. Copies of references in press in other journals have to be supplied with
submitted typescripts. It is necessary that all citations and references be carefully checked before submission, as mistakes or omissions
will cause delays.

References to information on the World Wide Web can be given, but only if the information is available without charge to readers on an
official site. Wikipedia and Similar websites are not allowed where anyone can change the information. Authors will be asked to make
available electronic copies of the cited information for inclusion on the Global Journals Inc. (US) homepage at the judgment of the
Editorial Board.

The Editorial Board and Global Journals Inc. (US) recommend that, citation of online-published papers and other material should be done
via a DOI (digital object identifier). If an author cites anything, which does not have a DOI, they run the risk of the cited material not
being noticeable.

The Editorial Board and Global Journals Inc. (US) recommend the use of a tool such as Reference Manager for reference management
and formatting.

Tables, Figures and Figure Legends

Tables: Tables should be few in number, cautiously designed, uncrowned, and include only essential data. Each must have an Arabic
number, e.g. Table 4, a self-explanatory caption and be on a separate sheet. Vertical lines should not be used.

Figures: Figures are supposed to be submitted as separate files. Always take in a citation in the text for each figure using Arabic numbers,
e.g. Fig. 4. Artwork must be submitted online in electronic form by e-mailing them.

Preparation of Electronic Figures for Publication

Even though low quality images are sufficient for review purposes, print publication requires high quality images to prevent the final
product being blurred or fuzzy. Submit (or e-mail) EPS (line art) or TIFF (halftone/photographs) files only. MS PowerPoint and Word
Graphics are unsuitable for printed pictures. Do not use pixel-oriented software. Scans (TIFF only) should have a resolution of at least 350
dpi (halftone) or 700 to 1100 dpi (line drawings) in relation to the imitation size. Please give the data for figures in black and white or
submit a Color Work Agreement Form. EPS files must be saved with fonts embedded (and with a TIFF preview, if possible).

For scanned images, the scanning resolution (at final image size) ought to be as follows to ensure good reproduction: line art: >650 dpi;
halftones (including gel photographs) : >350 dpi; figures containing both halftone and line images: >650 dpi.
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Figure Legends: Self-explanatory legends of all figures should be incorporated separately under the heading 'Legends to Figures'. In the
full-text online edition of the journal, figure legends may possibly be truncated in abbreviated links to the full screen version. Therefore,
the first 100 characters of any legend should notify the reader, about the key aspects of the figure.
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Before start writing a good quality Computer Science Research Paper, let us first understand what is Computer Science Research Paper?
So, Computer Science Research Paper is the paper which is written by professionals or scientists who are associated to Computer Science
and Information Technology, or doing research study in these areas. If you are novel to this field then you can consult about this field
from your supervisor or guide.

TECHNIQUES FOR WRITING A GOOD QUALITY RESEARCH PAPER:

1. Choosing the topic: In most cases, the topic is searched by the interest of author but it can be also suggested by the guides. You can
have several topics and then you can judge that in which topic or subject you are finding yourself most comfortable. This can be done by
asking several questions to yourself, like Will | be able to carry our search in this area? Will | find all necessary recourses to accomplish
the search? Will | be able to find all information in this field area? If the answer of these types of questions will be "Yes" then you can
choose that topic. In most of the cases, you may have to conduct the surveys and have to visit several places because this field is related
to Computer Science and Information Technology. Also, you may have to do a lot of work to find all rise and falls regarding the various
data of that subject. Sometimes, detailed information plays a vital role, instead of short information.

2. Evaluators are human: First thing to remember that evaluators are also human being. They are not only meant for rejecting a paper.
They are here to evaluate your paper. So, present your Best.

3. Think Like Evaluators: If you are in a confusion or getting demotivated that your paper will be accepted by evaluators or not, then
think and try to evaluate your paper like an Evaluator. Try to understand that what an evaluator wants in your research paper and
automatically you will have your answer.

4. Make blueprints of paper: The outline is the plan or framework that will help you to arrange your thoughts. It will make your paper
logical. But remember that all points of your outline must be related to the topic you have chosen.

5. Ask your Guides: If you are having any difficulty in your research, then do not hesitate to share your difficulty to your guide (if you
have any). They will surely help you out and resolve your doubts. If you can't clarify what exactly you require for your work then ask the
supervisor to help you with the alternative. He might also provide you the list of essential readings.

6. Use of computer is recommended: As you are doing research in the field of Computer Science, then this point is quite obvious.
7. Use right software: Always use good quality software packages. If you are not capable to judge good software then you can lose

quality of your paper unknowingly. There are various software programs available to help you, which you can get through Internet.

8. Use the Internet for help: An excellent start for your paper can be by using the Google. It is an excellent search engine, where you can
have your doubts resolved. You may also read some answers for the frequent question how to write my research paper or find model
research paper. From the internet library you can download books. If you have all required books make important reading selecting and
analyzing the specified information. Then put together research paper sketch out.

9. Use and get big pictures: Always use encyclopedias, Wikipedia to get pictures so that you can go into the depth.

10. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right! It is a good habit, which helps to
not to lose your continuity. You should always use bookmarks while searching on Internet also, which will make your search easier.

11. Revise what you wrote: When you write anything, always read it, summarize it and then finalize it.
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12. Make all efforts: Make all efforts to mention what you are going to write in your paper. That means always have a good start. Try to
mention everything in introduction, that what is the need of a particular research paper. Polish your work by good skill of writing and
always give an evaluator, what he wants.

13. Have backups: When you are going to do any important thing like making research paper, you should always have backup copies of it
either in your computer or in paper. This will help you to not to lose any of your important.

14. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality. Using several
and unnecessary diagrams will degrade the quality of your paper by creating "hotchpotch." So always, try to make and include those
diagrams, which are made by your own to improve readability and understandability of your paper.

15. Use of direct quotes: When you do research relevant to literature, history or current affairs then use of quotes become essential but
if study is relevant to science then use of quotes is not preferable.

16. Use proper verb tense: Use proper verb tenses in your paper. Use past tense, to present those events that happened. Use present
tense to indicate events that are going on. Use future tense to indicate future happening events. Use of improper and wrong tenses will
confuse the evaluator. Avoid the sentences that are incomplete.

17. Never use online paper: If you are getting any paper on Internet, then never use it as your research paper because it might be
possible that evaluator has already seen it or maybe it is outdated version.

18. Pick a good study spot: To do your research studies always try to pick a spot, which is quiet. Every spot is not for studies. Spot that
suits you choose it and proceed further.

19. Know what you know: Always try to know, what you know by making objectives. Else, you will be confused and cannot achieve your
target.

20. Use good quality grammar: Always use a good quality grammar and use words that will throw positive impact on evaluator. Use of
good quality grammar does not mean to use tough words, that for each word the evaluator has to go through dictionary. Do not start
sentence with a conjunction. Do not fragment sentences. Eliminate one-word sentences. Ignore passive voice. Do not ever use a big
word when a diminutive one would suffice. Verbs have to be in agreement with their subjects. Prepositions are not expressions to finish
sentences with. It is incorrect to ever divide an infinitive. Avoid clichés like the disease. Also, always shun irritating alliteration. Use
language that is simple and straight forward. put together a neat summary.

21. Arrangement of information: Each section of the main body should start with an opening sentence and there should be a
changeover at the end of the section. Give only valid and powerful arguments to your topic. You may also maintain your arguments with

records.

22. Never start in last minute: Always start at right time and give enough time to research work. Leaving everything to the last minute
will degrade your paper and spoil your work.

23. Multitasking in research is not good: Doing several things at the same time proves bad habit in case of research activity. Research is
an area, where everything has a particular time slot. Divide your research work in parts and do particular part in particular time slot.

24. Never copy others' work: Never copy others' work and give it your name because if evaluator has seen it anywhere you will be in
trouble.

25. Take proper rest and food: No matter how many hours you spend for your research activity, if you are not taking care of your health
then all your efforts will be in vain. For a quality research, study is must, and this can be done by taking proper rest and food.

26. Go for seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.
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27. Refresh your mind after intervals: Try to give rest to your mind by listening to soft music or by sleeping in intervals. This will also
improve your memory.

28. Make colleagues: Always try to make colleagues. No matter how sharper or intelligent you are, if you make colleagues you can have
several ideas, which will be helpful for your research.

29. Think technically: Always think technically. If anything happens, then search its reasons, its benefits, and demerits.

30. Think and then print: When you will go to print your paper, notice that tables are not be split, headings are not detached from their
descriptions, and page sequence is maintained.

31. Adding unnecessary information: Do not add unnecessary information, like, | have used MS Excel to draw graph. Do not add
irrelevant and inappropriate material. These all will create superfluous. Foreign terminology and phrases are not apropos. One should
NEVER take a broad view. Analogy in script is like feathers on a snake. Not at all use a large word when a very small one would be
sufficient. Use words properly, regardless of how others use them. Remove quotations. Puns are for kids, not grunt readers.
Amplification is a billion times of inferior quality than sarcasm.

32. Never oversimplify everything: To add material in your research paper, never go for oversimplification. This will definitely irritate the
evaluator. Be more or less specific. Also too, by no means, ever use rhythmic redundancies. Contractions aren't essential and shouldn't
be there used. Comparisons are as terrible as clichés. Give up ampersands and abbreviations, and so on. Remove commas, that are, not
necessary. Parenthetical words however should be together with this in commas. Understatement is all the time the complete best way
to put onward earth-shaking thoughts. Give a detailed literary review.

33. Report concluded results: Use concluded results. From raw data, filter the results and then conclude your studies based on
measurements and observations taken. Significant figures and appropriate number of decimal places should be used. Parenthetical
remarks are prohibitive. Proofread carefully at final stage. In the end give outline to your arguments. Spot out perspectives of further
study of this subject. Justify your conclusion by at the bottom of them with sufficient justifications and examples.

34. After conclusion: Once you have concluded your research, the next most important step is to present your findings. Presentation is
extremely important as it is the definite medium though which your research is going to be in print to the rest of the crowd. Care should
be taken to categorize your thoughts well and present them in a logical and neat manner. A good quality research paper format is
essential because it serves to highlight your research paper and bring to light all necessary aspects in your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING

Key points to remember:

®  Submit all work in its final form.
e Write your paper in the form, which is presented in the guidelines using the template.
®  Please note the criterion for grading the final paper by peer-reviewers.

Final Points:

A purpose of organizing a research paper is to let people to interpret your effort selectively. The journal requires the following sections,
submitted in the order listed, each section to start on a new page.

The introduction will be compiled from reference matter and will reflect the design processes or outline of basis that direct you to make
study. As you will carry out the process of study, the method and process section will be constructed as like that. The result segment will
show related statistics in nearly sequential order and will direct the reviewers next to the similar intellectual paths throughout the data
that you took to carry out your study. The discussion section will provide understanding of the data and projections as to the implication
of the results. The use of good quality references all through the paper will give the effort trustworthiness by representing an alertness
of prior workings.
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Writing a research paper is not an easy job no matter how trouble-free the actual research or concept. Practice, excellent preparation,
and controlled record keeping are the only means to make straightforward the progression.

General style:

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general guidelines.

To make a paper clear

- Adhere to recommended page limits
Mistakes to evade

e |[nsertion a title at the foot of a page with the subsequent text on the next page
e  Separating a table/chart or figure - impound each figure/table to a single page
e  Submitting a manuscript with pages out of sequence

In every sections of your document
- Use standard writing style including articles ("a", "the," etc.)

- Keep on paying attention on the research topic of the paper

- Use paragraphs to split each significant point (excluding for the abstract)

- Align the primary line of each section

- Present your points in sound order

- Use present tense to report well accepted

- Use past tense to describe specific results

- Shun familiar wording, don't address the reviewer directly, and don't use slang, slang language, or superlatives
- Shun use of extra pictures - include only those figures essential to presenting results

Title Page:

Choose a revealing title. It should be short. It should not have non-standard acronyms or abbreviations. It should not exceed two printed
lines. It should include the name(s) and address (es) of all authors.

. © Copyright by Global Journals Inc.(US)| Guidelines Handbook

XVIII



Abstract:

The summary should be two hundred words or less. It should briefly and clearly explain the key findings reported in the manuscript--
must have precise statistics. It should not have abnormal acronyms or abbreviations. It should be logical in itself. Shun citing references
at this point.

An abstract is a brief distinct paragraph summary of finished work or work in development. In a minute or less a reviewer can be taught
the foundation behind the study, common approach to the problem, relevant results, and significant conclusions or new questions.

Write your summary when your paper is completed because how can you write the summary of anything which is not yet written?
Wealth of terminology is very essential in abstract. Yet, use comprehensive sentences and do not let go readability for briefness. You can
maintain it succinct by phrasing sentences so that they provide more than lone rationale. The author can at this moment go straight to
shortening the outcome. Sum up the study, with the subsequent elements in any summary. Try to maintain the initial two items to no
more than one ruling each.

Reason of the study - theory, overall issue, purpose
®  Fundamental goal
®  To the point depiction of the research

®  Consequences, including definite statistics - if the consequences are quantitative in nature, account quantitative data; results
of any numerical analysis should be reported

e Significant conclusions or questions that track from the research(es)

Approach:
®  Single section, and succinct
® Asaoutline of job done, it is always written in past tense
® A conceptual should situate on its own, and not submit to any other part of the paper such as a form or table
®  Center on shortening results - bound background information to a verdict or two, if completely necessary
e  What you account in an conceptual must be regular with what you reported in the manuscript

Exact spelling, clearness of sentences and phrases, and appropriate reporting of quantities (proper units, important statistics)
are just as significant in an abstract as they are anywhere else

Introduction:

The Introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background information to be
capable to comprehend and calculate the purpose of your study without having to submit to other works. The basis for the study should
be offered. Give most important references but shun difficult to make a comprehensive appraisal of the topic. In the introduction,
describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the reviewer will have no attention in your
result. Speak in common terms about techniques used to explain the problem, if needed, but do not present any particulars about the
protocols here. Following approach can create a valuable beginning:

Explain the value (significance) of the study

e  Shield the model - why did you employ this particular system or method? What is its compensation? You strength remark on its
appropriateness from a abstract point of vision as well as point out sensible reasons for using it.

®  Present a justification. Status your particular theory (es) or aim(s), and describe the logic that led you to choose them.
®  Very for a short time explain the tentative propose and how it skilled the declared objectives.

Approach:

e  Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job is
done.

®  Sort out your thoughts; manufacture one key point with every section. If you make the four points listed above, you will need a
least of four paragraphs.

© Copyright by Global Journals Inc.(US) | Guidelines Handbook .

XIX



®  Present surroundings information only as desirable in order hold up a situation. The reviewer does not desire to read the
whole thing you know about a topic.

e  Shape the theory/purpose specifically - do not take a broad view.

®  Asalways, give awareness to spelling, simplicity and correctness of sentences and phrases.

Procedures (Methods and Materials):

This part is supposed to be the easiest to carve if you have good skills. A sound written Procedures segment allows a capable scientist to
replacement your results. Present precise information about your supplies. The suppliers and clarity of reagents can be helpful bits of
information. Present methods in sequential order but linked methodologies can be grouped as a segment. Be concise when relating the
protocols. Attempt for the least amount of information that would permit another capable scientist to spare your outcome but be
cautious that vital information is integrated. The use of subheadings is suggested and ought to be synchronized with the results section.
When a technique is used that has been well described in another object, mention the specific item describing a way but draw the basic
principle while stating the situation. The purpose is to text all particular resources and broad procedures, so that another person may
use some or all of the methods in one more study or referee the scientific value of your work. It is not to be a step by step report of the
whole thing you did, nor is a methods section a set of orders.

Materials:

®  Explain materials individually only if the study is so complex that it saves liberty this way.
®  Embrace particular materials, and any tools or provisions that are not frequently found in laboratories.
® Do not take in frequently found.

e If use of a definite type of tools.

®  Materials may be reported in a part section or else they may be recognized along with your measures.
Methods:

®  Report the method (not particulars of each process that engaged the same methodology)

®  Describe the method entirely

®  To be succinct, present methods under headings dedicated to specific dealings or groups of measures

e  Simplify - details how procedures were completed not how they were exclusively performed on a particular day.

e If well known procedures were used, account the procedure by name, possibly with reference, and that's all.
Approach:

® |t is embarrassed or not possible to use vigorous voice when documenting methods with no using first person, which would
focus the reviewer's interest on the researcher rather than the job. As a result when script up the methods most authors use
third person passive voice.

®  Use standard style in this and in every other part of the paper - avoid familiar lists, and use full sentences.

What to keep away from

®  Resources and methods are not a set of information.
®  Skip all descriptive information and surroundings - save it for the argument.
® leave out information that is immaterial to a third party.

Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part a entirely objective details of the
outcome, and save all understanding for the discussion.

The page length of this segment is set by the sum and types of data to be reported. Carry on to be to the point, by means of statistics and
tables, if suitable, to present consequences most efficiently.You must obviously differentiate material that would usually be incorporated

in a study editorial from any unprocessed data or additional appendix matter that would not be available. In fact, such matter should not
be submitted at all except requested by the instructor.
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Content

Sum up your conclusion in text and demonstrate them, if suitable, with figures and tables.
In manuscript, explain each of your consequences, point the reader to remarks that are most appropriate.
Present a background, such as by describing the question that was addressed by creation an exacting study.
Explain results of control experiments and comprise remarks that are not accessible in a prescribed figure or table, if
appropriate.

e  Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or in manuscript form.
What to stay away from

® Do not discuss or infer your outcome, report surroundings information, or try to explain anything.
L] Not at all, take in raw data or intermediate calculations in a research manuscript.

® Do not present the similar data more than once.
®  Manuscript should complement any figures or tables, not duplicate the identical information.

®  Never confuse figures with tables - there is a difference.
Approach

e Asforever, use past tense when you submit to your results, and put the whole thing in a reasonable order.
e  Put figures and tables, appropriately numbered, in order at the end of the report

e |f you desire, you may place your figures and tables properly within the text of your results part.
Figures and tables

e |f you put figures and tables at the end of the details, make certain that they are visibly distinguished from any attach appendix
materials, such as raw facts

®  Despite of position, each figure must be numbered one after the other and complete with subtitle
®  |n spite of position, each table must be titled, numbered one after the other and complete with heading

e Allfigure and table must be adequately complete that it could situate on its own, divide from text
Discussion:

The Discussion is expected the trickiest segment to write and describe. A lot of papers submitted for journal are discarded based on
problems with the Discussion. There is no head of state for how long a argument should be. Position your understanding of the outcome
visibly to lead the reviewer through your conclusions, and then finish the paper with a summing up of the implication of the study. The
purpose here is to offer an understanding of your results and hold up for all of your conclusions, using facts from your research and
generally  accepted information, if  suitable.  The implication of  result  should be  visibly  described.
Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact you must explain mechanisms
that may account for the observation. If your results vary from your prospect, make clear why that may have happened. If your results
agree, then explain the theory that the proof supported. It is never suitable to just state that the data approved with prospect, and let it
drop at that.

®  Make a decision if each premise is supported, discarded, or if you cannot make a conclusion with assurance. Do not just dismiss
a study or part of a study as "uncertain."

®  Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results that
you have, and take care of the study as a finished work

®  You may propose future guidelines, such as how the experiment might be personalized to accomplish a new idea.

®  Give details all of your remarks as much as possible, focus on mechanisms.

®  Make a decision if the tentative design sufficiently addressed the theory, and whether or not it was correctly restricted.
®  Tryto present substitute explanations if sensible alternatives be present.

®  One research will not counter an overall question, so maintain the large picture in mind, where do you go next? The best
studies unlock new avenues of study. What questions remain?

e  Recommendations for detailed papers will offer supplementary suggestions.
Approach:

®  When you refer to information, differentiate data generated by your own studies from available information
®  Submit to work done by specific persons (including you) in past tense.
= Submit to generally acknowledged facts and main beliefs in present tense.
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THE ADMINISTRATION RULES

Please carefully note down following rules and regulation before submitting your Research Paper to Global Journals Inc. (US):

Segment Draft and Final Research Paper: You have to strictly follow the template of research paper. If it is not done your paper may get

rejected.

. The major constraint is that you must independently make all content, tables, graphs, and facts that are offered in the paper.
You must write each part of the paper wholly on your own. The Peer-reviewers need to identify your own perceptive of the
concepts in your own terms. NEVER extract straight from any foundation, and never rephrase someone else's analysis.

e Do not give permission to anyone else to "PROOFREAD" your manuscript.

®  Methods to avoid Plagiarism is applied by us on every paper, if found guilty, you will be blacklisted by all of our collaborated
research groups, your institution will be informed for this and strict legal actions will be taken immediately.)
®  To guard yourself and others from possible illegal use please do not permit anyone right to use to your paper and files.
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Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading
solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after

CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS INC. (US)

decision of Paper. This report will be the property of Global Journals Inc. (US).

Topics

Abstract

Introduction

Methods
Procedures

Result

Discussion

References

XXIII

Grades

Clear and concise with
appropriate content, Correct

format. 200 words or below

Containing all background
details with clear goal and
appropriate  details, flow
specification, no grammar
and spelling mistake, well
organized sentence and

paragraph, reference cited

Clear and to the point with
well arranged paragraph,
precision and accuracy of
facts and figures, well

organized subheads

Well organized, Clear and
specific, Correct units with
precision, correct data, well
structuring of paragraph, no
grammar and spelling
mistake

Well organized, meaningful
specification, sound
conclusion, logical and
concise explanation, highly

structured paragraph
reference cited
Complete and correct

format, well organized

Unclear summary and no
specific data, Incorrect form

Above 200 words

Unclear and confusing data,
appropriate format, grammar
and spelling errors with
unorganized matter

Difficult to comprehend with
embarrassed text, too much
explanation but completed

Complete and embarrassed
text, difficult to comprehend

Wordy, unclear conclusion,
spurious

Beside the point, Incomplete

E-F

No specific data with ambiguous
information

Above 250 words

Out of place depth and content,
hazy format

Incorrect  and unorganized

structure with hazy meaning

Irregular format with wrong facts
and figures

Conclusion is not  cited,
unorganized, difficult to

comprehend

Wrong format and structuring
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