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Abstract— All helmets are designed to prevent head injury of wearer by captivatingmomentum and preventing infiltration. Aside from
the ability to absorb energy, their volume and weight are also essential considerations, as increase in both will increase the danger of
damage to the user's body parts. Annually, several construction laborswere killed or critically incapacitateddue to head traumas.
Appropriate helmet not only decreases the chances of serious damage but also reduces loss of life. This study focuses on increasing the
strength of an industrial helmet. This is carried out altering material system and its combinations and analyzing the improved
helmet.The helmet was designed in Solid Works, and the analysis was done with the commercial software Ansys. The total deformation,
stress distribution, and total strain were used as performance indicators.
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I. INTRODUCTION

Helmet ashielding headgear that is used to protect skull
from harms. Ritual or emblematic helmets with no protective
use (i.ean helmet used by English cop's) are occasionally
worn. Assyrian troops around 900BC wore heavy dead
animal skin or bronze helmets to safeguard their heads from
dullarticle and weapon hits, as well as arrow strikes. Soldiers
continue to wear helmets, which are now frequently made of
lightweight plastic, and of composite materials.

Helmets are used in civilian life for entertainment and
amusement events and sports (such as climbing, skating, ice
skating etc.); peoples working in risky places (such as
building infrastructure, and rebellion police). Helmets are
also used while riding motorcycles and bicycles. Since the
1990s, the majority of helmets have been made of thermosets
polymers, which may be filled with aramid fibres.

In high-energy collisions, the assembly and shielding
capabilities are altered. Aside from their ability to absorb
energy, their volume and weight are also essential
considerations, as increased size and weight increase the
danger of hurt to user's head and neck and makes wearing
helmet highly uncomfortable. Neurosurgeons invented
anatomical helmets fitted to the inner skull structure at the
end of the twentieth century.

Helmets come in a variety of stylesfor various uses. A
bicycle helmet, for example, have a main purpose to
safeguard the head of rider from impact force caused by
collision of head with road. Rock climbing helmet must
protect against severe impact as well as anything falling from
above, such as small boulders and climbing equipment.
Helmet design is also dictated by practical considerations:
maintaining aerodynamics and ventilation are main

objectives of helmet used by bikers whereas low inertia and
compact to avoid interfering with climbing without
compromising with its capability to protect are main aim of
climbers helmet.

Protecting head is not an only requirement of helmet, some
attachment were also used to increase the safety of wearer.
Such as a jaw cage for cricket, a face shield for person
working with welding, air tight chamber with oxygen supply
for peoples working in chemical environment [1].

Branditet. al. identify the usefulness of helmet in monetary
term and come up with conclusion that about $6000 can be
saved from hospital expenses during injuries only by wearing
helmet [2]. Ginsberg and Silverberg in their detail study of
accidents in and around Israel, suggest that just be wearing
helmet can save 57 lives and $60-70 million total benefits
from reduced need of hospitals and decrease in absenteeism
rate [3].

Fernandes et al. conducted a comprehensive evaluation of
different types of helmets and their efficiency in reducing
harm, concluding that non penetrating head injuries can be
induced by short duration acceleration acting on the
head.Several other researchers come up with different
modifications to extend the life and usability of helmet. Most
of their studies were concentrated on the motorcycle helmet
as number of accidents and causalities are more. In other side
the industrial employees which are the workforce to build the
nation was left with less or very few modification studies
were conducted on industrial helmet [4]. More recently
Mahadi propose the use of palm fruit cell fibre for increasing
the strength and decreasing the weight of helmet [5]. Verma
et. al. in their work suggests the effect of particle morphology
on the behaviour of polymer composite and suggest that
spherical shape of particulate reinforcement is always better
compared to rod shape long reinforcement [6-11]. Various
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types of fiber fillers is used for reinforcing industrial helmet
such as banana fiber, coir fiber ad glass fiber [12-14]. Small
size coir fibres improve tensile strength of coir glass fibre
composites facilitates owing to absence of eliminate curling,
and better fibre matrix bonding. Further, increase in numbers
of glass fibre layers (up to 3 layers) found to enhance tensile
and flexural strength of composites [15].

Simulation is becoming important day by day as it offers
many advantages and is versatile and economic. It can be
applied to any material or component easily and provide
reliable results promptly at reasonable cost. For example,
heat flow behaviour within and around a brake disk during
brake testing was analysed on the model developed by
CATIA V5, using finite element analysis (FEA) with the help
of ANSYS 19, designing of optimal component for
EcoKart[16, 17]. Therefore, present paper aims to use
Solidworks/Ansys to analyze the effect of natural coconut
husk layer in improving the structural stability and safety of
industrial helmet. Beside improving the safety rating of
industrial helmet coconut husk layer also reduces heat pileup
on head and sweating as a result of prolong uses of industrial
helmet.

Il. METHODOLOGY

The geometrical modelling was done in Solidworks with
the dimension and other properties as shown in table 1.
Figure 1 shows the geometric model of helmet.

0.100 (rm)
]

0.050

Fig.1 Geometric model of Industrial Helmet used for
analysis.

Table 1. Geometric parameters and properties of helmet used

for analysis.

Bounding Box
Lengh X 209.99 mm 208.36 mm
Length Y 283.29 mm 281.64 mm
Length Z 157.89 mm 151.96 mm

Properties

Volume 2.3994e+005 mm’ 1.9662e+005 mm’

Mass 0.33592 kg 0.27527 kg

CentroidX|  -9.9101e-004 mm -0.1107 mm

Centroid Y 161.91 mm 154.71 mm

Centroid Z 36.423 mm 18.791 mm
Moment of InertiaIpl 2600.9 kg'mm? 1984.8 kg-mm?
Moment of Inertia Ip2 1764.3 kg-mm? 1456.5 kgmm?
Moment of InertiaIp3 2693.2 kg-mm? 2463.8 kg'mm?

For comparison both with and without coconut husk layer
model was taken for analysis in Ansys. The structural
analysis was done with a presumed load of 50 N. The
deformations and stress was recorded as output for
comparison. The outer layer of helmet was taken of
conventional nylon 4-6 and inner layer is made of coconut
husk. Table 2 details the mechanical properties of both the
material used in the present work [18]. Figure 2 shows the
mesh convergence graph thus element size is chosen based on
the above analysis and were constant throughout.

Table 2 Shows the mechanical properties used in the analysis

Property Nylon 4-6 Coconut husk
Young's modulus (MPa) 889.09 5000
Bulk modulus (MPa) 1397.9 4166.7
Shear modulus 318.9 1923.1
Poisson’s ratio 0.394 0.3
Densify (kg/m3 ) 1.4e-006 kg mm~-3 1.288e-006
14
12
e

10 1

Max. Shear Stress (Pa)

50 40 30 20 15 10

Element Size (mm)

Fig. 2 shows the mesh Convergence graph
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I11. RESULTS AND DISCUSSION The analysis results were summarized and are tabulated in

The static structural analysis was performed on the helmet
by application of 50N load and then total deformation,
maximum shear stress and maximum shear strain were
analysed. Out of the other type of impact on which the human
bearing the helmet can control. The most important and
unusual impact is vertical drop of load which is unpredictable
and un-know. This vertical drop load caused maximum injury
and may result in life loss to. In the present case the vertical
top drop was considered for analysis.

Case 1: Plane Nylon helmet

The geometry was imported from Solid Works and a load
of 50N was applied as drop from vertical downward.

0.014711 Max
0.013076
0.011442
0.0098074

{ 0.0081728
0.0065382
0.0049037
0.0032691
0.0016346

0 Min

0.15387 Max
013677
0.11967
0.10258

- 0.085484
0.068388
0.051293
0.034198
0017102
6.971e-6 Min

. 0.00017446 Max
0.00015508
0.0001357
0.00011631
9.6932e-5
7.7551e-5
5.8169e-5
3.8787e-5
1.9405e-5
2.3749e-8 Min

Fig. 3 Shows the behaviour of nylon helmet (a) Total
deformation, (b) Equivalent stress, (c) Equivalent strain.

Table 3: Helmet with Nylon when force acts on the top
portion

table 3.The maximum deformation is obtained at the point of
application of load on the top of the crown strap and the
minimum deformation is 0 due to the fixed support of the
brim. The maximum shear stress and maximum shear strain
are developed at points where the stress concentration is
maximum due to design.

Case 2: Analysis of helmet with Coconut Husk

After obtaining the results of helmet with Nylon,we further
added a 2 mm thick layer of coconut husk above the head
band and equivalent shear stress, total deformation and
equivalent shear strain were analysed with remaining
condition as same.

0.0043271

0.13669
01215
a10632

Fig. 4 shows the behaviour of nylon-coconut husk layer
helmet (a) Total deformation, (b) Equivalent stress, (c)
Equivalent strain.

Table 4:Helmet with coconut husk layer and force acts on the

top portion
Load |Place | Max. Max Min. Max. Min. Load | Place | Max. Tax Mo ez, Min
Deformation | Equivalent | Equivalent | Equivalent | Equivalent Deformation | Equivalent | Equivalent | Equivalent | Equivalent
(mm) Stres Stress Elastic Elastic (mm) Stress Stress Elastic Elastic
(MPa) (MFa) Strain Strain (MF2) (MFa) Strain Strain
30 Top | 00147 01538 6.97=-6 17424 23723 5 | Top | 0004388 (013669 44376 | 43003 | 5.68%-8
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The maximum deformation is obtained at the point of
application of load on the top of crown strap and the
minimum deformation is 0 due to the fixed support of the
brim. The maximum shear stress and maximum shear strain
are developed at points where the stress concentration is
maximum due to design.

Deformation (mm)

Nyion4-6 Husk

Fig.5 Represents total deformation with 50 N load.

0.016
0.014
0.012

0.01
0.008
0.006
0.004
0.002

o

Figure 5 shows the comparison between the displacement
of nylon helmet and helmet with coconut layer with
nylon.From figure we can see that the total deformation
reduces considerably. Thus, become more safer for the
industries.

Stress (Mpa)

1.55E-01

1.50E-01

1.45E-01

1.40E-01

1.35E-01

1.30E-01

1.256-01

Nylon4-6 Husk

Fig. 6 Represent equivalent (von-mises) stress with 50 N load

Strain

Nylon 4-6

Husk

Fig. 7 Represent equivalent (von-mises) strain with 50 N load

Figure 5, 5 and 7 shows the comparison between the
displacement, equivalent stress and strain of nylon helmet
and helmet with coconut layer with nylon.From these figures
we can see that the total deformation, equivalent stress and
strain, respectively reduces considerably. Thus, the helmet

with 2 mm thick layer of coconut husk becomes more safer
for the industries.

Table 5: Summarized the value and improvement made by
having a layer of coconut husk.

COCONUT | IMPROVEMENT
PROPERTIES NYLON
HUSK (%)
Max.
. 0.0147 0.004868 66.8
deformation(mm)
Max. Shear
0.1538 0.13669 11.12
Stress(MPa)
Max. Shear
. 1.74e-4 4.500e-5 74.13
Strain(m/m)

IV. CONCLUSIONS

Analysis of industrial helmet was presented in the paper.
The introduction of coconut husk layer in the helmet will
enhanced the safety measures and sustainability of it. The
addition of a coconut husk layer at the bottom of head band of
industrial helmet will have a significant reduction in terms of
total deformation, maximum shear stress and improvement in
maximum shear strain.Based on analysis following were the
main conclusions drawn out from the study:

v The total deformation gets reduced by 66.8 %
v The maximum shear stress gets reduced by 11.12 %
v The maximum shear strain is improved by 74.13 %

Thus in future if an industrial helmet is fabricated with a
combination of coconut husk and nylon as the materials, the
helmet will have better strength,lower deformation, more
stress bearing ability,uniform pressure distribution. This will
improve the safety features of industrial helmet.
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