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i Brief objective of the project:

1. Is to design and develop a helmet, which is configured for minimizing the risk of head and
neck injury for the wearer in a simple, economical, user-friendly, and commercially viable
manner.

2. Is to provide the said helmet system comprising different lattice structures using single
material (ABS) layer enabled for absorbing impact shock through elastic deformation.

3. Isto reduce heat during helmet use, and easy to move of the head and neck

Work done so far and results achieved and publications, if any, resulting from the work

Introduction:

In India, bike riders riding bike without wearing helmet is very common sight. Data shows that
approximately 200 million bikers move in Indian roads every day. As per hospitals data, every day
more than 100 peoples die by head injury (age between 18-30 years) due to not wearing the protection

gear when riding the bike. Indian Government/ traffic police has taken lots of initiative on Safe



Driving. Numbers of campaign, advertisement have published. However,those will not work
successfully as people are not concerned about the consequences. Therefore, an important research
topic is how to make our country a safe riding environment. For making a safe journey, the bike riders
have to wear helmet. People do not usually wear helmet due to its weight and low air circulation. It
is important for any helmet to adherecertain criterion such as impact energy absorption, resistance
against penetration. If it can adsorbs the heat inside the cover head that will be an added advantages.
During design, itshould keep in the mind that applicant should not face head trauma during or after
collision. Literature shows that lightweight helmets do not have penetration resistance and shock
absorbing ability. Helmets, which have shock absorbing ability and penetration resistance, are heavy in
weight. Therefore, users feel pain in the neck when they use it for long time.

Protective helmets are made-up of combination of plastic, carbon fiber and Kevlar as reinforced

composite material. The modern helmet consists of two major shielding components, outside thin

shell are developed by reinforced composites like fiberglass/carbon fiber/Kevlar and Acrylonitrile

Butadiene Styrene plastic. Inside liner are developed by expanded polystyrene foam. This makes inner

surface comparatively soft. Since the outer surface of shell is hard it protects the helmets from

penetration of external object and the inner liner is provided withfixed framework for holding

purpose. To absorb crash due to impact load, inner foam liner is provided. 1 inch thick insulation liner

is used in inner surface of helmets. It resists heat transfer between inside and outside surface of the

helmet (which is exposing to outer atmosphere). So a light weight low cost helmet system become a

solution of all above problems.
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It has been also observed that during road accident or any emergency, rescue team reach there late,
due to lack of information. So smart protection helmet become a solution of the entire above said

problem.

Rider of two-wheeler need helmets with the high amount of energy absorption capacity with flexible
and lightweight for comfort. This problem could be solved with the help of lattice structure For safety
of bikers from literature reviews following features should be available in helmet.



The most common reason for not wearing a helmet:

»  The weight of the helmet,

»  The feeling of heat during helmet use, and limitations in the movements of the head and neck

»  Helmets, which have shock absorbing ability and penetration resistance, are heavy in weight.
Therefore, users feel pain in the neck when they use it for long time.

»  Helmet which have smart features are heavy in weight

According to a report conducted by the National Crime Records Bureau of India, in the year 2021 two-
wheeler accidents have claimed nearly 70,000 lives making it the highest and most fatal accident
statistic. Due to the increase in fatal motorbike accidents, the need for reducing the rate of casualty is
now greater than ever. Smart lightweight helmets have the potential to make an important position in
the home appliance market. The maximum market available helmet’s biggest problem is false detection
and the huge chance of more latency due to the only dependency on the cloud platform. The smart
helmet not only fulfills the need for the safety of bikers, but it can also ensure the safety of construction
workers.

In our project proposal we not only take care of all these problems, but we also proposed a solution to
detect the severity of accidents, which may help the doctor with early diagnosis.

Multidisciplinary relevance:

Material Science, Heat transfer, 10T and Machine Learning

Review of Research and Development in the Subject:

Helmet Protection Capability

Most of Aeronautical, automobile, packing, civil industries are using materials and structures where
energy has to be absorbed and dissipated for better efficiency. This material protects fragile products
and human body during sudden accident or impact or dynamic load. Amid other automotive drivers,
bikers are affected by such accidents on the higher level. Data about accident indicates that two-
wheeler fatalities are thirty times greater than that of car in street traffic fatalities. On the other hand,
skull wound data is the primary source of demise and disability in bikers was shown by M. Koornstra
et al., M. Pedenet al., M.R. Linet al. [1-3]. Two-wheeler helmets are highly efficient product of
guarding equipment for head safety by F.A.O. Fernandeset al. [4] and their capacity to absorb
energy can be enhanced to cut thedanger of head wounds. Hence, current research goals at evaluating
the usage of novel materials which can absorb energy in private shielding products in case of specific
helmets to enhance their guard level. In the recent developments, the analytical method like finite
element analysis is use as effective method to device safety tool by R. Miralbes [5] and to find out
effect of accident on human body. Hence, the current study intentions at evaluating the utilization of

different materials which can absorb energy, using FEM, to enhance PPE’s shielding capacity.
Use of Energy Absorbing Materials

Many investigations have been done to know the effectiveness of expanded polystyrene (EPS)using
FEM. As EPS is extensively utilised as material which can absorb energy in helmets. Literature of M.
Ghajari etal. And A. Cernicchi et al. [6-8] studied numerical simulation on use of the axial mechanical

characteristics of EPS, while helmets can undergo multiple impacts including oblique impacts. The



output in shear of EPS is depends on theaxial strain and no investigational statistics in previous
study, which exclusively indicated the shear stiffening of EPS because of compression in axial
direction. A portion of this research isto investigate various mechanical properties and strength of
expanded polystyrene material, this data after testing can be utilised to enhance above materials for

the computation of smart helmets trials, particularly in different crash operations.

Valuation of Protective Equipment’s.
Protective equipment’s are freshly presented for two-wheeler bikers but to assess their outcome
standard way should be known. Mentioned investigation aims at recognizing output at cervical spine

of rider against direct impacts on helmet with and without use of mentioned equipment.

Finite element analysis was used for calculation of its effect. This method is for checking neck damage
types where hyper flexion, hyper-extension as well as bending in lateral direction are studied in literature
of S.S. Ooiet al. [9].

The computations were done for case studies which include neck moment without any support with
examined load as per literature. The energy dispersal at neck bone can enhance the presented kind of
vertebrae equipment danger of neck damage in some loading cases. The neck brace indicated increase in
force when rotational motion of head is studied in comparison to torsion, shear and axial forces acting

on neck.

The outcomes of the current work indicates that support provided for neck helps to restrict the neck
moment which reduces impact load on neck and reduce the cervical distortion in the neck. Therefore, more
relevant standards must be introduced for the design of such devicesfor further examination and

evaluation.

International status:

S. No. Patent Referred Gap analysis
1 Air permeable helmet - Helmet for proper air circulation but not
(DE202010013863U1) -October 05, 2010 | making it light weight and Al enabled.
2 Augmented reality motorcycle helmet- Use of IOT for making it AR enabled but no
(US20130305437A1) -May 19, 2012 light weight concept with air circulation
3 A kind of collapse type composite Manufacturing process used here is very
construction lining of helmet and its complex and cost for helmet is too high

design method based on SLS technique-
(CN109063297A) -July 23, 2018

4 Personal protection equipment - Only lattice structure use, but no air circulation
(EP2525187A1) - May 16, 2011 concept and topology optimization done.



https://patents.google.com/patent/DE202010013863U1/en?oq=DE202010013863U1
https://patents.google.com/patent/US20130305437A1/en?oq=US20130305437A1+
https://patents.google.com/patent/CN109063297A/en?oq=CN109063297A+
https://patents.google.com/patent/EP2525187A1/en?oq=EP2525187B1+

5 Helmet, process for designing and Collapsible concept used where safety aspect
manufacturing a helmet and helmet is comprised.

manufactured therefrom-
(W02018072017A1) -October 10, 2016

6 Intelligent danger prevention airbag Protection for user achieved but no aspect of
helmet capable of achieving the effects of | light weight and 10T.

buffering impact and fast hard outer
casing separation-(TW201916826A) -
October 25, 2017

7 Safety helmet device- only IOT use in helmet, No light weight or
(W02015162624A2), April 16, 2014 Lattice Structure

8 Safety helmet device-(KR20100060458A) | only 10T use in helmet, No light weight or
November 27, 2008 Lattice Structure

Study of using lattice structures as helmet liner

Experimental and computer research showed that the use of liners that can absorb energy with variable
mechanical properties through thickness could increase the capacity of helmetsto absorb energy by L.
Di Landro et al. and L. Cui et al. [15,16]. Therefore the possibility of using a lattice construction that
provides various mechanical features via the thickness due toits classified mechanism has been explored
in the current work. The models of the prototype design were produced using two separate prototypes, and
then the models were tested for material characterization and material choice. According to the trial results,
a validated FE model of the classified process was developed. In order to analyze the ability of the
experimental prototype to minimize head accelerations, the analytical approach was then used. The
findings suggest that the use of the liner will minimize the centre of the head's linear and rotational
accelerations as compared to those obtained using an EPS liner of thesame mass. In addition,
computations using a human body template (THUMS) revealed that during the use of classified lattice
liners, biomechanical measures of skull fatalities, i.e. equal pressure, tension and maximum shearing stress,
were decreased. These results suggest that materials developed using rapid prototyping could be used for

the subsequent generation of helmets as alternative liners that can absorb energy.

Head Neck Injury

Figure 1. Shows the essential forms of brain casualties. Fatalities of soft tissue to the skull and face,
including bruise and cutting, are considered negligible wounds. Splits are more severe injuries to the
brain. It is possible to characterize skull ruptures as mentioned: facial, vault and basilar skull fractures
by K.-U. [19]. Schmitt et al. Due to an influence on the faceor the vault, facial and cranial cracks
normally occur, but Basilar Skull Fracture (BSF) is dueto extra complex mechanisms. In addition, the

common types of head fatalities experiencedby two-wheeler bikers are BSF. A scientific analysis by


https://patents.google.com/patent/WO2018072017A1/en?oq=WO2018072017A1+
https://patents.google.com/patent/TW201916826A/en?oq=TW201916826A+
https://patents.google.com/patent/WO2015162624A2/en?oq=WO2015162624A2+
https://patents.google.com/patent/KR20100060458A/en?oq=KR20100060458A

Chee and Alli et al.[13] showed that two-wheeler riders were half of the patients who went through BSF.
Dowdell et al.[10] considered 200 deaths, including two-wheeler riders wearing helmets, and found that
during fatalities, the chin bar of full-face helmets has the highest risk of impact. As per case studies, nearly
half of the dangerous impacts on the forward-facing of the helmet and chin bar werealso caused by 40

percent of BSF impacts.

Head Injury Open/Close

Skull Injury Brain Injury
‘ Fracture ‘ ‘ Soft Tissue Injury ‘ Diffuse

Hematoma Contusion

‘ Facial Skull ‘ ‘ Skull ‘ ‘ ‘ ‘ ‘
MNasal Bone Vault Laceration Epidural H. Coup/Contrecoup
Fracture Fracture Contusion Subdural H.

Concussion

Swelling

Figure.1 Classification of head/ elbow Injuries [20]

T.Whyte et al.[11] investigated 47 case studies of deadly two-wheeler causalities in a comparable
sample, showing that BSF was the maximum frequent form of brain wound (31 cases), and that no damage
occurred at the impact site in 15 case studies sustaining BSF. Further severe investigation into non-fatal
two-wheeler deaths found that approximately 69%of cranium crack sharpened at the bottom of the skull
by S. Piantini et al. [12]. The skull may be damaged by either static force action or dynamic force action.
The skull distorts until a peak deformation ranges during the state of static force and then the brain
ruptures. The wound could be due to contact or non-contact forces during the dynamic force state. An
impact on the brain can cause damage to the skull, which can lead to direct breakage. In addition, head
trauma can also cause skull damage, such as epidural hematoma or contusion. In addition, the dynamic
force described provides a rise in stress; it spreads inthe skull and brain (see Figure 2). A pressure
gradient in the brain with positive pressure atthe impact position and negative pressure at the other
impact position is created by the trend spread, and such a pressure gradient can cause local skull damage
from K.-U. [17]. Schmitt et al. Without any direct relation, skull damage may be due to induced inertial

loads (acceleration or deceleration). Acceleration is translational or rotational in two ways. On the other



hand, translational acceleration induces catastrophic local skull acceleration, which also contributes to

diffuse skull injury (see Figure 3). The injuries, however, were also caused by a direct hiton the head.

Deformation Pressure waves Relative motion Pressure gradients

Figure.2 Mechanisms of head injuries due to an impact [18]

Even if helmets already decrease the jeopardy of accident in bike mishaps, they could still be upgraded.
Hence, several researchers have been studying the consequence of using various energy absorbing
materials to upsurge the helmets’ level of protection. Caserta et al. [19] studied the consequence of using
the honeycomb material as the shield and Coelho et al. [20] measured the possibility of using a composite
outline made of EPS and cork, with the objective to decrease skull linear acceleration.

For the safety of helmets’ outline liner Expanded Polystyrene (EPS) foam is the mostly preferred. Even
though, oblique impacts may act on helmets and the liner may be subjected a multiaxial stress field, still
a uniaxial compression test technique is utilised for helmet’s liner output characterization. Since presently
used standards need direct impacts for helmets assessment, uniaxial compression test for EPS
characterization would deliver dependable material characteristics for FE modelling of impact tests as per
these standards. However, for more accurate FE computations, in case of an oblique impact, a multiaxial
stress filed in the EPS should be considered. Hence, because of absence of accurate experimental facts to
reproduce the liner’s output precisely in the literature, a part of this thesis is devoted to accurate material
characterization of EPS foams[24-27].

Many researchers have examined the structural characteristic of MLS by applying static, fatigue & impact
forces. With the application of tensile forces stress-strain graph plan can be found which eventually gives
rise to elastic modulus and yield strength. Compressive forces are also applied with the help of
investigational setup which helps author to investigate distortion mechanism of MLS and determination
of stiffness. Impact or dynamic force investigation gives clue about energy absorption capability and
dynamic strength of MLS. During fatigue testing beginning of crack, crack propagation phenomenon,
concretion which causes appalling failure can be considered.

Metal lattices have common applications:

e Lightweight physical ideas that can absorb the energy of audition, shock and vibration
e Aerospace fuselage sandwich structure and wing structures. In general, without
bending, sandwich core morphologies show elongating and compression abilities



[21].

e Flight recorder protection system: a micro-lattice coating covers the crash retention
device[22]

e Impact as well as blast resistant buildings

e Permeable biocompatible assemblies

o We have developed different lattice structure and analyse their deformation under different
loads.

It may be noted that different researchers from premier institutes made some remarkable work based on
road safety-related devices, especially in theoretical and experimental work. But maximum of the
research work has missed the critical challenges, (like preventing false alerts generation, classification
of impact, and latency due to the dependency on the cloud) of the smart helmet.

The Internet of Things (loT) is an emerging technology, especially in smart devices which can be

controlled concerning a Node MCU module. [28-29] IoT has found its implementation in various fields
especially monitoring systems using the ESP8266 module rather than the Arduino microcontroller
system because it has an inbuilt Wi-Fi station and access point AP. Even in the healthcare industry,
monitoring cardiac patients to prevent accidental deaths. Cloud-based integration of data generated by
devices truly integrates the Internet of Things and Networks. [30] A smart city uses the building blocks
of 10T and gives us a glimpse at how 10T will soon change the way our world operates on a day-to-day
basis.

In recent years, with the advancement of 10T, [31-32] 10T has found its way to analysis of real-world
scenarios with more concentration on prevention. According to the Indian Government, the percentage
of accidents in two-wheelers has been on the rise, and accident detection and alert using modern
Artificial Intelligence with 10T have gained popularity of thought. With the use of 3 sensors- heat
sensor, gyroscope, and accelerometer the occurrence of an accident is detected. An alert system also
sends notifications to emergency services and frequently contacts family members.

Fall detection can potentially save lives. [33] Using a tri-axis accelerometer and gyroscope built into
smartphones, a threshold value of acceleration and mean angle can be set beyond which a person is
considered to have fallen. The fall can be categorized into four categories- fall forward, fall backward,
fall left, and fall right but it can be further developed by the addition of GPS sensors and impact sensors.
The real-life importance of this project can be understood because according to the World Health
Organization (WHO) falls are one of the leading reasons for accidental deaths, [34] a review of all
possible real-time methodologies offers us the best possible form of detection algorithm with the most
accuracy helps us to analyze all possible and future methods of implementation.

National Status:

S. Chandran et. al [35] has developed a smart helmet for detecting and reporting accident by the help
of 10T, Wi Fi enabled processor, Sensors, and Cloud Computing. This helmet can able to send data
with location to pre feeded mobile no during emergency. D salvi et al. [36] has explained a method for
detecting use of mobile phone and alcoholic driving during bike riding. If person consumed alcohol and

driving or using mobile phone during driving the bike ignition system become stop and bike become



stop slowly. People have worked lot on smart helmet [37-41] but combination of light weight with smart

helmet is very rare worked.

Market Survey
Top 14 Best Helmets in India (2022)
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14. Vega Verve

After studying helmets available, we have find following solution.

1. Research investigation into the characterization of additive materials for the simulation of
energy absorbing 3D lattice-like structures.

2. Testing of different lattice structure inside the helmet structure to check for maximum energy
absorption is not completed.

3. Result comparison for Lattice structure for different material can be done.

4, The more detailed study on effect of lattice geometry and orientation on the strength, stiffness
& energy absorption capacity can be found out.

5. More advancement should be done in FE model to minimize the discrepancies in results of FE
& experimental model.

6. Testing as per Indian standard —4151:2015 which is not performed on light weight lattice
structured helmet

7. Human Injury Criteria is essential while designing Helmet which is missing for lattice based
structured helmet.

8. Manufacturing of the same with advance Additive manufacturing techniques is not done (eg:
SLS and SLM technique for metals and polymers)

9. Impact energy absorption is with some helmet but no resistance against penetration.

10. Helmet adsorbs the heat inside the cover head but no mechanism for heat dissipation.



11. Applicant should not face head trauma during or after collision as lightweight helmets in
literature survey do not have penetration resistance and shock absorbing ability.
12. Helmets, which have shock absorbing ability and penetration resistance, are heavy in weight.

Therefore, users feel pain in the neck when they use it for long time.

Objective:

I.  Is to design and develop a helmet, which is configured for minimizing the risk of head and
neck injury for the wearer in a simple, economical, user-friendly, and commercially viable
manner.

Il. Is to provide the said helmet system comprising different lattice structures using single
material (ABS) layer enabled for absorbing impact shock through elastic deformation.

I1l. s to reduce heat during helmet use, and easy to move of the head and neck

Methodology

1. The goal of the project is to produce a protective helmet which reduces the risk of injury for the
Wearer which will have Lattice Structured material that absorbs linear and angular shock through
elastic deformation. Impact Protection and Shock Absorbing capacity is another property of a
helmet. It will be light weight and design ergonomically for the Wearer. We have already analyzed
different lattice structures (BCC, BCCZ and BCC enhanced), our 1% work was to do experimental
work (impact, compression, drop test) on BCCZ/ BCC enhanced microstructure fabricated using

following materials and find out base possible material for helmet structure.

We have designed following structures and FEA analysis has been done.

1 Designing various micro-lattice structures based on the Body-Centered Cubic (BCC)
configuration.

3D printing is a contemporary expertise that facilitates the production of intricately designed structures.
Numerous stainless-steel models, created through additive manufacturing (AM), exhibit energy
absorption properties suitable for applications such as explosion and impact shield, as well as in aviation
structures. This study focuses on the fabrication of lattice arrangements made of stainless steel 316L
using various strut diameters, utilizing metallic selective laser melting (SLM) equipment. The
investigation encompasses a systematic examination of the behaviour under compressive loading,
collapse mechanisms, and energy absorption capabilities of diverse lattice arrangements. Additionally,
finite element (FE) investigation was conducted to justify the findings obtained through investigational
work.

316L is a type of stainless steel known for its excellent corrosion resistance, making it suitable for a



wide range of applications, including in lattice structures. Here are some potential applications of 316L
in lattice structures:

1. Implantable Medical devices

2 Filters and Separation Membranes

3 Heat Exchangers and Thermal Management Systems:

4. Structural Components in Harsh Environments

5 Electrochemical and Catalytic Applications

Overall, the combination of corrosion resistance, mechanical properties, and versatility makes 316L
stainless steel a valuable material for various applications in lattice structures across industries ranging
from healthcare to manufacturing. The construction of a lattice arrangement involves the careful
selection and arrangement of trusses and nodes. Properly designed lattice structures consist of recurring
unit cells that collectively form a block, as illustrated in Fig. 3.1. The body-centered cubic (BCC)
assembly is achieved by intersecting struts at junction points, dividing the 8 cells with unit dimension
into distinct boundaries. The strut dimensions, which can be square, round, or solid, are chosen based
on the intended use, required degree of freedom, and strength. The strut length significantly influences
the structural robustness and weight of the lattice arrangement. The measurements of the BCC model
are application-specific and depend on factors such as capability to carry stress as well as hardness. Fig.
3.2 (a) and (b) illustrates the numerical variables associated with the BCC arrangement, including strut
length (1), cross-sectional diameter (d), unit cell length (lu), cross-sectional angle (6), and the number
of repeating unit cells (nu).

Aspect ratio for lattice models was specified by the length of strut divided by the strut cross-section
diameter (l/d). The quantity as well as arrangement of unit cells show a key role in deciding the

resilience and energy absorption breaking point of the cellular structure [26, 28,31,44]
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Fig. 3 (a) Representation of the BCC lattice structure containing unit cells (b) and the geometric
depiction of a BCC unit cell.

In recurring lattice models, unit cells serve as representational volume elements (RVES) meanwhile



they were systematically replicated in space. The lowest recurring body-centered cubic (BCC) cellular
block isillustrated in Fig. 3.2 (a) consisting of eight slanted struts of equal size. Key parameters defining
parameters of the BCC model consist of the strut diameter (d), length of the unit cell (lu), strut length
(21), and lattice angle (). Fig. 3.2 (b) showcases a multi-layered BCC structure, where lengths of edge
denoted by Lx and Ly of the unit cells, and Lz represents the height of the block in the multi-layer BCC
layout. Fig. 3.2 (a) elucidates the relationship between block size and unit cell: A lattice cellblock is
denoted by nly, nly, and nl,. For example, a lattice cellblock with dimensions 5x4x3 signifies Five-unit
cells in the x-axis, four in the axis along y direction, and three in the axis along z direction. Each unit
cell has a diameter of 0.3 mm and a length of 2 mm, contributing to the overall dimensions of the lattice
cube at 20 x 20 x 20 mm.

L
d ,
Lx = 20 mm
Ly =20 mm
Lz=20 mm

Fig. 4. (a) BCC lattice arrangement (b) Illustration of a unit cell.

Fig.5 Comparison of BCC and BCC Improved Lattice Structures, and BCC versus BCC with Z
Lattice arrangements.

The BCC (body-centered cubic) configuration closely resembles the Bravais lattice, featuring a
structure with a single atom at each lattice point positioned at every vertex of the block as well as at the

center of the cube. BCC is almost densely boxed and boasts superb firmness due to the arrangement of



struts and joints. The BCC improved structure maintains the identical overall shape as the BCC
arrangement, with the merely modification being in its design of strut (see Fig. 3.5). Utilizing
optimization conjecture, the struts are constructed using varying diameters, featuring a smaller central
diameter to bear less load and a thicker diameter at the corners to withstand greater loads. The reduced
diameter at the centre contributes to optimizing composition, enhancing the attributes of the typical
BCC arrangement.

A 3D model of various BCC arrangements was generated with the help of CAD software package, with
Fig. 3.4 illustrating the BCC, BCC Improved featuring diameter modification, and BCC with Z strut
structures (with an added strut in the z-direction).

The primary cell for BCC (Body-Cubic Centred), BCC Improved, as well as BCC with z strut was
created with proportions of 2 mm all, featuring struts with a diameter of 0.3 mm. The complete
arrangement aspects were set to 20 mm in all the 3 dimensions, ensuring correct construction along the
X, Y, and Z axes. The BCC with z strut structure, alike to the BCC, was designed to enhance stiffness
and strength by incorporating an additional Z-axis strut.

The BCC with Z strut lattice structure merges the stretch-dominated characteristics of the BCC
Improved arrangement with the bend-dominated nature of the BCC cellular arrangement, as per the
breakdown mechanism. Figure 4 gives a visual interpretation of the structures, where the matrix has
dimensions of 20 x 20 x 20 mm, as well as each unit cell measures 2 mm in all the directions (Fig. 3.6).
Support plates, each using a depth of 0.3 mm, were affixed to the top and bottom planes for the

compression examination.

Fig.6 BCC Matrix of Lattice Structure

Analysis of various BCC arrangements using Finite Element Method



FE analysis was conducted on arrangements of BCC, BCC with z strut, and BCC improved to compute
the peak stresses in the arrangements. The standard BCC arrangements exhibited stress concentration
at the junction zone, specifically at the crossing of trusses, indicating a stretch-dominant pattern in the
breakdown mechanism. In BCC with z strut, stress was sustained by the z strut, as well as lattice
breakage initiated after the z strut breakdown. In BCC improved, because of the alteration in the size
of the strut, densification of stress delayed judged against BCC. The BCC with z strut arrangement
demonstrated better attributes when compared with the other arrangements. The distortion process of
BCC with z strut suggested bending dominance initially, transitioning to stretch-dominated behaviour
after the breakdown of the strut with z strut. BCC improved exhibited a distortion process dominated
by stretching, with stress concentration at the strut connection. Understanding the distortion procedure
is needed for determining the practical function of the lattice arrangement.

FEA explained the collapse pattern of lattice prototypes, facilitating modifications to the lattice
arrangement for improved compression and energy absorption characteristics. Earlier creating a full-
sized lattice protype under compression, a comprehensive study of the fundamental mechanical
attributes of the additive manufactured material and a prime unit cell was undertaken. Stress exploration
in the BCC lattice arrangement (Fig. 3.7) revealed utmost stress at the end of the lattice assembly, with
the initiation of distortion witnessed at the junction of strut. Fig. 3.8 displayed a steady crushing
behaviour of the lattice arrangement subjected to quasi-static loading at varying strain rates. FE
investigation played a crucial role in understanding the failure spot and studying the distortion pattern.
To validate its precision, the Finite Element prototype was assessed utilizing data obtained from

compression experimentations.
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Fig. 7 Finite Element Analysis (FEA) configuration for BCC cellular arrangement below
gradual compression force range of 4 to 12 kN



Result Analysis
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Fig. 8 BCC with z strut cellular arrangement measuring 20x20x20 mm with subjected to a force
ranging from 4 to 12 kN.

Fig. 9 Finite Element Analysis (FEA) simulation outcomes at various strains for BCC, BCC
improved, and BCC with z strut.

Table . Result Analysis FEA




BCC 70 65

BCC Enhanced 95 100

BCCz 124 120

The performance of lattice models under compression is created using FEA. To confirm the veracity of
the software results, the lattice structures have been meshed with over 400,000 elements. The finer
meshing elements provide accuracy in the resulting deformation spectrum in FE analysis. The meshing
model of the lattice structure is formed using the linear Tetrahedron element. In order to create
prototypes of the fixtures used in experiments, rigid discs are given for lattice models at both ends of
the FEA solver. The stiff fixtures and the lattices form a linked relationship. To represent the
densification of cellular structures and prevent the body from self-penetrating, a general frictionless
self-contact is also taken into consideration in the body. The material properties were SS316 (density =
8000 kg/md, Young modulus = 193 GPa, tensile strength = 485 MPa). Software used here is ANSYS
(structural Analysis) FE analysis on models of BCC, BCCz and BCC enhanced was carried out. Mesh
size was chosen as 0.5 mm. FE simulation was run to compute the maximum stresses within the
structures. Typical BCC structure shows stress densification in the nodal area, i.e. at the intersection of
truss. The breakdown pattern of BCC indicated a stretch-dominant pattern. The failure is initiated at the
inner layer of the unit cell. In BCCz, stress is supported by the z strut, and failure of the lattice began
after the failure of the z strut.

In BCC enhanced due to variation of diameter of the strut, stress concentration delayed compared to
BCC (Fig. 3.7). The BCCz topology showed superior properties as compared to other structures. As
the deformation mechanism of BCCz indicated, bending dominated at the start and, the failure of the z
strut, showed stretch-dominated behaviour. BCC enhanced showed a stretch-dominated deformation
mechanism with stress concentration at the junction of the strut. The failure mechanism is the base for
selecting functional usage of the lattice structure.

The deformation process of lattice models is explained by FEA, which also modifies the lattice pattern
for better compression and energy absorption properties. The key mechanical characteristics of 3D
printed material and a fundamental unit cell study were completed prior to creating a full-scale lattice
compression model. Figure 3.8 shows stress analysis in BCC lattice structure. Stress distribution shows
maximum stress at the bottom of lattice structure. The commencement of deformation is observed at
nodal level. Figure 3.8 shows gradual crushing pattern of lattice structure under quasi-static loading at

different strain rates. FE analysis helps to understand the location of failure and helps to study



deformation mechanism. To verify its accuracy, the finite element model was evaluated using

experimental data from compression experiments.

. The lattice structure and will be made using following materials. We will observed and compare

printing time also

. PLA (Poly lactic acid),

. ABS (Acrylonitrile butadiene styrene),

. HIPS (High Impact Polystyrene), Nylon, Carbon fiber
. HDPE (High Density Poly Ethylene),

. Aluminum, Tetra polyurethane( Dura Form)

Then we tried to find out methods for developing micro lattice structures.

Material Topology Manufacturing

Sr. Process Description

No.

1. Polypropylene Octet Selective  laser | At low relative densities specimens fail due to

sintering instability in shear while at high relative density
specimens’ breakage is tensile in nature. Stiffness
depends on relative density, connection of strut, and
mode of breakage.

2. stainless steel f2cc,z & hollow | SLM SLM produced f2ccz showed comparatively

spherical lattice elevated density, ultimate tensile strength, Young’s
modulus, strain energy .

3. thermoplastic triangular, Additive Triangular and Kagome behavior was established
polyolefin Kagome, manufacturing like stretch influenced whereas hexagonal and
(TPO) hexagonal  and diamond are like bending influenced.

diamond

4. Nickel-based BCC Direct metal laser | Fatigue loading causes initiation of crack at

IN718 sintering connection of node and truss leading to failure of

structure.




5. 316L stainless | Face Centre Cube | Selective  laser | Mechanical attributes like yield stress of FC and VC
steel (FCC),  Vertex | melting (SLM) as compared to ECC. While ECC shows superior
Cube (VC), force carrying and energy absorption capability.
and Edge Centre
Cube (ECC)
6. Al, Inconel 600, | tetrahedral 3D direct laser | The rupture strength of Aluminum shows highest
and Ti 6Al-4V, writing (3D- | peak when compared to other types .
with epoxy- | trusses DLW)
based resist IP-
Dip (Nanoscribe
GmbH) was
used as the base
material
7. Ag-Li octahedral Aerosol Jet 3D | By using MLS based on silver as anode and lithium
structure printing foil as cathode, the author reported an increase in
capacity of electrodes .
8. Ti-6Al-4V Octahedral selective electron | Compressive outcome of heat-treated MLS at 10500
annealing gives elevated performance.
beam melting
(SEBM)
9. ALSi10Mg the rhombic SLM Stiffness of found to be function of diameter of strut
while it has very little effect on other arrangements.
dodecahedron and
two types of BCC
cellular lattice
structures
10. |standard grey | Octet truss the inverted SLA | Standard gray resin displayed brittle whereas

and the durable

resin

technique

durable resin showed ductile response. Yield stress
is found to be a function of diameter of ligament .

Methodology 2. Manufacturing procedure for various BCC structures:

The rapidly advancing technology in advanced manufacturing opens possibilities for creating intricate

three-dimensional shapes through a layer-by-layer model. This innovation provides designers with

greater flexibility to design highly durable and lightweight products, particularly in industries such as




aviation, healthcare, and automobile productions. Selective laser sintering (SLS) stands out as a well-
established 3D printing technology in rapid prototyping, allowing the generation of robust patterns as
well as concluding drawing from CAD files. SLS employs a high-power laser to fuse atoms together, a
procedure regularly referred to as sintering. The choice of SLS for this research is based on its versatility
in accommodating various materials and its cost-effectiveness. Moreover, SLS is adept at
manufacturing limited quantities of samples and is easily obtainable in the Indian marketplace.

The samples employed in the suggested experimentation were produced employing the SLS method
within the 3D fabrication method. As outlined in Table 1, 7 various sorts of constructions using variable
strut lengths and diameters are constructed. These include the Lattice arrangement with a non-variable
size of strut (BCC structure), lattice constructions with varying diameters (BCC improved), and lattice
arrangement using a Z-axis (BCCz), all with different lengths. To minimize errors during testing, three
samples of each category are produced, and the average of all outcomes is considered. Heat treatment
was applied, involving heating up to 500°C pursued by air cooling. This heat treatment aims to enhance
grain refinement and mechanical strength. The specimens undergo testing under a Scanning Electron
Microscope (SEM) to identify any manufacturing faults, with the observation that there are nil errors in

the specimens manufactured using the overhead procedure.

Table 3.1: Specification of Various BCC Lattice Configurations.

Sr.No. | Weightingm Description

1 5.20 BCC Improved Lattice construction using length of strut as 3mm with

varying diameter of 0.3 at centre & 0.4mm at junction

2 6.90 BCC lattice construction with a stud length of 2.5 mm and a consistent

diameter of 0.3 mm

3 6.80 BCC Improved Lattice construction using length of strut as 2.5 mm

with varying diameter 0.3 at centre & 0.4mm at junction

4 7.70 BCC Lattice construction using length of strut 2 mm with even

diameter of 0.3mm

5 7.40 BCC Improved Lattice construction using length of strut as 2 mm with

varying diameter 0.3 at centre & 0.4mm at junction




Sr.No. | Weightingm Description

6 6.90 BCC Lattice arrangement length of strut of 2 mm using constant

diameter of 0.3mm

7 4.90 BCC with z strut using 3 mm length of strut using even diameter of

0.3mm

NN NNININD S

P.No. 1 P. No.2 P. No. 3 P.No. 4

P.No.5 P. No. 6 P. No. 7

Fig 11. Various BCC Arrangements Later Manufacturing

A thin BCC microstructure with various orientations was created using the SLS (Selective Laser
Sintering) 3D fabrication method, specifically with the RenAM 500Q/S AM system (Renishaw Metallic
3D printing). The process involved the successive spreading of SS 316 powder in 0.3 mm thin levels.
A powerful laser selectively fused the powder based on information obtained from digital designs. This
layer-by-layer technique was repeated, resulting in the gradual construction of a solid structure. The
excess powder was physically eliminated to reveal the final outline, and bead blasting was applied to
further eliminate powder deposit.

The lattices were manufactured using part cell proportions of 20 in all 3 directions, following a BCC



structure. The BCC block featured a 0.3mm size of strut, and the strut length varied between 2mm,
2.5mm, and 3mm. The attributes of the SS316 powder are outlined in table below.
Table 3.2. Attributes of SS316L

Sr.No. Attributes Value
1. Strength under tensile load 485 MPa
2. Minimum Elongation 40 mm
3. Yield Strength 170 MPa
4. Young’s Modulus 193 GPa
5. Density 8000 Kg/m?

Experiments conducted at Mechanical Department of IIT Powai, India involve square cross-section
prototypes with Ly=20mm, Ly= 20mm L,= 20mm created with the SS316L alloy. The RenAM500Q/S
AM instrument was employed to compress the samples, utilizing a highest force of 100 kN, and
displacement is precisely determined through trio photographic camera arrangements using the 3D
Digital Image Correlation technique. To eliminate reflections, a matte dye is applied to generate a
speckle outline on the sample's surface. To achieve optimal probing resolution, a 50mm hard focus lens
with extension tubes is employed.

A reliable instrument is employed to determine the shape, displacement, and strain in applied substantial
automated functions during materials investigation which is called Digital Image Correlation. DIC is
an optical, non-connective measurement tool employed. DIC operates on the correlation principle,
involving the sequential acquisition of digitally recorded pictures of a sample's external surface
throughout an experiment. A reference image is required for measurements considering the primary
status of the model's geometry or plane. The sequences of measurement pictures were judged to this
reference picture to recognize the geometry. Individual item on the examination item's plane is
transformed into a 3D perspective by means of projection standardization from the comparative (2D)
perspectives of multiple cameras,  suggestively
enhancing the dimensional accuracy for corresponding entity points in both 2D pictures.

Compression tests are conducted with a traverse velocity of 1 mm/min, gradually applying compression
to the specimens. This process is driven by displacement, and the entire experiment is meticulously

captured through the DIC technique.
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Fig. 4.1 Planar Biaxial System with MTS Methods Corporation of capability 100 kN
The specimens experienced nonstop distortion throughout the experiments subjected to compression,

as illustrated in Figure 9. Damage monitoring was carried out through image-based assessment of the
tests to identify the onset of cracks, which were observed at the exterior plane. Additionally, digital
image correlation (DIC) analysis was employed, facilitated by the specimen being painted white, as

depicted in Figure 4.2.

Fig 4.2 The deformed specimens under Compressive Ioading for BCC & BCCz
The Digital Image Correlation (DIC) method is utilized to capture strain lines over the sample, ascertain

strain at specific spots, determine average and maximum strains, and gather various statistical data. In
this context, fracture propagation is investigated using a High-Speed Camera. DIC is utilized to examine

in situ experiment pictures subjected to tensile or compression.

The Low-Speed Camera utilized in this study can capture imagery at the highest grade of 75 framesr a
second. It has a resolution of 2448 x 2048 pixels and is equipped with a Sony IMX250 sensor, a 2/3-
inch sensor. This camera is instrumental in obtaining detailed and high-quality images for precise

analysis in the context of fracture behaviour and deformation during the tests.
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Fig.4.3 Images of Gradually applied compressive load on SS316L BCC lattice arrangement.
A gradually applied experiment was conducted to judge the energy absorption capacity of the composite

when subjected to axial forces. These experiments involve the use of a press which is hydraulically
operated, where the prototype undergoes deformation at an incredibly minimal crosshead speed
amongst both parallel steel plates. Quasi-static tests are commonly employed to recognize the energy-
absorbing ability as well as collapse styles of materials. This record was crucial for efforts wherever
energy absorption is a major interest, particularly in industries such as automotive and aerospace, which

require materials with compelling energy absorption capacities.

The stress vs. strain graphs for different lattice structures are analyzed:

BCC Lattice arrangement with Continual Diameter (0.3 mm):

Series 1: Strut length 2 mm

Series 2: Strut length 2.5 mm

Series 3: Strut length 3 mm

BCC Lattice Structure with Varying cross-section at center of strut= 0.3 mm, at junction of strut= 0.4
mm):

Strut lengths: 2 mm, 2.5 mm, and 3 mm

BCC with z strut arrangements with Constant Diameter (0.3 mm):

Length of Strut: 3 mm

In this study, three different lattice structures (BCC, BCCz, and Enhanced BCC) were created utilizing

the powder bed fusion selective laser melting (SLM) procedure. Alloyed Stainless steel AISI
316L/1.4404 was chosen for these lattice arrangements, including a comparative density of 33% judged
to bulk specimens as well as a constituent density of 2.623 g/cm3. The investigation aims to examine

the plastic performance of these cellular arrangements under compression.



4.1 Results and Discussion:

After fabrication of lattice arrangements using SLS metallic 3D printing, SEM (Scanning Electron
Microscope) analysis is performed to inspect intended for some fabricating flaws. Subsequently,
specimens were assessed Planar Biaxial System with MTS Methods Corporation of capability 100 kN,
and Digital Image Correlation (DIC) is employed, as shown in Fig. 4.1. The specimens undergo the
method of quasi-static compression, illustrated in Fig. 4.3.

During the compression tests, statistics were gathered using DIC as well as a data logger system
connected to a workstation. The gathered facts were organized, and investigation was conducted for
various specimens. Stress vs. strain graphs were then generated for the BCC, BCC enhanced, and BCCz
structures. These graphs provide insights into the material behaviour and performance under

compression, allowing for a comprehensive understanding of the mechanical attributes of the

arrangements with lattices.
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Fig. 4.1.1 Mechanical response of a BCC mesh configuration with strut lengths of 3 mm, 2 mm,
and 2.5 mm and a non-variable diameter of 0.3 mm.

Figure 4.1.1 illustrates the deviation of the BCC arrangement using varying strut length. The graph

indicates that BCC arrangements using smaller strut dimensions exhibit higher stress-carrying

capability. The graphical record is divided into three regions:

Elastic Zone (Primary Area): Extends up to roughly 0.36 strain rate.

Continuous Distortion Area (Secondary Area): Observed roughly 0.56 strain rate, attributed to plastic

performance.

Rapid Increase in Distortion Area (Tertiary Area): In Region Ill, the slant rises due to a sudden rise in

the distortion rate.

In the area of elastic response, the slope of the graphical record gives the elastic modulus. Following



this, the curvature demonstrates a closely constant slope. The quick shiftin curve in Region Il indicates

a high deformation rate.
Notably, BCC arrangements using length of strut as 3 mm and 2.5 mm exhibit nearly identical

characteristics. The BCC arrangements with a 2 mm strut length (response with green color)
demonstrates a yield point at a stress of 150 MPa, occurring at a subsequent strain rate of 0.54. In
contrast, the rates structures with 2.5 mm and 3 mm strut lengths (response with yellow and blue color)

show a stress of 105 MPa at the same strain rate.

300

250

Stress (MPa)
= (&)
3 ]

=
[=]
[=]

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Strain
BCCe(3mm) ——BCCe (2.5mm)]) BCCe (2mm)

Fig.4.1.2 The Mechanical response of BCC arrangement with lattice using inconstant diameter
0.3mm to 0.4mm, rod length 3mm, 2mm and 2.5mm.

Figure 4.1.2 illustrates the deviation of the BCC Improved arrangement with varying strut length. The
graph indicates that BCC- Improved arrangement with smaller lengths of strut exhibit higher stress-
bearing capability. Like the BCC structures, the BCC Enhanced arrangements with 2.5 mm and 3 mm
lengths of strut show nearly identical characteristics.

Specifically, the BCC Enhanced arrangement with a 2 mm length of strut (response with yellow colour)
demonstrates a yield point at a stress of 160 MPa, occurring at an equivalent strain rate of 0.35. In
contrast, the BCC Enhanced structures with 2.5 mm strut length (blue graph) show a stress of 120 MPa
at the same strain rate, and those with a 3 mm strut length (green graph) show a stress of 150 MPa at
the same strain rate. These observations provide insights into how the stress-carrying capacity varies
with  the length of the struts in the BCC Improved lattice arrangemnts.



Stress vs Strain for BCC, BCCe & BCCz
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Fig.4.1.3 The Mechanical response for evaluation of various BCC Lattice structures with a
diameter of 0.3 mm for BCC, improved BCC, and BCC with a Z strut, all having a strut length
of 3 mm.

Figure 4.1.3 illustrates the identical BCC, BCC Improved, and BCC with z strut structures with similar

diameter and the identical strut length. The graph indicates that the BCCz arrangement has a higher
stress-carrying capability compared to both BCC and BCC Improved structures. Additionally, the BCC
Improved arrangements exhibits greater strength as compared to the BCC arrangements.

At the identical truss length as well as a strain rate of 0.025, the graphical record shows the following
yield points:

BCCz Structure (Grey graph): 160 MPa stress.

BCC Improved arrangements (Response with Red color): 110 MPa stress.

BCC arrangemnt (Response with Blue color): 70 MPa stress.

These observations highlight the differences in stress-carrying capacities among the three lattice

structures under consideration, providing valuable insights into their mechanical behavior.
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Fig.4.1.4 Stress—Strain response of the cellular arrangement with lattice using software
Simulation and Investigational response for BCC, BCC improved and BCC along with z strut
with unvarying strut length 3mm and Diameter 0.4 mm.

Figure 4.1.4 presents typical stress-strain graphs for a lattice arrangement subjected to uniaxial

compression research. The top graphic response illustrates the close agreement between Finite Element
(FE) calculations and experimental data. However, it's noted that under specific conditions, there can
be a slight discrepancy among FE as well as investigational conclusions, which may rise to 30%. This
discrepancy is often attributed to dimensional variations triggered by fabricating errors, leading to FE
evaluation overestimating stress and energy-absorbing capacities in built-up 3D printed prototypes.
Close examination near the strut connections revealed several dimensional non-conformities. The chief
buckling force as well as collapse of the graded lattice pattern arrangements were hence specified using
the lattices with the minimal relative densities.

In the provided graphical record, the BCCz structure exhibits stretch-dominated attributes, while the
BCC structure displays bending-dominated behaviour. The graphical record also includes yield strength

lines for three various lattice constructions, providing a comprehensive view of their mechanical

response under compression.
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Fig. 4.1.5 General stress strain response of stretch and bending dominated lattices.

The graph reveals distinct regions in the stress-strain curve:

Region | (Elastic Deformation): Characterized by constantly increasing slope, representing
elastic deformation. Design criteria often rely on this region.

Region Il (Plastic Behavior): The lattice loses its elastic property and exhibits plastic behavior.
Bending-dominated has additional gradient regularly judged against stretch-dominated slope in
Region II.

Region 1l (Sudden Rise in Deformation): The slope increases due to a sudden rise in the rate
of deformation. Strain energy loss is evident in this region.

The graphical record shows that stretch-dominated lattices exhibit higher capability to carry
load as they operate at high-stress levels. Conversely, bending-dominated lattices are deemed
more trustworthy from a design perspective.

The diagram also illustrates the character of truss collapse in the lattice. Lattice cellblocks can
collapse through bending or stretching of the cell planes. However, utmost cellular
arrangements are bending-dominated, with stretching-dominated lattices offering a higher
strength-to-weight ratio for mechanical purposes. The investigation conducted by the authors
explores the impact of alteration in topology models on the collapse styles of lattice specimens,
investigating the stiffness of pin-jointed constructions involving in-extensional struts. The BCC
with z strut arrangements discovered a stretch dominated since by fig. 4.1.4 grey color chart

signifies attributes similar as shown in figure 4.1.4 and BCC as well as BCC improved indicates



stress surge kind attributes which displays BCC as well as improved BCC lattice a bending
dominated distortion style.

The zone underneath the stress-strain graph represents the energy absorption capability. A
larger zone underneath the stress-strain curve shows greater specific energy absorption. As
depicted in Figure 4.1.4, it is evident that BCC with z strut specimens exhibited a higher specific
energy absorption capacity compared to BCC as well as improved BCC specimens.

The diagrams in Figure 4.1.4 consist of three main components: compression, an extended
plateau, and densification. The combined action of these three elements elucidates the entire
failure mechanism observed in all the examined instances. Consequently, the lattice structures
have the capability to fully absorb and dissipate the dynamic impact. The structures underwent
crushing across the entire specimen volume, also no apparent damage was reported leading to
specimen failure, as evidenced by the acquired images in Figure 4.1.5.

None of the lattice models exhibited cracking in any of the cases, as indicated via the distortion
load graphs. The smooth curves in the recorded graphs point to effects of buckling as well as
bending as the primary collapse patterns. These results were predominantly influenced due to
superior ductility of the SS316L material employed in crafting the cellular arrangements with
lattices. The graphical response of stress Vs strain exhibited variations due to the geometric
correlation among length of strut (defining the size of unit cell) as well as diameter. Another
intriguing opinion is that samples with larger unit cell sizes demonstrated greater deformation
range values. This phenomenon holds significance for applications requiring energy absorption,
as this material of composition can dissipate impact forces over an extended duration, as
illustrated in Figure 4.1.5, making them suitable for analysis under dynamic loading conditions.
The authors employed diverse criteria such as energy absorption, stiffness, and peak
fundamental stress for assessing the effectiveness of graded samples with lattice subjected to
compressive loads on different strain levels.

While examining lattice samples with the same diameters, they all demonstrated elastic
behavior, entering an elastic stage and a non-linear solidifying phase (depicted as a plateau
phase) in the slowly applied stress under compression versus strain graph. It's worth mentioning
that the slope of the graph becomes steeper during the plastic hardening phase.

Quasi-static compression tests unveiled an association between the cell with unit size and the
deformation plot history. Samples featuring the BCC with z strut arrangement exhibited a
pattern primarily characterized by stretching, as illustrated in figures 14 and 15. In contrast,
samples with the arrangement with BCC displayed a mode dominated by bending, showcasing
broad plateaus.

The mechanical attributes of the arrangement with lattices, considering strength and stiffness,

improve with an rise in relative density. Although the BCCZ structure possesses a lower relative



density compared to the BCC arrangement its yield stress exceeds threefold as compared to the
BCC arrangement, indicating a greater load-carrying capability. The estimates of stress-strain
typical for the specimens with lattices in a uniaxial experiment which employes compression,

analyzed through software, were defined in Table 4.1.

Table 4.1: Assessment of Mechanical Attributes Various BCC Lattice Arrangements

Sr.No. | Lattice arrangements | Experimental Young’s | Peak Stress Stress determined by
Modulus FEA

1 BCC 350 MPa 70 MPa 65

2 BCC Improved 600 MPa 85 MPa 80

3 BCCz 750 MPa 114 MPa 110

Methodology 3:
Proper design of helmet which reduces the risk of injury for the wearer, will have Lattice Structured
material that absorbs linear and angular shock through elastic deformation. Impact Protection and
Shock Absorbing capacity is another property of a helmet. It will be light weight and design
ergonomically for the Wearer. It will be manufactured by additive manufacturing for good strength
and quality. Such conventional existing foam liners are of solid construction. Conventional helmets
are coupled with the front and rear pads, these liners restrict the circulation of air around the head
of the wearer. In hot arid climates and/or during increased workload, lack of air circulation can lead
to discomfort, resulting in degradation of performance through factors such as dehydration. So we

will developed our helmet in such a way air will flow inside the helmet.

Air Going IN

Air Coming OUT

Fig.12 Helmet inner part
2. Padding of helmet will have inner holes which will allow circulation of air through lattice
structure. This lattice structure is connected with small opening given in outer shell for circulation of

air to inner chamber.
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Fig. 13 Padding inside the helmet

3. Helmet will have three-dimensional lattice structure formed of fused powder material/ SLA
having discrete or continuous internal gaps or spaces for improved air circulation and higher thermal
comfort for a user. We will developed outer part of the helmet first. Inside of the outer shell lattice will
be embraced.

Following design, we will fabricate and from them we will choose the best one for our final product.

a) Solid micro lattice structure will attach to the inner shell of the helmet and outer shell is joint
to it with riveting.

b) for the circulation of air between human head and environment. Hollow lattice structure are
bounded on inner shell and outer shell are riveted on the inner shell. This hollow structure
allows air circulation and overall weight has been reduced as compared to design

c) Forgood air flow inside the helmet small dc fan will be attached on outer shell without changing
any dimensions. Fans will provide cooling effect t the user and comfortable ride.

d) During putting or removing the helmet over the head, user might keep his hand inside fan and
chances of accident are there. Due to above factor we will test with Peltizer device separately

attached at the back. And focus will be on control cooling between 20-36°C that it cools down

the atmosphere under its capacity easily.

Head Support

Straps

Chain strap
VAVEVENEY,

FoF % % 330
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Fig. 14 Design of helmet with head support

Helmet will be manufactured by 3d printing method of Selective Laser Sintering (SLS). The SLS



process builds components layer-by-layer

material together.

Fig. 15 Final design of helmet

using a high temperature laser to fuse particles of powder

Outer Shell Of Helmet

Cooling
Providing Kit

/

Brim

Peak of Helmet

Inner Shell Of Helmet BCCZ Structure

Holes For Air Circulation



Results

=  Total Deformation

L: Static Structural
Total Deformation
Type: Total Deformation
Unit: mm

Time: 1

18-03-2021 15:28

0.096995 Max
0.086218
0.075441
0.064663
0.053886
0.043109
0.032332
0.021554
0.010777

0 Min

L: Static Structural
Total Deformation
Type: Total Deformation
Unit: mm

Time: 1
16-03-202115:32

0.096995 Max
0.086218
0.07540
0.064663
0.053886
0043109

1 0.032332
0.021554
0.010777

0 Min




= Equivalent Stress — Von Mises Stress

L: Static Structural
Equnalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1
18-03-202115:28

28797 Max
2,5597

2.2397

19198

1.5088

1.2799
0.95989
0.63993
0.315%6
1.733e-9 Min

L: Static Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MP3

Time: 1
18-03-202115:30

2.8797 Max
2.5597

2.2397

1.9198

1.5998

1.2793
0.95989
0.63933
031996
1.733e-9 Min
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Conclusion

Total Deformation —

»  Maximum — 0.097 mm

= Minimum - 0.012 mm

Equivalent Stress —

=  Maximum —

= Minimum —

Final product:

——
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Work remaining:

Compression Testing with DIC

Impact Test

Fatigue Test

Drop Test

Practical test while driving for cooling effect.

2.9 MPa
1.7 e-9 MPa
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