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Hello everyone, our today's topic is ballistic protective clothing. So first we will try to
understand what is ballistic protection? Then we will see different parameters which affect the
ballistic protective performance of clothing and what are the latest trends in developing the
ballistic protective clothing?

(Refer Slide Time: 00:47)

» Impact resistance - Ability of a material to
withstand failure due to stresses applied at
high rates

»Desirable property in many textile
applications

» Examples- body armours, mountaineering
(9opes, parachutes etc.

Ballistic protection means basically one aspect is that impact resistance its the ability of any

material to withstand failure due to stress applied at high rate, so in ballistic material they always
impact the material at very high rate of at a very high velocity and that stress is applied at very
high rate. So it is a desirable property in many textile applications, these applications are

basically body armors, mountaineering applications, mountaineering rope, parachute.

So in all these applications apart from many other applications, the sudden impact force is being
applied and this impact force is applied at a very high rate of stress.
(Refer Slide Time: 02:02)



Threat Classification based on Kinetic Energy Density (KED)
Velocity KED (J/MM2) ARMOUR
(M/S) USED
KNIFE 10 17 (blunt) SPECIAL
210 (sharp)  TEXTILES OR
PLATES
HAND GUN 450 16 (initial) TEXTILES
4 (final)
ASSAULT RIFILE 720 45 COMPOSITES
BULLET (AK47)
HIGH VELOCITY 940 75 CERAMIC
BULLET (SA 80)

——————————
Ballistic protective textiles or ballistic protection the threats are classified based on Kinetic
energy density KED, at different level of kinetic energy density the threats are classified like
threats due to knife where velocity is typically 10 meter per second and there are two types of
knife threats from a knife if it is from the blunt knife that is kinetic energy density will be around

17 Joule per square millimetre and if it is sharp it can go up to 210.

So special textiles or plates are used depending on the threat, for handgun the velocity is around
450 meter per second and the Kinetic energy density initially it is 16 and after penetration finally,
it is 4, so special textiles are used. Assault rifle like AK-47 where speed is around 720 meter per
second Kinetic energy density is 45 and composites are generally used in this type of threat, for
high-velocity bullets SA 80.

Where velocity is 940 meter per second, Kinetic energy density is 75 joule per square millimetre
where we need that ceramic armors are used. The main problem with the ceramic armors or
composite is their weight.

(Refer Slide Time: 04:27)



Bullet Proof Vest

v A bullet proof vest is protective clothing that can be
made from different materials. that absorbs the impact of
projectiles fired from weapons and explosive fragments
fired at the body.

v' It can be prepared form stesl. ceramics, polyethylene or

Kevlar.

v Bullet proof vests do not deflect bullets, instead

ocatch” the “bullet” and spread its force over a larger
brtion of the body.

So we need bulletproof vest with lighter weight for our protection, so bulletproof vest is a
protective clothing that can be made from different materials that absorb the impact of a
projectile fired from weapon, basically the bulletproof vest it is function is to absorb the shock
not to reflect. If we try to reflect then the impact will be on the body of the wearer instead if it

absorbs the shock will be dissipated around the larger area.

So the bulletproof vest can be prepared from steel depending on the threats, ceramics,
polyethylene or Kevlar, as | have already mentioned the bulletproof vest do not deflect bullets
instead it catches the bullet and spread it is force over a larger portion of the body, first let us see;

(Refer Slide Time: 05:47)

~Throughout history, people have protected themselves
from injury with different types of materials.

~In the earliest days, i.e. Stone age people used animal
skins as barriers to injury and attacks.

»As the human are becoming more civilized, the
weaponry are becoming more advanced.

~So the next generation armous are wooden shields to
defeat different threats.

@
————



How the body armors evolved? If we see the history people have protected themselves from
injury with different types of material. In the early days that is in Stone Age people used to use
animal skin as a barrier to into injury and attack, so earlier this so animal skins were used, so as
we keep on civilizing ourselves the weapons we use becoming more and more advanced and life

threatening.

Looking at those advancements the animal skins were not enough, so the next generation armor
are wooden shield to defeat different threats but main problem of wooden shields were they were
not flexible and the weight wise that is heavier so it is not that convenient.

(Refer Slide Time: 07:00)

~ In the sixteenth century, Italian and Roman royalty
experimented with the idea of bullet proof vests. They
built body armor with layers of metal those were
meant to deflect bullets.

»  The outer layer was designed to absorb the bullet's
impact, while the inner layer was added to stop further
penetration. However, metal body armor was largely
ineffective against firearms.

®)
———————

In the sixteenth century it was experimented in maybe Italy and Roman royalty with the idea of

bulletproof vest they built body armor with layers of metals those were meant for deflecting the
bullets. So earlier days the body amours were actually ideas to deflect the bullets with the layers
of metals the outer layer was designed to absorb the bullets impact while the inner layer was
added to stop further penetration, however metal body armor was largely in a largely ineffective
against firearm.

(Refer Slide Time: 07:56)



As we are becoming more civilized the threats are
becoming more Severe.

Therefore the challenge lies in developing a
material which will provide higher impact
resistance while maintaining the weight of the
assembly at the acceptable level

(®

So as we are becoming more civilized the threats are becoming more severe. So therefore the
challenges lie in the developing material which will provide higher impact resistance while
maintaining the weight of the assembly at the acceptable limit. So as threat increases we have to
protect our self but at the same time we should take care of that fact that it should not be very
heavy otherwise the extra weight will affect the performance of the wearer. In modern day body
armors we can divide into two categories;

(Refer Slide Time: 08:48)

Types of Body armours

Mainly two types of body armours are available:
» Hard body armours

# Soft body armours

(®
One is hard body armor, another is soft body armor.
(Refer Slide Time: 08:57)



Hard Body Armors

Hard armors: Here metal or ceramic
plates are inserted within the fabric
structure. So they are-

» Rigid

» Heavy

~Used for military officers in the high risk
regions

» Protection against high velocity projectiles

Disadvantages:

~ Hard and Heavy

e t\)tricts the body parts movements.
& 3

Say that it is hard here metals or ceramic plates are inserted within the fabric structure, so there
will be fabric structure where metal or ceramic plates are inserted, so due to these metals or
ceramic plates they are rigid, they are heavy and this metals and ceramic plates they are used for
the high-risk region by military officers and their protection against high-velocity projectiles. So
as they are made of metal and ceramics they are heavy.

So this is the main disadvantage of this hard body armor, they are not flexible and they are heavy
in weight that is why they restrict the movement of body parts. Ideally there should have been
flexibility but the hard body armor that restricts the body part movement.

(Refer Slide Time: 10:14)

Soft Body Armors

Soft armor Multi-layered woven or laminated
fabric structures.

»More flexible in nature

» Lighter

»Used for routine wear of police officers and
security personnel

~ Protection against low velocity projectiles

Disadvantages:

# 20-30 layers are required for sufficient protection. So
again they becomes inflexible in nature,

mey can be used only for low velocity impacts.




On the other hand, the soft body armor the idea was initially to enhance the flexibility with
lighter weight. The soft body armors were actually are prepared using multi-layered woven
fabrics or laminated fabric structure. They are more flexible than hard body armor lighter in
weight and they are used for routine wear of police officers and security person, where the

movement is very high frequent movement is required.

But relatively threat is less in those applications we can use soft body armors made of multi-layer
woven cloth. So this soft body armors are effective for protection against low velocity projectiles
but main disadvantage here, although we are trying to produce the flexible soft body armor but at
least we have to use 20 to 30 layers of fabrics to provide sufficient protection, so after adding 20
to 30 layers of fabrics they become again inflexible in nature and this soft body armors can only
be used for low velocity impacts where threats are less.

(Refer Slide Time: 12:00)

Soft Body Armors

» Impact resistance depends upon properties
of fibers, yarns and fabrics

» Generally, multi-layered woven Kevlar fabric
structures are used

» This structure is heavy, thick and inflexible so
uncomfortable to use.

()
In soft body armor impact resistance depend upon the fibres, yarns and fabrics used in that fabric
that in that different layers. Multi-layered Kevlar are generally used, the woven fabric made of
Kevlar fibre is used in multi-layered fashion. Due to a large number of fabric layers the structure

becomes again heavy and thick and they become inflexible, so again this multi-layer fabric

become uncomfortable to use.



But to have sufficient protection we need a large number of layers but the present days research
IS in the area to reduce the number of layers and to reduce the mass of the overall body armor
keeping the protection level same or to improve the protection level.

(Refer Slide Time: 13:18)

Body Armors

Hard armor Softarmor

~Rigid » More flexible

» Heavy » Lighter

~ Fabric structure combine with  »Multi-layered woven or
steel/ceramics plate insertion laminated fabric structures

»Used for military officers in » Used for routine wear of police
the high risk regions officers and security personnel

~ Protection against high ~ Protection against low velocity
{glrcity projectiles projectiles

So when we compare both hard armor and soft armor in short; it is rigid, it is more flexible,
heavy, it is lighter, fabric structure combined with steel or ceramic plates, here in soft body
armor we use only fabric structure and that too multi-layered woven or laminated fabric
structure. Hard body armors are used for military officers in these high risk regions and soft body

armor used for routine wear of police officers or security person.

Hard body armors are used for projectiles with high velocity and soft body armors are used for
low velocity as of date, so soft body armor we can use for low velocity projectiles.
(Refer Slide Time: 14:16)



Requirements

Better impact energy dissipation
\

-

Weight reduction
| Wo—

( | Flexibilityimprovement

So main requirement of the body armors is that better impact energy dissipation, so it should

dissipate the impact energy, so that the impact does not reach to the wearer's body, the body
armor should be of lower in mass and flexibility should be there. So the target should be the
weight reduction and flexibility improvement.

(Refer Slide Time: 14:54)

Improvements of armour
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Here, if we see with the time the areal density is reducing gradually of body armors and the

research direction is that to reduce this mass further so that it is very commonly used and the
persons protection is high and due to the flexibility the performance, other performance will be
better.

(Refer Slide Time: 15:30)



Material/choice:

Decrease’in

sincreasedt e Glass/composites -
in(Cost P tis

o/Aramidi composites

»\UHMWPRE composites

But with all these changes it goes with enhanced cost, so as we try to decrease the weight the
cost is also increasing. So glass composite, Aramid composite and ultrahigh molecular weight
polyethylene composites so these are actually this trend is to reduce the weight. So how this soft
body armors evolved?

(Refer Slide Time: 16:01)

First generation soft body armours

The first generation of soft body armours were prepared
from silk by the Japanease.

This type of armours were used upto 1% World war.

They were very good protective against very low speed
impact (=121 m/sec.)

But they could not give any protection at high speed
(=180m/sec).

®

Soft body armor means with flexibility, the first generation of soft body armors were prepared

from the silk by Japanese people. This type of body armors were used up to First World War
with the silk, made of silk. And there the velocity protection that they are very good protection
against the low speed impact around 121 meter per second. But once the projectile speed has

increased due to increasing threat they could not give the sufficient protection.



So around 180 meter per second they fail. So then people started thinking of next generation that
body armor. The next generation body armor was prepared from nylon flake.
(Refer Slide Time: 17:01)

Second generation soft body armours

The next generation body armours were prepared from
nylon flake. So they are known as “Flake Jacket™.

TheV were used during 2" World war. They were better
than the I* generation jackets.

But they were heavy and could not give any protection
agaimnst most of the pistols and rifles.

()

Which is inserted into the inside the jacket and that is known as the flake jacket, they were used

during Second World War they are better than first generation jackets, because this flake were
able to both reduce the velocity of impactor and dissipate the energy the main disadvantage of
this nylon flakes or flake jackets were, they are heavy and they could not give any protection

against most of the pistols and rifles.

When this pistols and rifles were developed at higher speed, they work on higher speed during
due to this flake jackets failed.
(Refer Slide Time: 17:52)



Third generation soft body armours
The third generation body armours were prepared after
the invention of Kevlar (para aramud fibre) by 1960s

They give far better protection than the silk or nylon body
armours.

However 20-30 lavers of kevlar fabrics are required
for sufficient protection. So they again became heavy
and inflexible.

® »

The third generation soft body armors were actually started after invention of Kevlar which is

para aramid fibre, it is developed around 1960s. So after this development of Kevlar we have
started developing the soft body armor. It is very strong fibre, high impact resistance, however
20 to 30 layers of Kevlar fabrics are required for sufficient protection, so they again become

heavy and inflexible but still today the Kevlar is widely used for body armor application.

It may not be soft body armor due to the 20 to 30 layers of fabrics but still Kevlar’s are widely
used for the soft body armors.
(Refer Slide Time: 18:58)

Therefore the challenge lies in developing a
materials which will provide higher impact
resistance while maintaining the weight of the
assembly at the acceptable level.

()



Therefore the challenge lies in developing a material which will provide a higher impact
resistance while maintaining the weight of the assembly at acceptable level. That is the main
challenges and the scientists they are working in this areas to reduce the weight as | have already
mentioned.

(Refer Slide Time: 19:27)

Requirements

Better impact energy dissipation

Weight reduction

Flexibility improvement

So the main requirements are better impact energy dissipation, weight reduction and flexibility
improvement.
(Refer Slide Time: 19:34)

Factors affecting Impact performance:

The factors which are influencing impact performances are:
# Fibre and fabric related parameters

&
# Projectile related parameters.

MO

So the factors if we will try to see which affect the impact performances are fibre and fabric

related parameters and second is the projectile related parameters. In fibre and fabric;



(Refer Slide Time: 19:50)

)

NPTEL

They are basically there are different parameters, if we see the fibres used mainly Para-Aramid
fibres are used like Kevlar made by the DuPont, Twaron by Teijin, PBO fibres are used Zylon by
Toyobo. There are different types of high-performance fibres used ultrahigh molecular weight

polyethylene, Dyneema is also used in-organic fibres like carbon, glass fibres are also used, and

Fibre and Fabric factors

*»*Fibres used
**Fibre property
»Twist

** Weave Structures
s+ Cover Factor
“Crimp

s+ Friction
“*Numbers of layers

PARTICULAR

P-Aramid Fibres —Kevlar(DuPont),
Twaron(Teijin)

Polyphenylene
Benzobizoxazole (PBO)-
Zylon(Toyobo)

Ultra High Molecular Weight
Polyethylenes (UHMWPE)-
Dyneema(DSM), Spectra ( Allied Signal)
Inorganic Fibres

Carbon & Glass

different fibres are used for this ballistic protective clothing.

(Refer Slide Time: 20:41)

)

NPTEL

The important properties for this ballistic protective clothing, the fibre properties are it should
have high modulus, so that the extension is not high, it can absorb the high-velocity impact. High

tensile strength should be there it should not break due to the impact. Low density because we

Fibre and fabric Factors

s»Fibres used
“*Fibre property

s Twist

»*Weave

s»Cover Factor
*Crimp

*Friction
“*Numbers of layers

PARTICULAR

High NModulus

High Tensile Strength
LowaDensity

Low Elongation

Good Resilience

Low Moisture retention
High Thermal Stability
High Limiting Oxygen
Stability in extreme
Conditions




need to reduce the mass of the clothing that that is the ballistic protective clothing, low
elongation because if its elongation is very high then the bullet will simply penetrate it should
prevent the bullet, so low elongation should be there.

Good resilience that means after impaction the structure should come back again. Low moisture
retention, high thermal stability, high thermal stability is required in that fibre because during the
bullet penetration at high speed the high heat generation is there, so it should not melt or shrink
or deform, so high thermal stability is required, high limiting oxygen, stability in extreme

condition.

Sometime it has been observed that at extreme heat or extreme cold condition the fibre gets
degraded or maybe it becomes brittle it will lose their characteristics. So this fibre property is
extremely important because this body armor mats are used in extreme conditions also. Now as
far as a yarn characteristics is concerned twist is very important characteristics.

(Refer Slide Time: 22:53)

Fibre and fabric Factors

I ! PARTICULAR

Reduction in yarn Strength
at twist application

» Breaking elongation
increases with increase twist
angle

» Reduction of Modulus with
increase in twist angle

“»*Fibres used
“*Fibre properp
o Twist
*»*Weave
s Cover Factor
“Crimp

s Friction

(s 9 “*Numbers of layers

Reduction rate is very high at
Twist angle > 5°

If we increase the yarn twist due to the obliquity effect the yarn strength reduces so we must try
to use the twist as low as possible. Breaking extension increases with the increase in twist level
S0 as the twist angle increases breaking extension increases and also it reduces the modulus, so

we must keep the twist at lowest level and if possible we can also use the zero twisted filament.



Reduction rate is very high; reduction in modulus is very high at twist angle more than 5 degree.
So twist angle always at very low level like less than 5 degree is recommended.
(Refer Slide Time: 23:57)

Fibre and fabric Factors
|GENERAL | bt i

Square fabrics plain. Basket
weave most common

“*Fibres used
“*Fibre property
“*Twist

Plain
Basket

IR 2D Structures
T'will

**Weave Satin
s*Cover Factor
‘:’L‘”n]l) \"‘:’IC ll]lCl'l(‘Cl\
SFriction Warp Interlock 3D Gtractures
s ; Orthogonal
(9'.°Numbcrs of lavers

As far as if structure is concerned there are different types of weave structures are used, 2-
dimensional fabrics and 3-dimensional fabrics are used. The main idea of weave structure is that
we have to use basically square fabrics keeping the ends per inch and picks per inch same, so
that during impact both warp and weft they come into action they perform equally. Basket-weave

is most commonly used.

Apart from basket weave the plain structure, twill and satin are also used. As far as 3-
dimensional structures are concerned angle interlock, warp interlock and orthogonal structures
are used.

(Refer Slide Time: 24:58)



Fibre and fabric Factors

M PARTICULAR

Cover factor range 0.6-0.95

»Cover factor >0.95 jamming
condition, Yarn Damage in
weaving process

s*Fibres used

“*[Fibre property

*Twist

W 2 ) o

»Weave »Cover factor< 0.6 Loosely
“*Cover FFactor woven fabrics, easy

o rimp penetration for projectile.

< Friction

ﬂ)&Numbcrs of lavers

Next parameter is that cover factor, cover factor should be high because if the cover factor of
fabric is layer low then the penetration or probability of penetration of the projectile is high, so
cover factor range 0.6 to 0.95 within that range we must try to keep the cover factor. If the cover
factor is more vary high it is more than 0.95 the jamming condition will take place, which will

indirectly damage the yarn.

So once we try to enhance the cover factor increase the cover factor that means by keeping the
yarns very close warp yarn and weft yarn, particularly in warp yarn if we try to keep the
jamming condition during the weaving the up and down motion of the shed there will be rubbing
against each other and the warp yarn, so during this rubbing there will be damages of yarn. But
on the other end if we try to keep cover factor less than 0.6 the fabric structure will be loose and
projectile penetration will be easy.

(Refer Slide Time: 26:30)



Fibre and fabric Factors

m PARTICULAR

T'Iw crimp lthc projectile
resistance

»*Fibres used
**Fibre property
<+ Twist

*Weave
»Cover Facidr

*Crimp

| The crimp Jtransverse way
deflection T blunt trauma

~ **Friction
( 9 “*Numbers of layers

Next factor is the crimp; crimp we should try to keep as low as possible because higher crimp
means the projectile resistance will reduce due to the straightening of the threads and with the
increase in crimp the transverse way deflection will increase and blunt trauma will increase. So
plant trauma is the damages or impact during the penetration once the bullet does not penetrate

when arrested during the structure.

But the level of impact it is subjecting at the back side it is called blunt trauma. So higher crimp
means while the bullet is actually striking the fabric there will be more deflection I will show
(Video Start Time: 27:40)

This is a fabric with say yarn straighten there is no creep, another fabric with creep higher creep,
so once the bullet is striking this is the bullet striking at high speed, so there will be deflection
this deflection will be lower because the yarns are straightened and this will be absorbed by the
straight yarns but in case of higher crimp once the bullet is striking initially there will be

straightening of the threads straightening of the yarns will take place.

Initially the yarn is not taking the load, so once the yarns get straightened then the load will be
shared by the yarn and due to this deflection at the back the other side there will be sufficient
impact, this impact is known as blunt trauma.

(Video End Time: 29:17)



The bullets are not penetrating but still the wearer is getting shock higher shock, so this blunt
trauma is increasing with the increase in crimp. So we must try to reduce the crimp level ideally
the yarn crimp should not be there, so that the resistance is offered by that yarn.

(Refer Slide Time: 29:47)

Fibre and fabric Factors

m PARTICULAR
Play very big roll in ballistic
protection

** u=0.2 best result

< Fibres used
*»Fibre property
& Iwist

o

» more the friction more
yarns (secondary) take part in

<*Weave failure mechanism, energy
Cover Iacto absorption

L P o vanr 2 o
< Crimp % yarn pull-out force

Energy absorption more

“* very high friction, local
stress  concentration, easily
yarn breakage, energy
absorption reduces

¢
*Iriction

{"’9.:.Nl“nhcrs of li[\ crs

Next parameter is the friction, which is very important in ballistic protection typically the friction
should be around 0.2 more friction, more yarn that take place. Because the lower fact, lower
friction what will happen the individual wrap yarn will start sliding against each other and the in
case of lower friction the individual yarn pull out may take place. Now let us see;

(Video Start Time: 30:29)

This is one yarn the fabric made of you are with lower friction and here is another fabric made of
higher friction, so meu low, meu high. Now suppose one bullet it is striking on this yarn due to
low friction, yarn to yarn friction this yarn will be pulled this yarn will be pulled on the other
side. So if | draw the side view, so this individual yarn will be pulled out due to low friction but
here in this case once the bullet is striking on this yarn due to a high friction the other yarns will

take part in absorption of the load the absorption of this energy or the bullet energy.

So this total wave will get dissipated on the other hand this yarn is will only take part in the
absorption of energy. So it will simply slide it will simply pulled out from the structure.
(Video End Time: 32:20)



So yarn pulls out force that energy absorption more but at very high friction the problem is that
local stress concentration will be there, easy yarn breakage and energy absorption reduces. So it
should be high enough but it should not be very high. At a very high friction that energy that the
localization of stress will be there and easily the yarn will break, instead the ideal situation is that
with slide with small sliding the energy get that total the force, the total stress should get
dissipated among the large area. Last one is that the number of layers.

(Refer Slide Time: 33:17)

Effect of Friction on Impact performance
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As we increase the number of layers the energy absorption becomes high here it is an impact of
friction, this is the yarn with higher friction the energy absorption and this is a yarn with lower
friction. So for different level of impact velocity the fabric made of higher friction yarn gives
higher energy absorption.

(Refer Slide Time: 33:51)



Fibre and fabric Factors

GENERAL

»*Fibres used
“#Fibre property
< Twist
<*Weave
*Cover Factor _ .
*Crimp
°:°Frict 1on V Number of Layers

(9 <*Numbers ol lavers

NPTE

Ballistic Limit (mvs)

As far as numbers of layers are concerned as we increase the number of layer the ballistic limit
increases. It is obvious that numbers of the more layers of fabrics are taking part.
(Refer Slide Time: 34:09)

Effect of Number of Fabric Layers on Trauma
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This picture also shows that the effect of number of layers on trauma dimension as | was
mentioned, mentioning that the trauma these are actually expressed in terms of depth and
diameter of trauma, so back face trauma.

(Video Start Time: 34:32)

Now this is the fabric on this side, now the bullet is actually striking this is the bullet striking
after striking the fabrics become due to the deflection. So this is and just after this fabric this soft

material is placed this is some soft material some clay or some similar material is placed.



Now there will be deflection in clay and this is the depth here and this deflection this is the
trauma depth initially this is the thickness and here it has been deflected, this is the trauma
deflection.

This is a deflection of this surface, surface A, surface B, surface A which is facing the bullet and
the diameter from this point to this point this is the trauma diameter. So if you see the front if this
is the area of deflection, so this is the trauma dimension.

(Video End Time: 36:16)

So here if see we can see here, as we increase the number of layers the trauma dimension
gradually reduces and here it is a trauma diameter reduces and also the depth of trauma reduce
gradually.

(Refer Slide Time: 36:36)

Energy absorbed by different fabrics
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So projectile energy loss we keep on increasing the layers, as we increase the layers the
projectile energy loss increases for different fabrics woven Kevlar, woven nylon and knitted
Kevlar. So knitted gives less energy projectile energy loss, woven Kevlar is giving highest
energy absorbed by the fabric due to its high modulus and high strength value.

(Refer Slide Time: 37:19)



Effect of fiber properties on impact behavior

Speed of the longitudinal strain wave (C)
& s Longitudinal Wave Front
Projectile o g -~ 1/2
; E
' C E (_>
p

= Speed of

\ longitudinal wave,

s e E = Initial modulus
v ; p = Density of fiber

Transverse Wave Front

P. M. Cunniffdeduced a dimensionless fiber property U/, as given below:

o = Tensile strength of the fiber,
&= Tensile strain of fiber,

{‘) U @ E/p E=Young’s modulus

p =Density of fiber
Specific toughness

Now to select the fibers particular fibers for ballistic protective clothing we must understand few
important parameters, here the projectile is striking and there are two types of waves will be
there. Along the striking direction, there will be transverse wave on the fiber, this is a fiber there
will be transverse wave and due to the stretch here there will be longitudinal wave front, so

transverse wave front and longitudinal wave front and this wave formation.

Wave front velocity is extremely important just to know how quickly the impact energy will get
dissipated, now this the term C is the speed of longitudinal wave and this is denoted by E by Rho
where C is the under root E by Rho where E is the initial modulus and Rho is the density of fiber.
So that means we need higher C means higher initial modulus that means quickly the wave will

get dissipated the transversal that is longitudinal wave will get dissipated.

And the fiber density should be as low as possible, so to increase the value C and one parameter
which dimensionless parameter fiber property which has been developed to evaluate the
protective performance of the impact protective performance of a particular fiber. So the term U
is given by Sigma multiplied by epsilon divided by 2 into Rho. Sigma is tensile strength of the

fiber and tensile strain of the fiber and density of the fiber.

So this parameter is known as specific toughness and multiplied by the speed of longitudinal

wave, so this parameter U is the dimensionless parameter and higher the U value the better will



be it is impact resistance or that for the projectile, it can hold the projectile. So higher impact
behaviour will be there.
(Refer Slide Time: 40:05)

Typical fiber properties
Fiber Density Elastic lensile Strain to
(/cm’) modulus strength failure (%)
(GPa) (GPa)
| Glass  S-Glass 248 90 44 5.7
' ' Technora 1.39 70 3.0 44
Twaron 1.45 121 34 20
Kevlar29 1.44 70 296 o, 42
Al a1 1.44 9 33 35
' Kevlar49 144 13 296 26
' Kevlar KM2 1.44 70 33 40
Spectra 900 0.97 73 24 28
Spectra 1000 097 103 28 28
| il Spectra 2000 097 124 384 30
Dyneema 097 8 26 35
ZylonHM* 1.56 210 58 25

These are the general properties of some of the fibers used for ballistic protection glass, aramid,
polyethylene, and then PBO. So high molecular weight polyethylenes like spectra, dyneema are
used for this bullet proof fabric, PBO is also used.

(Refer Slide Time: 40:33)
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And from this if we get the knowing the property we can calculate the U-value fiber property U
value, so these are the U values of different fibers used where Kevlar is around 680, spectra 802,

spider silk these are the for future armor. So the development in armors body armors will be in



this direction where spider silk or different carbon nanotube composites are used apart from fiber
and fabric characteristics the projectile properties are also important.
(Refer Slide Time: 41:22)

Projectile Property

Available projectile shapes

* . » Hemispherical

| lH|L‘LlI|c geometn , [
' » Conical

2 » Fragmented

s Impact angle > Flat

“»Impact Velocity

b

NPTEL

“*Pointed bullet causes sever
action

The projectile properties are; first is projectile geometry there are different types of projectiles
geometric shapes are available based on the tip dimension that is the hemispherical, conical,

fragmented, and flat, whereas pointed bullet causes severe action that is conical.
(Refer Slide Time: 41:49)

Different shapes of projectile
i 635 mm
( — 151°
153 mm 99 mm 16.5 mm 130 mm
|l27mm| |127mm|
Hemispherical Conical
89 mm
_'u me
Blnw 1.4 mm 14.2 mm
(9 | 127 mm | 127 men |
NPTH Fragment Simulating Flat

These are different shapes of projectile and also projectiles performance is dependent on the
dimension of projectile, the diameter, this is fragmented, flat one.
(Refer Slide Time: 42:06)



Projectile Property

PARTICULAR
GENERAL

~ Low impact angle projectile
Sliding, more frictional effect.

“ Projectile geometry » impact angle 30°-45° lesser
time for energy E
dissipation, presence of

“*Impact angle
frictional effect

M

“*Impact Veloeity

®)

NPTEL

~ at 90° only peripheral area is
contact area, no sliding effect,

Angle of impact is also important, so low angle of impact means there will be sliding. Ideally the
angle of impact if it is 90 degree there that will penetrate and there will be no sliding only
peripheral area is in contact with the body armor no sliding will be there.

(Refer Slide Time: 42:36)
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And third one is impact velocity, so higher the impact velocity higher will be the energy
absorbed but if in case of very high velocity the immediately that those body armors it will
penetrate inside in that case it has been observed the impact energy is absorbed energy is
reduced. So to increase this absorbed energy we have to first catch those bullets if it penetrates
then absorption will again reduce.

(Refer Slide Time: 43:18)



Methods of Performance Evolutions

®
So now coming to the evaluation of performance.
(Refer Slide Time: 43:24)

Ballistic Evaluation Techniques

1. Dynamicimpact test

2. Weapon test (residual velocity)

3. NUJ standard

v V5o measurement
4. Back face signature
(:) 5

So ballistic evolution techniques are dynamic impact test by weapon test, so to measure the
residual velocity and by NI1J standard, National Institute of Justice standard we follow that is V50
measurement and back face signature is also one of the ways to measure the ballistic evaluation.
(Refer Slide Time: 43:58)



LABORATORY DYNAMIC IMPACT TEST

Instrument: Dynamic impact tester (CEAST, Model: Fractovis Plus)

.
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Outer Jaw (Oka.- 108 mm) . |

" 76 mm

Fabric

T : = Clamping Plate
Scheé‘ﬂ} representations of dynamic

impagtfesting instrument

So dynamic impact test is basically laboratory method of testing and if we take the other test
weapon test and NIJ test and back phase signature test they are not dynamic actually laboratory
test, their actual field test. So dynamic impact test here it is a one impact dynamic impact tester is
used, heavy moving assemblies are there it directly impacts on a flat surface with known

dimension.

Here the striker dimension is diameter is 13 millimetre, inner jaw diameter is 76 millimetre and
outer jaw is 108 millimetre and the Kevlar fabric is kept and striker is striking at certain speed.
This is the photograph of one of the instruments such instrument.

(Refer Slide Time: 44:58)

WEAPON TEST SET UP (TBRL)

Test sample

Weapon mount Screen 1 Screen 2 Screen 3 Screen 4

ur optical screens are used to measure the bullet velocity
éfbre and after the impact.
NPFTEL




Now second is that weapon test and here this weapon test is that there are four different screens
available and the bullet is short and this is a test sample. Four optical screens are used to measure
the bullet velocity before and after impact, so this here at different dimension different distance
we measure the bullet speed and even before impact and even after impact we measure the bullet
speed at different distance.
(Refer Slide Time: 45:40)

WEAPON TEST SET UP

®

NPTRL

So this is the picture photograph of this technique, here is the specimen kept.
(Refer Slide Time: 45:52)

CACULATION OF ENERGY ABSORPTION

Energy absorption by the fabric can be calculated using
Impact velocity and residual velocity

1.;:%,;1(1/;’—1/;’,) 1 | I

Where, @
E= Energy absorbed - i
m= Projectile mass Cvonomaeka. o ik

Impact Velocity
meter

V=Impactvelocity @~ e tor
(D V,= Residual Velocity

NPTEL

And the energy absorption calculation is simple whatever Kinetic energy is absorbed it is half m

Vi square minus Vr square, Vi square by a minus Vr square energy absorbed E, M is the



projectile mass and Vi is impact velocity before striking and residual velocity after it is coming
out.
(Refer Slide Time: 46:22)

NIJ STANDARD 0101.04
Baseline ballistic limit test (V.,) performed on one
armour:
Designed to statistically measure penetration
performance
o A minimum of 12 shots per panel (for Types | to
II1A), including at least five partial penetrations (PP)
and five complete penetrations (CP)
Arithmetic mean of 10 velocities (5 CP, 5 PP) is
calculated as panel’s baseline ballistic limit
o Testedin “dry” condition
Clay backing material
o Shots fired from fixed distance to target (5 m for
Types |, llA, II, and IlIIA armours)
(9 9mm round nose bullet used for Types | through 1A

In, as per the NIJ standard baseline limit test that is V' 50 is performed on the actual armor and
designed to statistically measure the penetration performance the large number of bullets are shot
on the armor and probability of penetration is measured and V50 is the velocity at which the
probability of penetration is 50%. So typically minimum 50 for 12 shots are there per panel

including at least five should be partial penetration and five should be complete penetration.

So that is the requirement if we take very high velocity where complete penetrations are there
then we will not be able to get the 50% probability, so arithmetic mean of 10 velocities 5 in
complete penetration and 5 in partial penetration were taken, these are tested in dry condition and
clay backing materials are used to measure the back face signature, as | have already described.
Shots fired from fixed distance to the target that is 5 meter for type I to 1l A and 111 A armor and
9 millimetre round nose bullets are used these are used for type | through type 111 A.

(Refer Slide Time: 48:06)



Vi, CALCULATION

o Velocity for which probability of perforation is 0.5

Perforation probability
1@

|
-@—-—0—/““0 ‘7 » Impact
Wi Vo=Vgo—3 Vg Wi =il S AR

This is the velocity for which probability of penetration is 0.5 this is the 0.5 probability, so
typically we increase the velocity and try to see the probability, so here this velocity it is called
V50 and that is measured.

(Refer Slide Time: 48:29)

POSITIONS OF SHOTS FOR V;, CALCULATION

®

SourzrchJ Standard

And position of shorts for N1J standards at different places to calculate the V 50.
(Refer Slide Time: 48:42)



Back Face Signature Test

+ Back Face Signature (BFS) is a measure of blunt trauma
experienced due to a non-perforating bullet.

* This is a critical aspect of ballistic evaluation as it determines
internal injuries to vital organs during a ballistic impact.

* BFS is obtained by measuring the maximum depth of
deformation of the armour panel impacted by a non-
perforating bullet on a backing material

* The analysis of the results should be done as per the NI
standards.

And, as far as back face signature test it is as per the again NIJ standard BFS is measured it is
measure of blunt trauma experienced due to a non perforating bullet. So once it is perforating
then it is entering into the body but for non perforating bullet the blunt trauma is measured, this
is a critical aspect of ballistic evaluation as it determines the internal injury to vital organ during

realistic impact it may damage our body without penetration.

BFS is obtained by measuring the maximum depth of deformation of the armored panel impacted
by non perforating bullet on the backside of the material, so that the analysis of results should be
done as per the NIJ standard.

(Refer Slide Time: 49:42)

Approachesto reduce bulk in soft body armors

* Development of resin-fabric conr!posites

* Application of 3-D woven fabrics

* Application of Nonwoven fabrics as cushion layers
* Incorporation of CNTs, nano fibers in fabrics

(Q)\pplication of shear thickening fluids in fabrics



Now there are different approaches to reduce bulk in soft body armor as we have already
mentioned the soft body armor the development should be in the area of reduction of thickness
and increase in flexibility and reduction in mass. So the approaches are a development of resin
fabric composite, the 3-dimensional woven fabric, we can use nonwoven fabric as cushion layer,

incorporation of carbon nanotubes or nano fiber in the fabrics.

And application of shear thickening fluid in fabric. So these are the approaches one can try the
research are going on in these areas. The shear thickening fluid is a viscous material where with
the increase in shear rate the viscosity increase to a great extent.

(Refer Slide Time: 50:52)

Shear Thickening Fluid

» Shear Thickening Fluids (STF) are basically two
phase concentrated dispersions:

1. Solid Phase consist of nano/ sub-micrometer
particles

2. Liquid Phase consist of medium/ carrier fluid in
which particles are dispersed

O

It acts as solid material, so these are they have two phase concentration dispersion, one is solid
phase consists of nano or submicron particle and liquid phase which consists of a medium or
carrier fluid in which particles are dispersed.
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Mechanism of Shear Thickening Fluid

~Shear thickening is a property
which shows significant increase s

=0 57

in viscosity above critical shear
rate, which transform the STF into
a  material with  solid-like
properties.

viscosity (Pa s

equilibrium

®
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So they form a viscous liquid and the mechanism is that the shear thickening is the property
which shows the significant increase in viscosity above critical shear rate that is in non-
Newtonian flow takes place which transforms the shear thickening fluid into a material which
will act like a solid. Here, this is at a certain speed velocity initially this shear that is viscosity
reduces but after certain critical level the viscosity increases here, there this molecule the act as it

is a solid, so immediately the shear viscosity increases.

So if we apply this shear thickening fluid on fabric surface when the bullet is impacted this
viscous liquid viscous layers act as solid barrier. So initially at lower level of shearing this are
very flexible but at higher shear rate during the bullet shot they become a solid and the protection
level increases to a great extent.
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* STF treatment has been shown to improve impact
resistance of Kevlar fabrics

* Less layers can be used to fabricate body armors

* It can improve flexibility and comfort

(’2)

So STF treated treatment has been shown to improve impact resistance of Kevlar fabric, the less
layer can be incorporated, so we can reduce the number of layers and increase the flexibility of
the body armor. So along with the improvement in flexibility comfort also improve, so that is all
about the ballistic protective clothing. Thank you.



