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Textiles Protective Clothimg Scctional Committee, TXD 32

FOREWORD

This Indian Standard was adopted by the Bureau of Indian Standards, after the draft finalized by the Textiles
Protective Clothing Sectional Committee had been approved by the Textile Division Couneil.
The Indian military and security forces face a number of small arms threats. It is important to set minimum

performance requirements of bullet resistant jackets and also screen their supply so that only acceptable quality
reaches the user which eventually leads to reduction in fatal casualtics to the security forces wearing such bullet
resistantjackets. . __
Multiple test agencies in the country are involved in physical and ballistic testing of the bullet resistant jackets.
However, at present there is no conumoi procedure in place io ensure inter-lzboratory correlation of test results,
Many ammunitions defined in international standards arc not relevant in Indian context. The weapons and
ammunitions handled (and faced) by the Indian forces need to be categorized into specific threat levels.
Operating and environmental protocols for the ballistic materials vary over the Indian sub-continent. These can
-affect shelf life as well as active life of bullet resistant jackets. : -
Statistical sampling plan for testing of bullet resistant jackets ensure that maximum data and population
- representation is obtained using minimnm numher of test articles. This helps in reducing the time and resources
—— - ————required to carry-out ballistic evaluation for large supply of bullet resistant jackets, — .
"In 2016, a committee under the chainnanship of D Manjit Singh, ‘Distinguished Scientist end Director of
Terminal Ballistics Research Laboratory (TBR1)’ was constituted by “NITI Aayog’ to finalize performance and
lesting standards of body armour. This was a part of the roadmap for development of indigenous technology in
body armour uader ‘Make in India’ initiative by the Government of India. The team comprised of representatives
from TBRL, Defence Materials and Stores Research and Development Establishment (DMSRDE), head quarter
Dcience Rescarch and Development Organisation (HQ DRIDO), Bureau of Police Research and Development
{BPR&D), Directorate General of Quality Assurance (DGQA), Integrated Headquarters of Ministry of Defence
(IHQ of MoD) (Army) and private manufacturers, Another committee headed by Dr N. E. Prasad, ‘Director’” of
DMSRDE comptising of representatives of academia, Ministry of Home A ffairs (MHA) and Infantry Directorate
provided supporl iu develupiug pertormance critena for outer fabric and peripherals. The draft standard emanated
from the deliberations at the above committees has heen the basis for deveiopment of Indian Standard on the

This Standard on the subject will facilitate following stakeholders:
) Manufacturer/supplier — Design and develop bullet resistant jackets according to the requirements of
the user. :

b) User — Selection of bullet resistant jackets based on threat perception. Evaluating effect of operating
conditions on performance and evaluation of service life, positioning samples for testing etc.

c) Testing agency — Evaluation of minimum performance and lot certification for bullet resistant jackets
along with test methodologies and cquipment to be used for evaluation.
In the formulation of this standard, considerable assistance has been derived from the following:
a) BPR&D QR (2015): Qualitative requirements and trial directives of bullet resistant jackets,
h) BPR&D QR (2015): Qualitative requirements and trial directives of bullet resistant vest,
¢} IHQ of MoD (Army) GSQR 1438: Qualitative requirements for bullet proof jacket,
d) MIL - STD - 810 G: Environmental engineering considerations and laboratory tests,
¢) MIL-STD - 662F : 1997: V, Ballistic test for armor, '
f) NIJ 0101.06: Ballistic resistance of body armor,
g) TBRL/BEM/TP-01/12: Standard operating procedures for ballistic evaluation of body armour, and

h) Bhattachatjee, D, Kumar, A. and Biswas, 1. Verma, S and Islam, E, 2016, Thermo-Rheological and
dynamic analysis of backing materials for measurement of behind armour blunt trauma, personal armous
systems symposium, Amsterdam, The Netherlands

(Continued on thivd cover)
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Indian Standard

TEXTILES — BULLET RESISIAN I
JACKETS — PERFORMANCE
REQUIREMENTS

1 SCOPE

1.1 This standard preseribes the minimum performance
requirements of bullet resistant jackets for protection
against small arms and ammunition and provides

* procedures for their evaluation. The scope of the

standard is limited to physical and ballistic evaluation

of bullet resistant jackets against-in-service small-arms-

ammunition (see Table 7) used by the Indian armed
forces, paramilitary, state police forces and other law
enforcement agencies.

1.2 Physical and ballistic evaluation criteria and

measurements are confined to the laboratory and test

- range conditions only- The data generated -are strictly-

- yalid for comparison under same conditions of test.

1.3 This standard does not cover the threats fram knives,
sharply pointed instruments and shards, splinters and
fragments from the hand grenades. These aspects may
be deatt with in other standards.

1.4 This standard covers only the basic design of bullet
resistant jackets and provides guidelines with respect
to their evaluation. Specific requirements in terms of
proteation area of the body, accepted weight penalty
of the jackets, threat perception, operating conditions;

_etc, are entirely dependent upon the. user/purchaser. It

is strongly recommended that the user works out the
size, weight, threat, design factors, maneuverability,
protection panels and other aspects betore finalizing
qualitative requirements. a

NOTE — The tests described in the standard have inherent

hazards, hence adequate safety norms for personnel and
property shall be employed strictly while conducting the tests.

2 REFERENCES

The standards listed in Annex A contain provisions
which through reference in this text, constitute
provisions of this standard. At the time of publication,
the editions indicated were valid. All standards are
subjected to revision, and parties to agreements based
on this standard are encouraged to investigate the
possibility of applying the most recent editions of the
standards indicated in Annex A

/

3 TERMINOLOGY
For the purposes of (his standard, the following
definitions shall apply.

3.1 Acceptance Quality Limit (AQL) — Quality
level that is worst tolerable process average when a
continuing series of lots is submitted for acceptance
sampling.
NOTES
1 This concept only applies when a sampling scheme with
rules for switching, and for discentinuation, suchas in I5 2500
~(Part 1) or 1S/AS0O73951 (Part 1) to (Part 5),isused.
2 Although individual lots with quality as bad as the acceptance
~ quolity limit may be aceepted with fuirly hiph probability, the
designation of an acceptance quality limit does not suggest
that this is a desirable quality level. Sampling schemes
found in 1S 2500 (Part 1), with their rules for switching and
for discontinuation of sampling inspection, are designed to
encourage suppliers (o have process. avcrages consisteatly
" better than the AQL. Otherwise, there is a high riskthat the
inspection severity will be switched to tightened-inspection

under which ™ the’ criteria for 1ot acZeptance become more

demanding. Once on tightened inspection, unless action is

taken to improve the process, it is very likely that the rule

tequining discontinuation ol sampling inspection pending such
3.2 Angle of Impact — The anglc between the bullet’s
line of flight and the perpendicular to the front surface
of the backing material fixture (see Fig. 1). '

BULLETLINE
OF FLIGHT

: ANGLE OF
BACKING INCIDENCE
MATERIAL
FIXTURE

ARMOUR SAMPLE

Fig. 1 ANGLE OF IMPACT

3.3 Areal Density — Weight of an object per unit-area
expressed in kg/m?. Arcal density is generally used to
denote the weight of pancls to normalize the effect of
thickness.

3.4 Arssewr — Complcte article providing required
ballistic protection to specific coverage areas of the
body. Armour comprises of panels which are individuzl
ballistic components.

s e i ————



IS 17051 : 2018

3.5 Back Face Signature (BFS) — The maximum

indentation in the backing material caused by a non-
perforating impact on the armour. This I» also know
as behind armour blunt trauma (BABT). B §
perpendicular distance between two planes, both of
which are parallel to the front surface of the backing
material fixture. One planc contains the reference
point on the original backing material. The other
plane contains the point that represents the deepest
\ndentation in the backing material (see Fig. 2).

3.6 Backing Material — A homogencous block of
polymeric/mineral clay placed in contact with the back
of the edge armour panel during ballistic testing and is
used to measure BFS/depth of indentation.

3.7 Ballistic Limit — For a given projectile, the velocity
at which the bullet is expected to perforate the ammows
panel 50 percent of the time. It is also denoted as V.

3.8 Ballistic Material/Panel — The protective
component of any bullet resistant jacket sample,

- consisting of ballistic resistant materials. The material/
panel may be covered with 2 protective/waterproofl
fabric, which. is considered an inlegral part of the

 ballistic material/pancl. The ballistic material/panel
is usually kept inside a carrier fabric. The ballistic
material/panel may consist of components specifically
designed to protect specific body regions for example
torso, back, groin, neck, etc.

3.9 Bullet Resistant Jacket (BRJ) — A wearable
protective system which consist of ballistic material/

OF FLIGHT

4

“over a period of time.

BULLET LINE

ARMOUR

panel and trauma mitigation pack (see 3.8 and 3.28)
protecting parts of the body according to the threat

level,

5.10 Bullet Resistant Vest (BRV) — A wearable
protective system which consists of soft armour pane!
(SAP) and is usually constructed of pliable fabric based
materials. Bullet resistant vests are designed to provide
protection against low velocity handgun rounds only.
Vest can alsa he used as covert/concealed armour and
can cover the entire torso.

3.11 Conditioning Protocols — Special test protocols
designed to subject ballistic materials under test {0
environmental and service conditions with the aim to
provide an indication of the ballistic material’s ability
to retain ballistic performance after being exposed to
cevere cnvironmental, in-transit or wear conditions

3.12 Depth of Indentation — The maximum depth
of the crater formed in the backing material after an
impact (drop test or firing) from the reference surface

of the backing material fixture (see Fig. 2)

3.13 Fair Hit — The impact of a bullet-on-an armour
paiil that meets the shot spacing, angle of impact of
bullet and velocity requirements specified in 9.2.4.

3.14 Flexible Armour Panel/Soft Armour Panel —
Panel constructed of textile based materials (fabrics,
laminates, etc) in such way that the complete armour
can be bent/flexed at will, These armours, standalone

SULLET LINE
OF FLIGHT

I

REFERENCE [ | . t g’
BACKING ¢
POINT ] I 4 :
¢ : MATERIAL | P+ REFERENCE
e l IIIEELS /| 777 POINT
| BEFORE IMPACT|
|
REFERENCE i 1
|
|

POINT —~i

|
| REFERENCE
/ POINT

BFS {“ 3 : . e O
S BACKING ! Y }_B“S
MATERIAL l 7
PPl T i s 4 AL X
1 G i k -
MAXIMUM AFTER IMPACT MAXIMURM
INDENTATION INDENTATION

"BFS = d OR DEPTH OF INDENTATION

Fio. 2 MEASUREMENT OF BACK FACE SIGNATURE




rily hand gun threats

provide protection against prin
only.

3.15 Groin Protector (GP) — Compounent of the body
armour that protects the groin area. [t is generally made
of flexible armour pancl/SAP, but in some cases hard
armour panel/HAP as well.

3.16 Hard Armour Panel (HAP)/Rigid Armour
Panel — Panel constructed of nigid plate (textile or
ceramicreinforced composite, steel, etc) which provides
protection against high velocity/rifle threats. These may
be used as in-conjunction with (ICW) flexible armour
panel/SAP or as standalone configuration (see 3.17
and 3.25).

3.17 In-conjunction With (ICW) Configuration —

 Terminology used for hard armour panel configuration . °
- thats designed to withstand threats when womn along —movement... -

with a flexible armour panel/SAP as opposed to

~_ standalone.

3.18 Lot Size — Number of items in a lot.

3.19 Model — Designation given by the manufacturer

_to uniquely identify a specific configuration of bullet . pocket with flaps, belt/kamarbandh and pouches as

* resistant jacket.

¥ “=. E

'

Environmental

3.20 Operating Conditions

.7 conditions which the bullet resistant jacket is likely

to be subjected during its serviee life depending upon
their location and usage.

3.21 Perforation-Back Face Signature (P-BFS)
Test — Ballistic test procedure where the minimum
performance requirement of bullet resistant jacket is
gvaliated in terms of pefination as well as back facs

1 ﬂ-\.q.-
signature.
3.22 Sample — One complete bullet resistant jacket.

3.23 Sampling Plan — Combination of sample size(s)
to beused and associated lot acceptance criteria.

3.24 Sample Size — Number of items in the sample.

3.25 Standalone Counfiguration — Terminology used
for hard armour panel configuration that is designed to
withstand threats without the fiexible armour panel/SAP.

3.26 Strike Face — The surface of the sample/armour
panel, designated by the user/manufacturer as the
one facing the iricoming ballistic threat. The surface
opposite to the strike face is the wear face.

3.27  Thermo-mechanical Conditioning
Accelerated ageing protocol in which the armour is
subjected to temperature, humidity and mechanical
loading simultaneously or sequentialiy.

3.28 Trauma Mitigation Packs — Part of the armour/
panel which is used to minimize the blunt trauma.

IS 17051 : 2018

[rawma packs are generally made of nonwoven fabrics,
foams, polymer sheets, They may or may not be

)
iCliuvauvlc.

3.2% Upper Prediction Limit Likely maximum
back face signature that can occur over a number of hits.

4 MANUFACTURE

4.1 Bullet resistant jackets (without HAP) shall be in the
form of jacket and shall not restrict overall movement
of the neck of wearer.

4.2 The overall length of the bullet resistant jackets
shall be such that there is no ‘ride up” while sitting.

4.3 The overlapping degree of front and rear panels
shall be such as to provide for maximum freedom of

4.4 Bullet resistant jackets shall be adjustable at the

~——shoulders, waist, and groin with hook and loop fastener-

as specified in 5.1.2.

4,5 Bullet resistant jacket shall be provided with

the requirements specified in 5.1.3, 5.1.4 and 5.15,
respectively. ‘
4.6 Size Designations

The size of each bullet resistant jacket shall be
designated by chest or bust girth as control dimensions,
in cm. The currently applicable chest girth ranges for
different size designations shall be as given in Table 1.
If required by the user, any other size of bullet resistant
jackets may also be supplied. .

Table 1 Chest Girth Ranges of Body Measurements.

( Clause 4.6 )
S1 Size Déslgnati,ous Sylt.!belr Chest Glrﬂ‘l
No. cm
1) @ 3) “)
i) Extra Small XS 72 - 80 o
ii} Small S Above 80 - 88
iil) Medium M Above 88 - 96
iv) Large L Above 96 — 104
v) Extra Large XL Above 104 - 112

NOTE — Chest girth shall be rneasured at a distance of 25 mm
fower from the ammpit of the wearer.

4.7 Restriction of Movement

The bullet resistant jackets shall be designed
ergonomically to minimize restrictions of movement.
Detzils for checking basic ergonomic features of bullet
resistant jackets by conducting field tests by personnel
are given in Annex B for guidance only.
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5 REQUIREMENT S
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Components
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Non-ballistic materials shall comprise of the outer
carrier fabric, hook and loop fasteners, belUkamarbandh,
trauma pad, water repellent covers for SAP and HAP,
webbings and buckles etc.

5.1.1 Outer Carrier Fubric

The outer carrier fabric shall be woven fabric and
colour/print may be as per the requirement of purchaser.
It shall meet the requirements given in Table 2.

5.1.2 Hook and Loop Fastener

All the clothing flaps of the jackets shall be provided
with hook and loop fastener, so that it can be worn and
‘taken off easily and quickly. The hook and loop tape
fastener may be supplied in any colour as desired by
the purchaser. The shade of the hook and loop fastener

shall be unifornu throughout on buts ook sud luop
'féiﬁ"t&i:tr_ The hook and loop fastencr ghall conform to

the requircments specified in Table 3. However, the
width of hook and loop fastener at different locations
of bullet resistant jacket shall be as por the agrecmcat

between buyer and seller.

5.1.3 Pocket with Flaps

The jacket shall be provided with minimum two external
pockets in outer cartier fabric to house two magazines
of self-carried assault rifle in each pocket. Two pockets
shall also be provided to accommodate one grenade in
each pocket. If required by the buyer, number and size
of the pockets (suitable for any other ammunition) may
also be provided other than as specified above.

NOTE — Generally the size of 5.56 LMG magazine is 19 cm x
7.6 cm x 3.5 cm and size of HE 36 grenade is 110 mm % 65 mm.

5.1.4 Belt/Kamarbandh
An additional beit-of-nylon-material-having minimum
width of 10 cm shall be provided around the waist to

properly secure the bullet resistant jacket with the body
af the wearer around waisly fa thal weighl of jackel i»

distributed on walst/showlders, The belt/kamarbandh.

“Table 2 Requirement of Quter Carrier Fabric
{ Clause 5.1.1)

- SiNe. _ Test Parameter o __R‘“]_“im_flt,,(ﬂ,_ - Method of Test, Ref to -
) . @& 3 ) )
) Mass, g/mi’, Max 160 IS 7016 (Part 1)
W) Tensile sh‘cngﬂa, N, Min: 18 7016 (Part 2)
o a) Warp wise 1150 ‘
- b) Weft wise 900
iil) Tear strength, N, AMin: 1S 7016 (Part 3), Method A2, ‘Lrouser
a) Warp wise 159 shaped test picee, Single tear method
h) Weft wise 140 ,
iv) Flame resistance test: IS 11871, Method A
a) Duration of flame (After flame 5
time), 5, Max
b) Duration of afterglow, s, Max 3
v) Resistance to  water penctration at  There shall be no water penetration 1S 7016 (Part 7)
hydrostatic pressure head of 30 cm water
column height for 30 minutes
vi) Colour fastness rating to light {Change in 4 18 2454
colour on blue wool), Min
Table 3 Requirements of Heok and Looep Fasteners
( Clause 5.1.2)
5i Ne. Test Parameter Requirement (s) Methiod of Test, Ref to
R - @ - (3 4)
it g;;a; strcaxgtil, L;:ngi‘thwisc, éfc:m’ Min 960 IS 8156
i Peel strength. gicm, Ain 200 IS 8156
iii} Endurance test of 5 000 cycles of closing and opening The shear strength, lengthwise IS 8156
opcrations shall not be less than 675 gfem?®




- - jackets shall stay-in one piece so as to reassemble for

shall be provided with double locking of jacket with
hook and loop fastener.

- =

’
Daded J CHLHLY

Two pouches (one each on front and rear of outer
carrier) shall be provided to accommodate two HAPs
as per sizes specified by the user. For 360° protection
jacket, additional pouches shall be provided to
accommodate the side plates, groin and throat HAPs as
per sizes specified by the user.

5.1.6 Water Repellent Covers

SAP and HAPs shall be encased in water repellent
cover. Water repellent cover shall meet the
water resistance requirement as specified in Table 2,
SINo. (v).

___5.1.7 Outer carrier shall be machine washable. .

5.1.8 Quick Release Mechanism (Optional)

If requited by (he user, the bullel resistant jacket may
have quick releasc mechanism which shall allow
release of the jacket in single action by using one hand
(left or right) from the torso within 5 s. The released

" ready to wear within 30 s at night condition by trained

users.
NOTE —= The user organizations opting for quick release
" “mechanism may decide various other parameters considering
their functional/operational requirements. The additional
weight of quick release mechanism shall not be included in the
weight of bullet resictant jacket (sec £.1.5).

5.1.9 Dynamic Weight Distribution System (Optional)

- Ifrcquired by the uscr, the bullet resistant jackel nuay
- have dynamic weight distribution system. The weight

distribution mechanism shall be based on external,

~flexible-spine and-hip belt that shall allow the-user-to-

change the ratio of weight load from hips to shoulders
while on the move and without removing the bullet

5.2.1 General——-—

N
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NOTE — The user organizations opting for dynamic weight
l.l L]xi) 1o ‘\'\"‘HLH mav J{:Clﬂ.( the varnous \){h{'I Jldl'dlllt‘(ljr,‘s
The

requircinents.

5}]11] not be mcluded in zhe weight of bullet resistant jacket

(sce 5.2.5).

5.1.10 High Buovancy Bullet Resistant Jacket
(Optional)
If required by the user, high buoyancy bullet resistant
jacket may be provided.
NOTE — The user organizations opting for high buoyancy
system may decide various other parameters considering their
functional/operational requirements. The additional weight of
high buoyancy materials shall not be included in the weight of
bullet resistant jacket (see 5.2.5).

5.2 Physical Requirements of Ballistic Components

The major attributes of physical evaluation of ballistic
components are dimensions, weight/areal density,
number of layers, strike/protection area, surface area,
labelling, etc. The components may comptise of
multiple layers of different materials. However, each
layer shall be of same material and of equal shape and
size to maintain uniform thickness all over area up to
edge of component.

5.2.2 Protection Area of SAP

The minimum coverage arca of various components
‘of SAP shall be as given in Table 4. The area shail
be measured on bare ballistic SAP after removing
the cover, trauma mitigation pack etc with the help of
scaled drawing on graph paper and/or planimeter.

5.2.3 Protection Area of HAP

The minimum coverage area of various components

“of HAP shall be as given in Table 5. Corresponding
design of front and side hard armour plates are given
in Fig. 3 for information only. Area of HAP shall be

“'resistant jacket,
Table 4 Minimum Coverage Areas of Components of Soft Armour Panel
( Clause 5.2.2 and 5.2.5 )
SINo. Size Total Protection Area for SAP Total Protection Arca for Total Protection Total Protection
(including Torso, Neck, Shoulders Shoulder Only Area for Groin Only  Avea for Neck and
and Grein) Collar Only
m* m? m? m?

(1) @ @) @ ) ®
) X8 04s 0.03% o 0.05 o 005
i) S .50 0.035 0.05 0.03
iii) M 0.55 0.035 0.05 0.05
iv) L X 0.64 006 0.06
v) XL 0.63 0.04 0.06 .06

NOTE —- If required. the user

may change the protection arcas as per operational requirements (see 1.4)
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measured using 3-1) scanning method. Bare HAP
{such that ballistic material 1s exposed) shall be used
for measuring area afler removing the cover, taunma
mitigation pack, etc.

5.2.4 Areal Densities of Bullet Resistani Panels

Maximum areal density of bullet resistant panels with
respect to threat levels shall be as given in Table 6.

5.2.5 Weight of Bullet Resistance Jacket

Weight ol different sizes of the jacket shall be
calculated Dased on the protecuon arcas of SAF and

HAP specified in Tables 4 and 5 and areal density of

the panel specified in Table 6 and total weight of outer
fabric and other peripherals. Annex C gives maximum
possible weights of bullet resistant jackets for different
sizes and threat levels.

1
i
3

Annex C gives maximum possible weights of bullet
resistant jackets for different sizes and threat levels.

Table 5 Minimum Coverage Areas of Components of Hard Armour Panel (m?)
(Clauses 5.2.3 and 5.2.5)

| panel . o———— . Size}  xg RS~ SRR, (SNRISE. CON e T I, « SO |
Front/Back _ 0.066 7 0.070 0 0.073 5 0.0772 0.081 0
Y e | 00326 00342 | 00359 00377 | 00396
Groin (Optional) 0.0370 0.0370 0.0370 00370 00370
Throat (Opfional) ' 00245 0.025 7 00270 [ 00284 .| 00298
| Totnl oosiesing ity Feeit. s k) 0133 0.140 0.147 Co1ss | 0ue
NOTLES
1 Throeat width shall ‘he 150 mm, Min.
2 Groin leagth shall be 200 me, Mir.

3 [f:cgumd, the user may change the protection arcas as per operztional rcquixtrpmts {see 1.4).

| —q\_w—so_} 1
/ 1 _ | 210_
_ AF

e . 1o

; = M\150.06
M255.05 |

- l -

'

T %

R400 ] R400
22

SECTIONA-A SECTION A -A
All dimensions in millimetres i
Fi6. 3 DesicN ExampLE oF Front aNp Sine PLaTe (MEDIUM SIZE)

Mrpapiee et
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Table 6 Mavimum Arveal Density of Different Solutions (kg/m?*)

( Clause 5.2.4 )

S No. Threat Level Areal Dc::-.i()“ (25 mm BFS) Areal Density (44 mm BI'S)
T —— Tl <) " —
SAP HAP Standalone SAP HAP Standalone
(1 (2) 3) (4) (5) {6) )] (8)
S 1 s = 3.8 - -
i) 2 5 15 21 5.8 15 20
i} 3 5 16 22 38 15 20
V) 4 5 23 29 3.8 22 27
v) S S 27 33 3.8 25 30
vi) 6 5 40 46 3.8 38 44
NOTES

1 The above data is based on current technology. With cach revision of the standard, these valucs ma}' cha.nﬂt: with :mprovcmcnt in

~ materialiprocessing technology.

2 Areal density shall be calculated as wc1gh1 of thc pancl (m kg) d:wdcd by the protccuoﬁ area (m m’)

' 52.6X- Ray of HAP
Ballistic layer of HAP shall be provided evenly up to the

edges and same shall be ensured by X ray examination
of HAP:

524 General Requirements for SAF and HAP

The supplier shall declare the type of materials,
number: of layers, and their areal density in technical
- bid of tender and shall have to maintain the same in
_bulk supply. The information shall be kept in sealed

~eondithon and shall only he opened in case of failure of,

' lot during bulk testing for comparison.

5.3 Labelling of Ballistic Components

All baliistic components of the bullet resistant jacket
shall be properly labelled. The label shall be on the

wear side of the component. The labelling shall be

in bold legible letlers and shall coniain the (ollowing
information:
2) Type of the material such as soft/hard armour
panel;
b) Manufacturer name/logo/identification mark;
" ) Threat level;
d) Name of product/model number;
e) Size;
f) Panel ID;
¢) Lot/batch number;
h) Date of manufacturing in DE:MM:YYYY format;
and
j) Date of expiry in DD:MM:YYYY format.
The strike face shall be clearly marked in large
legible letters on the strike side. In conjunction panels
shall have clear instructions on nel that these

shall not be separately used md s only be used

along with corresponding SAP. Washing and storage

instructions shall also be ptoﬁdéd inaflap within the
“component.

5.4 Sampling Plan and AQL for Outer Curritr,
Accessories and Physrcal Requirements of Ballistic-
Component

Special inspection level S-1 and AQL of 4 percent as

given in IS 2500 (Part 1) shall be used for manufacture,
(see 4), outer carrier fabric, accessories and physical
requirements of ballistic component during lot testing.
Any of the items which do not meet the requirements
spevified in 4, 5.1, 5.2 and 5.3 sholl be cousideicd 1y
defective. The lot shall be declared as conforming
“to the requirements of this standard, if the number of
nonconformity does not exceed the acceptance number
for special inspection level S-1 and AQL of 4 percent.

6 PERFORMANCE REQUIREMENTS
6.1 Threat Levels

6.1.1 Major threats faced by the Indian armed -
- forces, paramilitary, state police forces and other law -

enforcement agencies shall-be classified into 6 threat

—levels givenin Table 7.——

6.1.2 Launching systems shall preferably be ftest
barrels, however weapons may also be used to achieve
reference velocities.

6.1.3 Threat level 2 onwards may be ICW or standalone
configuration. In case of former, the flexible armour
panels shall be compliant to threat level 1 in all cases.
In case of standalone configuration samples, they shall
be compliant to the required threats. Threat levels 4
onwards shall also be compliant to threat level 3

ordnance
. In case

6.1.4 Service ammunition supplied by
factories shall preferably be used for testing
of imported ammunition, the head stamp shall be
mentioned in the data sheet/test report. Testing agency
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may use re-loaded @mmunition to meet the velocity
requirements. However complete  details of  the
pronetiants, cases and propellant
charge versus mass cetails shall be made available o
other test laboratorics to ensure repeatability of test
results. All relevant details shall be clearly mentioned
in the test report.

cartride: stordge.

6.2 Behind Armour Blunt Trauma

6.2.1 Behind armour blunt trauma (BABT) 1s measured
in terms of back facc signature (BFS) on backing
material. Maximum permissible BFS limits shall be
25 nuu of 44 o,

6.2.2 The user may select maximum permissible BFS
based on their requirement (see Annex D).

-6.2.3 Conditioning and  calibrationprocedures - of
backing material for both BFS measurements shall be
the same.

6.24 Limiting value of BFS (25 mm or 44 mm)

shall remain the same irrespective of the panel being
subjected to any form of conditioning.

6.3 Performance Requirements of BFS
63.1The panel shall be considered to have passed BFS

requirements, 1f .

a) all BFS values are .lcss th.a.u orﬁqual 10 maximum
permassible fimit (25 mm or 44 mm).
OR
b) a_single BFS value exceeds the maximum
—permissible value provided that -the upper

prediction Iimit (UPL) of all the values of that
particular sample, operating condition and threal
is less than or equal o the maximum pemissible

limnit (25 mm or 44 mm).

6.3.2 For tender samples, only condition given in 6.3.1
(a) shall be applicable (see 7 for types of samples).
For lot testing both the conditions given in 6.3.1 (a)
and 6.3.1 (b) shall be considered in which case 6.3.1 (b)
is a major defect.

6.3.3 UPL shall be calculated as per the details given
in 6.4.

6.4 Upper Prediction Limit (UPL) (X))

6.4.1 Upper prediction limit of BFS is applicable only
in case of lot testing. All measured BFS shall be either

less than or equal to the maximum permissible limit,

or the probability of a single BFS exceeding maximum
permissible limit shall be less than 10 percent with 95
percent confidence level in one sided tolerance level
(see Anncx E). The formula in such case is given by:

X + oK = X, (25 mm/44 mm)

Where, X, is the upper prediction limit, X is the average
of all back face signatures, o is the standard deviation
and K is a constant depending upon the number of shots.

6.4.2 UPL shall be considered for all the BFS values
obtained in firing a1 0° angle in one lot sample against
smple tucat level
NOTE — Angular shot shall not be considered for calculation
of UPL. For example, shot fired at angle of 30° and 45° at SAI’
shall mot be considered l'or calculation of UPL,

 Table 7 Threat Levels
( Clause 6.1.1)

SI | Threat Level Amumunition | BuHet Weicht | Bullet Type | Impact Velecity | Distance of Remarks
Nea. (sce Note) Impact
g m/s m
M| - & 3) 4 G) (6) ) (8)
i) 1 9 x 19 mm 74-82 FMI/Pb 430+ 15 505 For all flexible
. - : . TSRS T . _panels
i) 2 7.62 % 39 mm 7.45-8.05 FMIMSC 710+ 15 10£0.5 | —
iii) 3 7:62 % 51 mm 94-9.6 FMITb 840+15 10£0.5 |In addition, shall
be compliance with
) threat level 2 )
iv) 4 5.56 % 45 mm 35-40 FMJ’(SHE‘b) 89015 10205 |In addition, shall
v B 762 % 39 mm 7.45-8.05 HSC 700 £ 15 1005 |59 Somplisncs with
threat level 3
vi) 6 7(“*34R | 163-105 API 83015 lniO,S
vii) Special Auny other r._qm;cmcm by the user. u:mpi:,l details of ammunition sha'l be stmmd for future upgradation of the
standard.
NOTE — Routine ballistic evaluation may use service ammunition \"'ncra: bullet weight is not considered. Bullet weight shall be
considered for reloaded ammunitions
FMI: Full Metal Tacket Ph: Lead Core
MSC: Mild Steel Core slk: Steel Jusert
HSC: Hard Stee! Core AP] Armour Piercing Incendiary

=




6.5 Non-conformities

Non-conformity observed during ballistic evaluation 1s
and 872

r'la_(ciﬁpri mtn hwao tvnes s oiven o b Al
Rejection based on non-conformities shall be considered

only for lot testing of samples. For one particular lot/

of bullet resistant jackets, the acceptable quality limit

testing shall be carried out on its constituent panels.

6.5.1 Critical Defect

a) Complete perforation (HAP and SAP).
OR

b) BFS ofany shot exceeding 10 percent of maximum
permissible [imit.
OR

¢) Ballistic limit — V. <V e

up to (-)10 m/s].

“NOTE — Balligti¢ lifiit is an optional requirement and shall
be tested only if required by the user. Test of ballistic limit
is reccommended for supply/lot size of more than 500 bullet
resistant jacket.

[permissible

6.5.1.1 Decision on critical defect

Complete lot shall be rejected in case of any critical
defect.

- 6.5.2 Major Defect

a) Perforation of HAP but stopped by SAP.
OR
b) Any BFS > 25 mm or 44 mm (with UPL <25 mm
or 44 mm).
6.5.2.1 Decision on major defect

Lot shall be rejected, if the non conformities arc more
than the rejection number corresponding o AQL off
2.5 percent (see Annex F).

~~~NQTE — Constituent pancls of a lot size shall be tested-for

non-conformities. For example, with a lot size of 100 bullet
resistant jackets, 8 panels shall be tested for non-conformities
(see Annex F).

0.0 Sheli lite of SAY and HAY
The shclf life of SAP and HAP ball iclic pa.nclb shall

7 SAMPLE DETAILS

7.1 Types of Samples

Samples of bullet resistant jacset submitted for ballistic
evaluation are of three different types

711 R & D Sample

Panels at developmental stage submitted by R & D
agency/manufacturer are designated as R & D sample.
These shall be tested as’per the test procedures
given in this standard. The user can select physical
evaluation parameters, operating conditions and other
requirements for stringent testing of theit samples and
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testing carried out accordingly. However. decisions
regarding  conformity/mon-conforinity

given in test results.

may  not be

7 1.2 Tender Sample

Samples invited by procuring agency from different
manufacturers/suppliers for performance evaluation in
the beginning of procurement are designated as tender
sample. These shall be tested as per the test procedures
given in this standard or any specific requirement of
purchasing agency. No deviaticn shall be permitted
during tender sample evaluation. In the event of failure,
subsequent tests on the same model shall be decided by
the user. T—}E_@g_ghall specify all operating conditions
as per their requitements, Upper prediction limit shall
ot be considered for tender samples. "Opuonal ballistic
hrmt fests may not Ezga_mcd out on these samples.

e et o AT

7.1.3 Lot Testing Sample
Samples selected from lot offered by vendor during the

‘course of supply are designated as lot samples. These

shall be tested as per the test procedures given in this
standard or any specific requirement of purchasing
agency. Sampling plan and AQL standards shall be

followed during lot testing. Only one size of bullet

resistant jackets shall be offered in one lot. Non-

conformities as per 6.5 shall be considered for lot
samples. If required by the buyer, ballistic limit tests

shall be carried out for order size/lof size of more than _

S00"bllet “Tesistant jackets.

7.2 Sampling I'lan and AQL

~ Special inspection level S-4 as given in IS 2500 (Part 1)

shall-be used for hallistic evaluation during Int testing.
AQL of 2.5 percent shall be considered (sce Annex F
for sampling plans, AQL and example) for ballistic
evaluation. Decision on critical and major defect during
lot testing shall be taken bascd on the criteria specified
in 6.5.

7.3 Quantity

Quantity of samples required for testing shall be as
given in Table 8. For R & D samples, material details

~shall be provided asper Table 9.~

9

8 OPERATING CONDITIONS

8.0 Operating conditions -as given in 8.1 to 8.3 arc
optional and shall be considered belore ballsstic
evaluation of the bullet resistant jackets. The user/
manufacturer shall select their requiremen
to application and usage of bullet resistant jackets as
given in 8.1 to 8.3. Explanatory notes and guidelines
for sclection of operating conditions are given in
Amnex H for information only. Performance
characteristics like limiting value of BFS (25 mm or
44 mm), ete, shall remain the same in mpul;u of the
panel heing sub_}m,t«‘d to any operating conditions. IV

B sywmnead
t according

|
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Table 8 Quantity of Samples
( Clause 7.3 )

{ SI No. ! Sample '!'}‘pf ]I Physical i Bailistic J Remarks —;
—— — S T S

() @ | @) | W )

i) R&D 0l1/threat level/size 02/threat levelsize/operating condition Size 250 mm x 300 mm,

Minimum

if) Tender 02/size 02/threat level/size/operating condition As per user requirement 1
iii) Lot testing As per sampling plan or a) P-BFS - As pe; sampling plan + 02 standby | As per contract
[ b) BL, if required - 02

‘ NOTE — Examples of number of samples required for ballistic evaluation are given in Annex G for information only.

Table 9 Sample Detail Format
(Clause 7.3 )

SINo. Details = Remarks — R ————— T T
(1) (2) (3)
i} Sample ID ~ IDofsample
ii) Type Soft / Hard armour panel/ Composite/ any aiher
1) Material Raw materials used, in case of composites both reinforcement as well as resin/membranc
iv) Layers Total number of layers used
W) Coiistriiction e Weave/LaminateHybrid
vi) Dimensions Img&uWidt}miclmess
vii) Weight Arcal density, weight of sample
viii) Type of test required P-BFS, BL, etc
ix) Theeat Level 2 DNiefine threat level and permissible BFS
£} Numibai ul vlals, B Total number of shots 1oquircd per pancl
X1} Conditioning ‘Iype of conditioning required
xii) ~ Anyother requirement -+ —

values of panels Sul;’jected to operating conditions shall 8.2 Fluid Exposure
il | - Both SAPs and HAPs shall be subjected fo the tests
8.1 Extreme Temperatures specified in 8.2.1 and 822,

Scparate samples shall be taken for high and low 8.2.1 Plater Resistance

temperature tests. Both SAP S and HAPs shall be Sample shall be submerged vertically in water uader a
subjected to the tests specified in 8.1.1 and 8.1.2. water column of 150 £ 10 mm (from topmost level of the
-panel) for minimum 30 min without any fold and bend
) with 30 mm clearance around the panel. The water in the
Sample shall be heated in oven at 70 + 3°Cfor4 h+ bath shall be clean potable tap water at a temperature of

10 min. 'I?lcmatcn'a!shallbccxamincdfordclaminaﬁon, 27 + 5°C. After removing the samples from water,
component separation, blistering or any other visual samples shall be placed vr;rtically and allowed to dry
defects: The samples shall be kept-in range conditions for 10 min. Ballistic test shall be ‘completed within
{(see 8.4.3) for minimum 12 h before conducting bailistic 40 min after drying time.

evaluation. F

8.1 High Temperature T R R

8.2.2 Sea Water Resistance

) Sea water shall comprise of 30 £/l aqueous solution of
Sample shall be cooled to minus 40 + 5°C for4 h + sodium chioride, prepared using grade 3 reagent grade
10 min. The material shall be examined . (see IS 1070} at a tmme;atm*c of 27 + 5°C. The
dclamznatlon,_ matrix crackiug, component Separation,  gainpie shatl be submerged in this solution for nrinimum
or any other visual defects. The samples shall be kept in of 30 min under a head of 145 + 10 mm (see Note)
range cgndilion.s (see 8.4.3) for minimum 12 h before from the topmost surface of the panel. A fter removing
conducting ballistic evahuation. les from the solution, samples shall be placed

8.L.2 Low Temperature

10

L —— IO e



Ballistic test

vertically and allowed to dry for 10 min.
shall be completed within 40 min after dr

AT P so gl iy ) x L
PVAZ D LS = ik AU VAL e Ll s e e

head of fresh water for the samie pressure difference.

8.3 In Transit Conditions

In transit conditions are applicable for hard armour
panels only. Soft armour panels shall not be subjected
to these tests. HAPs shall be subjected to the tests
specified in 8.3.1 and 8.3.2.

8.3.1 Mechanical Drop Test

8.3.1.1 Mechanical drop test is performed with
specially designed fixture with a provision of free fall
from a height of 1.2 m+ 10 mm (see Fig. 4). The system
shall have a provision to strap hard armour panel along

_with soft armour panel (if applicable) on a box with

“a weiglited object (preferably clay). The armour “panel
shall have free fall on a RCC surface. Total weight on
the armour shall be 10 kg % 100 g and total weight of
clay chall be 4.5 kg & 100 g. The urmour shull be mude
to fall twice with the strike face down on the concrete
surface. Impact shall occur at the centre of the face of
HAP (not at an edge). :

... - NOTE — Successive rebound shall be avoided during the

drop test.

8.3.1.2 Radiographic/X-rays images shall be taken pre-
drop and post-drop to inspect cracks, delamination or
any other defects on the surface. The first shot shall be
taken on the most severely damaged area on the sample
as identified from the image, while keeping edge-to-
shot distance within permissible limits. The shot pattern
may be changed to exploit-the weak areas identified
post-drop. The deviation from sct shot locations shall
be recorded in the data sheet. There is no time limit

- on completion of ballistic evaluation after this test;

however it is advisable to complete the evaluation on
thc samc day.

8.3.2 Fibration Test

8.3.2.1 The hard armour panel (HAP) shall be positioned

strike face down and bottom of the plate parallel to the

i ] it

120 cm
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v-axis. The sample shall be placed in a wooden box
25.4 mm larger than the HAP in all directions which
is then mounted to the vibration table. Vibration test
shall be conducted with the use of a package testei that
impatts a 25.4 mm peak-to-peak, circular synchronous
motion to the table at a frequency of 5 Hz for | h.

8.3.2.2 Pre-vibration and post vibration, radiographic/
X-rays images of the sample shall be taken. The first
shot shall be taken on the most severely damaged area on
the sample as identified from the image, while keeping
cdge-to-shot distance within permissible limits. The
shot pattern may be changed to exploit the weak areas
identified post vibration. The deviation from set shot
locations shall be recorded in the data sheet. There is
ne time limit on completion of ballistic evaluation after
this test; however it is advisable to conduct the wials
Vithin theaimiedy. ..o

8.4 Service Life Assessment

Thermo-mechanical _conditioning of soft and hard
armour panels shall be conducted to simulate
accelerated ageing. Following equipments are required
for conducting the test:
a) Environmental chamber with tumbling apparatus,
b) Environmental chamber with controllable
" temperature and humidity values, and
¢} Mechanical durability apparatus (as described
in 8.3.1).
NOTES
1 The procedures given simulates the service life of 5 years
for bullet realgtant jackety considering 8 h per day, 5 days per
week, 50 weeks per year which is equivalent o 10 000 h.
2 This method may not reproduce all of the humidity effects
associated with the natural environment, such as long-term
effects of exposure to high humidity or to low humidity
situations. This method docs not attempt to duplicate the
complex temperaturc/humidity environment but provides a
‘generally etreceful eituation that i intended to reveal potential
problem areas in the armour. It may induce problems that are
indicative of Jong-term cffects.
3 This mcthod’d_oes Tiot simulate an exact period of time in
the field, nor it is intended as an absolutc predictor of actual
armour service life.

T

1
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8.4.1 Conditioning Requivements jor Sofi Armour
Panel (SAP)

8.4.1.1 Pre-requisites

8.4.1.1.1 In event of any internal folding in the sample,
part of the waterproof fabric shall be cut and opened
to manually flatten the ballistic material/trauma
mitigation pack inside. The cut portion of water
proof fabric shall be clesed properly with adhesive
tape.

8.4.1.1.2 Enclosing of sample shall be done in such a
way that the sample maintains its structural integrity
during tumbling.

8.4.1.1.3 The extra cover shall be removed afier
completion of conditioning. Ballistic evaluation shall
- be done withoutextracover,— " )
8.4.1.2 Pre-conditioning

The panels shall be stered in range conditions for
minimurm 24 h,

84.13 Wmalécmn-mechanicai test

The samples shall -be subjected to  following -

‘conditions in an environmental chamber with
tumbling apparatus:
a) Thermal: _
Temperatuse : 65+ 5°C
Humidity - : 80 % 3 percent
Time G Es 10days=1h
b) Mechanical (Rotating and tumbling device):
Rotation rate

5+ 1rmm

Total rotations (10 days): 72 000 £ | 500 (see Note)

NOTE — Total rotations include the variation in number of
CYLILE LU GLLUL Uk e WG atbe Ul ) b Tu Ghisule das thie
required number of rotations is obtained. a totalizer shall be
used Lo record the total number of rotations. The drum rotation
rate may be varied within the given tolerance to achieve the
necessary number of rotations.

8.4.1.4 Details of rotating and tumbling drum

8.4.1.4.1 Dimensions

832 mm+ 6 mm

651 mm+ 6 mm

a) Diameter
b) Depth

8.4.1.4.2 Matzerial of construction

a) The material of construction shall be SS and shall
confirm to chemical composition of any of the
numerical symbol 304 S1 or 304 S2 or 304 H-or
shall be paloated or meshed 1o allow fice air
Hlow within the drum {see Fig. 5A). The inner side
of the drum shall be smooth, with no sharp edges
to catch, abrade or tear the material. -

b) Construction of fins — 04 fins made of same
material as drum running full depth of drum and
spaced at 90° intervals about the-circumference
shall be provided. Each fin shall be 114 + 3 mm
high. The top edge of the fins shall be rounded
with a diameter of 19 + 3 mm, and the width of
fin at the top shall be 20 &3 mm. The fins may be
straight or tapered. The base of the fin shall not be
thinner than 19 mm and shall not be thicker than
76 mm (see Fig. 5B).

* 8.4.1.5 Post-conditioning
The samples shall be kept in range conditions for
minimum 12 h.

A) Position Ipside Chamber

B) Intermal Fins

Fic. 5 Rotaring anp TuMmeLinG Device




 test specified in 8.4.2.5.

8.4.1.6 Ballistic trials

Rallistic tials shall be conducted after post conditioning
duration until all samples are tested (see ).

8.4.2 Conditioning Requirements jor Hard Armour
Panel (HAF)

HAP shall be conditioned sequentially as per the
procedure specified in 8.4.2.2 to 8.4.2.6.

8.4.2.1 Pre-requisites

HAPs may be enclosed with the same material as that of
SAP as given in 8.4.1.1.1. Conditioned in-conjunction
with (ICW) HAPs shall be tested with unconditioned
SAPs.

8.4.2.2 Pre-conditioning
The panels shall be stored in range conditions for

minimum 24 h.

8.4.2.3 Uniform thermal exposure test
The HAPs shall be subjected to following thermal
conditions:

Temperature 65 £ 5°C
~ Humidity 80 + 5 percent
Time 10days+1h

8.4.2.4 Cyclic thermal exposure test
Subsequent to the uniform thermal exposure test

* specified in 8.4.23, the HAPs shall be subjected to
_cyclic thermal exposure test as per the details given

in Table 10. The duration given in the table are dwell
times and exclude the time required for the chamber to
‘reach the temperatire. Sample shall be kept in range
conditions (see 8.4.3) for 60 min before performing the

Table lﬂ-Detﬁi_ls- of Atmospheric Conditions for
Cyclic Thermal Exposure Test

( Clause 8.4.2.4)
SI No. Time Temperature Relative Humidity
h 20 Percent
) @ 3 @
i) 2 2542 50+ 10
ii) 2 152 N/A
1ii) 2 5%2 N/A
) 2 542 N/A
v) 2 -15+2 N/A
i) 2 0432 N/A
vit) 2 e 0 N/A
viii) 2 30£2 50+ 10
ix) 2 4542 5010
%) 2 6072 50410
xi) 2 75+ 2 S0+ 10
i) 2 sox2  sexl0

TSR R
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8.4.2.5 Mechanical durability test
Subsequent to cyche thermal exposure test specified in
Q424 mechanical durahility tect chall he randnntad

as per 8.3.1.

8.4.2.6 Post-conditioning

The samples shall be kept in range conditions for
minimum 12 h.

8.4.2.7 Ballistic trials

Ballistic trials shall be conducted after post conditioning
duration until all samples are tested (see 9). Ballistic
evaluation shall be carried out in spite of appearance
of any tearfcrack or any other anomaly in HAP after
conditioning (see 8.3.1.2). Weak portions of HAP shall
be targeted during ballistic evaluation.

_8.4.3 Test Interruption Protocols———— —— - g

If the parameters of the conditioning chambers go out of
range within specified limits, test interruption protocol
shall be followed. The interruption flow charts for thermo-
mechanical test (see 8.4.1.3) and uniform thermal exposure
test (see 8.4.2.3) is given in Fig. 6 while for cyclic thermal
exposure test (see 8.4.2.4) is given in Fig. 7. Further

decision on continuation of thermo-mechanical/uniform -

thermal exposure/cyclic thermal cxposurc tests shall
be based upon the test interruption flowchart and joint
decision between user, testing agency and manufacturer

depending upon the type of sample (see 7.1). The set
vahies and ranse conditions shall be as follows:

a) Set values in chamber:
1) Temperature: 65+ 5°C, and
2) Relative humidity: 80 & 5 percent.
b) Range conditions:
1) Temperature: 23 £ 3°C, and
7) Relative humidity: 50+ 20 percent.
In event of any interruption, the test interruption format
as given in Annex J shall be filled.

9 BALLISTIC EVALUATION

9.1 Range Setup

9.1.1 Ambient Conditions

Unless otherwise specified, the ambient/range
conditions shall be as given below:

23 4+ 3°C; and

50 £ 20 percent.

a) Temperature
b) Relative Humidity

Temperature and humidity values shall be recorded
regularly at 2-3 hinterval. The same shall be mentioned
in the data sheets and reports.

9.1.2 Test Layvout

The test range shall be setup as per Fig. &. Threat
levels 1 shall be tested from a distance of 5 m from the

13
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BT AT A
| Interruption in

conditioning

Temp./ /\
RH nterruption

within tolerenc
limits?

No

4%\ E Below

above or below
required levels?,

temperature/RH
or drum rotation?,

Did conditions
come back range
conditions?
(see Clause 8.4.3 b

Drum

L Cantinue with protocal. | /
S s temperatures,

_above 80°C or
.
i
Extend the protocol
till the time conditions
: were in range conditions.
B ]Y&si
(?Lstoérﬁes:mp{ e Eﬁ:::_ Continue with protocol. ‘
deviation in . tion No extra time required. Continue with protocol.
S S ATy Enter the deviation in No extra time reguired.
o I _Interruption form and | Enterthedeviationin |
- : ~ 'data sheet. ~Interruption form and
‘ 1
G Consult with user whether

Re-starl drum and == to continue the protocol. -

continue with the Enter deviation in
protocol. No extra Interruption form

time required. Enter and data sheet.

the deviation in

Interruption form

and data sheet.

116, 6 INTERRUPTION FLOWCHART FOR THERMO-MECHANICAL anD UNiFORM THERMAL EXPOSURE
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Stop the protocol and
discard sample. Enter
deviation in Interruption

form and data sheet.

nterruption
during

dwell/shift

period?

Did conditions come
back to dwell given
in Table 107

m Continue with protocol. No Consult with user whether
—Yesp——oA—-————— ————————— 1~ tocontinue theproiocol.
— | ontrmfime iaquitect Enier Enter deviation In

wilthin lolcrance
_ Interruption form

and data sheet

the deviation In Interruption
form and data sheet

“Is the sample visibly™
damaged and/or
condensation observed
 on the samples?

(as seenfrom-

emp. above
‘80°Cin S. No.
i)-xi)of
\Jable 107,

Temp. above
95°C in S. No,
i) of Table 102

view port)

back within tolerance

Did temp. come™

fimits of next
sequence?

'

Reduce the dwell time of sequence Continue with protocol.
no. xii to the duration the protocol Stop the protocol and No extra time required.
__was offlimits-and-continue with- —| discard sample. Enter_} . Enter the deviation in -
protocol. Enter the deviation deviation in Interruption - Interruption form

in Interruption form and data sheet. form and data sheel. and data sheet.

Fi6. 7 INTERRUPTION FLOWCHART FOR CycLIC THERMAL EXPOSURE
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A
i ~ VELOCITY i
} /' MEASUREMENT
i SYSTEM
i
Vg
MUZZLE TARGET-/ 1] BACKING
Yl /. MATERIAL
%%
_____________ | I FIXTURE
%97
{01 '4/
4. —TARGET

TOP VIEW

A- Distance between muzzle and target a)10.0 £ 0.1 m (Threat Ievelé 210 6) and b) 5.0+ 0.1 m (Threat level 1)
B: Distance between target and velocily measurement system,

o Elevation angle of muzzie, 90°
a,.Ele\atmangie of target, 90°
B: Aziusth-angle of muzzie, 0°

BiAngle of buttet impact-on target, as per requirement

L e —————— - —— =

8 i/ MOUNT

2.5 + 0.025 m {for discrete systems)

TF1a. 8 Test LavyouT

~front face of backing material fixture, Threat levels 2

and above shall be tested at a distance of 10m from the
front tace of backing material fixture.

9.1.3 Reapon Systems
Weapon systems shall preferably be test bairels,
however conventional weapons may also be ‘used to
achieve velocities. The testing agency shall display
complete work instructions related to setup and
maintenance of the weapons prominently near the
 weapon stand Remote triggering shall be preferably
used (see Fig. 9). Reports shall clearly mention whetber
weapons or test bamrels were used along with their
registration numbers,

9.1.4 Target Stand

The target stand shall preferably have provision for
¥X_Y.Z movement and angular rotation (see Fig. 10}.
The traverse systems shall be adjusted so that the entire
test specimen along with the backing material can be
targeted.

FiG. 9 Remote WEAPON STAND

T ——




F1G. 10 ExampLE oF A TARGET STAND WITH X, Y, Z
MOVEMENT AND ANGULAR ROTATION

v SISy
"9.1.5.1 Felocity measurement
'Prcfaably non-contact type discrete velocity screens

;velocxty measurement screens shall be ccntcred at
2.5 £ 0.025 m from the front face of the backing
material fixture. Velocity of projectile at 2.5 m from
“the front face of backing material fixture shall be
reported as impact velocity. Personnel conducting
ballistic testing shall be properly trained in velocity
“tiicasurement systems and doppler radars. The finencss

~-—unit-for rounding off velocity data shall be 0.1.

Fia.

11 EXAMPLE OF NO“ CC,\"F\(_‘J‘ Tvre VELOCITY
Meast A

IEES 8 %

e
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9.1.5.2 Other diagnostics
Other
CuLIULIalt 3y5iCiin, Tiu,
exsential for evaluation purpose. Care shall, howevae

be taken to keep the yaw of projectile within  3° of the
angle of impact f3 (see Fig. 8).

diagnostics like vaw measurement system,

1 "
illay UC udLu LUl die Tl

9.1.6 Backing Material

9.1.0.1 Bucking rnaler ial fiviuee

The inside dimensions of the backing material fixtur
shall be 610 mm x 610 mm x 140 mm with a tolerance
of 4 2 mm on all dimensions. The edges shall be
metallic to act as reference planes for the backing
material. The back of the fixture shall be removable and
made of wood.

9.1.6.2 Preparation

Roma Plastilina # 1 Gfey@ (RP#l) -(see Note) or iocal
oil/clay based -sculpting-material’ may be used for
backing materiat: The properties-of the local clay shall
be close to RP#1 (see Annex K for more information on
backing material). The clay in each fixture shall be filled
in such a way 5o as to produce a block free of voids and
a smooth front surface. Various striking devices and
rollers may be used to ensure that the-front surface of -
the backing material is-even with-the reference surface
plane defined by the fixture edges. During repair and
remaking of the surface, every effort shall be made
to locate and remove any debris includiag bullets,
fragments and other materials,
For non-planar test specimens, backing miaterial shall
be built to confirm to the required shape of the sample.
The backing material shall be changed annually or
more/less frequently if necessary depending upon the
calibration test results (see 9.1.6.4).

NOTE — Roma plasuima isa rcgtswrcd trade-mark of

* Sculpture House, Inc , 3804, Crossroads Parkwcy, Fort Pierce,

FL, 34945.

8.1.6.3 Condirloning

The hacking material (along with the fixture) shall he
conditioned evenly using conditioning chamber. The
conditicning time and temperature is determined by the
results of the calibration drop tests described in 9.1.6.4.
However, it is recommended that the conditioning
temperature of the backing material shall not exceed 35°C.

9.1.6.4 Calibration o
The backing material shall be calibrated using drop
test calibration method before every firing sequence.
The equipment used in the method shall be as follows
{see Fig. 12):

a) Drop weight material : Steel sphere
1 63.5 £0.05 mm (diameter)
11043+ 5¢
:20004 2 mm

b} Drop weight size
¢} Drop weight mass
d} Drop height
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: Mintmum 76 mm from the
fixture edge to indent edge
aind uu.n;uu,uu of 152 [FIE

between indent centres

¢} Drop spacing

The drop spacing criteria shall be considerad only
for pre-test drop calibration. Generally post-test
drop calibration is not carried out. In case of specific
requirement for post-test drop calibration, the backing
material shall be flattened using rollers after the trial
and drop test carried out.

The drop shall consist of a free release and targeted
fall (preferably aided by aiming device). The average
indentation of the five drops shall be considered.
The arithmetic mean of the five indentation depth
measurements shall be keptat 19 + 2 mm. No indentation
shali have depth of more than 22 mm or less than 16 mm.

Fic. 12 Equiwment For CALIBRATION OF
BackmG MareriaL

9.1.6.5 Measurement of depth of indentation and back
Jace signature
Preferably non-contact meéthod shall be used for
measurement of indentation and back face signature.
In absence of such equipment, digital depth gauge with
least count of 0.01 mm shall be used. The fineness unit

for younding off depth of indentation and BFS data.

shall b2 6.1,

$.1.6.5.1 Planar armour ( Soft Armour Panel)

After each firing, the surfuce of the backing material
shall be made even to the reference edge of the fixture.
Any lip formation on the sides of the umpact crater
shall be removed carefilly, This shall be cartied out
by removing the same using 2 seraper. The tip of the
contact type measuring too! shall be spherical ta avoid
further indentation on the backing material. Maximum

> measured and reported as

depth of i atig
BEFS (see Fig. 13 A).

9.1.6.5.2 Non plancr armowr ( Hurd Avinour Panel)

[ni case of non-planar armour like HAP/contoured rigid
armour, after each firing, the contour of the backing
material shalf not be disturbed. Original reference plane
of the contour shall be located and maximum depth
of deformation at shot point shall be measured
(see Fig. 138 and Fig. 13C).

C} NON-PLANAR ARMOUR {Alternate Method)

17
1 S}

Fic. 1ENT OF BACK FACE SIGNATURE




9.2 P-BFS Test Procedure

SuZud Arinour :‘v."uuuil'ug

The armour shall be mounted on the backing material
fixture conditioned and calibrated as per 9.1.6.4. Care
shall be taken while positioning the fixturc as per the
angle of bullet impact.

9.2.2 Strapping

Hook-and-loop fasteners of minimum 30 mm width
shall be used for strapping of panels. The panel shall be
positioned on the backing material such that the points
of impact cover most of the area used for drop test
calibration. The strapping arrangement of panel shall
be as shown in Fig. 14. Two vertical and two horizontal
straps shall be positioned such that they do not interfere
with the impact points of the armour. For large armour
with dimensions more-than-those of backing material

N
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fixture, curved shoulders shall be provided on both the
sides and 1op of the fixture on which the panel shall be
strapped using NOuK-and-100p lastencrs. Al exaimnpic ol
such hxture is given in Fig. 15

9.2.3 Number of Shots

Unless specified otherwise, the number of shots for
P-BFS (esting [ur front and back panels shall be
6 per panel. Groin protector, side protection or any
other smaller panels shall be tested with three fair shots
depending upon firing area. Details of shots to be fired
on different panels are given in Table 11. The user may
change the number of shots if required. However, at
least two angular shots at 30° and 45° shall be fired on
soft armour panel. In any other protection system, the
number of shots shall be considered based on the fair
hit criteria given in 9.2.4.

— ARMOUR PANEL/

—BACKING iz
. /‘MK‘FER!_AL——"‘ i

FIXTURE

Fep BRI

|_——HOOK AND LOOP
FASTENERS

/ afolio
oi{otie
ullulluliufulfulfu
o cHoHo

(000000

F16

15 Suonrnree on Backing MaTerial FIxTure FOR LaRGE PANELS

" T GROINPROTEGTOR
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fabie 11 Number of Shots

{ Clause 9.2.3)

S Na. | Threat Level ‘ Panc! Type Total Shots At 0° Angle At 30° and 45° Angle Remarks %
(1) (2) (3) ) (%) (6) (7) %
i) 1 Front/Back 6 4 2 — i
Groin/QOther Max 3, Min 1 Max 3, Min 1 — Depending upon fair hit
{see Note)
1) 2 Front/Back o 4 2 —
Groin/Other Max 3, Min 1 Max 3, Min | — Depending upon fair hit
(see Note)
i) 3 Front/Back 6 ] — —
Groin/Other Max 3, Min | Max 3, Min 1 — Depending upon fair hit
(see Note )
) 4 Froat/Back 6 6 — —
Groin/Other Maex 3, Min | Max 3, Min 1 — Depending upon fair hit
(see Notc)
v 3 B /i SO SO RONRY, BRI RN N . o nil o,
GroiwOther | Max3,Minl | Max3,Minl | — Depending upon fair hit
. (see Note) _ ] o
L, O SO O S .. /i ;- SR N S, (. SR | o  SYSNS | BSRR ... S SOy
Groin/Other Max 3, Min1 {| Max3, Min1 — Depending upon fair hit
o (#00 Nl - l . o N (N )
NOTE
1. Uhnless specified otherwise by the user, grain/side protectars shall be tested against three shots at 0° angle depending upon fair hit
- criteria. Other protectors like throat, collar, shoulders etc may be tested with one or more shots depending upon tair hit location,
2. In cases where size of anmour is such that no fair hit is possible, user can forego fair hit criteria and test the amour, and undertaking
drom mamufacturer can be taken with respect 1o the armour perfonmance against the particular threat for which it has been designed.

924 Fair Hit Criteria o or less than specified edge to shot and does not

Unless specified otherwisc, & shot is considered fuir hit, cause perforation or excessive BFS.

if it impacts the pancl and meets the following criteria:  Unless specified ollierwise, in case of an unfair hit,

2) From the cdge: maximum of two additional fair hit may be fired on
any armour, depending upon the area of the armour and
possibilily of far hit. [Towever, the shots shall be fuwsd
on a panel, oaly if, ail the fair hit criteria are complied

1) AL muunn distanes of ST mm in casc of

HAP (JCW or standalone configuration) or any

flexible/rigid armour panel. : ‘ - . . .
S o ‘with. In case of the additional hits being unfair, the
2) For SAP —between 51 mm and 70 mm from g our shall be discarded and a fresh sample shall be
edge for shot numbers 1, 2, 3 (see 9.2.5.1). fakén for evaliation.

3) At less than 51 mun from edge but does not
cause perforation or excessive BES.
b) From a prior shot: _ 9.2.5.1 SAP/flexible armour
1) At minimum distance of 51 mm in case of Ypless specified otherwise, the SAP shall be tested
SAP/HAP (ICW or standalone configuration)  yith six shots in the general pattern given in Fig. 16.
or any fiexible/rigid armour-panel. Shot numbers 1, 2 and 3 shall meet the edge to shot
2) Atlessthan 5] mm distance from the prior shot  distance requirements as given in 9.2.4 (2) (2). Shot
bui dees not cause perforation or excessive numbers 1, 2, 3 and 6 shall be fired at 0° angle of
BFS. impact of bullet with a tolerance of + 1°, This means
that the backing matenial fixture shall be at an angle

9.2.5 Shot Locations

c) Velocity: P g ; ; @
s : o with respect to the reference plane with a

1) At xclocu),- within the SpmlﬁCd-raﬂgf.‘. tolerance of £1° (, = 0° + 1°). Shot numbers 4, 5 and

2) Ata velocity 1‘?55 than the S?f:CLﬁcd range bul ¢ shall meet the inter-shot distance requirements.
causes perforation or excessive BFS. but all three shots shall be located within a 100 mum

3) At a velocity more than the specified range (+ 25 nun/ -0 mm) diameter circle. Shot numbers 4

and less than specifed inter-shot distance and/  and 5 shall be fired at 30° and 43° angles of incidence,




respectively. This means that the backing material
fixture shall be rotated at an angle of 30% and 45°
respectively with respect w tie teference plauc willi a
tolerance of =1° (A, = 30/45° + 17). For angular shots,
the backing material fixture shall be rotated in opposite
directions (For example for 30° shot, if the sample 15
rotated in left direction then for 45°, the same shall be
rotated in right direction).

For armours, where visible discontnuities/variance n
material thickness or construction is observed, shots
shall be so adjusted so as to exploit the weakest portion
of the armour. In such case, deviation from set shot
location shall be recorded in the report.

£ 3
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shot and mter-shot distances requirements are fulfilled
(see Fig. 18). Side 1HAPs shall also follow same pattem,
Foi ariiuuis, whete visible discuiitinuitics/vaniaie i
material thickness or construction are observed, all the
shots shall be so adjusted so as to exploit the weakest
portion of the armour. For HAPs that have undergone
in-transit conditioning or service life assessment tests,
X-ray of the panel shall be taken and shot locations
shall be modified to exploit the weak areas of the panel
(see 8.3 and 8.4).

— e

a) Shaded region — 51 mm to 70 mm from the edge,
b) Circled region — diameter 100 mm, and
¢) Shot pumbers 4 and 5 — Angular.

FiG. 16 GeneraL SHot Locations oF SAP

9.2.5.2 ICTV/Stundalone HAF

Unless apecified otherwise, ICW or standalonc HAD
shall be tested with six shots in the general pattern

ziven in Fig: 177 Al shotsshall te fired at 0° angle
of impact of bullet with a tolerance of = 1°. This
means that the backing material fixture shall be at an
angle of 0° with respect to the reference plane with
a tolerance of £1° (B, = 0° & 1°). For armours, where
visible discontinuities/variance in material thickness
or construction is observed, shots shall be so adjusted
so as to exploit the weakest portion of the armour. In
such case, deviation from set shot location shall be
recorded in the report.

For HAPs that have undergone in-transit conditioning
or service life assessment tests, X-ray oi the panel
shall be taken and shot locations shall be modified to
exploit the weak areas of the panel (see 8.3 and 8.4).
In such case, deviation from sel shot location shall be
recorded in the report.

9.2.53 Grain profector (with/without HAP) and side HAP

Unless specified otherwise, the groin protector shall be
tested with three shots in the pattern where the edge to

|

A: Edge to shot distance, minimum 51 mm
B: Shot to shot distance, minimum 51 mm

Fic. 17 GEnErAL SuoT Locamions o
HAP/SAP CoMBINATION

A- Edgec to shot distance, minimum 51 mm
B: Shot to shot distance, minimum 51 mm

F1G. 18 GENERAL SHOT LocaTions 1IN GRON
PrOTECTOR AND Sini [HAPS
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9.2.5.4 Any otier protection panel

Unless specified otlierwise, auuiber of shots shall be
calculated based on “air shot criteria given in 9.2.4. For
HAPs that have undergone in-transit conditioning or
service life assessment tests, X-ray of the panel shall be
taken and shot locations shall be modified to exploit the
weak areas of the panel (see 8.3 and 8.4).

9.2.6 Measurement of Buck Face Signanire

The back face signature shall be measured using the
apparatus and method described in 9.1.6.5.

In case of tender samples, where the maximum limit of
BFS is specified, in event of the BFS exceeding the
maximum permissible limit, two more readin gs, preferably
by asecond operator shall be taken and the average of three

readings recorded. If the average BIS of three readings is
still higher than the maximum permissible limit. further
[E=STRY WiLiL inu saltic d.i.ll,; UL:ILI n.,nm;n;us muuxuuia;Uam Uil
the same size of maodel shall be discontinued

For lot testing, all BFS values of fair shots having (0°
angle of impact of bullet with a tolerance of + 1° of all
the samples of the lot shall be taken to consider upper
prediction limit.

9.2.7 Test Sequence (P-BFS)

P-BFS test shall be conducted for R & D samples,
tender samples and lot testing samples as per the
requirement of user. The sequence of firing for each
type of panel shall be as given in Fig. 19. The details of
each are given in 9.2.7.1 t0 9.2.7.4.

Mount panel on conditioned
backing material,

|
Fire shot as per impact point i
x s 3 \-
|
Remove panel and check for]
perforation /measure BFS
Perforation™ [ R&D Sample: complete
in the panel 2 = required rounds
[ TenderiLotsample: Discontinue ] |-
. . - [Ng] I — i fnllser lests o llie patied zind U] -
e R8D Sample: i
Py = - complete required rounds 1
{Noj Tender/Lot sample: Discontinue
= further tests on the panel and the |
Fire required no. of ; Kt sho particular size of the model

extra fair shots

fnvalidate test and
take new sample

Compile and
T prepare testreport { . ]
Fie: 19 P-BFS TrsT 1 ocic

22
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Table 13 Details of Shot and Panel Requirements
for Ballistic Limit Determination
(Clause 9.3.1 )

Si Threat Minimum Shots Minimum

No. Level Required Panels Required

n @ @G @

i) 1 i2 2

ii) 2 12 2

ii1) 3 12 (for each 2
ammuniton)

V) 4 12 (for each 2
ammunition)

v) 5 12 (for each 2
ammunition)

vi) 6 12 2-12

e APPSR . . . . - . S-S S

1 Tor thicat level 6, DLamay be determined by cither firing:
_ shali betested;
“b) maximum 6 shols per p.mcl, in wh:ch casc 2 pancls
) _shall be tested;and
o) ony maymhar of schate (hnrwmn l :«md i) per panel,
in which case equivalent number of panels shall be .
required to cater for minimum number of shots W
calculate ballistic limit {that is 12).
2 Themethod of measurcment of ballistic limit for threat level
6 shall be defined after consultations with user, test agency
and manufactumr
3 When the ammer’s ballistic limit is sufficiently h:gh that
achicving the velocity necessary 1o perforate the armor is
- difficult or impossible; the test laboratory shiall docusseént
that this situation has occurred. In such cases, the test shall
T b considerd acepuable even i (hE minimun oumibers of
perforations are not achieved.

9.3.4 Bl Performance Requirements -

7 aj oo 2 =l — (pmnmnhle upto—10- m/s)

b) No perforations shall occur at or below the
corresponding maximum fair hit velocity of a
threat level. (see Table 7).

¢) The estimated probability of complete perforation
at the comresponding P-BFS reference velocity
shall be less than 5 percent. In other words, ¥, =
V. (see Annex L for explanation).

16 SAMPLE OWNERSHIP

10.1 R & D Samples

R & D samples belong to the manufacturer. The samples,
afier testing shali be returned back to the manufacturer.
Haowever, complete details of R & D samples (see
Tzble 9) shall be provided by the manufacturer before
testing and the details shall be retained by testing agency.
162 Tender Samples

Samples that comply with buyer requirements shali
be considered propeity of the procuring agency. The

--2) —minimum-1-shot per-panel;-in which-case-| Zﬂ'nadélsi'—'—GENERATION

_______The ballistic data sheet shall contain all the details

samples shail be stored and subsequen L]\ Cllsp( sed of as

pur the }}xOLUILﬂILHl plan of the bu

l il b
wic oa

aply W :
shall remain property of the manufacturer and shalil he
returned accordingly.

£a
thal fail o cor

10.3 Lot Samples

Samples that comply with ballistic requirements
of the lot, are considered property of the procuring
agency. The samples shall be stored and subsequently
disposed of as per the procurement plan of the buyer.
Test samples that fail to comply with the ballistic
.cqu.r..ments of the lot shall also remain the property of
the procuring agency. However, it is recommended that
the procurement agency shall also make a handling and
disposal plan of rejected samples during the supply to
avoid mixing of samples from rejected lot.

HANDT.II\(‘

REPORT

11 D ATA AND

“11.1 Data Sheets

related to ballistic evaluation {excluding phygical

- parameters). The data sheets shall comprise of weapon

- ~characteristics, ammunition parameters, sample ID,
velocity and other diagnostic data, distance of impact,
backing material calibration data, ballistic test results.
Example of ballistic data sheet is given in Annex M for
information only. Traceability of the data sheets shall
be maintained with respect to indent/job number of
ballistic evaluation.

_Separate_data sheets shall be generated for physical
evaluation, conditioning protocols. Any deviation frori T
set procedures shall be brought out clearly in the data
sheets and endorsed by all stalccholders.

11.2 Trial Report

Trial report shall contain all information related to
the physical and ballistic evaluation of the sample.
The report shall include details on labelling of the
sample, physical data, backing material calibration
data, traceability of weapons and ammunitions used,
conditioning details, ballistic evaluation data, test
results and final decision, if relevant.

The report shall also contain a summary of the test
conducted and relevant results.

12 MARKING

12.1 The ‘Bulle! resistant jacket’ shall be legibly and
indelibly marked with the following information on
the product itself or on durable and securely attached
labels:

a} Name of the product;

b) Manufacture:’s name, imtials or trade-mark;

¢) Size designation;

24
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9.2.7.1 SAPHlexible avmouw 9.3.1 7esi Procedure for Ballistic Limit

Uinless specified otherwise. front and back armour  The angies ofincidence for all shots shall be 0° (#,=0°)
panel shall be fired with 6 shots 1n which 4 shot snatl ~ All samples shal oe tesiea ary. INo cunUiLioniné shall
be at an angle of 30° and 5® shot at an angle of 45°.  be done cn samples meant for BL testing. The process
The rest of the shots are fired at 0° angle (f, = 0°). If  of ballistic test is given in Table 12.

an impact is not a fair hit, a second attempt shall be Tahle 12 Tt Pavsnaeters for Balilade Tinali Toxt
made (o obtain a fair hit in the same general location of

thie Grst hit considering all (he fwir hit criteria defined (Clause 9.3.1)

in 9.2.4. This shall be done after completing the required S Paratastas Value
test rounds. If more than two additional attempt is No. Description
required to obtain a fair hit for any shot location, the ) ) @ )
whole test series on the panel shall be invalidated and | = = g

; 2 ; 1) Velocity of first shot | The reference velocity for the
test interruption form shall be filled and test shall be ? s

repeated on a new sample. BFS shall be measured
after everv shot and armour panel remounted without
disturbing the backing material.

ii) | Velocity step until | 2) — 30 m/s, if first shot was a
first reversal perforation

b) + 30 nvs, if first shot was a stop

9.2.7.2 HAP/rigid armour . ity | Velocity step until | = 22 m/s; depending onTesult of

Unless specified otherwise, front and back armour scopnd eV previous shot

panel shall be fired with 6 shots, all at 0" augle (8, =0%). | iv) | Velocity stcp after | L 14 m/s, depending ou tesult of |
- If an impact is not a fair hit, a second attempt shall be secondreversal | proviousstiot
made ta ohtam a fair hit in the same general location of
N __?heﬁm'h]t,“ems‘deﬂﬂg'{lu_ther’fa‘r‘h't_?"tena_deﬁ,“ediSlfootmg shall confinue until either 12 shots or
in 9.2.4. This shall be done after completing therequired .2 number of shots allowed on the panel
- test rounds. If more. !hag;‘itw:taddmombm;mpms ““has been reached. -For panels where 12 shots-are ot~ — ———
required to pbtain a fair hit for any shot location, the it o fire, firing sequence shall be continued on
whole test series on the panel shall be invalidated and 4 itional panels till 12 shots are reached. Details of
test interruption form shall bcf‘ filled and test shall ‘bc minimum shats and panels required in each threat level
repeated on a new sample. The BES shall be measured o, oiyen in Table 13: Ballistic limit shall be calculated
atter cvery shot and the armour panel remounted .o oo rocedure given in Annex L.
without disturbing the backing material. T '
. . In case suflicient data is not available in .12 shots to

9.2.7.3 Groin protector (with/without HAF) caleulate the BL, number of shots may be increased,
however, it shall always be-in multiples of 12. In
such case, more than minimum number of pancls (see
Table 13) may be required. These panels shall be of
the same configuration as submitted for tender sample
S RREr T otana Pl oA s

- Unless specified otherwise, cach armour pancl shall
be fired with 3 shets, all at 0° angle (6, =0°). Unless
specified otherwise, BES shall be measured for first

S : shot only and the armour panel remounted without
e disturbing the backing mategial. —

9.3.2 Backing Material Conditioning

The backing material fixture ehall be prepared and
conditioned to the same temperatures as that used to -
conduct ballistic evaluation. Drop test validation shall
be performed before each series. The wooden cover at
the back of backing material fixture shall be removed
9.3 Ballistic Limit Test Procedures (BL) during BL testing.

Ballistic limit testing is an optional test which shall It is reccommended that scparate backing material from
be carried out during lot testing where the supply/lot  the one used for BFS testing shall be used for BL
quantity is more than 500 numbers. Ballistic limit values  testing.

shall be provided by the user and shall be endorsed by
the manufacturer in the technical bid. Ballistic limit
may not be tested for tender sample evaluation. Vendor  An impact shall be considered fair when a projectile
shall provide the ¥, /BL value of the panels that shall  strikes the target material at a distance of at least two
be matched during BL test. The user/purchasing agency  projectile diameters from any previous impact or
shall clearly mention requirement of BL test for lot  disturbed area resulting from an impact, or from any
{esting. crack, or from any edge of the test panel.

9.2.7.4 Any other protection panel

Unless specified otherwise, the required number ot
shots shall be fired, all at 0° angle (8, = 0°). The BFS
shall be measured after every shot and the armour panel
remounted without disturbing the backing material.

9.3.3 Fuair Hit Criteria and Shot Locations




d} Instructions for storage and care,
¢} Batch number:
f) Date ot manufacture; and

Any other information required by the law in force
and/or by the buyers.

ol
g/

12.2 BIS Certification Marking

The ‘Bullet resistant jacket’ may also be marked with
the Standard Mark.

B
=0
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12.2.1 The use of the Standard Mark is governed
by the provisions of the Bureau of Indian Standards
ot WA nrd Ryloe and l)omul-n ons made thereunder

The (j(.l{l]]\ of thc condmonq under which the licence
for usc of the Standard Mark may be granted to
manufacturers or producers may be obtained from the
Bureau of Indian Standards.
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ANNEX A
{ Clause 2)

LIST OF REFERRED INDIAN STANDARDS

IS No Title
1070 : 1992 Reagent grade water — Specification (third revision)
2454 : 1985 Method for determination of colour fastness of textile materials to artificial light -
(Xenon lamp) ( first revision)
2500 (Part 1) : 2000 Sampling procedure for inspection by attributes: Part 1 Sampling schemes indexed
by acceptance quality limit (AQL) for lot-by-lot inspection (third revision)
3951 Suwupling procedures for inspection by variables
(Part 1) : 2013 Specification for single sampling plans indexed by acceptance quality limit (AQL)
for lot-by-lot inspection for a single quality characteristic and a single AQL
(Part 2) : 2013 General specification for single sampling plans indexed by acceptance quality
limit (AQL) for lot-by-lot inspection of independent quality characteristics
_(Part3):2007 ~ Double sampling schemes indexed by acceptance quality. limit (AQL) for lot-by-
ot mspectlon
(Part4):2011  Procedures for assessment of declared quality levels o
(Part5) 2006 - Sequential sampling plans indexed by acceptance- ~quahity--himit (AQL) for- -~
inspection by variables (Known standard deviation)
*6911 2017 - Stainless steel plate, sheet and strip —=Specification {(second revision) - e
-7016 - Methods of test for coated and treated fabrics :
(Part 1) : 1982 Determination of roll characteristics ( first revision)
(Part 2) : 2015 Determination of tensile strength and elongation at break (second revision )
(Part 3): 1981 Determination of tear strength ( first revision)
Part 7) : 2009 Rubber-or plastics-coated fabrics — Determination of resistance to penetration by
s st BN (et d rEVIRIONY- el SR : .
8156 :2014 - Fastners for consumer goods — Synthcnc hook and loop tapc — Sper:lﬁcauon
(third revision)
11871 : 1986 N Methods for determination of flammability and flame resistance of textile fabrics
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ANNEX B

{ Cloniges 4 10

CHECKING OF BASIC ERGONOMIC FEATURES OF
BULLET RESISTANCE JACKET

B-1 This annex informs how some basic ergonomic regarded as unnecessarily uncomfortable. Care shall be taken
features can be checked for bullet resistance jackets if there are no directly comparable products.

(BRJ) in a pragmatic way. This annex is not intended B-3 GROUNDS FOR CONCLUDING THAT A

to rc;.)!acc ergonomic testing required l?y the user for PRODUCT 1S UNACCEPTABLE
dividual assessment of BRJ at a specific workplace.
In general carrying out ergonomic assessments can  The following are obvious reasons for concluding that

help improve bullet resistance jacket and detect major  the BRJ is unacceptable and not fit for use:
deficicncics. a) Personnel it should fit cannot wear it.

b) It does not stay closed or it will not stay in place.
c) It compromises a vital function, such as breathing.

B-2 In principle, onc or morc cxpcricnced assessors
should examine the BRYJ after reading the information ng.
supplied from the manufacturer. The BR of suitablesize  d) It compromises vital performance, such as ﬁrihg

_ should be put on together with combat dress/uniform as (standing and/or lymg) ) )
~isintended 1o be wori, and craonomlﬁeaturcs relating” e) Sunp_léiasks to t_);cr_fd;ﬁed - g it are
i e - —(@-the—practical - performance-of- the-bullet-resistance - “impossible.

Jacket should be checked. Some relevant questions that

‘may he asked to the wearer are sef-out in Table 14, f) The subject refuses to continue this assessment

due o paiu or cacessive secondary loads on neck

NOTE - An.assessor may have difficulties deciding whether and back (due to loose fit and changt:;mmtrcofm e D

the prodilct is e
that the pmd'm.t should Le wulpd.u.d wills stinilas al.sﬂ{a i e e AR T
- market. If it is significantly worse ergonomically, without g) It prevents the wearing of basic combat dress/

redecming features such as enhanced protection, it can be uniform.

cceptable or unaceeptable. It | is recommended gravity).

Table 14 Rclmnt Questions that may be Asked te the Warer

( Claw:e B—2 )
SI No. Parameter Activity Question
(1) () . O “)
i) Visual Inspect the BRI visually for any defects Is the BRJ free from any sharp or hard edges, rough
surfaces ar ather items on the i inner or outqr suri‘nge that =
? g o B N - are likely to cause harm? - : Ry epindy
e W) |Size Wearing of suitable size of BRJ over combat | 1) Is it too tight fi fm\:pjic‘_ng?
B dressfuntform/jersey 2} Is it loose even after nghlmmg buclda, velero tapes
and kamarbandh?
3) Does it protect vital padts as per requirement?
i Restriction of | Personnel to be made to carry out battle/patrol/ 1) Does the BRI ride up during the aforementioned
movement (any other) drill wearing the BR] activities?
a) Crawling 2} Is the thickness of the jacket a hindrance in carrying
b) Running out the activities?
¢) Knseling - firing position 3) An}_-r hindrance in arm movements (especially armpit
. . .. regions)?
g} Lyig ~Hiring posmo.n 4) Any hindrance groin/crotch region?
¢) Standing —firing position 5} Any hindrance while moving the neck and/or head? |
6} Any displacement in  panels during the
| aforementioned activities?
i» 1\5 Ease of handling | Personnel to be made to fire using service i 1} Does the weapon stock fit properly while firing?
I weapon weapon wearing the BRI 2} Doces the stock slip from shoulder while firing?
| a}) Kneeling
b) Lying
c) ’St.mdm;,

v --;nckaz.t“mm_ _-,.;th serv 1(::_En:r;a_m:;;1:a§1;=;nr s \E;)Ti_a to remove magazines and grenades from
lA | ercnades in the | pmirhﬂ .md remove 1hrm - ﬁ]muﬂ.e\.i B o o ]
J Put on the BRI and remove it f\\ ithAwithout ‘ 1} Is it easy © put on t}nrjuf‘lu twithout hc]p'
| | assistan e i Is it casy (o take off the jacket

SR |
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ANNEX D
( Clause 6.2.2)

NOTES ON BACK FACE SIGNATURE (BFS)

D-1 Bullet resistant jacket may be used for various
applications for example protection measures, law and
order or tactical applications like military operations,
etc.

D-2 Maximum permissible back face signature (BFS)
of 44 mm is followed by US army, US federal security
forces, UK police forces (for very low threats),
Indian navy, Indian coast guard cte. Permissible BFS
of 25 mm is followed by UK police forces (High threat
levels), Indian army, bullet resistant jackets for Indian
CAPFs.

D-3 The qualitative requirements and trial directives

- while drafting qualitative requirement.

in case of casualty, buliet resistant jacket with higher
BFS (44 mm) may be selected.

D-5 For applications that involve medium to high risks
(automatic guns, rifles, etc) like military operations,
patrolling of sensitive/terrorist prone areas or remote/
inaccessible areas and use of overt armour with hard
armour panels, bullet resistant jacket with lesser BFS
(25 mm) may be selected.

D-6 Panel designed for 25 mm BFS against a particular
threat is likely to be slightly heavier than a similar panel
designed for 44 mm BFS against the same threat. The
user/purchaser shall take into account the weight aspect

—issucd-by BPR&D suggest-use-of 25-mm for bullet-

Vests.

D4 Fu» a;@lféﬁﬁ&as that involve minimum risks, use

of concealable armour and eace ot medical assistance

specific BFS, the threat perceptions shall be seriously

back face signature.

e i g A

30

_jackets and 44 mm for. —bﬂnﬂ—f-CSiStinL—D-?JIhis-‘stgpda.fddéesﬁet--advocatc selection-of any-

.~ —considered-beforechoosing the-maximum permissible———

l
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ANNEX E
( Clause 6.4 1)

NOTES ON UPPER PREDICTION 1LIMIT (UPL)

E-1 Measurement of back face signature involves
conditioning and calibration of backing material and
use of handheld equipment during measurement.
Despite the measures taken to minimize variation,
these activities introduce inherent variability in the test
results. The probability of an acceptable design failing
the ballistic trials increases due to these variations.

E-2 For this reason, probability of allowing excessive
BFS within permissible limits is relevant for lot testing.
In case any BFS exceeds the permissible limit, there
shall be 95 percent confidence that 90 percent of all
BFS depths shall be less than or equal to maximum
pt.‘.ll.lllbblblt: lumL T‘lus is prldu.u.d in dt,icul iu E-3

E-3 It can be assumed that the population of
BFS measurements follows normal distribution
(see Fig. 20). Difference between confidence and
prediction levels is given in Fig. 21, In Fig. 21, the
interval range cxtends beyond the tail areas of the
actual population distribution (solid line). This is
because the tolerance interval takes into account the
uncertainty of knowing the true location of the mean
of the population distribution. This uncertainty is
represented by the confidence level associated with the
interval. The confidence level-indicates the likelihood
that the interval covers the desired proportion of the
population.

e e — ]

STANDARD DEVIATIONS -3 2 -

F16. 20 NorMmAL DistriBUTiON (PERCENT VALUES ARE THE CONFIDENCE LIMITS)

TOLERANCE INTERVAL
(2- EIDED)

CONFIDENCE
INTERVAL
(2 - SIDED)

SAMPLE MEAN

Fii. 21 Dirrerence BErweeN CONFIDENCE AND PrepicTion LEVELS
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a value which the next shot is unfikely to exceed
(probability) that is
Ay — A + Ko {7

Where X is the Upper Prediction Limit, ¥ is average
of BFS, o is standard deviation and X is the constant
determined by the probability and confidence levels.

Z,omt 122 _—ab
- »\J‘ -y

E-5.1 Example 1

a) User requirement

b) Annour design

¢) BFS values

E-5S EXAMPLE OF UPL CALCULATION

: Threat Level 2, Maximum

BFS: 25 mm

:Front and back, 6 shots

each, all shot at 0° angle

8, =0°)

K= — (8)
“ Shot No. Front [ Back
where,
) ) 1 20 17
=1_ % b=g2 _Zs 2 252 T
&= 2(N-1) T T Ty -
3 20 i9
p =09 that is probability that no BFS exceeds | 4 18 20
maximum limit shall be at least 30 percent; — 5 5 il
£ =0.95 that is confidence level of 95 percent; and
-
~— N =number of BFS readings. S . 7_6 — 19 fz
- — - Considering_onc-gided critical s-valucs in normal | ____ Average | 198
distribration Standard Deviation 237
T =128 a2 i-g = 1645 T K(fer12shots) — I
roniman o _Eﬂ.liﬁlmﬁKiordiﬁmmtBFS_tcadh:gs_m perthe - e e ey s
Upper Prediction Level (see Equation 7)=245mm

equation § are given in Table 15.
Table 15 K Values for 90 Percent Probability

As UPL < 25 mm, Shet. No. 2 on the front panel with
BFS > 25 mm shall be accepted as major defect during

at 95 Percent Confidence Level s
N lot testing {see 6.5.2(b)].
{Clause E-4.1) )
= - 5.2 Exampde 2
Sl Ne:ofBFS Censtant K Ne. ol BFS Censtant K e . B
Nu. ~ Readiags Readings a) Userrequirement - Threat Level 2, Maximum
) @) @ ©) , $R: 25
N 61 5 L85 b) Armour design : Front z;:dﬁback., 06 sholls
.. L each, all shot at 0° angle
i) 425 4 1.84 P
338 25 1.82 ' ' Gt
miy oo o =3 3.3 - c) BFS values
- e g - T e E TN O VIR i R .
V) 2.71 27 1.80 Shot No. _ Front Back
vi) 254 28 1.79 1 23 22
vii) 9 2.41 29 1.78 & 21 20
viii) H 2.32 30 1.77 3 22 28
ix) 11 2.24 31 1.76 4 19 22
x) 12 218 32 1.75 5 24 | 23
xi) 13 2.13 33 1.74 6 2 77 ]
14 X 34 3 - e
Xi1) 2.08 4 L2 Aver:;ge 21 .91
xiii) 15 2.04 34 1.72 —— e
) Standard Deviation 1.37
Xiv) 16 2.01 40 1.69 oz e ]
- 3 ¥ T
x¥) 17 168 50 164 ,,J,‘_L‘"m_.__g,_f, Na
xvi) 18 1.95 60 1.60
xvii) 19 193 &0 155 As all the shots are less than maximum permissible
xviii) 20 19! 100 152 limit (25 mm), the jackets shall be accepted without
) any defect.
Xix) 21 1.89 200 1.45
xx) 22 1.87 00 1.38
32
e e —




IS 17051 @ 2018

ANNEX F
{ Clauses 6.5.2.1 and 7.2)

SAMPLING PLAN AND AQL FOR BALLISTIC EVALUATION

F-1 During lot testing, samples of complete jacket
shall be drawn from the manufacturer site. Ballistic
evaluation shall be conducted on the panels removed
from the bullet resistant jacket. These panels shall
include frontback, groin, side or any other paonels
designed for specific threat level. In this case, the
sample size shall mean the panels that need to be
evaluated agaist ot size of complete armour. Sample
size code letters is given in Table 16.

-2 Generally, one bullet resistant jacket compiises
of minimum two panels (for example front and back).
In such case, 08 sample size means four (04) bullet
resistant jacket. In case bullet resistant jacket comprises
of moro than two panels, sample size chall be incrensed
to incorporate drawing of complete bullet resistant
jacket from manufacturer site. The AQL shall remain
same as that given in Table 17. An example illustrating
sampling of armours is given below.

Table 16 Sample Size Code Letters
( Clause F-1)

§l No. Lot Size Special Inspection Tevely _Geeneral Inspectlon Davels
B A S AL %,
- . S OV S SRS SN RRNSY WU -
) 2) €] &) (6) O (® )
MR T 'i) , s 2?:6_8':'" e T A 3 x Zl.i)i;"ff,'i',,,,,., 2 A R < e B -
. BRI 2 1 o A A e e i B ¢
; iiif) 161025 A B B B c D
iv) 261050 B B g C D E
v) Sl 90 B L L ) F F
¥i) 9110150 B of . D. D F G
vii) 151 to 280 C D E E G H
i) 281 to 500 c D S e “F B o
x) - 501 fo 1200 ¢ E F G J K
x 1201 t03 200 D E, G H K T
_x) 32011010000 D E S A, ik M
xii) 10001 to 35 000 D F H KM N
xiii) 35001 to 150 000 E G 1 L N P
xiv) 150001 to 500 000 E G i M P Q
xv) 500 001 and over E H K N Q R
33
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X3 EXAMPLE OF SAMPLING AND LOT TESTING

a) Type : Bullet resistant jacket

[ETE . G g = 4 Vasenlos 1 mead D AAasrismaqnan PO AL ns

u) Uonl dbquniciivii 3 Pieg ICY Ol 4 ding Oy dveaAbiiieii 430 D, 20 dakans

¢) Armour design (JCW) : Level I (SAP): Front, back and grein (3 panels per jacket)

Level 3 : Front, back, side-L, side —R (4 panels per jacket)

d) Inspection level . S-4
e) AQL defect rate (of Panel) : 2.5 percent

Example 1
LOT 1 =100 jackets, sample code D (Table 16)
- —Thre;tL(;vei | Minimum Panels Panels Jackets P/NP - BFS Results
Reguired for Tested drawn
iesting as per
{ lables 16 and 17 _
1 (only SAP) 08 09 03 All NP BFS > 25 mm : 01
LI N A O SO, < A NN, . S I . . L L e UPL=25mm-— |-
3(7.62 x 39 MSC) 08 08 02 All NP BFS > 25 mm : NIL
3(7.62 = 51) MR R n2 ANND RFS > 258 mm - NI,
" Decision Critical Defect: NIL, Major Defect: 01 i
e :’:{.i:*:..‘._:: I At S0 - | R . i REJECTILOT: S e R R |
Example 2
5 LOT2 =200 jackets, sample code E (Table 16)
Threat Level Minimum Panels | Panels Jackets P/NP ‘BFS Results
5 5 ‘ Required jor Tested drawn - :
“ Testing as per
Tables 16 and 17 | o )
1 (only SAP) 13 15 05 AIUNP | BFS>25mm:NIL
. i ..‘ 3 (7-62x 39 MSC) 13 - i _16 ._.'_"_7.'.:."_'.'.'___7:.(}.4'_7__.7__' == _T_ l'ikgﬁﬁwp;df ,:,BES}' zsfmm;ﬂm‘:_ — _-'_:_::__7:_ T —
: : by SAP =
3(7.62 % 51) 13 16 | 04 - AUNP - UPL<25mm
" Decision Critical Defect: NIL ; Major Defect: 01 -
ACCEPT LOT
Example 3
LOT 3 = 150€ jackets, sample code G (Table 16)
Threat Level Miizir;;:: ija;;!:v Panels Jackets P/NP “ BFS Results
Reguired for Tested drawn
Testing as per
| Tables 16 and 17 R
1 (only SAP) 32 7 33 L P: 01 ES > 25 mm : NIL
3(7.62 x 39 MSC) 32 ] 32 8 AINP BFS > 25 mm : NIL |
3 (7.62x51) _ 32 32 B CAUNP BFS > 25 mm : NIL
Decision / Critical Defect: 01, Major Defect: NIL
- . REmCTIOT
| e ————— = e o

Hy
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ANNEX G

( Clause 7.3 )

CALCULATTION OF NUMBER OF SAMPLES %
=
=2

G-1 EXAMPLE 1 (TENDER SAMPLE) %
G-1.1 Requirements

a) Size Three (Small, Medium, Large)

b) Threat level i B

c) Operational requirements 1) Fluid exposure (water);

2) Low temperature test;
3) Normal range parameters; and
4) Life assessment.

G-2 For level 5, the material has to clear levels 1 and 3 as well. Therefore, 3 threat levels to be tested. Calculation
of number of samples shall be as given in Table 18

e e e —=mr—Tahle 1S*Calculaﬁnn'of-Numberof—Samples- T T T R
( Clause G-2)
{1 SINe._ |  Theeatdewel |  Rire Opcfnﬁng Condition No. of Jackets Total Samples s
* Required for
SR Ca ’k(j:) P i (_j)__""‘ = ey {3) A ('4) Mool ge: e e ('5) R e ¢ (O
I : ‘Water | 1{Only SAP)
C 1 .
S,M,L Low temperature 1 {only SAP)
{only if the design is i, - 04 (+ 04 standby)
1CW) (any one size) Normal range | 14enly SAP)
i Lifc assessment 11 {éiﬁy SAP)
ii) ‘Water - 1 (HAP +35AP)
Low femperature | 1{HAP + 8AP
s o hd oM 04 (+ 04 standby)
Normal range -{ 1 (HAP+3SAP)
Life assessment | 1. (HAP +SAP)
Water 1 (HAP + SAP)
3(7.62 x 51) M o s LR 04 (+ 04 standby)
e I SR - | Noomalrange 1HAP+SARYy |~ T BNSARE SIURY T
Life assessment 1 (HAP+ SAP)
= . : ~ |- Water : EE! (H:‘\P+SAP) %
Low ¢ ture 1 P+ SAP
£ i o s N (+ 04 standby)
Normal range 1 (HAP + SAP)
B | Life asscssment 1 ({HAP + SAP)
iif) Water 1 (HAP + SAP)
Low temperature 1 (HAP + SAP)
S - ) 04 (+ 04 standby)
Normal range 1 (HAP + SAP) .
| | Lifcassessment 1 (HAP + SAP)
Water 1 (HAP + 8AP)
Low temperatur. 1 P+ SAP
5 {7.62 = 39) M e (X ) 04 (+ 04 standby)
Normal range I {HAP + SAP) =
| Life assessment | (HAP + SAP)
Water 1 (HAP + SAP)
Low t g 1 (HAP + SAP
L <o it L S, (+ 04 standby)
Normal range 1 (HAP + SAP) :
o _____'_;7”777___ | Lifcassessment 1 (HAD + SAP) ] 7
v) | __ Tota! Buliet Resistant .!:-.tEct:s_Ecquircd per design 28 (+ 28 standby) |




H-2 Major factors that the bullet resistant jacketis likely

H-1 Bullet resistant jacket used by various agencies
is expected to be subjected to various operating and
environmental conditions based on their location and
usage. Many of these conditions affect the service
life of the bullet resistant jacket and can result in ite
degradation. It is important for the procuring agency
to formulate detailed environmental test plan to
incorporate most detrimental conditions that the bullet
resistant jacket may face during its service/storage.

IS 17051 : 2018

ANNEX H

( Clanse 8.0)
OPEURATING CONDITIONS

conlamination with fluids, in transit drop and vibrations,
and general climatic changes. General test plans for
these conditions have been given in detail in clause 8.
The standard does not advocate testing under any
particular operating condition. The procuring agency
shall choose any of these conditions depending upon
usage of bullet resistant jacket. The procuring agency
may also add new test plans after discussions with
manufacturers and testing agencies. Table 19 gives the
reason for each test plan and the agencies where such
tests are relevant.

to face during its service are extreme lemperatures,

Table 19 Test Standards for Various Operating Conditions

 (Clause H-2)

””””” — F—S8No-—, | Tt 1 Reason for Testing — -~ Relevance
() (2) 3) o okl 4)
S TEET T © | High témperatire | Transportation/Storage (Opén and shelter) i ot regions | Allsgencics S
- . i) Low temperature Transportation/Storage~ (Open and - shelter)™in cold | Agencies where jackets are exposed to
regions sub-zero temperatures
i) -*F luid exposure Confinuous or temporary exposure to degrading fluids | All agencies
= _ : For sea and coastal regions ' Navyfh&adncandcoastalagm
B T e iv) In-transit conditions | Accidental drop during transit All agencics
B - Article free to bousee, collide with ofher articles/sides | All agencies
of vehicle
Article is not secured to vehicle floor
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ANNEX I
( Clause 8.4.3)
TEST INTERRUPTION FORMAT

J-1 TESTINTERRUPTION FORMAT (EXAMPLE)

Trial ID

Date of trial

Sample ID

Reason for interruption/invalidation

Corrective actions taken

Decision on interruption

Trial In-charge User/Manufacturer



ANNEX K

{ Clause 9.1.6.2 )

BACKING MATERITAL

IK-1 The main purposes of backing material are twofold:

a) to mark the extent of BFS during ballistic
evaluation; and

b) to simulate tissue response apprapriately heneath
the point of impact so that the BFS can be
correlated to human injury to some extent!.

K-2 Backing matenals used during ballistic evaluation
are generally oil based non-firing clays which soften on
exposure to temperature, and exhibit shear thinning and
thixotropic properties. These can be mineral clay where

one-of the main components is -kaolin,-or-polymeric

¢lay which usc petroleum jelly and long chain aliphatic

exact composition is undisclosed and keep changing
with time. The rheological and mechanical properties
of these materials are influenced by the composition
and additives used. Prior usage of the backing material
also changes its subscquent propertics becausce of
thixotropicity. Knowledge of the backing material
helps in understanding its behaviour under thermal and
shear loads and also its service period.

K-3 Some of the properties of Roma Plastilina# ] (RP#1)
are given in Table 20. Any new backing material can be
analysed for these parameters using a rheometer. The
new backing material can then be subjected to dynamic

tests and ballistic evaluation and the results compared

___acids. However, as these are commercial materials, their

o --Table 20 Rheological Properties-of Roma Plastilina#1

“with RP#1 as control material™.

 (ClauseX3) .
Sl No. Parameter - = ; Aﬁpruxiihate Values

[ @ ) S ®

i) Density (g/cc) 13-1.6

if) Linear viscoclastic region (LVE, percent) 0.01 percent

iif) Storage modulus (Pa) at LVE 8 x 10¢ '
év) Loss modulus {Paj aI LVE - 1.8 x10°

v) Storage modulus (GPa, at temperatures 25 — 40°C) 7 % 10°

vi) Loss modulus (GPa, at temperatures 25 40°C) 210

1} Lehowicz L.G., Clay and Backing Materials -— Chapler 4. Testing of Body Annor Matecials for Use by the US, Army -— Phase I: Letier
Committee fo Review the Testing of Body Armor Materials for Use by the, ULS. Army, (National Acadewmics Press Online. ISBN 978-0-309-25599-8,
2012) pp. 46-50. )

2) Bhattacharjee, D., Kumar A, Biswas, I, Vermg, 8., and Islam, E., Rheological and Energy Absorption properties of Backing Materials for
Messerement of Belind Avmow Bluat Trauma, Proe of 29 Infernaionad Sympsesiun vn Bullistics, Els. Clive Woodley and fun Cullis, 9-13 May,
2046, Edinburgh, Scotland, UK.
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ANNEX I,

{ Claiises 9.3,

and 9.3.4)

BALLISTIC LIMIT

L-1 The ballistic limit or limit velocity is the velocity
required for a particular projectile to perforate an
armour 50 percent of the time.

L-2 Ballistic Iimit generally follows a logisiic

regression curve given by Fig, 22. The equation of
logistic regression is given by:

p(v) =

Where p(v) is the probab[lily 01 corrp]ute perioration
happetiing at velocity .

£E+F‘aé

T (%)

1-3 g, and f, are logistic conatants that can be obtained
by fitting the Velocit}' and peﬂorauonfnonhpeﬁcranon
data in the above equation. There are many software

which may be used to fit the data curve fo obtain the

Once the constants are obtained, ¥, is given by:
; B
Ve = —=2 - (10)

L-4 The velocity at which the probability of complete
perforation is X percent that is V_is given by:
£ o2
Inl — -8
Vx. = 'i% = (11)

L-5 This equation shall be used to find the velocily

at which probabilify of perfotationi is 5 percent as
per 9.3.4(c). However, the data set shall be large enough
for cotrect analysis. Hencc minimum number of shots
shall be maintained.

two logistic constants.
] [ T T T - T
1_-.0__ L4 ® L] 2 ool o0 ‘“...W
= 081 .
1 ,
=
)
& 0.6} -
=
-
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ANNEX M
( Clause 11.1)

ENAMPLE OF BALLISTIC DATA SHEET

Trial @ate: .o vvi v

................................... UISBLE ... v e ssinresitbsng
Test stores:
Weapon/Barrel: Registration No.:
St Sample | Ammunition/ Conditioning Time PVMS (m/s) r Impact result
No. Code Lot Time | Time Time |V, |V,]|V,|PNP| BFS Observations
Start | Stop Taken/
Drying
Time
- - -Drop Test Results on conditioned backing'rﬁate'ria]:- =
Distance from target (m):-
1. Weapon | 4.V,
2.V, 5. LAOT
T b B RN 6.
: S L o T ki A
] sampeno. | 1|2 |3 |a|s | AVERAGEUREVATON | Temperature | Rumidiy |
- ? Q) (%)
Notes:
Trial Officer
41




IS 17051 : 2018
ANNEX N
{ Foreward )

COMMITTEE COMPOSITION

Textiles Protective Clothing Sectional Committee, TXD 32

Organization Representative(s)
Northern India Textile Research Association, Ghaziabad D Armvpam Basu (Chairman)
D M. S. Paruar (4lzernate)
EL DU Pont India Private Limited, Gurugram Suri MaNoOT JHAVER
SHRIMATT VEDIRA KAPOOR (4 lternate)
Aeronav Industrial Safety Appliances, Noida SHRr1 SANDEEP HORA
Arvind Limited, Gandhinagar SHrr NARENDRA KAJALE
SHRI Ranur Dev MAL (4lternate)
Border Security Force, New Delhi Snr1 PREM Visuwas
Central Industrial Secunty Force, New Delhi SHri A. K. CHATURVEDI
e e B — - —SHRI RAvINDRA KUMAR MEEL-(AIIGJ‘JN’Z!@) o=
C‘mﬂal—«Rﬁcwe—Pohee Force;New Delhi-— — - Seri RanpEm Kumar Jua— .
= Stri PARTHA S Sanu (Aicemaze)

Centre for Fire Explosive and Environment Safety, DrR. P. SmeH i )
_ NewDelhi 7 SHRI MAHIPAL MEENA {Altemaze)
Confederation: Endnn industzy Nowbelhi- Suri SUvENDU MaHARATRA -
Defence Bioengineering & Electromedical Laboratory, DrT. M. Kotress

Bengaluru Dr VivoTth. P. (dlternate)
Defence Materials and Stores Research & Development Dr ANURAG SRIVASTAVA 7

Establishment, Kanpur Dr K. K. Gueta (Alternate 1)

Surt A 8. PARmIAR (Alternare 1)
Delhi Fire Scrvicc, New Delhi SHRI ATUL GARG
— S = - - Sun Ve Knaaw (iltemate) i
Department of Jute & Fibre chhnology, Institute of Jute Pror (DR) A, K. SamanTa l
i chhmlogy, Koikaia Pror D. Das (Alternate)

lﬁuccmratz Gencralfsrc Sermes Civil Defcnoc & Home  SuriD. K. Sgami
Guards, Ministry of Home Atfairs, New Deth: ;

Directorate General of Quality Assurance, Ministry of Srrt MAHENDRA SINGH
Defence, New Delhi Surx P. Dz (4lternate)

DSM Dyneema Limited, Mumbai SurI HARSH WARDHAN SHARMA

SHRI RAKESH GAIKWAD (Alternate)
Fite Retwduut Avsociation of ludiz, New Dellij Suri P V. Murau Monam
Foremost Technico Pvt Ltd, New Delhi SHRI VINAY KHANKA

SHRI PraxAsH KHANNA {Alternate)
Indian Institute of Technology, New Delhi Dr V. K. KoTHARS
Incian Technical Textile Association, Mumbai Dr Anvr RaksmT

SHrt Basant Lonia (A#ternate)
Intertek India Pvt Ltd, Gurugram Strt HEMANT PARAB

StrI SUNDAR KriSHNAN (4lternate)
Indo-Tibetan Border Police, New Delhi Saitt PRAKASH DANGWAL

Suri Rawur (dliernate)
JCT Limited, Phagwara Suri K. S. DaiiLon

SHRI ARWINDER SNGH (Alrernare)

e AT = e e
e = = = =

A




Chrzanization

B s Corporites Pyt id, Mumbia

MIDHANI, Hyderabad
MEKU Lid, Kanpui

NEC Egpt Wing, Ministry of Defence (DGQA), Pune

Occupational Safety, Health and Chemical Hazard
Committee (CHDO8), Bureau of Indian Standards,
New Delhi

Ordnance Clothing Factory, Avadi

Office of Textile Commissioner, Mumbai

il Industry Safety Directorate, Noida

RDSO, Lucknow
Reliance Industries Limited, New Delhi

RSWM Lid, Nolda
SASMIRA, Mumbai

SGS India Pvt. Ltd, Chennai

SMPP Pvt Ltd, New Delhi

Sure Safety India Pvt Ltd, Vadodara

System 58 Private Limited, Chennai

TATA Advanced Materials Limited, Bengaluru
Terminal Ballistics Research Laboratory, Chandigarh
Teijin India Private Limited, Gurugram

Tex Corporation Limited, Gurugram

Textiles Committee, New Delbi

The Bombay Textile Research Association, Mumbai
TUV Rheinland India Pvt Ltd, Gurugram
BIS Directorate General

—

gl

1S 17051 : 2018

Represeniative(s)
Surt Yoorsi K. KusuMGar
Dr M. K. Tarcknar (Alternate)
Cor. AsHwani KuMar

Sur! Vasuay GUPTA
Stri RanB PaL (4lternate)

Suwi B. G. Suinpe
T7Cor RS JuiNnkwaN (Alternate)

MEMBER SECRETARY

SHrI V. MATHIVANAN
SHRT SHANMUGAM. B. (Alternate)

SHRI AJay PanpIT
SHRI M. BALASUBRAMANIAN (Alternate)

SHRI DEVENDRA M. MAHAJAN
SHr1 HARENDRA Y ADAV (Alfernate)

REFRESENTATIVE

Surl M. S. VERMA
Surt Vuay GARG (4/ternate)

Strl VDAY YADAV

Dr MaNISHA MATHUR
SHrMATI AsHwiNT SuDAaM (dlternate)

SHRIMATI ANITHA JEYARAJ
Dr Karmaikeyan. K. (dlternate)

SHRrI AsaisH KANSAL
Dr S. C. Kansat (4lfernate)

SHr1 SushiL BenL
Suri Nisuita DAND (dlternate)

SHrI SUDHIR TAKKER
SHrMATI BEAVNA SR TAKKAR (Alternate)

SHRI NARESH CHANDRA SHARMA
SHRI Basavaral ANGADI (Alternate)

SHriMaTI IrsiTA Biswas
Dz DeBARATI BRATTACHARIEE (Alternate)

SHii PRIVARPAN SRIVASTAVA
Sirt Ravi KunMar (4lternate)

SHri Viay TOLEY
SRl Saniay AGGARWAL (Alternate)

SRl PARVEI AHMED
Suri V. K. R, Macrratu (Alternate)

Surmvati L. M. CHANDRAKALA

Snuri CHARAN SINGH

Suri A. K Bera, Scievaist ‘F7 anp Hean (TXD)
[ReprESENTING DIRECTOR GENERAL { Ex-officio )]

MEMBER SECRETARY

Surt 1. K. Gurta
ScienTisT ‘D7 (TXD), BIS
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Bureau of Indian Standards

BIS is a statutory institution cstablished under the Bureau of Indian Standards Act. 2016 (o promole harmonious
development of the activities of standardization, marking and quality certification of goods and attending ‘to
connected matters in the country,
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AMENDMENT NO. 1 JULY 2020

TO

IS 17051 : 201 TEXTIL RS — BUILLET RESISTANT JACKETS

PERFORMANCE REQUIREMENTS

(Page 3, cluuse 3.20) - insert the following new clause after 3.20-

321 Perforation — Anv impact that creates a hole passing through the armor. I'lus may be evidenced by any of the
following: (a) the presence of the projectile, a projectile fragment, or an armoi fragment in the clay backing material:
(b} & hole that passes through the armor and/or backing material: or (¢) any portion of the bullet bemg visible from
the body side of the armor panel.’

(Page 4, clause 5.1.1) — Insert the following new note al the end:

NOTE - The shelt ife of outer carrier fabnc without use in ambient prevarlimg conditions 1n India shalf be 10 years mimmum  However.
the mervice o usage lile o ouier carrier shall be decided by the users.

o (Paged, clause 5.1.4, iine 1) — Substifute ‘A’ for "An addiional .

(Page 5. clause 5.1.8) — Insert the following new note at the end:

NOTE 2 Quick release mechanism shall work along with double locking of kamarbandh.”
(Page 7, clause 5.2.7) — Substitute the following for the existing:

'5.2.7 General Requirements for SAP and HAP

The supplier shall declare the type of materials, number of layers, and their areal density in technical bid of tender
and shall have 10 maintain the same in bulk supply. The information shall be kept in sealed/secured condition and
shall only be opened in case of failure of lot during bulk testing for comparison.

NOTE — The sealedisecured packet is permitted to be opened by Technical Evaluation Committee (TEC) and after venlication shall be

kept in sealed/secured condition for future reference. This sealed packet may be retained for successtul bidder and be returned for rest of
bidders.”

(Page 7. clause 6.1.3) — Substitute the following for the existing:

'6.1.3 Threat level 2 onwards may be ICW or standalone configuration. In case of former, the flexible armour panels
shall be compliant to threat level 1 in all cases. In case of standalone configuration samples, they shail be compliant
to the required threats. Threat levels 3 shall also be compliant to threat level 2. Threat levels 4 and 5 shall also be
compliant to threat level 3, For threat level 6, no other compliance is required’

Price Group 2
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t Jlowng for the existing
he It

1) — Substitute !

(Page 9, clause 6.5.2.
6.5.2.1 Decision on mujor defect wal 0 or more than the rejection aumber corresponding o AQI

o ; Y
Lot shall be rejected, it the 1on-contornmtic

100 bullet resistant jackets,

of 2 3 percent (vee Annex F) y for non-conformitics. For cxample, with a lot size of |
NOTE — Con 1ituent pane e of a lot size .ha] kA )
~ panels shall be tested for non-conloinitics 1
e the following for the existing
gubstitth
but for other sizes may be

» 5 i 1 SEnTERc e C— . .
(age 9, clause 7.1.2, sentence 4) (he same size shall not be permitted,
n

In the event of failure, subsequent tesung
permitted.”

he tollowing for the existing
A {water resistance), 8.2.2 (sea water resistance) and

seratur ¢), 8.2

(Page 9, clause 8.0, senience 1) —
1 .
w (et " qllistic evaluation of the bullet resistant jackets

'‘Operating conditions as given in 8. L1 (10 s
N.3.2 (vibration test) -:hall be considered pef0
e at the end:
o - . JWwing
(/)".ge 9 clause 80) [nsert the folle 4y condition (range condition) may be excluded. if the panels are tested for other
el 10

*NOTE — [f desired by the user. testing of pa! )
severe conditions (see 8.1.1. 8.2.1, 8.2.2 and 8. L .
cubstitute the fellowing for the existing clauses
(Page 10, clauses 8.1, 8.1.1 and 812 7"
‘8.1 Extreme Temperatures <t specified in 8.1.1.
: ’ e test”
Both SA Ps and HAPs shall be subjected to th
8.1.1 Low Temperature 4 b = 10 min. The material shall be examined for delamination,
thi‘r visual defects. The samples shall be kept in range conditions

Sample shall be cooled to minus 40 = 3 (n

matrix ¢racking, component separation, ord zﬂ ba allistic evaluation. ’

(vee 8.4.3) for minimum 12 h before (.undlld

g.3.0and"

(Pagze 11, cluuse 8.3, line 4) — Delete 83
Subslim[e ‘6” for ‘4°.

[Pagre 20, Table 11, SI No. (1), col 5]
< petite “— for 27,
(Pagze 20, Table 11, SI No. (ii), col 6] = >

e — s el




[Page 29, clauses C-2, C-2.1 and C-2.2] — Substitute the following for the existing:

C-2 ICW CONFIGURATION

: C-2.1 BFS: 25 mm
, | Sige XS S M L jl
‘ s ; : : S
[ Thiem | Swandard Upgrade | ‘ Upgrade 2 Standard [ Upgrade I | Upgrade 2 Standard Upgrade | | Upgrade 2 Standard Upgrade | | Upgrade 2 Standard Ipg 2|
| — ———. ‘_—..;‘__—_,_T__;J 1 - g ! ———
| 2.26 243 293 2.54 : 271 3.21 2.83 3.00 3.30 2.99 319 3.79 328 34K
2| 420 541 # 6.83 404 | s 7.28 5.03 6.28 7.74 5.30 663 $.22 571
t .
i 3 | 4.34 5.61 ‘ 7.09 4,78 | 0.05 7.55 5.18 6.50 8.02 5.46 6 86 X351 587 1
R = : N
4 | 5.32 7.00 ! 8.91 5.76 i 1.51 9.45° 6.21 8.03 10.00 6.34 847 10.58 .00 - ! i,
; I T 779 " 9.95 632 | 834 1053 | 679 8.91 .14 7.16 939 1176 7.3 ‘ |
R ! : - - e -
I 4] ! 7.59 10.37 i 13.33 i 8.14 i 11.05 14.06 ; 871 11.75 1451 9.16 12.38 15.60 9.76 B2 |
C-2.2 BFS: 44 mim
| size | X8 S M L XL
fsie ], : — ‘ . - -
| Threw Standard Upgrade | | Upgrade 2 | Standard Upgrade | | Upgrade 2 Standard Upgrade | | Upgrade 2 Standard | Upgrade 1 Upgrade 2 Standard Upgrade Upgrade 2
5 T 241 2,39 2.10 223 2.61 233 2.46 2.84 2.46 2.61 3.07 2.69 2.84
4.99 6.29 4.20 5.36 6.08 4.53 5.74 7.08 4.78 6.06 7.50 312 646 7.84
T
4.949 6.29 4.20 5.36 6.68 4.53 574 7.08 4.78 6.6 7.50 542 6.46 7.84
6.38 8.11 5.18 6.82 8.58 5.56 727 9.06 5.86 767 9.56 6.25 8.8 2.96
6.98 8.9 5.60 7.44 9.39 6.00 7.93 9.9] 6.32 836 10.45 6.74 8.87 10.56
——— 2 — o
| S 6935 | 9.56 1227 7.42 10.13 12:92 7.91 10.77 13.59 8.33 H3q 14.28 5.84 20 14.80 :

Configuration SAP HAP

e TR

| Standard

Front. buck and side prolection Front and back protection
Upgrade | I Front. back and side protection Front, back and side protection

| Unpuorade 2

-I Front. buck. side, grom and throar protection Front, back. side, groin and throat protection

NOTE — Shoulder protection SAP shall need o be specitically mentioned by the user with additional weight.




