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ABSTRACT

Very ,often specified tolzerance is made greater than process tolerance,ldepending upon (i) the
‘nanufacturing process capability, and (i) the ‘aspiration level’ of the designer in effecting a speclfied

INTRODUCTION

olerance. This applies te multiple components merging into an‘assembly. In assembly tolerance, errors
ue to mating are inhérent. Common errors arise due to clearance, misalignment in planes and
distortion that may cause side stack. Such errors affect the functional performance of the subsystem
and consequently become the main causc of failure. Probability distribution of the assecmbly tolcrance
pnd probability distribution of stacked up tolerance of the components in actual practice leave a
common zone of interaction, based on which the in-built reliability changes. From the designer’s
tolerance, one may have an idea about the ‘aspiration level’ of assembly tolerance stacking error.
Assuming both'lthese parameters, viz,, actual stacking error and designer’s aspiration level of stacking
error to follow jthe normal probability distribution, it is possible to get the reliability of the product

assembly. . ’ :

‘}The paper prese’nts areal life case study for assessing the reliability of sub-assembly at the initial
stages of development for contrd] burst mgchanism (CBM) of rifle.

A designer, while designing anyzmechanism,
generally tenjs to restrict the tolerance level in a
narrow band to achieve sucaessful functioning of
the mechanism! However; due to practical
constraints and limitations f the manufacturing
process, as well as requirement of manufacture oh
a largq scalo, spocific tolerancos are ncoded oh

these parts. The tolerance levels are thus most
4

impor{ant for a designer to decide upon. This is
more for the assembly tolerance,

individual components and their dimensional
I

important

relatiolnship with each other.

Assessing reliability, in such models, is

somc-what difficult. Morcover, the designer and
the manufacturer arc interested in achieving the
and
reliability of the

optimum level of tolerance, the effect of

deviations in tolerance on
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assembly must be assessed before finalising the
design, There are several techniques for nssessing
roliability, In the prosent nlluly, tho authors have
attempted to assess rcliubililly based on tolerances
and -carricd out actual work on control burst
mecchanism (CBM) of a rifle.

1.1 Tolerances & Reliability f

The assembly tolerance is dependent on the
tolerances of various important dimensions of the
components. It can be found out after identifying
the dimensional chains. There are three cases which
must be considered.

Case(i): When therc are linear dimensions, the
overall tolerances may be obtained as algebraic
sum.

Case(ii): When'individual dimensions are related
by a trigonometrical or nonlin€ar relationship, we
may have to usg ‘partial derivative method’ to add
up the assembly tolerances.

L
Case(iii): When each dimension has tolerance
randomly distributed, we may use random number
simulation to oBtain the assembly tolerance.

\

However, very often, we need to have
tolerances based on optimisation principle, such as
linear programming, when the situation of
dimensional chain is similar to case(i). To put it in
the programming form,l (maximise or minimise)

(D(Z) = W1T1+ W2T2 + ...+ WKTK
Subject to constraints T; < a;
and/or X T,< 5, _
and non-negativity T, x> 0'

where T denotes tolerance, W,; is the'weightage
given on dimensional tolerance T, depending upon
the relative importance of Ty on the assembly! and
a; and b; are some predefined constants.

This will warrant the precise values of the
compromised dimensional tolerances, which will
consequently help achieve the precision assembly.

Depending on whether ®(z) and constraints are
linear or nonlinear, linear programming or non
linear programming can be used.
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!
In assembly, lnlcmncd stacking errors due to

mating wre inherent. (nmmnu orrorf arise duo o
clbaranco, misalignmont in planos aad distortion
thit may cause side shake. Such errors affect the
functional performante of the subsystem and
consequcntly become:the main ¢ause of failurc.
Hence, the tolerance stacking error in assembling
the subsystem should be included in lthe fault-tree
diagram, as aqbasic fault event.

Taking a'number of observations (say 30), the
aktual assembly tolerance stacking error can be
found out. We also have from the designer’s
tolerance an idea about the asplrhtlon level’ of
stacking error of asserLbly tolerance. Assuming
these two parameters v1z‘, actual stacking error
and designer’s aspiration lé‘vcl of stacking error to
follow the normal probability distrijution, it is
possible to get the reliability of the subsystem
assembly. i !

It 1s also possible tl) relocate tolerance on
individual components of the assembly by
provxdmg the factor of importance to d:ach as in
AGREE? method. This will help' augment
reliability of th}:: subsystem.

The study(carried out onyCBM of a rifle is
described below.

2. METHODOLOGY

An attempt has been madeé to quantify the
complex nonlinear relation'ship ’by spme mathe-
matical law. The systematic methodology to be
followed is given below:

(a) Define the sequence of important matings of the
components based on functional requirements,

(b) Find the mathematical relationship between the
related dimensions in the mating sequence,

() Determine variation In_system tolerance,
considering the permissible variation in
dimensions by the fies'igner,

, i

: u | ' |
(d) Write a computer program to do all the
calculations for a giv'En, dimension,



BASU, er hl: RELIABILITY ASSESSMENT FOR CONTROL BURST MECHANISM OF SMALL ARMS

(¢) Find the statistical distributions of each and every
important dimension balfed on the data provided,
from sample observations,

(f) Simulate the functionipgiof CBM unit for, say
1000 (K) times, using random numbers, and using
the above computer pragram,

(g) If the entire mating sequencé is followed by the
simulated dimensions, the firing is successful;
otherwise it is a failure, and

(h) If there are f number of failures, then reliability
may be found usirg values of fand K. '

3. CONFIGURATION OF CONTROL BURST
MECHANISM

3. Firing lMechaqism of a Riﬂ'e'

The firing mechanism of the ri{le consists of a
hammer, a trigger, ‘a sear, a safety, sear, a change
lever and springs for hammgr, ectc. This
arrangcmc?t is shown in Fig. 1. 'rhc sal'cty scar
provides n}echanical safety, so that a round is not
fired even/accidentally. The clhange lever enables
the soldier to choose the type of firing—rcpcat or
control burst—apart frorh the safe position wherein
the firing mechanism is Yocked. Each time a round
is fired by pressing the trigger, the action of gas on
the piston ixlxitiates rearward motion of the moving
components, namely, piston extension. As it strikes
the hammer, it starts swinging backwards against a
spring, and is held in ‘cocl%ed’ position by the sear,
and this combination by safety sear. In the forward
motion of pi%ton extension, it rides over, the
combination of hammer and sear since they are
spring-loaded and locked by safety sear. At a
particular distance during forward indtion of piston
extension, it flepresses the safety sear, releasing the
combination of hammer and sear. If the sear is held
in this position, {t results in ‘firing a single round at
atime, whereas if it is depre$sed with respect to the
hammer, Uit results in full automatic firing. To
achieve control burst, a linkage mechanism is to be

provided to link hammer, trigger and scar. :

Vi

T _TRI
SEAR ITRIGGER

TCHANGE LEVER

Figure 1. Firing mechanism

3.2 Control Burst, Mechanism

The control burst mechanism has been
integrated into the main firing mechanism as a
compact and replaceable module. It is placed
betweeh the hammer and the change lever. The
CBM consists of a box, which contains a
spring-loaded wheel, a tripping plate, and a plate
selector. The assembly of CBM is shown in Fig. 2.
The hammer is fitted with a spring-loaded pawl.
Thesc componcnts arc made in shect metal by press
work and thus have a very §\mall thickness
(0.7-1.5 mm). The wheel has a peculiar shape,
having dissimilar tceth at front and rcar ends. There
are three teeth at the front end and two at the rear.
The shapes of the teeth are peculiar, as the
functions to be performed by fron't and rear teeth
are different. The shapes of the tripping plate and
the plate selector are so designed as to occupy less
space, yet provide effective linkage to carry out the
required functioning with adequate strength. These’
components basically link the wheel to the sear in
the third round firing position and the change lever
to thg wheel in control brust position respectively.
The components are shown.in Fig. 3. Thus, the
CBM, becomes a special case‘ of rack-pinion
mechanism. The engagement of pawl and wheel is
controlled in such a way that after the third round
is fircd, thcy arc digcngaged automatically and
further action can take place only after relcase and

rc-pulling of the triggtr.
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SPRING WHEEL BUSH

WHEEL

BOX

3.3 Functim’ling of Control Burst Mechanism
{

The functjoning and sequence of control burst
firing are illustrated in Fig. 4 and are explained as:
(i) When the change lever is sct at the control burst
firing position, its lug pushe‘:s the plate sclector
down, which,in turn, pushes the wheel up, bringing
it in the circular path of the pawl. The hammer in
this position is held by the trigger and is now ready
to fire (Fig. 4(a)). (i1)) When the trigger is pulled,
the hammer gets released and swings forward. The
pawl engages the front first tooth of the wheel
during this action. The sear is, in tuni,' engaged
with the rear first tooth of the wheel and is kept
clear of the path of the hammer (Fig. 4(b)). After
the round is fired under recoiling action, as
explained earlier, the hammer swihgs back and the
pawl being spring-loaded, slips down. When the
rearward motion is complete and the forward
motion starts, the hammer is also free to!swing
forward, as the sear has been kept away from its
path. During this period, the pawl engages the
second tooth at front and the sear gets engaged to
the second rear tooth, again keeping it out of the
path of the hammer. By completing its forward
swing, the second round is fired. (iit) Again, under
the action of gas, the hammer starts swinging back
and the pawl slips down. When the backward swing
1S ovef, under spring load, the hammer starts its
forward swing, as the sear is out of path. The pawl
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TRIPPING PLATE
PLATE({ SELECTOR

TRIPPING PLATE

PLATE SELECTOR

Figure 3. bomponents of control burst mechanism

engages the frgnt thi‘rd tooth of the wheel. The

wheel now engages the tripping plate, which

presses the sear so as to keep it away from the path
]
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FUNCTIONING OF CBM

FIRED THIRD ROUND

i ' I
' i (c) V

{
(1) WHEEL  (2) HAMMER

(3) PAWL HAMMER

‘FIRED FIRST ROUNDL

/AFTER FIRING
THIRD ROUND,

~(d)

(4) SEAR (5) TRIPPING .PLATE

Figllre 4. Sequence of operation of control burst mechanism

of the hammer. The third round is then fired
(Fig. 4(c)). (iv) During its; backward swing after
firing the third r‘ounq, the pawl slips down. Since
the wheel is now not cngaged with the scar at the
rear end, it comes to its original position under
spring lpad. This results in movement of the
tripping plate as well, which releases the sear.
Thus, when the hammer swings back fully, it gets
arrested by the sear. Alter this, the hammer is no
more free ito swing f r,ward. As such, moving
masses do complete their motions, feeding the hext
round into! the chamber. However, sirlce | the
hammer is held back, firing stops (Fig. 4(d)).
(v) Further firing can be cffected anly after relcase
of the lrichr and then pulling it ::gain to start the
action,

' ]
3.4 Action Set: Sequence of Important Mating
Parts

Rotation of plate selector along with
the lug,

Action

4 "
Action 2 First tooth of wheel and pawl mating,

Action 3 Protrusion of auxiliaqy sear and rear
end of whecl,

Action 4 Second tooth of wheel and pawl
mating,

Action 5 Protrusion on scar and rear end of
wheel,

Action 6: Pawl touches at the lower portion of
the wheel at front end,

Action 7 Protrusion on scar and tripping plate
maling, '

Action 8 Wheel disengaged from the scar, and
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! .
Action 9 Hammer is held by the scar

4. RELIABILITY OF CONTROL BURST

MECIHANISM

Proper functioning of the CBM can be assured
if it works under variable conditions of changes in
rate of firing, which depends on the amount of gas
controlled by the gas regulator, variation in spring
characteristics, leakages of gas at various positions,
etc. Further, the design being of modular concept,
interchangeabiiityl of the CBM unit is the main
requirement. A‘s such, the dimensional accuracies
of various com'ponents, assembly of CBM and
variation in assembly into the 'main ‘firing
mechanism plgy crucial roles; Since production
accuracy requirements are very stringent, the
reliability assume considerable- importance.

To study the total reliability of the CBM, the
total functioning can be divided into various action
sets. Each set comprises certain actions played by
a combination of various components. A general
idea of such action sets and the cor'n‘ponents
involved is given in Section 3.4. These action sets
have been analysed for their mutual interdependent
functioning. Geometric equations have been
formulated for each of the action sets. Maximum
and minimum conditions of various patameters are
taken into account to find out the possible output
of the action set. All the combinations, whic‘h fall
within the desired limits, contribute to reliability.
The overall reliability can then be found using the
equation

Ro=R1*R2* *Rn

where Ro is the overall reliability and R1, R2
are reliabilities of individual action sets.

The malfunctioning modes considered for the
study are’

(a) Non engagement of pawl and wheel
(b) Firing single shot only
(c) Firing two shots only

(d) Firing full automatic mode
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——BO7l__ .

5(a) "'A - WHEEL CENTRE
'B - LOG CENTRE

Figure 5(a). Rotation of plate selector

Each action set relatés to one of the modes of
malfunctioning. Such c?ombinations have been
studied by solving the equation for each action set
and finding probability of error/malfun:ctioning.

5. MATING! SEQUENCE

Refer to Fiigs 5 (a), (b), (¢) wherein BO1, BO2,
...  dimensionk on box, numbered as 1, 2, etc. and
wol, w02, ... ,dimensibns oniwheel, humbered as
1, '2, etc. !

5.1 Action (1): Rotation of Pl#te Selector

Y
The distance betwqen 'centre of plate selector
and centre of lug is

. !
D1 =(BO1 - B14)* + B0’ o

Radius of the outer circle of the lug = L1

Actual rotation of the- plate obtained by
subtracting the offset 01 will be

D2=( Lon )
From this, we ge't,

D3 = V(Dl’ + DZi) .| 3)

and the angle of rotation is t}lus given by
81 = cos ' (D1/D3) @)

Using Eqns (1) to (1), the pl’ate rotation angle
has been calculated. Refer to Fig. 5(a).
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BOS B.

=
B\

S wo4 | gos

YRS
B1F - BOf——

5(b) A -'HAMMER CENTRE
B - WHEEL CENTRE

|
Figure 5(b). Dimensions in pawl anll wheel mating

5.2 Action (2): Basic Interference between
Wheel & Pawl o

i .
The dimensional ,chain may be drawn' as
follows:

i
w02 oV p01% + h012

> <

VB01Z+ (B17 - Bp7)? Interférence

Basic interference = |

w2 +Np01? + 017 —NBOIZ+ B17-BOT) (5)
(

wherepOllis the related dimensjon on pawl an‘d ho1
is related;dimension on hammer.!

The range of interference U'etween pawl and

wheel is shown i Fig. 5(b). .

]
5.3 Action (3): Protrusion on dear & Wheel
Mating
Seé} and wheel mating (izriierion defined as the
angle of rotation; of the wheel should be greater
than the angle of protltusion on sear.(67 > g).

Refér to Fig. 4.1(c), in which the interference
zone is shown. All the dimensions are related in
nonlinear way. So, ;simulation will be a better

solution for seeing thle dimensional chain.
g ne ;

Referring to Fig. S(f)’ to find €,

i }
Rl =\l(1f01+13|5)’+ (BO7 - B17 + B16)° | '(6)

02 = cos’!((BO7 - B17 + BI16)/R1) 0

BO1 + B15

e

L I._é_}f‘
'BO7 + B16 - B171 °
5) A - WHEEL CENTRE

B - SEAR CENTRE

Figure 5(c). Wheel and protrusion on sear mating

o = 90- 62 ®

Also, r * 0 is'the offset provided on the sear
' Thus, B =24 + ® and 5 = 90 - 62
1(BD) = R1 1‘ sin(at + f3)
and 1(4D) =R1 * cos(ax + )

6 = tan” (DC’/AD) ©)
where 1(DC") = 1(BC") - I(BD) (10)

B2=180-B- a- 82 (an

5=90-p

Thus, e =82 - § (13)

The wheel' rotation angle is found from
Eqn. (2) and

L2 =~(801 - B14)* + B07* (14)
13 =122+ p2?
and 03 = cos ' (L2/L3) (15)

Let L4 =Bl7—-B07—\}(h012 + p0 12), and

15 =NBo1" + (817 = BOT) = V(ho 1%+ p0 1%)

s0, 84 = cos ' (L4/L5)
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Therefore, 85 = 64 — (40.76 — 03) (18)

An important critcrion is that 05 should be
greater than zero. Now let 06 be the angle by which
the wheel swings up: The corresponding angle at
thé rear end of wheel is then given by

ri*es=r2* 06 (19

Then the wheel rotation angle is

97 =04 -5.16 + 65 + 06 (20)

(The wheel ' rotation angle at the rear end
should be greater than the above angle; otherwise

it is failure. i.e., 07 > €)

The above three action sets model firing of the
first round in a control burst. A similar formulation
has been done to model firing of the secohd and
third rounds.

5.4 Simulation of Mechanism for Firing Three
Rounds

! 1

Using the formulae as above, a computer
program is written to simulate the mechanism \for
firing three rounds. A specified set of dimensions
and designer’s specified tolerances were considered.
This program is interactive, so that the uscr may
change the dimensions and the tolerances and then
simulate the mechanism for, say, n number of
times. The designer’s basc values and tolerances
have been considered for the simulation run,
wherein normal distributions have been assumed.
The program gives the result for every firing
whether it is successful or unsuccessful. It also
gives how many times the mechanism is successful
during the run. The program also gives the set of
dimensions which have caused failure. The above
listed formulae may be used to find thc mean and
variance of the 07, € etc. which are critical for
successful functioning. Thereafter, using these
parameters, reliability can be found assuming
normal or some other distributidn.
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5.‘5 Simulation Run !

Using lhq program, a simulation kun for valucs
with o. 2*c and 3*0 was carricd out. The results
of the simulation run are t;ivcn in Table 1 (each run
consists,of_lOOO rounds and R indicates the values
of reliability). ‘.

Table 1. Results of simulation run ‘

Run No. Mulgplicr Success  Failure |R<:liubility+
of o |

1 e T 09m

2 28 '0.963

3 50 b.948

Demonstrated re‘iability, using bindmial sampiing method

\
6 VALIDATION OF SIMULATION
PROGRAM

To find tHe patter‘n of 'variation in the
dimensions, data were collected on 10 s{:ts of CBM
mechanism. Using this data, histograms were
plotted (Fig. 6(a)). Also, an a,ttem;;t has'been made
to fit some statistical distributions to these data sets
(Table 2). It is observed that the variation is not
necessarily normal, but may sometimes be skewed

(Fig. 6(b)). .~

Table 2 showing ¢ value with 8 degree-of-
freedom and 0.05 lgvel of'signiﬁcari(:e' = 2.306.
Cavlcula'tcd ¢ value for normal distribution is less
than table f value. So, the dimensional variation
pattern is weil explained by normal distribution.

After comn;cncemlknt of mass manufacture,
during a period when it whs considered that the
production had §tabilised, 10 sets of CBM
subassembly were selected at random from the
production run. They were m%smatched for
dimensional data and all relevant!dimensions were
noted. They were assembled ag.afn and put for
firing test from two rifles. The actual firing values
are given in Table 3. A total of 60'rounds, re. 20
burst, were fired and burst cither less than three or
more than three were rccord'ed as unsatisfactory

performance.
{
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HISTOGRAM 'OF DIMENSION BO1

.. TOLERENCE'
1
' -3 - MA
: 4 _;”,: 3 - 8SIG
i 7 !
b ‘ ZR!
> 1 ;
i 2 11
) 4
g 1
oc 1_—1 x 7
w 1
‘ y 1@
0 _rx_._ T - 4 . .
9.0 94 98 102 10.6 11.0
VARIATION{IN B01 = = = >
{
Figure 6(a). Normal variation pattern
HISTOGRAM OF DIMENSION B02
5 — . |
A |
"4
1 ¢
1} 3 —
>
2
g 27
S
[e] 1
w
[id
Y

T T R I I ‘ 1
5.025 5.035' 5.045 5055 5.065 5.075
i
! , VARIATION IN B02 = = = >

T‘igure '6(b). Non-normal variation pattern

i
7. ANlALYSI$ OF SIIMULATION RUN DATA

Based on the data for 10 sample sets wherein
actual measurerments of relate? dimensions were
made, a simulation run was carried out.

(a) Analysis of Action 1 shows variations
found jin the rotational angle using the actual
dimensional data matched with the variation using
tolerances allowed b;y the designers. The range of
the rotational angle jis 10.947 ° to 11.081°. Based
on thel analysis, it is found that the angle varies
from 10/8485 ° to 10.9814 °. Thus, there are cases
in which the angle is lower than the minimum angle

required. |

‘ L]
(b) Analysis of Adtion 2 shows that the actual
range of ipterface based on dimensional data is
much widcir as comparcd to the de¢signer slpccificd

Table 2. Stati§tical analysis of dimensional data

" (a) Dimension B01

Distribution Pardmeters t value
Normal K = 9.688; ¢ = 0.28893 1.6355
Beta m=38.62; n = 4216 3928.74
Exponential 0 =0.10322 185.6655
Gamma a=1.999 x 10-5 14823.628
0 = 484424.1
Weibull ‘ 5= 16744.88  14823.628
Log Normal 19; s1 = 0.0081 724.3326
(b) Dimension W04
Normal K =5.012;, ¢ = 0.0074 1.1683
Beta m=31.21; n = 6.436 1361745.3
Exponential 0 = 0.19952 150.6289
Gamma a=1999%10-5 2.5910
0 = 250612.5
Weibull p1=6.196, 6 = 19611.37  5099083.5
Log Normal  ml = 5.011; s1 = 0.0001 7243326

Table 3. Firing qma from field trial (s - sucess; f - failure)

Rifle No. 1 Rifle No. 2

gél No_w

71 - - 9s 1If IOSV of 7
2 9s 1f 1‘()5 of

3 b 9s If 10s  Of

4 10s  Of 9s 1If

5 10s  Of 9s 1f

6 8s 2f 98" 1If

7 7s  3f 10s Of

‘H 10s or 10s of

9 . 10s  Of : 10s  Of

10 10s  Of 10s  Of

limits. The upper lilmit is well matching. However,
the lower limit is well below the specified limit.

(c) Analysis of Action 3 sf\ows that the actual
range of tolerance stacking matches well with
designer specifications.

(d) The cumulative simulation run of the
complete action set predicts reliability of 95
per cent with the present sct of dimensions. This is
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in good agreement with the real figurcs found by
actual firing. It is also found that the variation in
the dimensions in the actual components was
gronter than speaificd tolerances. llowever, in
actual functionir‘lg, the results were found
satisfactory. Such, cases, though vary few in
number, may be, due to complex nonlinear
relationships which we have' simplified for the
purpose of the present study.

From the dimg‘nsional analysis, it is found that
the variations in‘ dimensions are not alway's
normally distributed, as shown in Fig. 6(b). Here,
most of the dimensions were within the designer’s
limit. So, this non-normal disfribution has not
affected the function of the weapon.

From the simulation run, it was found ithat
even if the tolerances of some dimensions are
released, it does not affect the reliability.
Accordingly, designers have released the tolerances
to ease manufacture. On the, contrary, two
dimensions were most sensitive for any change.
The tolerances were tighter in this case. .

From the results of simulation, it is clear that
the reliability of the CBM unit comes near about
95 per cent for a given set of basic dimensions and
tolerance values.

Contributors

patents to his credit.
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~The 5 per cent drop i#\ reliability may be duc
to the limitations of process c?pabilities to produce
the components within the spécified tolerances’

8. CONCLUSION |

The model was exfremely uséful in
establishing the reliable fungtioning of CBM of a
rifle. The rifle is preseqtly under rhass manufacture
and is being used by the Indian Army. ,
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