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Abstract. This paper presents the specificity of design actébn of the weapon’s jump
and recoil laboratory test stand. This laboratoegt tstand is able to examine
the weapon’s jump and recoil of various small aimmetuding technology demonstrators
of the new Polish modular rifles (MSBS-5,56) buitith in the classic layout and as
a bull-pup. Modular rifles and the laboratory tetstnd were designed and manufactured
during a research and development project finagcsaipported by the Polish Ministry
of Science and Higher Education from 2007 to 2011.
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1. INTRODUCTION

Military University of Technology from Warsaw in operation with
the “Archer” — Radom Arms Factory LLC completed tihesearch and
development project No O R0O0 0010 04 (financiallpported by the Polish
Ministry of Science and Higher Education) in Ju@42 The main aim of this
project was to build, manufacture and test techmobtemonstrators of modular
rifles cal. 5,56 mm (MSBS-5,56) which may becomeaamament of the Polish
Armed Forces.
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One of the main tasks of this project was the v#esatudies of these
rifles. A need of optimising the rifle’s recoil dizateristics appeared during the
work.

However analyses showed that the ballistic pendu(time equipment
currently used to examine the weapons recoil) da¢sneet the requirements.
Therefore designing a new modern and original latooy test stand was
necessary.

2. REQUIREMENTS FOR LABORATORY TEST STAND

A laboratory test stand is used to measure parasnetmnected with the
recoil of the MSBS-5,56 modular rifles built boththe classical layout and as
a bull-pup. The test stand may be also used to ieeavarious types of firearms
similar in size to the MSBS-5,56. The requiremdatghe test stand were made
before the construction work started. The finalpghaf the test stand was
determined by both the characteristics of examinedpons and the character
of the measured parameters. Due to that, the ttesiredescription of
the examined phenomenon was the first stage ofitile.

The weapon’s reaction to the shoot was divided thtee components —
recoil, the weapon’'s jump and turn. A mathematicabdel [1,3,4] and
a simulation program of each phenomenon were aemtethe next step.
The simulation results were presented in sevet#dles [1,5]. Those results
showed that the test stand should be able to me#seiparameters of the recoil
and the weapon’'s jump. Measuring the weapon’'s tappeared to be
unnecessary due to the insignificant values of flaieameter. The test stand
should be capable to test MSBS-5,56 modular rifigidt both in the classical
layout and as a bull-pup. The test stand should allbw us to test other
firearms similar with the dimensions to the MSBS&, In particular the test
stand should be able to measure:

¢ recoil distance — no less than 100 mm,

e weapon acceleration — in the range of £3§)00

* recoil force — in the range of 3 kN,

e weapon jump angle — in the range of.35

3. PROJECT OF THE TEST STAND

The laboratory test stand was designed in accoedamith accepted
requirements. During the designing process CAD manog like the Solid
Works were widely used [2]. 3D models of the tdsind’s components and
an assembly of the complete test stand was madegdthiat process. 3D
models of the examined weapon were also made at us
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A weapon mounted on the test stand was placedsoside, this makes
operating the weapon easier. This also allows ngalthre construction of
the test stand less complicated. According to #sigmh the test stand can be set
in three configurations:

« for measuring recoil distance and acceleratiorthefveapon,

« for measuring weapon’s angle and speed,

« for measuring recoil force.

The weapon’s recoil and jump parameters are meadsseparately for
several reasons. First of all it is hardly possitdeneasure them at one time
because when the weapon is supported for measwwaog force there will be
no recoil distance at all. Similarly measuring riedgstance and weapon jump
at the same time will be very difficult becauseoitwill reduce the weapon’s
jump. And last, but not least a weapon mount priogidnore than one degree
of freedom would be very complicated and couldaféxamined phenomenon.

The test stand consists of the base with the g@ddshangeable elements
used to mount the examined weapon and the sef$wdest stand prepared for
measuring the recoil distance and acceleratiom@fieapon is equipped with
the butt holder, front and rear carts, the barmtiér and the position sensor
base. Laboratory test stand set in this configomas shown at Fig. 1.

Fig. 1. Test stand set for measuring the recoibdise and the weapon’s acceleration:
1 - base, 2 — rear cart, 3 — butt holder, 4 — exadhiveapon, 5 — front cart,
6 — barrel holder, 7 — acceleration sensor, 8 iipnsensor base with the sensor,
9 — force sensor base with the shock-absorber

The base is a massive steel plate with the guideghee force sensor base.
The base can be fixed by the screws and specialtag@nelements to
the Prototypa STZA 13 gun mount. The base has alesets of threaded holes.
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They are used to fix the position sensor basejutre axis base and the
table used to measure the weapon’s jump paraméteet of smooth holes are
used to fix the test stand to the ground or STZA)A8 mount.

The rear cart is equipped with two linear bearimpéch allow it to move
along the guides. Bearings are fixed to the cdrtdy. The cart’'s body has
sockets for the acceleration and force sensors.spigot for fixing the butt
holder is placed on the top of the cart’s body.

The butt holder is adjusted to hold the butt of MSRB56 rifle built in
a classical layout. The butt holder is also ablkdldl (with the help of a special
montage element) the receiver of MSBS-5,56 bull-pfie. A hole used to fix
the butt holder on the rear cart (or on the turis)as placed in the rear part of
the butt holder. The butt holder placed on the it is fixed with a nut,
and a clamp.

The front cart is similar to the rear cart andsitadapted to fix the barrel
holder. The fixing height of the barrel holder dam adjusted to the weapon’s
size and barrel thickness.

Using the proper fixing elements and adjustmentabdgies of the test
stand allows examining different models of firearsisiilar with size to
the MSBS-5,56 rifles.

A position sensor is placed on the base fixed gitlews to the test stand’s
base. The mirror for the laser beam of the posisiensor is at the rear surface
of the rear cart.

Discharge is initiated by the electric trigger. Thrggger is fixed to
the examined weapon instead of the grip and prekseseapon’s trigger with
a lever.

The weapon fixed to the test stand is able to malemg the guides.
Activation of the electric trigger causes dischaigecoil force that is generated
during the discharge gives the velocity of the exaah weapon. The position
and acceleration sensors are measuring the weamunod parameters (recoil
distance and acceleration of the weapon) when #apan moves. The weapon
is stopped by the shock absorbers on the end afuitkes and the force sensor
base.

Measuring the recoil force is possible with usedbrce sensor. The force
sensor is mounted on the force sensor base inldéice pf the removed shock
absorber. Fig. 2 shows the test stand set for measithe recoil force.
The examined weapon doesn’t move when the recoitefds measured.
The rear cart is fixed to the base by the forcsaen
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Fig. 2. Test stand set for measuring the recoddor
1 - base, 2 —rear cart, 3 — butt holder, 4 — exadiveapon, 5 — force sensor,
6 — force sensor base

A major modification of the test stand is neededet the test stand for
measuring the weapon’s jump. The table supportisgiteapon’s barrel during
the weapon’s jump must be fixed to the base oftés¢ stand. The table is
placed in a position proper to the length of exadiweapon. The test stand set
for measuring the weapon’s jump parameters is stamwrig. 3.

The barrel of the tested weapon is placed in thieebholder and fixed to
the transverse cart. The connection between tmswvease cart and the barrel
holder allows the adjustment of the stand to thHtemint width of the tested
weapons. The transverse cart has two rolls robdimghe table.

The position sensor base must be removed to setestestand for
measuring weapon’s jump parameters. The turn aage bvith the encoder is
mounted in its place. The turn axis base is equippith an axis designed to
support the butt holder. The encoder connected thighturn axis is mounted
inside the turn axis base.

A weapon placed on the test stand is able to ttounal the turn axis. The
possible weapon jump angle measurements range adfepen the weapon’s
length. The test stand allows to measure the wégspamp angle in a range of
36° for the MSBS-5,56 rifle built in the classi¢ayout and in a range of 48° for
MSBS-5,56 bull-pup.

The electric trigger causes a discharge. The tgrmomentum (weapon’s
jump) occurs when the direction of reaction fordesnot cross the turn axis.
The encoder mounted in the turn axis base meath@egeapon’s jump angle.
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The butt holder allows the adjustment of the weaptuicrum. This makes
it possible to study and rate the influence of thicrum position on
the weapon’s jump.

Fig. 3. Test stand set for measuring the weapampjangle:
1 — base, 2 — turn axis base with the encodely®&t-holder, 4 — tested weapon,
5 —table, 6 — barrel holder, 7 — transverse cart

4. TEST OF THE STAND

The laboratory test stand was made by the ,ArcherRadom Arms
Factory LLC with the use of blueprints made by epartment of Special
Design from the Military University of Technolog¥itting of the main parts
and mobility of carts and the turn axis was chedakaing the stand assembly.

The checked test stand was placed on the STZA 48. Gden the sensors
were mounted in their sockets. After that the pwksi of the movable
components collision with the sensors was checkawlly the test stand was
set for measuring recoil distance and the weapeaacsleration.

The tested weapon was placed on the preparedaest 3 he live fire tests
started after assurance that the weapon was pyofieed to the test stand.
The ready to fire test stand is shown on Fig. 4 mbxt stage of the tests was
setting the test stand for measuring the recodd@nd checking the test stand
in this configuration. The test stand set for meaguthe recoil force is shown
in Fig. 5.

After finishing the tests with a rifle built in thelassical layout the test
stand was checked and prepared to mount a rifledsua bull-pup.
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Then the test procedure was repeated. The test atdion was recorded
by a video camera and a fast camera.

Live firing tests showed that the test stand wartgectly and the sensors
were recording proper parameters.

Fig. 4. Test stand placed on the STZA 13 gun mandtready for measuring recoil
distance and weapon'’s acceleration

Fig. 5. Rear part of the test stand set for meagutie recoil force
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After the tests of the stand set for measuring irgEarameters, the test
stand was rebuilt for measuring the weapon’s jumagameters. The test stand
set for measuring the weapon’s jump parametersagis on Fig. 6. Live firing
test in this configuration included shooting in sbo positions of the weapon
fulcrum. Life firing tests in this configuration e made both with the rifles
built in the classical layout and with a bull-pufhis allowed the examination
of the test stand in all conditions.

Fig. 6. Test stand placed on the STZA 13 gun mandtready for measuring weapon’s
jump parameters

Data gained by the test stand sensors can be asgédte the weapon’s
jump and recoil characteristics. Fig. 7, 8 and 8spnts example recoil and
weapon’s jump characteristics created with datafitee test stand sensors.

Characteristics shown in Fig. 7 (recoil distancd amapon’s acceleration
versus time) proved that the moving parts of theapoe were affecting
the recoil. Two characteristic points can be seen on the redistance
characteristics. The first one refers to the sfidet into the receiver at the rear
position, the second refers to the slide’s hit thi® receiver at the return.
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Fig. 7. Recoil distanck and weapon’s acceleratiarvs. timet

The weapon’s acceleration characteristics also shalisle’s hit with the
receiver — peaks at the same time as charactepisitits on the recoil distance
characteristic. High values of the acceleratioth# beginning of the recoil are
referred to the period when the weapon’s bolt ésetl and the pressure inside
the barrel powers the weapon.

1500

I
a |

A N
TV
|

0 0,02 0,04 0,06 0,08 0,1 0,12
time 7 [s]

:
.
:

recoil force I [N]

n
S
S

-1000

-1500

Fig. 8. Recoil forcd= vs. timet



38 t. Szmit, R. Wamiak

Recoil force characteristics (Fig. 8) show threakse The first refers to
the period when the bolt is closed and the presswgide the barrel powers
the weapon. The second peak refers to the slidielistb the receiver at the rear
position. The third peak refers to the slide’sihtb the receiver at the return.
The third peak has minus values because the sliileghthe receiver is trying
to move the weapon forward.
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Fig. 9. Weapon’s jump angjevs. timet

Weapon’'s jump angle characteristics (Fig. 9) shewe tcharacteristic
points. The first one refers to the slide’s hibitie receiver at the rear position.
The second refers to the slide’s hit into the nemeand the return.

5. SUMMARY

1. Able to measure parameters of the recoil ardmbapon’s jump laboratory
test stand was made as part of the research amibgewent program no O
ROO 0010 04. Preliminary test showed that the tssind meets
the requirements and is able to examine the phemameonnected with
recoil.

2. Due to the unique design of the test stansl latent protected by the Polish
Patent Office (Patent nr P396750).

3. Further works will concentrate on examining oit@nd weapon jump
parameters of different weapons and verifying matké&cal models of
the recoil and weapon’s jump.
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