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PROCEDURE FOR SECURITY FORCES’ WEAPONS RECOIL ENERGY REDUCTION

Increasing of fire precision and rapidity can be achieved by means of weapon's recoil energy reduction.
Peculiarities of security forces’ typical fire missions allow power of munitions to be decreased in order to
reduce weapon recoil. It could make possible to solve recoil problem without any additive elements like
muzzle breaks. The interrelationship of energy and ballistic parameters of weapon are analyzed to find out
the ways of recoil energy reduction while remaining suitable performance characteristics of weapon.
Common dependencies and methods of internal and external ballistics are applied. The way to obtain
minimum possible recoil energy for existing or perspective small arms is proposed. It is designed the
procedure for small arm’s recoil energy reduction. It allows light weapons to be designed with sustainable
reduced recoil energy while maintaining suitable for security forces parameters of fire range and target
hitting effect. This procedure also allows creating technical specifications for security forces’ weapons,
especially when recoil energy regulation is necessary.
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Introduction. Weapon recoil can substantially influence on fire mission effectiveness through fire
accuracy and rapidness decreasing [1, 2]. Reducing values of the main recoil indicators' such as recoil
energy, impulse, and speed positively affect firing results.

Thus, it decreases outlet angle dispersion and provides grouping of shots to be closer [3].

Also recoil reduction allows save time when reaiming or catching a target at a large zoom optical sight
after the shot has been done [4, 5]. It promotes enhancing of usable rate of a fire.

Recoil reduction can also promote decreasing of shooter's physiological and psychological fatigue. It
provides remaining of shooter's accuracy and reaction abilities and, accordingly, close grouping of shots and
accuracy parameters of fire [6, 7].

Thus, fire rapidness and accuracy can be improved by means of recoil reducing. The main factors
affecting weapon recoil are weapon mass, projectile mass, projectile muzzle velocity.

The energy is considered to be the main recoil indicator since it is received and dissipated by a shooter's
body.

The larger is a weapon mass and less is a projectile mass the less recoil energy is. But this way may not
be always suitable. For example, weapon mass enlargement negatively affects shooter's maneuverability and
possibility to carry necessary load (munitions, water, food etc). Muzzle velocity and a projectile mass
decreasing lead to fire range degradation, especially target perforating and casualty-producing range.

Therefore, this way of recoil reduction is not suitable for armed forces' weapons whose typical missions
as usual require powerful munitions. Meanwhile, taking in account peculiarities of security forces' fire
missions (short fire ranges, not armored targets, etc), reduction of recoil energy by means mentioned above is
quite acceptable. It could make possible to solve recoil problem without any additive elements like muzzle
breaks which may not be suitable for some types of light weapons, for example, pistols or submachine guns.

Optimization of weapon's tactical characteristics by defining minimal suitable for security forces
parameters of fire range and target hitting effect should be done at first. Decreasing of these parameters can
be achieved by means of muzzle velocity and a projectile mass reduction [3].

The question is what characteristics and how much must be reduced. On the one hand maximal recoil
energy reduction providing determined muzzle energy can be achieved by means of muzzle velocity
increasing while appropriate projectile mass decreasing [3]. On the other hand a projectile mass decreasing
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leads to a projectile ballistic coefficient increasing. As a result it is substantial weapon range shortening due
to rapid projectile velocity degradation.

Therefore, it must be determined the combination of a weapon characteristics which satisfy the criterion
such as recoil energy minimization providing predetermined projectile hitting effect at the predetermined
range.

The article's goal is to design the procedure of recoil reduction for security forces' weapons.

Basic section. Maximal recoil energy reduction providing determined muzzle energy can be achieved by
means of muzzle velocity increasing while appropriate projectile mass decreasing [3].

m,, V>
Eyw= WTr ; (1)
where E,; — recoil kinetic energy, J; my, — weapon mass, kg; V. — recoil velocity, m/s.
According to momentum conservation law recoil velocity is [8]
m,V,
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where m, — projectile mass, kg; V,, — projectile muzzle velocity, m/s.

Projectile energy depends on its mass and velocity. While designing security forces weapons’
specification it must be concerned necessary range and necessary projectile hitting effect at this range.
Therefore, it must be allowed values of projectile kinetic energy when it reaches target Ey [8]

m, V>
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where m, — projectile mass, kg; V,, — projectile velocity when it reaches target, m/s.
Range X, within which it is maintained predetermined target hitting effect, depends inversely on
projectile ballistic coefficient C (4) [9]

X, :L]nv_m’ 4)

pt
where k =3,29-10 — coefficient allowing Siacci law, kg/m’.
Maximal ballistic coefficient value corresponding to predetermined X can be obtained with (5)

C=— nm (5)
k-X¢ Vi

To proceed (5) it is necessary to determine maximal muzzle velocity that can be reached practically. Last
one can be obtained from technical characteristics of existing weapons or with internal ballistics expressions
[10]. Those expressions are calculation of indicator diagram filling coefficient (6) and calculation of average
bore pressure (7)

P
Ng ==, (6)

Pm
where ng — diagram filling coefficient; P,, — maximal bore pressure, Pa; P,, — average bore pressure, Pa;
2
_em,Vy
1) P
where ¢ — fictitiousness coefficient; S — bore sectional area, m?; 1, — rifled bore length, m.
Combining (4) and (5) it can be obtained with (8)

v - 2P, nySl, ‘ )
¢m,,

Considering article's goal it is required to determine muzzle velocity and projectile mass ratio. It is
rational to obtain V,(m,) ratio providing P, not exceeded Py, ma. Value of Py max is determined by strength
limitations of barrel material. Vy,(m,) ratio links projectile mass with maximum possible muzzle velocity that
can be reached.

Muzzle velocity values limited by powder parameters (powder force, combustion rate, powder gases
covolume, adiabatic indicator, etc) and appropriate powder gases inflow rate. Therefore, possibility of

(7
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necessary muzzle velocity realization must be examined with solving the direct task of internal ballistic [10].
As a result it can be obtained minimal value of a projectile mass and appropriate value of muzzle velocity.
Target meting velocity necessary to provide determined hitting effect may be calculated with (9)
2E,
A ©)
mK

Muzzle velocity with respect to determined X, C, and V. may by calculated with (10)
V, =V, e, (10)

Ballistic coefficient is a function of a projectile mass [9]. Thus, after appropriate projectile mass
decreasing it is necessary to verify adequacy of the ballistic coefficient value obtained with (11) to the C

value calculated with (5).

2
C= id—l 000,
my,
where 1 — projectile shape coefficient; d — projectile diameter, m.

As a result such way of a weapon recoil reduction may be
represented as an operation sequence. This sequence forms the
procedure of security forces weapons' recoil reduction.

1. Input data determination.

2. Obtaining of a maximum possible muzzle velocity and a
projectile mass ratio providing the barrel strength is not exceed
Vmp bs(mp)-

3. Muzzle velocity and a projectile mass values matching
providing predetermined hitting effect is maintained, barrel
strength is not exceed, a projectile mass tends to acceptable
minimum.

4. Calculation of maximum possible muzzle velocity for
accepted projectile mass by means of an internal ballistic direct
task solving (for known types of powder) Vi, ib(my).

5. Comparison of Vi ps and Vg iv. If Vinpbs< Vinp v, it needs
to return at p.3 and increase projectile mass.

6. Calculation of V. with formula (9).

7. Calculation of ballistic coefficient maximum acceptable
value C.x with formula (5).

8. Calculation of ballistic coefficient value C with formula
(11).

9. Comparison of C and C . If C > Ca, it needs to return at
p.3 and increase projectile mass.

10. Obtaining of muzzle velocity value which corresponds to
determined values of target meeting velocity, target range, and
ballistic coefficient with formula (10).

11. Calculation of recoil velocity with formula (2).

12. Calculation of recoil energy with formula (1).

Procedure flowchart is depicted on figure.

Conclusions

Input data

Obtaining
Viup b:(mp) with (6) — (8)

Vwand my matching

Vi iv determination

Ve determination
with (9)

Cmax determination
with (5)

C determination

with (11)

Tax

Vi determination

with (10)
[

Vydetermination
with (2)
I

Ei; determination
with (1)

=

Weapon's recoil energy reduction

procedure flowchart

It is designed the procedure of recoil energy reduction for a security forces' weapons. It allows light
weapons to be designed with sustainable reduced recoil energy while maintaining suitable for security forces
parameters of fire range and target hitting effect.
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This procedure allows designing technical specifications for security forces’ weapons, especially when
recoil energy regulation is necessary.

Further research of this theme may be proceeded in a way of defining a recoil energy influence on fire
effectiveness.
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YK 623.44
O. L. Binenko, K. B. llepmiuna, /I. B. IlaBioB
METO/IUKA 3HUKEHHS BIIJIAYI U151 36POI CHJI BE3IEKH

Y cmammi ecmanoeneno, wo na moumicms ma onepamusHiCmv CmMpinbOU CYmMmeso 6NIUBAE 8I00aUa
30poi, omoice, nidGUWEHHS Pe3VIbMAMI8 CMpiibbu Modce Oymu 00CASHYMO WIISAXOM 3MEHUEHHs eHepaii
8i00aui. BusnaueHi OCHOBHI YUHHUKU, SIKI GNIUBAIOMb HA XAPAKMEPUCMUKYU 6I00ayi, a came: maca 30poi,
Maca Kyni ma OyIbHA WeuoKicmv Kyui. 3a donomoeoio sidomux mooenei i memoodie SHYmMpiuHboi ma
B06HIUHBLOT  OANICMUK  QOCHIONCEHO 630AEMO3ANEHCHOCTNT  EHEeP2eMUYHUX MA  OANICMUYMHUX NAPAMempie
cmpineybkoi 30poi 3a yMoe 30epedcerts NPUUHAMHUX 3HAYEHb MAKMUKO-MEXHIYHUX XAPAKMEPUCTUK 30poi.
Ha siominy 6i0 cun 0boponu, 3uudicents enepeii 6iooaui cmpineyvkoi 30poi 05 cun be3neku € MONCIUSUM
yepes Oinbu M KL 8UMO2U 00 DOU0BUX eracmueocmel makoi 30poi. Pozensnymo wiisxu smeHuenHs: 6iooai
30poi ma 06pano payioHarbHUll, KU NOISA2AE 8 ONMUMI3AYIL MAKMUYHUX XAPAKMEPUCTUK CMPIleybKol
30poi cun besnexu, a came — 3HUdCEHHs IT 0anekoOitiHocmi ma 3MeHuen s, Ol Kyl no yini 00 MIHIMAIbHO
NPUUHAMHUX 3HAYEHb. 3anponoHO8AHO CHOCIO OMPUMAHHA 3HAYEHb MAKCUMAILHO MOXMCIUBOI OVIbHOI
WEUOKOCMI KVII 3aNedCHO 8i0 I macu OJisl ICHYIOYUX Ma NEPCNeKMUSHUX 3pA3Kie cmpiieybkoi 30poi.
Pospobreno memoouxy smenwienns ewepeii 6i0oaui cmpineybkoi 30poi, sKa 34 PAXYHOK 3HUNCEHHS.
MAKMUKO-MEXHIYHUX XAPAKMEPUCTIUK 00 RPULIHAMHO20 PiGHSI O0380SE CYMMEBD 3MEHUY8AMU eHep2ilo
gidoaui npu nocmpini. Pesyromamu pobomu moxcymev OVmMu UKOPUCMAHI Npu (GOPMYSAHHI UMO2 00
MEXHIUHUX XAPAKMEPUCTNUK CIMPIineybKoi 30poi 0ns cun besnexku 3a ymog peanamenmayii enepeii iooaui, a
MaKoxc Npu po3poOneHHi NepCheKMUBHUX 3pasKie cmpinteybkoi 36poi. Illodanvwumu Hanpamkamu
00CaiJCeHHsT OYO0YMb 6CMAHOGIEHHS 368 S3KI8 MIJIC eHepeielo 8i00aui 30poi ma moyHICmIO | ONepamueHicmio
CcmpinbOu npu BUKOHAHHT B0CHEBUX 3A80AHb CULAMU DE3NEKU.

Knwuoei cnoea: cmpineyvka 30posi, enepeis 8iooaui 30poi, umozu 00 MexHivHUX XapaKmepucmux
30poi, cunu be3nexu.

YK 623.44
A. U. bunenko, E. B. Ilepmiuna, /. B. IlaBjos
METO/JIUKA CHUXEHUA OTAAYUYMA JJISA OPYKUA CUJI BE3OITACHOCTHA

B cmamve ycmarnosneno, umo mounocms u OnepamueHOCMyb CmMpenbbvl Mo2ym Obinb NOGLIULEHbL NYMeM
YMeHbueHUs: IHepeun omoaydu. Onpedenenvl 0CHOBHbIE PAKMOPbL, KOMOPbLE GIUSLIOM HA XAPAKMEPUCIUKU
omoauu. C nomowwio U3eeCmHuIx mMooeneli U Memooo8 GHympeHHell U HeuHell OANTUCTUKU UCCIe008aHbl
63AUMO3AGUCUMOCIIU  IHEP2EMUYECKUX U  OIIUCMUYECKUX NaApaMempos CMmpeiKo80o20 Opyicus npu
COXPAHEHUU NPUEMIIEMBIX SHAYCHUL MAKIMUKO-MEXHUYECKUX Xapakmepucmuk opyacust. Paccmompenvt nymu
VYMEHLULEHUSL OMOAYU OPYXHCUSL U BbIOPAH PAYUOHATbHOLIU, 3AKTIOUAIOWUNCS 8 ONMUMU3AYUU MAKTNUYECKUX
Xapaxmepucmux CmpenKoso2o OpyNcusi Cull Oe30nacCHOCMU, a UMEHHO — CHUMNCEHUe e20 0albHOOOUHOCU U
VYMEHbUEHUE OCUCMBUs. NYAu NO yeau 00 MUHUMAIbHO Npuemiemvlx sHawenull. Paspabomana memoouxa
CHUDICEHUSL DHEP2UU OMOAUU CIMPETKOBO20 OPYHCUSL.

Knwueswvie cnoea: cmpenxkosoe opyxcue, IHepeus Omoauu opyrcusi, mpedosanusi K mexHu4ecKum
XapaxmepucmuKam opyrcust, Cuibl 6e30nacHOC.

Binenko Ounexcanap IBaHOBMY — JOKTOpP TEXHIYHMX HayK, JOLIEHT, HAYaJlbHHUK JOKTOPAHTYpU Ta
aa’toukTypu HartionansHoi akanemii HarionansHoi rBapil Y kpainu.

Mepmuna Karepuna BonogumupiBaa — an’toukt HarionaneHoi akagemii HarionaabHOT rBapaii
Ykpainu.

MMaBnoB JAmutpiii BagmmoBu4 — KaHIMIAT BIMICHKOBMX HAyK, CTapIIMii HAYKOBHUH CIiBPOOITHUK,
noktopanT HarrionaneHoi akaaemii HarionaneHoT reapaii Y kpaiHu.
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