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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.   

K e y w o r d s:  fire accuracy, weapon recoil energy, weapon technical specifications, security forces. 
 
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].   
2

w r
kr

m V
Е

2
 ,                                                                       (1) 

where  Ekr – recoil kinetic energy, J; mw – weapon mass, kg; Vr – recoil velocity, m/s. 
According to momentum conservation law recoil velocity is [8] 
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where mp – projectile mass, kg; Vm – 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 Еkt [8]  
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where mp – projectile mass, kg; Vpt  – projectile velocity when it reaches target, m/s.  
Range Хt, within which it is maintained predetermined target hitting effect, depends inversely on 

projectile ballistic coefficient С (4) [9]  
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where k =3,29·10-4 – coefficient allowing Siaссi law, kg/m3. 
Maximal ballistic coefficient value corresponding to predetermined X can be obtained with (5) 
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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)    
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where ηd – diagram filling coefficient; Pm – maximal bore pressure, Pа; Pav – average bore pressure, Pа; 
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where φ – fictitiousness coefficient; S – bore sectional area, m2; lb – rifled bore length, m. 
Combining (4) and (5) it can be obtained with (8) 
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Considering article's goal it is required to determine muzzle velocity and projectile mass ratio. It is 
rational to obtain Vm(mp) ratio providing  Pm not exceeded Pm max. Value of  Pm max is determined by strength 
limitations of barrel material. Vm(mp) 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 
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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) 
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Muzzle velocity with respect to determined Xt, C, and Vc may by calculated with (10) 
kCХ
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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). 
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where i – 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) Vmp ib(mp).  

5. Comparison of Vmp bs and Vmp ib. If Vmp bs ≤ Vmp ib, it needs 
to return at p.3 and increase projectile mass. 

6. Calculation of Vс with formula (9). 
7. Calculation of ballistic coefficient maximum acceptable 

value Сmax with formula (5). 
8. Calculation of ballistic coefficient value С with formula 

(11). 
9. Comparison of С and Сmax. If С ≥ Сmax, 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 
 
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. 

Weapon's recoil energy reduction 
procedure flowchart 
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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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УДК 623.44 
 

О. І. Біленко, К. В. Першина, Д. В. Павлов  
 

МЕТОДИКА ЗНИЖЕННЯ ВІДДАЧІ ДЛЯ ЗБРОЇ СИЛ БЕЗПЕКИ 
 

У статті встановлено, що на точність та оперативність стрільби суттєво впливає віддача 
зброї, отже, підвищення результатів стрільби може бути досягнуто шляхом зменшення енергії 
віддачі. Визначені основні чинники, які впливають на характеристики віддачі, а саме: маса зброї, 
маса кулі та дульна швидкість кулі. За допомогою відомих моделей і методів внутрішньої та 
зовнішньої балістик досліджено взаємозалежності енергетичних та балістичних параметрів 
стрілецької зброї за умов збереження прийнятних значень тактико-технічних характеристик зброї. 
На відміну від сил оборони, зниження енергії віддачі стрілецької зброї для сил безпеки є можливим 
через більш м’які вимоги до бойових властивостей такої зброї. Розглянуто шляхи зменшення віддачі 
зброї та обрано раціональний, який полягає в оптимізації тактичних характеристик стрілецької 
зброї сил безпеки, а саме – зниження її далекобійності та зменшення дії кулі по цілі до мінімально 
прийнятних значень. Запропоновано спосіб отримання значень максимально можливої дульної 
швидкості кулі залежно від її маси для існуючих та перспективних зразків стрілецької зброї. 
Розроблено методику зменшення енергії віддачі стрілецької зброї, яка за рахунок зниження 
тактико-технічних характеристик до прийнятного рівня дозволяє суттєво зменшувати енергію 
віддачі при пострілі. Результати роботи можуть бути використані при формуванні вимог до 
технічних характеристик стрілецької зброї для сил безпеки за умов регламентації енергії віддачі, а 
також при розробленні перспективних зразків стрілецької зброї. Подальшими напрямками 
дослідження будуть встановлення зв’язків між енергією віддачі зброї та точністю і оперативністю 
стрільби при виконанні вогневих завдань силами безпеки. 

К л ю ч о в і  с л о в а:  стрілецька зброя, енергія віддачі зброї, вимоги до технічних характеристик 
зброї, сили безпеки. 
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МЕТОДИКА СНИЖЕНИЯ ОТДАЧИ ДЛЯ ОРУЖИЯ СИЛ БЕЗОПАСНОСТИ 
 

В статье установлено, что точность и оперативность стрельбы могут быть повышены путем 
уменьшения энергии отдачи. Определены основные факторы, которые влияют на характеристики 
отдачи. С помощью известных моделей и методов внутренней и внешней баллистики исследованы 
взаимозависимости энергетических и баллистических параметров стрелкового оружия при 
сохранении приемлемых значений тактико-технических характеристик оружия. Рассмотрены пути 
уменьшения отдачи оружия и выбран рациональный, заключающийся в оптимизации тактических 
характеристик стрелкового оружия сил безопасности, а именно – снижение его дальнобойности и 
уменьшение действия пули по цели до минимально приемлемых значений. Разработана методика 
снижения энергии отдачи стрелкового оружия. 

К л ю ч е в ы е  с л о в а:  стрелковое оружие, энергия отдачи оружия, требования к техническим 
характеристикам оружия, силы  безопасности. 
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