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Abstract: Constructive variants of warheads forming an axial flow of propagation of preformed elements have been designed. Tests have 

been carried out on experimental units with varying thickness of wall and shape of the barrier between the preformed elements and the 

bursting charge. Obtained results show the formation of a high-speed axial flow of a large amount of striking elements of one and the same 

type having sufficient kinetic energy to hit the targets. Thus, by changing the wall thickness and the barrier shape, it is possible to increase 

the effectiveness of the fragmentation action by 35-40 % and to provide coverage of a larger area of damage. 
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Introduction 

The combat effectiveness of ammunitions is assessed by the 

degree of damage to the object (target). The effectiveness of firing 

depends on a number of different factors such as: type, size, 

mobility and vulnerability of the target, scattering characteristics 

and striking abilities of the ammunition. 

Fragmentation charges are among the most common and 

advanced classes of ammunition designed to hit virtually all types 

of targets except for underground, underwater and heavily armored 

targets.  

In today's interpretation, fragmentation ammunition means 

ammunition hitting the target with a high-speed flow of large 

quantities of the same type of inert striking elements, having a 

sufficiently high kinetic energy from the action of detonation 

products of the burst charge of brisant explosive. [1, 2] The striking 

elements can be obtained either from the natural destruction of the 

casing of the fragmentation warhead, or from a preset destruction, 

or in the form of preformed fragments. [3, 4] 

Destruction of a projectile or warhead in fragments is a complex 

fast-running process of converting the energy from the explosive 

detonation products into energy for deforming and destroying the 

ammunition casing and transmitting the energy to the formed 

fragments. [5, 6] 

Remote-action ammunition is capable of hitting the target with 

a fragments flow at the required distance from the blasting site. 

They are characterized by a large variety of designs capable to 

perform numerous combat tasks. [3] 

The main advantage of fragmentation ammunition with 

preformed fragments is their high efficiency, which is ensured by 

the stable characteristics of the fragmentation field. 

In modern designs, preformed fragments are typically compact 

bodies (cubes, spheres, cylinders) that are made of steel or heavy 

alloys based on wolfram. [7, 8] 

Experimental units design and testing 

To study the process of formation and operation of the 

fragmentation field, various specimens of fragmentation warheads 

were developed and experimental tests were conducted. 

An exemplary embodiment of a fragmented warhead design 

with preformed cylindrical striking elements is shown in Fig.1. 

The casing (pos.15) of the grenade is made of an aluminum 

alloy, and a steel base (pos.22) is installed between the bursting 

charge (pos.19) and the preformed cylindrical fragments (pos.22) 

intended to prevent deformation and destruction of the preformed 

fragments by the products of the bursting charge detonation, and on 

the other hand  to give them initial speed and sufficient kinetic 

energy to hit the target.  

The groove cylinder (pos.23) serves, on the one hand, for 

placing in its interior space the preformed fragments in bulk, and on 

the other - for reducing the losses from the friction forces between 

the preformed fragments and the casing when they are pushed out 

of the steel plate (pos.22) under the action of the detonation 

products. The main purpose of the groove cylinder (pos.23) is, after 

its displacement from the metal support (pos.22), together with the 

preformed striking elements, to form the character of a concentrated 

fragments flow (fragmentation field). 
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Fig.1. Fragmentation warhead with preformed fragments: 

13 – sockets; 15 – casing; 16 - sealing rings; 17 – bed; 19 – 

bursting charge; 20 – electrical detonator; 21 – preformed striking 

elements – cylinders; 22 – safety plate; 23 - groove cylinder. 

The differences in the area of damage in the formation of the 

concentrated axial front are obtained by a different number of 

sectors of the groove cylinder - the more the sectors, the greater the 

dispersion and area of damage. 

The developed fragmentation warhead (Fig.1) has the following 

main characteristics: 

- Total weight - 2.975 kg;

- Fragments total weight - 1.710 kg;

- Number of fragments - ≈ 500 pcs.;

- Fragments single weight - 0.0035 kg;

- TNT bursting charge weight - 0.400 kg;

- Metal plate weight - 0.170 kg;

- Casing weight - 0.470 kg.

Two variants of fragmentation warhead have been developed, 

the main structural difference being the geometrical shape and the 

thickness of the steel base - 2.5 mm and 5 mm; comparative tests 

have been made under uniform conditions. 
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Figure 2 shows the scheme under which the tests of the 

fragmentation warheads were conducted. Each warhead was located 

at 12 m from a sectoral circular target fixed at a height of 1.5 m 

from the ground surface. Cardboard sheets with dimensions 1.4x1.4 

m were fixed to a vertical wooden wall in two rows of 15 pieces. 

The total length of the circular sector was 22 m with a height of 2.8 

m, the total area for fixing the hits from the fragments - 58.8 m2. 

Fig.2. Scheme for conducting fragmentation warheads tests. 

When a fragmentation warhead explodes, a fragmentation field 

is formed - a stream of fragments characterized by direction and 

speed of movement, as well as density, i.e. the number of fragments 

adjacent to the unit of area they intersect. The density and velocity 

of the fragmentation flow are important features that determine the 

possibility of hitting targets. [2, 9, 10] Since the target itself may in 

general be at a completely different angle with respect to the axis of 

the fragmentation warhead, when solving the problem of deter-

mining the probability of hitting the target, it is necessary, first of 

all, to know how many fragments fly in a given direction. [11] The 

answer to this question is given by the so-called fragments dispersal 

law. It determines the relationship between the relative amount and 

the velocity of the fragments that scatter in the given direction with 

respect to the axis of the fragmentation warhead. [12, 13] 

Usually this direction is set in a spherical coordinate system 

with two angles - angle θ in equatorial and angle φ in meridional 

plane. The angle φ is read from the axis of the fragmentation 

warhead and can vary from 0 to π. The angle θ varies from 0 to 2π. 

Thus, the task of finding the fragments dispersal law is reduced to 

determining the relative amount and velocity of fragments flying in 

the direction determined by the angles φ and θ. The solution to this 

problem can be accomplished both theoretically and experimentally. 

[12, 14] 

Experimentally, the angular distribution of the fragments f(φ) 

and the velocity V0=g(φ) are determined by blasting the 

fragmentation warhead into a shield target by taking account of the 

holes in each sector. 

When conducting the test, the fragmentation warheads were 

directed at the center of the sectoral circular target. After each shot 

the hits in each quadrant were fixed and the results of the tests were 

recorded in Table 1. 

Four pieces of warheads were tested with steel striking elements 

in the form of cylinders, the casing being made of aluminum alloy, 

with a steel plate of different thickness and geometric shape placed 

between the bursting charge and the preformed fragments 

(experiments No. 1 and 2 – 5 mm;  experiments No. 3 and 4 - 2.5 

mm). 

Experimental results and discussion 

The test results obtained are presented in the form of graphs 

illustrating the fragmentation action of the warheads in various 

quadrants of the sectoral circular target. Graph 1 shows the hits in 

the top row of the quadrants, i.e. quadrants 1÷15, chart 2 - hits in 

the bottom row of quadrants, i.e. 16÷30, and graph 3 - the average 

results from the hits in the two adjacent vertical quadrants. 

Table 1. Hits of fragments on the target sectors 

Trial No. 

Quad- 

rant 

Number of hits in the circular target sectors 

1/ 

16 

2/ 

17 

3/ 

18 

4/ 

19 

5/ 

20 

6/ 

21 

7/ 

22 

8/ 

23 

9/ 

24 

10/ 

25 

11/ 

26 

12/ 

27 

13/ 

28 

14/ 

29 

15/ 

30 

1 

1 5 4 4 10 12 12 13 13 10 4 3 5 3 1 

2 4 5 3 6 20 23 26 17 8 6 5 4 4 3 

2 

1 2 4 3 4 7 6 7 5 7 1 3 2 2 3 

2 2 2 4 4 7 13 12 10 7 4 2 4 4 1 

3 

4 2 4 6 1 6 4 11 6 5 4 3 3 2 2 

4 2 3 5 8 7 4 5 5 3 4 4 9 3 4 

4 2 4 4 3 3 3 4 4 8 5 5 3 3 4 2 

Figures 3÷6 show the distribution of fragments in the target 

from the four trials. 

Fig.3. Fragments distribution scheme - trial 1. 

Fig.4. Fragments distribution scheme - trial 2. 
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Fig.5. Fragments distribution scheme - trial 3. 

Fig.6. Fragments distribution scheme - trial 4. 

The analysis of the test results shows that the changes made in 

the fragmentation warhead design, namely producing the casing of 

aluminum alloy and the placement of a 5 mm thick steel plate 

between the bursting charge and the striking steel elements, leads to 

significant increase of the fragmentation effect. The number of 

fragments in the area of effect at trials No.1 and 2 is considerably 

larger, approximately by 20-40 %, compared to trials No.3 and 4, as 

can be seen from the results in the table and graphs in Fig. 3 and 4, 

compared to those in Fig. 5 and 6. 

It should be noted that the use of thin-walled screens between 

the bursting charge and the preformed bulk fragments or the 

absence of a bearing casing leads to deformation of the plate and the 

fragments, on the one hand, and, on the other - to leakage of 

detonation products into the gaps formed between the fragments 

and as a consequence a sharp decrease in their velocity and kinetic 

energy. In this case, it is appropriate to use an intermediate screen 

with a mechanical strength commensurate with that of the 

fragments, located between the bursting charge and the fragments. 

[15, 16] The use of such a plate, despite the reduction of the filling 

factor of the explosive, results in a significant increase in the speed 

of the preformed fragments. 

For ammunition with a relatively low starting overload ratio 

(n<100), the most commonly used are fragmented warhead units 

with preformed striking elements of various shapes (cube, sphere, 

cylinder) made of steel or various heavy alloys on the base of 

tungsten with a density of 16-18 g/cm3. [12, 17] The fill factor (the 

ratio of the mass of the explosive to the mass of the warhead), when 

designing warheads, is generally in the range of 0.4 to 0.6, with the 

fragmentation velocity ranging from 1800 to 2500 m/s. [12, 13] 

The designed fragmentation warheads, whose detonation takes 

place at the optimum distance from the target, significantly increase 

the effectiveness of fragmentation action on ground-based targets, 

compared to fragmentation warheads that explode upon contact 

with the ground. [18] 

Conclusions 

The following conclusions can be drawn from the tests carried 

out: 

1. The structural changes made to the fragmentation warhead

(the producing of warhead casing of aluminum alloy and the 

placement of a 5 mm thick steel screen between the bursting charge 

and the preformed fragments) increase the grenade fragmentation 

effect by approximately 35-40%, covering and effective area of 

destruction greater than 60 m2. The number of effective fragments 

in the area of action exceeds 250. 

2. The results obtained in the different quadrants after each

trial indicate that there is no area which is not affected, moreover, 

there are fixed hits outside the designated circular sector with a 

length of 21 m. Hits with a sufficient damage density are fixed 

bilaterally at least 5 m outside the defined area, indicating that the 

dispersal angle of the fragments covers a range of approximately 30 

m. 

3. The analysis of the graphs shows that there is a repeatability

of the results, which in turn confirms the correctness of the 

structural changes made. An increased fragmentation is observed in 

the area of the lower row of quadrants, i.e. quadrants 16-30. 

4. The density of the fragments in and around the middle zone

is considerable, which in turn ensures hitting the target in the area 

of action. 

5. In result of the structural changes made, the grenade

fragments receive sufficient kinetic energy for damaging the living 

force. 

6. The optimum distance of the grenade detonation from the

target is found to be 12 m, resulting in an area with sufficient 

fragmentation to guarantee the target hitting. 

The results obtained may find practical application in the 

development of specific equipment as part of critical infrastructure 

protection systems, for example under the „Quasar“ project funded 

by the European Union within the Intelligent Growth Operational 

Program. 
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