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Abstract: Pyrotechnic devices are widely used in modern aerospace engineering. One of the most effective types of pyrotechnic devices for performing obstacle separation 
operations in aerospace engineering is linear shaped charges. The penetration efficiency of the cumulative jet into a metal plate varies depending on the distance to the obstacle, 
i.e., on the focal distance. The focal distance is a key design parameter, therefore its study is extremely important for the development of effective systems. The article presents a 
methodology for conducting experimental research and the results of experimental research to determine the optimal focal distance for setting a linear shaped charge with a 
semicylindrical shaped liner with a diameter of 5 mm on an obstacle made of aluminum alloy 2219. The method for determining the optimal focal distance, the obtained data of 
the optimal and recommended focal distance are described. The research results provide valuable data for optimizing the mass characteristics of the structure by applying the 
optimal focal distance parameter for setting the linear shaped charge. This will help in the development of more efficient and reliable separation systems in aerospace engineering. 
The materials of the article will be useful for scientific and technical workers working on separation processes. 
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1 INTRODUCTION 
  
 Pyrotechnic Devices (PDs) are widely used in modern 
aerospace engineering. They are employed for separating 
launch vehicle stages, detaching spent structural elements, 
terminating flight by shutting down the engine, and 
destroying the structure in case of emergency situations [1-
6]. 
  Efforts to reduce launch vehicle (LV) mass are 
becoming particularly important for ensuring 
competitiveness in the face of ever-increasing competition in 
the space industry. Therefore, research aimed at developing 
more effective solutions plays a crucial role in this direction. 
 Linear shaped charges (LSCs) are one of the most 
effective types of PDs for performing separation operations 
in aerospace engineering [7]. They are characterized by high 
energy density, small size and weight, and simple 
manufacturing [3, 8]. LSCs provide efficient separation of 
rocket structural elements by cutting the obstacle with a 
cumulative jet (CJ). Currently, LSCs are used in the 
separation systems (SS) of the following launch vehicles: 
Ariane-5 (France), PSLV (India), Atlas-5/551 (USA), 
Minuteman III (USA), Delta IV (USA) [2-5]. As a result of 
their operation, the separating bodies are given relative linear 
and angular velocities. Therefore, in some cases, LSC-based 
PDs can be used directly for separating passive structural 
elements [3], without the use of springs, pyromechanical 
pushers, or impulse solid-propellant engines. This feature 
allows for further reduction of the mass of the launch vehicle 
separation system. 
 LSCs are elongated explosive charges (ECs) enclosed in 
a thin metal casing with a cumulative part (CP) in the form 
of an inverted "V" (wedge shape, common in the USA), or 
"U" (semicylindrical shape, common in Ukraine), which 
enhances the effect of the explosion by concentrating it along 
the axis of the charge in a given direction (Fig. 1) [8, 9]. 
 

 
Figure 1 General view of a LSC with a semicylindrical cumulative part 

  
The cumulative effect is achieved by using a charge with 

a shaped cavity directed towards the obstacle [10-12]. The 
schematic representation of a structural element of a launch 
vehicle SS with an installed LSC is shown in Fig. 2. 

 

 
Figure 2 Schematic of a structural element of a launch vehicle SS with an installed 
LSC: 1 - LV body section (obstacle); 2 - LSC; 3 - LSC mounting bracket; 4 - LSC 

explosive, 5 - LSC cumulative part; 6 - Detonation product protection; l  - 
cumulative jet; F - focal distance; L - penetration depth of the CJ 
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 Focal distance is the distance between the obstacle and 
the LSC at which the cumulative jet reaches its maximum 
depth of penetration into the obstacle material. It is an 
important design parameter that affects the penetration depth 
of the CJ and, consequently, the separation efficiency. 
 Thus, determining the required focal distance is a key 
task in calculating the effect of cumulative charges and 
developing pyrotechnic separation systems based on LSCs 
[13-16]. 

Upon detonation of the explosive material (EM) in the 
LSC, a cumulative jet is formed. Individual elements of this 
jet will move normally to the surface of the cumulative part 
(CP) only in the immediate vicinity of the CP itself. As the 
jet propagates further, it will straighten in accordance with 
the general laws of gas dynamics. At a certain distance from 
the base of the CP, the cumulative jet will experience its 
maximum compression. This distance is defined as the focal 
distance (F), see Fig. 3. Beyond the focal distance, the 
cumulative jet rapidly degenerates due to the radial 
dispersion of the detonation products compressed to high 
pressure [7]. 
 

 
Figure 3 Schematic of the formation of a cumulative gas flow: 1 - detonator; 2 - 

explosive charge, 3 - semispherical cumulative part, 4 - cumulative gas flow 
 
 In general, the focal distance depends on the design of 
the LSC, the parameters of its cumulative part, the type and 
amount of explosive material (EM), the manufacturing 
accuracy of the LSC, and the characteristics of the obstacle, 
including its density. The focal distance increases with 
increasing EM charge power, increasing obstacle material 
density, and manufacturing accuracy of the cumulative 
charge [14]. At the optimal focal distance, maximum 
penetration of the CJ into the obstacle is ensured. 
 Optimal focal distance is the distance between the LSC 
and the obstacle that ensures maximum penetration of the 
cumulative jet into the obstacle material. The optimal focal 
distance can be determined experimentally or by modeling, 
taking into account various parameters such as the LSC 
design, obstacle material properties, and so on. The optimal 
focal distance allows for maximum separation efficiency of 
structural elements and, accordingly, increases the reliability 
and safety of rocket and space systems. 
 Recommended focal distance is the distance that is 
recommended for use in the design of separation systems. 
The recommended focal distance may differ from the optimal 
one depending on the specific conditions. Recommendations 

may be based on previous research, standards, empirical data, 
or design considerations. They may include safety factors, 
ease of use, design features of the SS, technological 
limitations in the manufacture and installation of the LSC, 
operating conditions of the LV, etc. 
 The nominal value of the distance between the LSC and 
the obstacle should be equal to the optimal focal distance, but 
this is not always achieved in practice; as a rule, it is close to 
it. The recommended focal distance, in contrast to the 
optimal one, takes into account the tolerance field, 
determined by the manufacturing accuracy, thermal 
expansion of the structure during flight, and other factors. 
 It is important to select the recommended focal distance 
of the LSC taking into account all these factors. This can be 
achieved through theoretical calculations, experimental 
research, and computer modeling. 
 Aluminum alloys are widely used in the manufacture of 
LVs due to their lightness and sufficient strength. In Ukraine, 
there is currently a transition to the use of aluminum alloy 
2219 due to its characteristics and capabilities for improving 
the efficiency of rocket and space technology. Thus, the use 
of aluminum alloy grade 2219 contributes to a reduction in 
the thickness of the shell structure of the LV body 
compartment, which results in an increase in the volume of 
tanks and the weight of the payload. Therefore, there is a need 
to determine the focal distance of the LSC installation on 
obstacles made of this alloy. 
 

 
Figure 4 Dependence of the penetration depth of the CJ of a copper LSC with a 
semicylindrical CP, filled with hexogen, on the focal distance for a steel obstacle 
[7]: L – penetration depth of the CJ; d - diameter of the CP of the LSC; F – focal 

distance 
 

 
Figure 5 Penetration efficiency of the CJ of a lead LSC with a wedge-shaped CP, 

filled with hexogen, as a function of the focal distance [9]: F - Focal distance, in 
percent of the recommended value; L - Penetration depth of the CJ, in percent of 
the recommended focal distance; The upper graph shows the dependencies for a 

steel obstacle, the lower one - for an aluminum obstacle 
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Within the framework of this article, experimental 
studies are considered to determine the optimal and 
recommended focal distance of the LSC installation in the 
LV body compartment, made of aluminum alloy grade 2219, 
using a new method that allows you to reduce the number of 
tests and increase the accuracy of determining the focal 
distance. 
 The focal distance is a fundamental characteristic of the 
LSC [7, 10]. With a deviation of the focal distance from the 
optimal value, the penetration depth of the CJ decreases, in 
accordance with the results presented in Figs. 4 and 5. 
 According to [7, 12, 17, 18], , as a result of a series of 
studies of copper LSCs on various obstacles, the following 
ranges of recommended empirical ratios are known F/D (see 
Tab. 1). 
 

Table 1 Recommended ranges of empirical ratios F/D 
Ratio F/D Material of the obstacle Source 
1,0...1,5 Steel Petushkov, L. P. [7] 

0,7...1,1 Steel of various grades and titanium 
alloys Yefanov, V. V. [17] 

0,8...1,6 Aluminum and magnesium alloys Yefanov, V. V. [17] 
1,1...1,3 Aluminum alloys grades AmG6, D16 Linnik, A. K. [18] 

 
 Analyzing the data presented in Figs. 4, 5, and Tab. 1, it 
can be concluded that the recommended focal distance for the 
installation of the LSC is within a certain range of values, 
while the maximum penetration depth corresponds to the 
most effective (optimal) focal distance. 
 Relevance of the research. Determining the optimal and 
recommended focal distance for the installation of the LSC 
is an important task in the design of LV separation systems 
using new materials. 
 The purpose of the research is to determine the optimal 
and recommended focal distance for the installation of an 
LSC of a certain diameter with a semicylindrical CP for the 
effective separation of an LV structural element, which is an 
obstacle made of aluminum alloy grade 2219. 
 Research Objectives: 
1) Develop a methodology for the experimental 

determination of the focal distance; 
2) Conduct an experimental study to determine the focal 

distance of the LSC for an obstacle made of aluminum 
alloy grade 2219; 

3) Measure the depth of penetration of the CJ into the 
obstacle for the corresponding focal distance; 

4) Analyze the research results. 
 

2 PROBLEM SOLUTION 
2.1 Methodology for the Experimental Determination of the 

Focal Distance 
 
 To determine the focal distance of a cumulative 
pyrotechnic device (LSC), a new methodology has been 
developed that allows: 
• Reducing the number of tests by setting the LSC at an 

angle to the obstacle. This enables more efficient 
utilization of resources and time during the experimental 
process. 

• Enhancing the accuracy of focal distance determination 
by obtaining CJ penetration depth results for the entire 
range of focal distances under investigation. This 
provides a more comprehensive understanding of the 
relationship between focal distance and CJ penetration 
depth. 
 
The experimental study involved the following sequence 

of actions: 
1) Manufacturing of the LSC, an obstacle made of 

aluminum alloy grade 2219, and LSC mounting 
elements. The obstacle was fabricated with a thickness 
exceeding the anticipated CJ penetration depth by 
several times. Standardized cumulative charges 
manufactured at the Scientific and Engineering Center 
"Explosive Processing of Materials" of the Paton 
Institute of Electric Welding (Ukraine) were employed. 
Brackets were also constructed to enable the LSC to be 
mounted on obstacle samples with high precision and 
control of the focal distance between the LSC and the 
obstacle. 

2) Installation of the LSC on the obstacle of the research 
object. To identify the optimal and recommended focal 
distance, the LSC was installed at an angle to the 
obstacle. This facilitated a more comprehensive 
evaluation of the impact of focal distance on CJ 
penetration depth. 

3) Experiment. Initiation of the LSC explosive charge. 
This initiated the explosive process that resulted in the 
formation of the CJ. 

4) Measurement of the CJ penetration depth into the 
obstacle. After each experiment, the CJ penetration 
depth into the obstacle was measured for the 
corresponding focal distance values. This provided data 
on the relationship between focal distance and CJ 
penetration depth. 

5) Data analysis. Following the experimental studies, the 
obtained data were systematized and analyzed using 
analytical methods. This enabled the identification of 
patterns and trends in the data, leading to the 
determination of the optimal and recommended focal 
distance for the LSC. 

 
2.2 Research Object 
 
 The experimental setup for the study is shown in Fig. 6. 
 The test object consists of the following components:  
• Linear shaped charge (LSC) with a copper shell of 5 mm 

diameter filled with explosive material (hexogen 11,5 
g/m); 

• Metal plate made of aluminum alloy grade 2219 with a 
thickness of 20 mm. The alloy has the following 
characteristics: tensile strength σv = 436,4 MPa, yield 
strength σ0,2 = 323,6 MPa, and relative elongation δ = 
10%; 

• Brackets for mounting the LSC and an electric detonator. 
 

The shape of the LSC used in the experiment is 
standardized and corresponds to the manufacturer's 
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nomenclature. It is approximately cylindrical with a half-
cylindrical cumulative part (see Fig. 7). 

 

 
Figure 6 Scheme of the research: 1 - LSC; 2 - obstacle; 3 - LSC mounting 

brackets; 4 - electric detonator 
 

 
Figure 7 General view of the LSC with a semicylindrical cumulative part [7] 

  
As shown in Fig. 6, the LSC (item 1) is mounted on the 

metal obstacle (item 2) using brackets (item 3) at a specific 
angle determined by the variation of focal distances within 
the investigated range. Based on the data presented in Tab. 1 
and the analysis of the graphs in Figs. 4 and 5 - it was decided 
to conduct research in the range: F/D = 0,8 - 1,4, which 
corresponds to 4 to 7 mm for an LSC with a diameter of 5 
mm. The LSC is detonated using an electric detonator (item 
4) placed at the end of the LSC. The test specimen with the 
installed LSC is shown in Fig. 8. 
 

 
Figure 8 Test specimen made of aluminum alloy grade 2219 

 

 
Figure 9 Cross-section of 2219 alloy specimens along the CS penetration line of 
the LSC: 1/1 – sample number in the numerator, test number in the denominator;  

4 - designation of the minimum focal distance; 7 - designation of the maximum 
focal distance; a - trace of CJ penetration; b - trace of sample separation; c - trace 

of cutting with a disc cutter 
 
 To determine the penetration depth of the cumulative jet 
(CS), after testing, the specimens were cut from the reverse 
side of the CS action, along the LSC installation line, not 
reaching the CS penetration zone, and then one part of the 
specimen was separated from the other. After that, the depth 

of CS penetration into the obstacle was evaluated using high-
resolution photography (Fig. 9). 
 

 
Figure 10 Measurement scheme: 1 - LSC; 2 - obstacle; S - obstacle thickness; L - 

measurement of CJ penetration depth; (5/20...140) - measurement points; F - 
range of investigated focal distances 

 
To take measurements, photographs of the test specimen 

were imported into a CAD software package such as 
AutoCAD, where the required scale of the test specimen was 
obtained. After that, the CS penetration depth was measured 
according to the measurement scheme presented in Fig. 10. 
For each test, 10 measurements of the CS penetration depth 
(L) were made along the LSC obstacle cutting line at points 
from 5 to 140 mm (with a step of 15 mm). 
 
2.3 Test Results 
 
 Three experiments were conducted. To improve the 
accuracy and reliability of the results, measurements were 
taken on both parts of each sample: Li.1 – corresponds to its 
first part, and Li.2 – to the second. The test results of the 
experiments to determine the dependence of the depth of 
penetration of the CJ on the focal distance of the installation 
of the LSC are presented in Tab. 2. 
 

Table 2 Depth of CJ penetration of LSC into aluminum alloy grade 2219 
Distance to 

the 
measurement 

point, mm 

5 20 35 50 65 80 95 110 125 140 

F 4,10 4,40 4,70 5,00 5,30 5,60 5,90 6,20 6,50 6,80 
L1.1 5,65 5,73 5,68 5,65 5,62 5,60 5,55 5,47 5,33 5,25 
L1.2 5,69 5,75 5,92 5,75 5,67 5,60 5,43 5,21 5,09 5,06 
L2.1 5,85 5,96 6,00 6,06 6,36 6,22 6,06 6,02 6,00 5,68 
L2.2 5,98 6,16 6,24 6,30 6,34 6,23 6,22 5,81 5,68 5,43 
L3.1 6,27 6,53 6,50 6,61 6,30 6,28 6,30 6,25 6,11 5,93 
L3.2 6,32 6,50 6,52 6,68 6,52 6,43 6,65 6,20 6,31 6,25 
Lmin 5,65 5,73 5,68 5,65 5,62 5,60 5,43 5,21 5,09 5,06 

Laverage 5,96 6,11 6,14 6,18 6,14 6,06 6,04 5,83 5,75 5,60 
Lmах 6,32 6,53 6,52 6,68 6,52 6,43 6,65 6,25 6,31 6,25 

 
The results of the experiments in graphical form, 

showing the dependence of the focal distance on the depth of 
penetration of the CJ for the conducted experiments, are 
presented (see Figs. 11-12). 

Fig. 11 shows the graphs of the dependence of the CJ 
penetration depth into the obstacle for each part of the sample 
(Li.n). The penetration of the CJ demonstrates a uniform 
pattern in all conducted experiments. Minor deviations can 
be explained by the technological features of the LSC 
manufacturing process, including variations in the density of 
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the explosive substance in the casing and slight deviations in 
the geometry of the LSC cumulative part. This is confirmed 
by other studies that noted technological limitations could 
cause variations in the depth of CJ penetration up to 30% 
[14]. 

 

 
Figure 11 Dependence of focal distance on CJ penetration depth for conducted 
experiments: F – focal distance; L – penetration depth of CJ; Li.n – penetration 
depth of CJ, where i is the experiment number, n is the sample side number 

 

 
Figure 12 Dependence of focal distance on average, minimum and maximum 

depth of CJ penetration 
 
 For better data visualization, graphs were constructed to 
show the dependence of the average, minimum, and 
maximum CJ penetration depths on the focal distance, as 
shown in Fig. 12. The average line reflects the general trend, 
while the minimum and maximum values indicate the range 
of data distribution. The graphical representation of the 
average values is necessary to eliminate random deviations. 

 The graphs show that the penetration depth of the CJ 
initially increases with the increase in focal distance and then 
decreases. Thus, there is a certain dependence between the 
focal distance and the depth of penetration of the cumulative 
jet. 
 These graphs allow us to identify the correspondence to 
the empirical range of other researchers (see Tab. 1), but to 
accurately determine the optimal focal distance, it is 
necessary to establish a specific functional dependence. 
  
2.4 Method for Establishing the Optimal Focal Distance 
 

Graphically construct a polynomial function based on 
the average experimental values of CJ penetration into the 
obstacle. The construction process is best done in 
spreadsheets, such as LibreOffice, where a trend line should 
be constructed based on the average CJ penetration values, 
and the regression type should be selected as polynomial; the 
degree of the function should be chosen so that the 
approximation probability index R2 is close to 1. An R2 value 
that falls within the range (0,75 - 0,95) indicates a high level 
of correlation. After constructing the graph, a perpendicular 
should be dropped from the vertex of the function to the (x) 
axis, and the resulting value will be the optimal focal distance 
for the installation of the LSC. 
 The dependence of the depth of CJ penetration into the 
obstacle on the focal distance of the LSC installation, 
constructed based on the average values of CJ penetration 
depth, is shown in the form of a quadratic polynomial 
function in Fig. 13). 
 

 
Figure 13 Dependence of the depth of CS penetration into the obstacle on the 

focal distance of LSC installation, represented by a 2-degree polynomial function 
(based on the average values of CJ penetration depth 

  
The choice of a second-degree polynomial function for 

approximating the data is justified, as it provides sufficient 
approximation accuracy and allows for easy determination of 
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the function's extremum. The approximation probability 
index R2 = 0,97, indicates a high level of correlation.  

The conducted research has established that the 
dependence of CJ penetration depth on focal distance follows 
a quadratic polynomial law: 
 

2( ) 0 1811 1 817 1 5908f x , x , x , .= − + +                                  (1) 
 

Penetration depth of a 5 mm diameter cumulative jet into 
an aluminum alloy 2219 obstacle at focal distances ranging 
from 4,1 to 6,8 mm varies from 5,06 to 6,68 mm. The average 
penetration depth of the cumulative jet is 5,98 mm. 

As can be seen from Fig. 13, the maximum penetration 
depth of the cumulative jet into the obstacle is achieved at a 
focal distance of 5 mm. 

Comparison of the obtained result with the data from 
other studies showed that it corresponds to the empirical 
coefficients for aluminum alloys [17], where the optimal 
focal distance varies within F/D = 0,8 - 1,6. In our experiment 
for aluminum alloy 2219, this value was: 

 
5= 1
5

F .
D

=                                                                           (2) 

 
This confirms that the proposed methodology and 

research results correspond to the literature data and can be 
used in further developments. 

The optimal focal distance for a 5 mm diameter LSC is 
F = 5 mm and provides a cumulative jet penetration depth of 
L = 6,15 mm. At focal distances of F = 4,7 - 5,3 mm, the 
cumulative jet penetration depth is L = 6,13 mm. The 
efficiency of cumulative jet penetration into the obstacle for 
the selected range of focal distances is 99.7%. 

The nominal value of the distance between the LSC and 
the obstacle corresponds to the optimal value and is equal to 
5 mm. The recommended range of focal distances for  
a 5 mm diameter LSC with a semi-cylindrical cumulative jet 
is 5 ± 0,3 mm. 

The obtained values of LSC penetration depth and 
optimal/recommended range of focal distances are 
recommended for use in the design of new products where 
the obstacle is aluminum alloy 2219. 

Thus, a comprehensive experimental study was 
conducted of one of the main parameters that determine the 
efficiency and reliability of the separation process - the range 
of focal distances of the LSC installation, which made it 
possible to increase the efficiency, reliability, and 
performance of pyrotechnic devices of the separation system 
of rocket and space elements. 
 
3 CONCLUSION 
 
 A new methodology for the experimental determination 
of the focal distance was developed, which allows reducing 
the number of tests by installing the LSC at an angle relative 
to the obstacle and increasing the accuracy of determining the 
focal distance by obtaining results of CJ penetration depth for 
the entire range of focal distances under study. This 

significantly reduces resource costs and the time for 
conducting experiments, which is an important advantage in 
resource-limited conditions. 

An experimental study was conducted to determine the 
focal distance for a 5 mm diameter LSC with a semi-
cylindrical cumulative part (filled with hexogen) on an 
obstacle made of aluminum alloy 2219. 

The dependence of the CJ penetration depth into the 
obstacle on the focal distance of the LSC installation, which 
has a second-degree polynomial character, was obtained, 
allowing for optimization of the separation process by 
selecting the optimal focal distance. 

As a result of the research, it was determined that with a 
change in focal distance from 4,1 mm to 6,8 mm, the 
penetration depth of the LSC cumulative jet into the obstacle 
material changes from 5,06 to 6,68 mm. The average 
penetration depth of the LSC cumulative jet is  
6,11 mm. 

A method for establishing the optimal focal distance is 
presented. The obtained value of the optimal (effective) focal 
distance of the LSC installation with a semi-cylindrical 
cumulative charge of 5 mm diameter is 5 mm; and the 
recommended focal distance is 5 ± 0,3 mm. 

The research results provide valuable data for optimizing 
the mass characteristics of the structure by applying the 
optimal and recommended LSC installation parameter (focal 
distance). This will help in the development of more efficient 
and reliable separation systems in rocket and space 
technology. Optimizing the focal distance also helps to 
minimize mechanical loads on structural elements during the 
CJ penetration process into the obstacle. 

The research results may be useful in the design of 
separation systems using new materials, such as composite 
materials or alloys with improved characteristics. Further 
experiments with new materials will expand the applicability 
of the proposed methodology. 

Despite the successful results, this study has some 
limitations. It was conducted only for a specific type of LSC 
and obstacle material. For other types of LSCs or grades of 
obstacle materials, similar studies need to be conducted. 
 
Acknowledgments 
 

The author would like to express his sincere thanks to 
Yuzhnoye State Design Office for supporting this research. 
 
4 REFERENCES 
 
[1] Bolyubash, Ye. S. (2023). Umen'sheniye zony vozmozhnogo 

padeniya avariynykh RN za schet ispol'zovaniya sistem 
razdeleniya raketno-kosmicheskikh elementov, 
osnashchennykh pirotekhnicheskimi ustroystvami. KHKHV 
Mezhdunarodnaya molodezhnaya nauchno-prakticheskaya 
konferentsiya "Chelovek i kosmos", p. 229. (in Ukrainian). 

[2] Okhochynsʹkyy, M. M. & Afanasʹyev, K. A. (2013). Systemy 
podilu u raketniy tekhnitsi. CH. 2. Systemy viddilennya 
korysnykh navantazhenʹ ta obtichnykiv: navchalʹnyy posibnyk, 
p. 55. ISBN 978-5-85546-762-8 (in Russian). 



Yevhen Boliubash: Experimental Determination of the Focal Distance of Cumulative Pyrotechnic Device in Launch Vehicle Separation System 

148                                                                                                                                                                               TECHNICAL JOURNAL 19, 1(2025), 142-148 

[3] Kolesnikov, K. S., Kozlov, V. I. & Kokushkin, V. V. (1977). 
Dinamika razdeleniya stepeney letatel'nykh apparatov. M. 
Mashinostroyeniye, p. 224. (in Russian). 

[4] Kobelev, V. N. & Milovanov, A. G. (2009). Sredstva 
vyvedeniya kosmicheskikh apparatov. Moskva: Izdatel'stvo 
"RESTART", p. 528. (in Russian). 

[5] Flexible linear shaped charge (FLSC). Site: Psemc emc. URL 
https://psemc.com/products/flexible-linear-shaped-charge-
flsc/ (Accessed on 05.07.2023). 

[6] Kuzin, Ye. N. & Zagarskikh, V. I. (2012). Tvorcheskiy put' 
dlinoy pochti v polveka. Nauchno-tekhnicheskiy zhurnal NPO 
im. S. A. Lavochkina. Vestnik. Vypusk, 4(15), 157-163. (in 
Russian). 

[7] Petushkov, V. G. (2005). Primeneniye vzryva v svarochnoy 
tekhnike, p. 753. ISBN 966-00-0286-6 (in Russian). 

[8] Bolyubash, Ye. S. (2022). Kumulyatyvnyy efekt ta yoho 
vykorystannya dlya rozdilennya raketno-kosmichnykh 
elementiv za dopomohoyu pirotekhnichnykh prystroyiv. 
Zbirnyk dopovidey Materialy XVII Naukovykh chytanʹ 
"Dniprovsʹka orbita – 2022" (26-28 zhovtnya), 10-15. (in 
Ukrainian).  
https://doi.org/10.34079/2226-3055-2022-15-26-27-28-38 

[9] James, L. S. (1984). Pyrotechnic shock: a literature survey of 
the linear shaped charge (LSC). NASA TM - 82583. Systems 
Dynamics Laboratory. Science and Engineering, p. 56. 

[10] Baum, F. A., Stanyukovich, K. P. & Shekhter, B. I. (1959). 
Fizika vzryva, p. 800. (in Russian). 

[11] Orlenko, L. P. (2004). Fizika vzryva. Izd. tret'ye, vol I, p. 828. 
(in Russian). 

[12] Report of the Presidential Commission on the Space Shuttle 
Challenger Accident. Site: NASA. https://history.nasa.gov/ 
rogersrep/v1ch9.htm (Accessed on 20.06.2023). 

[13] Lim, S., Baldovi, P. & Rood, C. (2022). Jet Grouping of Linear-
Shaped Charges and Penetration Performance. Applied 
Sciences, 12(24), p. 12768. https://doi.org/10.3390/app122412768 

[14] Orlenko, L. P. (2004). Fizika vzryva. Izd. tret'ye, vol II, p. 644. 
(in Russian). 

[15] Lavrent'yev, M. A. (1957). Kumulyativnyy zaryad i printsipy 
yego raboty. UMN, 12(4), 41-56. (in Russian). 

[16] Bohanek V., Dobrilović M. & Škrlec V. (2014). The efficiency 
of linear shaped charges. Tehnički vjesnik, 21(3), 525-531. 
https://hrcak.srce.hr/123317 

[17] Yefanov, V. V., Khartova, V. V. & Pichkhadze, K. M. (2014).  
Proyektirovaniye avtomaticheskikh kosmicheskikh apparatov 
dlya bazovykh nauchnykh issledovaniy. T. 3. Izd-vo MAI-
PRINT, p. 464. ISBN 978-5-905646-04-1. ISBN 978-5-
905646-07-2(т.3). ISBN 978-5-7035-2316-2. ISBN 978-5-
7035-2319-3(т.3) (in Russian). 

[18] Blyznychenko, V. V., Dzhur, Y. E. O., Krasnikova, R. D., 
Kuchma, L. D. & Lynnyk, A. K. (2007). Proektuvannya i 
konstruktsiya raket-nosiyiv, p. 504. ISBN978-966-551-218-9 
(in Ukrainian). 

 
 
Author’s contacts: 
 
Yevhen Boliubash, PhD student 
Yuzhnoye State Design Office,  
3, Kryvorizka Str., Dnipro, 49008, Ukraine 
bolyubas@gmail.com 


	Yevhen Boliubash
	Keywords: aerospace engineering; experimental research; focal distance; linear shaped charge; material strength; separation system
	1 INTRODUCTION
	Figure 1 General view of a LSC with a semicylindrical cumulative part
	Table 1 Recommended ranges of empirical ratios F/D
	Research Objectives:
	2 PROBLEM SOLUTION
	2.1 Methodology for the Experimental Determination of the Focal Distance
	2.2 Research Object
	Figure 7 General view of the LSC with a semicylindrical cumulative part [7]
	Figure 8 Test specimen made of aluminum alloy grade 2219
	2.3 Test Results
	Table 2 Depth of CJ penetration of LSC into aluminum alloy grade 2219
	2.4 Method for Establishing the Optimal Focal Distance
	3 CONCLUSION
	Acknowledgments
	4 REFERENCES
	Author’s contacts:
	Yevhen Boliubash, PhD student


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



