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Abstract 
To model the movement of an aviation penetrator, it is necessary to know the coefficient of 

the drag and the coefficient of the lift force. The article presents a method of calculating them using 

the geometric dimensions of the penetrator. The obtained values of the coefficients are compared with 

those obtained when blowing a penetrator in the aerodynamic tube. By the sustainability criterion is 

determines the degree of damping of the penetrator. The results of modeling the movement of the 

penetrator show, that the mathematical model of motion can be used to solve the task of targeting. 

 

 

1. Introduction 
 

The mathematical modeling of a penetrator requires information on the 

drag coefficient and the lift force. The article offers a method of calculating them 

using the geometric dimensions of the penetrator. 

 

2. Results 
 

The test is conducted for a penetrator with the following characteristics: 
 

- Θ = 21.39 s, characteristic fall time; 

- mб = 64 kg, mass; dб = 0.203 m; 
4

d
S

2
б

б


 = 0.0324 m2; Lк = 0.835 m; 

- Hст = 0.397 m; Hк = 0.40 m; Dст = 0.205 m. 
 

Ballistic coefficient "c" is determined by form. [3, 7]: 
 

(1)  
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1
ac 

  

= 1.4649, 

 

where a, k are coefficients (а = 20.202; k = 0.811). 
 

The coefficient of form i is determined by form [2]: 

https://doi.org/10.3897/arb.v31.e10


118 

 

(2) 3

2
б

б 10
d

cm
i 

 

= 2.275. 

 

For the standard drag coefficient, the Siachi law Cxe (M = 0) = 0.255 [7] is 

used. The coefficient of resistance Cxb is determined by formula [4] and for 

aviation penetrator it equals: 
 

(3) Схб = 0.5801. 
 

Through the analytical formula [4]  
 

(4)       ]3,1dBAh1l0052,0C[2C ст1стк
0
xбхб  , 

 

the impedance coefficient Сxba is determined. 

The relative dimensions of the penetrator are: 
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= 1.0099;  
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= 1.9704, 

The values 0
xбC  and A are determined by [5, 7] and the following values 

are taken: 
 

0
xбC = 0.053; А = 0.0646. 

 

The coefficient B1 is determined by form. [4]: 
 

0319,0h0274,0B ст1   
= –0.0209. 

 

The front of the penetrator has a flat shape, i.e., hg ≈ 0, then the calculated 

value of Cxb is increased by 0.2 [4]. Since the tailpiece of the stabilizer has feathers 

and two rings, calculations are made for a box stabilizer. 

For the coefficient of drag impulse Сxba we obtain: 
 

(5)     6032,02,0]3,1dBAh1l0052,0C[2C ст1стк
0
xбхба  . 

 

When blowing a model of a aviation penetration at M = 0 for the 

coefficient of impedance Сxb0, the following result is obtained: 
 

(6) Схbо = 0.5701. 

 

The values of the drag coefficients Cxb and Cxba are close to the value of 

Cxbo determined by blowing the model.  
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This indicates that the proposed methods using the reference drag 

coefficient and using the geometric dimensions of the penetrator can be used to 

calculate the elements of the penetrator trajectory. 

As a result of blowing the aviation penetrator pattern at different angles of 

attack, the following results for the coefficient Cxb (α) of drag resistance (Table 1 

and Figure 1) are obtained. 

 
    Table 1.  Dependency of Схб(α) 
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Fig. 1. Relevance of the coefficient Cxb (αb) of the impedance of the angle of attack αb 

 

Using the Saichi law as a reference law for the change of the resistance and 

the results of the Table 2, the dependence of Cxb (M, a) (Fig. 2) is obtained. For the 

conditions under consideration it is assumed that the coefficient of the form is 

constant. 

 
               Table 2. Dependency of Cxб(M, α) 

 

Cxб(M,α) M = 0 0,2 0,4 0,6 0,8 1 

α = 00 
0.5701 0.5701 0.5824 0.5892 0.6484            1.2422           

100 0.6185 0.6185 0.6209 0.6282 0.6913            1.3243           

200 1.1172 1.1172 1.1216 1.1347  1.2486           2.3921           

300 2.7876 2.7876 2.7985 2.8313 3.1156           5.9687           

400 6.3326 6.3326 6.3574 6.4319 7.0776           13.5592          
 

αб, 

deg. 
0 5 10 15 20 25 30 35 40 

Схб 0.5701 0.5701 0.6185 0.7653 1.1172 1.762 2.7876 4.2819 6.3326 
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Fig. 2. Dependency of Cxб(M,α) 

 

For the coefficient Lift Force of the formula [6, 7], its values for different 

angles of attack were calculated (Table 3, Figure 3). 

 
 Table 3. Dependency of Суб от αб 

 

αб, 

deg 
0 5 10 15 20 25 30 35 40 

Сyб 0 0.4740 0.8958 1.2656 1.5833 1.8490 2.0625 2.2240 2.3333 
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Fig. 3. Dependency of the coefficient Cуб от αб 

 

Using the sustainability criterion [4], the degree of damping of fluctuations 

is determined: 
 

K(S) = 0.2885, 
 

which satisfies the condition of sustainability. 

As a result of the mathematical modeling of the aviation penetrator 

movement under different start conditions, the deceleration time of the penetrator 

attack angle αb, the coefficients of: the drag resistance Cxb, the lift force Cyb and the 

moment mz (Figs. 4–10). 
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When solving the penetrator motion equations for conditions λ = 0o,  

H = 500 m, V = 180 m/s, α0 = 4o the oscillation damping time t = 0.82 s 

(αb = 0.01o), (Fig. 4). The Cxb coefficient of the drag impedance changes 

insignificantly (from 0.5895 to 0.5845), (Fig. 5). 

The coefficient of Lift Cyb and the coefficient mz of the moment diminish 

analogously, as the angle of attack (Figs. 6, 7). 
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Fig. 4. Dependence of (αb) from time (t) 
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Fig. 5. Dependence of Схб from time (t) 
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Fig. 6. Dependence of Суб from time (t) 
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Fig. 7. Dependence of mz from time (t) 
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Fig. 8. Dependence of mz from time (t) 
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Fig. 9.  Dependence of αб, Схб, Суб и mz from time (t) 
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Fig. 10.  Dependence of αб, Схб, Суб и mz from time (t) 

 
3. Conclusions  

 

The results of the mathematical modeling of the movement of the aviation 

penetrator (shown in the above figures) lead to the following conclusions: 

1. As the penetrator starts up, the damping time of αb decreases and the 

frequency of oscillations increases; 

2. By increasing the initial attack angle α0 of the bomb, the Cxb coefficient of 

the resistance of the penetrator changes insignificantly; 

3. The character of the change of the coefficients Cyb, mz is the same as the 

angle of attack αb; 

4. With an increase in the angle of latency λ, the decay time of ab decreases; 

5. The damping time of αb does not depend on the height of the penetrator. 

The results obtained show that the aviation penetrator pattern created can 

be used to solve the task of targeting. 
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РЕЗУЛТАТИ ОТ МОДЕЛИРАНЕ НА ДВИЖЕНИЕТО  

НА КОСМИЧЕСКИ ПЕНЕТРАТОР 

 
С. Стойков 

 
Резюме 

За моделиране на движението на космически пенетратор е необхо-

димо да се знае коефициента на челно съпротивление и коефициента на 

подемната сила. В статията се предлага метод за тяхното изчисляване чрез 

геометричните размери на пенетратора. Получените стойности на коефи-

циентите се сравняват с тези получени при обтичане на модела на пенетра-

тора в аеродинамична тръба. Чрез критерия за устойчивост е определена 

степента на затихване на колебанията на пенетратора. Получените резултати 

от моделиране на движението на пенетратора показват, че математическият 

модел за движение може да се използва за решаване на задачата на 

прицелване. 
 

 

 

 

 

 

 

 

 

 


