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PROGNOZOWANIE STREFY RA ZENIA GLOWICY PR ETOWEJ]

Streszczenie:W pracy przedstawiono metpgrzyblizonego oszacowania ksztattu statycznej strefy
razenia petowej gtowicy przeciwlotniczego pocisku rakietoweddetoda oparta jest na wzorach
Gurneya dla oceny gakosci miotania powtoki pocisku produktami detonacjiteréatu wybuchowego
oraz na zatponej postaci zalmosci predkosci elementu powtoki od czasu. Numeryczne catkowanie
rownan trajektorii poszczegolnych elementéweigw pozwala okrdi¢ potazenie petdw w kolejnych
momentach czasu. Przedstawiono wyniki przyktadovwogtaiczen.

PREDICTION OF FIELD OF FIRE OF A BAR WARHEAD

Abstract: In the paper, a method of prediction of the shaifpa field of fire of a bar warhead of an
antiaircraft missile has been presented. The mathbdsed on Gurney formula for predicting velocity
of a shell launched by detonation products of giastve and an assumed form of function describing
time dependence of the velocity of shell elemeNtsnerical integration of equations of trajectory of
individual elements of bars provides bar positiitnsonsecutive moments of time. Exemplary results
of calculations have been presented.

1. Introduction

Bar warheads, although somewhat “out-of-date” §t§ still widely used in antiaircraft
missiles. For designing fuses, used in these wdfatais essential to predict the shape of the
field of fire. For this reason, motion of bars,dahed by the pressure of detonation products
of an explosive charge, should be modelled. Inghper, an approach to this problem is
proposed. It is based on the classical Gurney ftarf8], with some modifications proposed
in [3].

Basic assumptions of proposed model and used fasmare presented in the section 2.
The algorithm of constructing solution is descrilbethe section 3. The model is analysed on
the basis of exemplary results of calculationshim $ection 4. Basic conclusions are given in
the section 5.

2. Description of the model

Construction of a considered warhead is shown
schematically in Fig.1. The igniter ignites the legwe
charge. A detonation wave moves from the point of
ignition. Pressure of detonation products launcties
bars.

Fig.1. Considered warhead: 1 — igniter, 2 — exploge, 3
— metal bars
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The proposed model is based on the following assonmg
1. In the point of the axis, where the igniter is ated, a spherical detonation wave is
initiated. Its front approaches individual poinfsbars at various values of the angle

o — Fig.2.

\

I
Fig.2. Consecutive positions of detonation wave fnb

2.  The maximum velocity of individual parts of barsassessed on the basis of the Gurney
formula for a cylindrical shell [2]:

2
- U —|| s Ps
Uy = —7——, == -1]—= 1
o~ Juvos Hrj L @
where:us —Gurney velocity for grazing detonation, — external radius of barsg —
internal radius of bargg — density of bars materiah: — density of explosive.

3. The fact of incline impact of the detonation framt the bars is taken into account by
proper modification of the value of Gurney velocifyjhe following formula is used

([31):
(2)

(@) v4/3u; dla sina< 0,7
u =
© Ug/1+ (1-sina)/0,9 dla simr> 0,

4.  The following formula describing dependence ofkcity of bar elements on time is
used ([3]):

u=u, PP S— 1 %:M 3)
1+[t-T)/1)? B, 21,

where:py - detonation pressur&,— time from the ignition of the charge to the moine
of detonation front impacti, — maximum velocity of a given bar element.

5. The gas escape through the opening spaces betweeis mot taken into account. This
assumption is based on the fact, that the acceleréime 7 is very short and the
Poisson’s effect causes that the bars move fanawithout loosing their contact.

6. We do not take into account aerodynamic drag (#ssumption will be discussed
further on).

7. The rigidity of the bars material is not taken itocount. Initial assessments proved
that internal forces are much lower than the fomesrted by detonation products and
the inertial forces.
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3. Method of constructing solution

The bars are divided into elements. For each elemerdoordinates of center of gravity
X, le, time of the impact of detonation wave froRf maximum velocityu,; and time
constantg; are calculated:

X, =d. +do(i-1)/n i=1,n ()
ry =(re +15)/2 (6)
T VXt 7)
D
saz 8 (®)

u = N4l3u,, dla sa< 0,7 ©)
" |U,y/1+ (1-53)/0,9 dla sa 0,7
, re-r2
Ti :M, n‘b :M (10)
P, 21,

where:ds — distance along the axis form the ignition paothe beginning of barsle — bar
length,D —detonation velocityumo— maximum velocity given by (1).
Equations of trajectories of individual elementdafs are integrated numerically:

X (t+A0) =%, (O +[u (9 + u(+A Y] A T2 (11)
r.ci (t +At) = r.ci (t) +[uri (t) +uri (t +At)] At/Z (12)

Axial and radial components of velociy andv; fort + At are determined making use
of the fact that the acceleration vector is perpaiidr to the line linking centers of gravity of
bar elements.

U, (t+AD = U, () +[y(t+A Y- y(9] sin B (18)
U, (t+AY =y, () -[u(t+A ) - u(}] cos B (19)
B =arctg{[r, ) ~1.,OVIX () ~x_(O]} (20)

Fori = 1andi = n, anglefis calculated by the use of (20), takirg2 andi = n-1.
The value of velocity;(t+At) is calculated by the fomula:

u (t+At) = umi\/l

L[t AT/ TP ~aAt D)

Time incremenit is set equal to the time of passing distaficéy detonation wave.

4. Analysis of the model

Fig. 3 shows exemplary results of calculations o§ifoons of a bar in consecutive
moments of time. The bar is generally straighalgh the near end is somewhat curved. It
Is a consequence of the higher values of velodithie part of the bar. Velocity distributions
are shown in Fig.4. Higher value of velocity stefmem the fact, that detonation wave
impacts this part of the bar at lower values oflang so the larger part of detonation
products energy is used for launching the bar.
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Fig.3. Positions of a bar in three moments of tim@ime is measured from the moment of
ignition)
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Fig.4. Velocity distributions along the bar

The effect of distorting the bars depends on tetadced:. Fig. 5 illustrates this influence.
The angle between the straight part of the barthadxis — 18,5is slightly higher than
Taylor angley— 16,8:

(u
= 2arcsir] —maxo 22
S -

This difference is caused by the fact, that the ehdakes into account curvature of the
detonation front and finite time of launching.

Results of calculations enable us to predict shudpee static field of fire of the warhead
(in the reference frame moving with the rocket)hwmhe positions of bars in consecutive
moments of time — Fig. 6. Basing on the resultgal€ulations it is possible to predict the
zone of action and time of action of proximity fuséor the warhead with 24 bars
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(approximately isometric cross section) distancetvben centers of gravity of bars are
shown in Fig.7.
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Fig.5. Distortion of the near end of a bar for varous distances from the point of ignition to
bars
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Fig.6. The shape of the field of fire Fig. Distances between bars as a function of radius

Positions of bars shown in Fig. 6 are overestimatedause the aerodynamic drag is not
taken into account. In reality they reach givenuad later than it is calculated by the model.
It is difficult to assess the aerodynamic drag,dose there is no data concerning the value of
the drag coefficient in the range of predicted g#ies. For a rough estimation a limiting
value of the drag coefficient for shell fragmeris = 2 [3] is used. The force of the
aerodynamic drag is calculated by the formula:

EuZ
F=-C, [5&10"T (23)

where:S— area of the external surface of a lpgr- density of airy — velocity of a bar.
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The equation of inertial motion of bars has therfor

I]Jz
md - c s (24)
dt 2
which can be transformed to:
1% - —1 , e 2m (25)
u dt L Cr 0,

Taking into account, that the bars move mainlyha tadial direction, we can use the
following approximation:

u dt L dt
Hence:
u 1 1 r
—dy=-—|d¢ (27)
Fate=t
After integration we obtain:
u r
Inf —|=—— 28
)=t 8)
Hence:
r
u=u, ex;{—tj (29)
and further:
dr r
— =Uu, exp —— 30
g o F( Lj (30)

jexr{{jdr :juodr (32)

After integration we obtain:

L{exp{{j —1} =ut=r, (32)

whererg is a radial position of a bar for no drag.

Finally:
r=L In(L +1j (33)
r.0
The value oL can be estimated by the formula:
L=pPe (34)
P

Fig.8 shows calculated difference between the ijposiéstimated on the basis of the
model and position calculated by (33). From theydien one can find the value @f —r for
givenr. Then the value ofy can be calculated. Making use of this value omedstermine
value oft corresponding to given distance
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Fig.8. Difference between radial position of a bacalculated by the model and radial
position estimated with taking into account limiting value of aerodynamic drag

5. Conclusions
Analysis presented in the Sec. 4 reveals that:

1. The model predicts the angle of driving bars aldi®% higher than the Taylor angle.

2. The model predicts deformation of the near endbark. The scale of deformation
depends on the distance between the ignition poidtbars.

3. The model provides results, that can be used wigirthe shape of the field of fire of a
bar warhead.

4. The effect of aerodynamic drag is not high in thamty of the warhead. However it
rises fast with increasing radial distance.
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