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New procedure for calculating altitude coefficients

Dragoslav R. Petrovi¢, PhD (Eng)"

New procedure for determination altitude coefficients for certain meteorological elements needed as data in firing
tables is presented. Altitude coefficients can be used in artillery practice when meteo-message, the so called ”meteo-
average” is used for field calculation of meteorological influences and appropriate corrections. Numerical data of
altitude coefficients for certain ballistic conditions are given. New procedure eliminates calculation of weighted

functions widely used up to now in ballistic practice.
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Introduction

FFECTS of actual meteorological elements (wind,

temperature, pressure) on trajectory elements that
determine projectile position in space is cumulative. It can
be calculated for cummulative or individual meteorological
elements from results of trajectory calculation elements. In
actual ballistic practice, effects of individual meteorological
elements (the so called differential elements) are used for
calculating ballistic values of meteorological elements.
Ballistic values of meteorological elements depend on
projectile ballistic characteristics and projectile’s initial
space position. Ballistic values can be determined by the so
called layer weights or their functions. After the application
of meteorogical message i.e. meteo-average in artilerry
practice [1, 2], a need for calculating altitude coefficients
incorporating projectile ballistic characteristics emerged.
Clasical procedure for altitude coefficients calculations is
based on layer weights or their functions in graphic forms.
For this purpose, projectile trajectory must be devided into
leyers and unit meteorological element influence on
trajectory elements calculated, related to meteorological
elements influence in all layers, i.e. along total trajectory
height. In this article, a new procedure for altitude
coefficients calculation that eliminates the need for layer
weights or their function calculation for each of the
meteorological elements (longitudinal and directional wind
and temperature) is presented.

Altitude coefficients calculation procedures

Numerous procedures for layer weight calculation
[3,4,5] that are basis for classical altitude coefficients
calculation exist. Layer weights can not be obtained in
mathematical form, but their graphs can be formed as
functions of node points 7;, Y/Ys, where r; is discrete value
of layer weight function for Y;/Ys, where ¥; is layer altitude
and Yy is trajectory height. Graphs can be mechanized [6],
but in case of firing tables production, it is not convenient
to use them. Instead of graphs, the same data can be used
for numerical integration by certain integration methods.
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Result of numerical integratioin is surface S under virtual
graph driwen through node points r;, Y/Ys (0-2) Fig.1. By
mechanized procedure in [6], altitude coefficients
(K )WX,WZ’ A, for Wx,Wz,Atr, can be calculated where

W.,W,. are meteorological elements, longitudinal and

directional wind components and Az temperature
differences related to nominal values. Formula for altitude

coefficients (K )WY w-a, as function of surface S under

graph is [6]:

(K)Wx,Wz,Ar = 2(_5) (1)

Established dependence eliminates the need for manual
graph drawings and estimating surface equality under and
above the line drawn from origin O to 1 Fig.1. (In Fig.1, for

eq. (K),, =1.3),asitis described in [1,2].
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Figure 1. Manual altitude coefficient determination

As follows from (1), what is required is not the graph
r= f{Yi/Ys), but nodal points r;, Y/Ys, where Y; is current
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trajectory height and Yy is total trajectory height - summit.
Nodal points r;, Yi/Ys tought to be used for numerical
integration by certain integration methods for surface S
under virtual curve 0-2. Procedures described for layer
weight functions calculations »=_f{Y; /Ys) in discrete form 7;,
Y; /Y5 [5, 6] are not suitable for the purposes of firing tables
production. The same references indicate that the value of
surface S is dependent on the number of nodal points n. The
number of nodal points 7 is not known in advance, but for
the sake of simplicity it must be taken as finite number
covering all possible graph forms. Ten nodal points give
satisfactory results [6], but at the same those ten trajectories
must be calculated. Consequently, the total number of
trajectory calculations must be 3n for three meteorological
elements for only one distance in the firing tables, which is
not satisfactory.

New method for calculating altitude coefficients

The study of graph layer weights functions done in [6]
enables detecting the influence of meteorological elements
on the projectile flight. Some meteorological elements
prevail on initial trajectory path, and some at summit.
Therefore, from all the graphs, it can be seen that they are
surrounded by two curves, / and /I Fig.2.

ra

1.0 1
P

0.5 /

L~

- =
0 0.5 1.0 Yi¥s

Figure 2. Extreme forms of layer weight functions

Curve [ indicates prevailing meteorological elements at
trajectory summit and /7 prevailing meteorological elements
on initial trajectory path. The case when the curve is a
straight line that connects points 0-1 and is a diagonal of a
square with sides 0-1-1-1 is when the straight line gives the
value of surface S = 0.5 and when it is introduced into (1)
for the value of altitude coefficient of an actual
meteorological element will be equal to one. In other
words, all trajectory layers are of equal influence. When
considering the influence on the horizontal distance
variation when the trajectory is exposed to meteorological
elements variation with height similar to that given in Fig.3,
under the assumption that meteorological elements’
influences are the same on all heights, the horizontal
distance variation must be equal zero, i.e. AX,=X,-X,=0.

It can be said at a glance that when the influence of the
meteorological elements is similar to that given in Fig.3,
when AX,, >0, the form of the layer weight functions must

be similar to that given as curve I (Fig.2), and when

AX, <0, the form of the layer weight functions must be

similar to that given as curve II (Fig.2). If trajectory is
exposed to the influence of meteorological elements in the
form given in Fig.4, and when their value equals 10 units,
distance  variation is the differential coefficient

AD,=0.1AX ,xu,, where u, is the ballistic value of the
actual meteorological element.
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Figure 3. Continual meteorological elements variation with height
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Figure 4. Constant variation of meteorological elements with height

When calculating altitude coefficients (K),, ., , the

distance variation AX, is used when meteorological

elements’ influences are in the form given in Fig.3 and
distance variation AD, when meteorological elements’

influences are in the form given in Fig.4. As for time
saving, if n trajectory calculation is eliminated, for

longitudinal wind W, =10 (m/s) for e.g., tree trajectory
calculations ought to be done. First trajectory calculation
ought to be done for determining the summit height, for

nominal meteorological elements yielding for values Yy ,

ie. Y5 and Xy, second for AXy =X, —Xy, third for
ADy,_, and fourth for AX . Calculation of Yy, ie. Y5 and
Xy are already done when doing the firing tables.

Therefore only one trajectory calculation must be done for
determining the value of AX, when meteorological

elements’ influences are in the form given in Fig.3. i.e.
three components of meteorological elements: W,, W, of

Az for determining distance variations AXy , AZy ,
AX.. Can a relationship between AX, and altitude

coefficients (K) be established? From equation (1)

Wx,Wz,At

Ky =2(1-5)
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it is evident than when AX, =0, then § should be 0.5
when introduced into (1)

(Kl )Wx,Wz,Ar = 1

In case when AX, #0, extreme coefficient values are:

a) AX,=AD, (S=0); Ky, =2 2)

b) —AX, =AD, (S=1); Ky jonr =0

From the above speculation it can be concluded that the

values of the altitude coefficients (K) given with

Wx,Wz,At
(1), using (2) can be obtained from intuitive equality

AX,
K“:HAD# 3)

Necessary values of distance variations AX,, for (3) can
be obtained from trajectory calculations when the
influences of meteorological elements u(W,,W,,A7) are
in the form given in Figures 3, 5 or 6.
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Figure 5. Discontinual meteorological elements’ variation with height

The values of all altitude coefficients (K),, . , for
certain projectile velocity, ballistic coefficient and set of
projectile angles - gun elevations can be calculated in this
way. The obtained values can be compared with those
obtained by other methods. Usually, individual values are
not suitable in practice, and they must be summed and
divided by tree. From the above speculation, it follows that
only tree projectile trajectories should be calculated, but not
3xn, where N is the number of trajectory layers, and n is
usually 10. Further time saving can be achieved if only one
trajectory is calculated, as it is done in [5].
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Figure 6. Mixed meteorological elements variation with height

All types of meteorological elements’ variations with
height are not suitable for various mathematical models of

projectile trajectories. Depending on the appropriate
mathematical model, the type of meteorological elements
variation with height can be chosen.

Numerical test data
Results of numerical test of altitude coefficients
K obtained by formulae (1) are given in Table 1.
Wx,Wz,At y g

Projectile ballistic characteristics are: standard law of
resistance ¢x’1943”, and ballistic coefficient ¢=0.5.
Muzzle velocities are in the range 100-900m/s with
increment of 100 meter, and elevation angels are
10,25,45,60 and 80 degrees. Data are given for Vencel
standard atmosphere (Vencelj) [7]. In the program for
numerical calculation of altitude coefficients, 3D (three
degree of freedom) mathematical model for calculating
projectile trajectory is taken. Numerical test data are given
in Table 1. For determining the method accuracy by
comparison, altitude coefficients are calculated according to
the existing procedure using the definition for calculating
layer weights and node points 7;, ¥;/Ys . Surface S is used
in equation (1) and it is numerically determined by
Simpson’s rule for node points n=20 in all cases for
avoiding numerical errors. Numerical altitude coefficients
and their mean values for W,, W, and Az are given in
Table 1. Altitude coefficients W,, W, and Az are
calculated according to the method existing in practice and
equation (1) signed with subscript s . Under these values of
altitude coefficients calculated by equation (3) are given
and signed with n in subscript for meteorological elements
variation with height similar to those given in Fig.2.

Table 1 Altitude coefficients

Vo(m/s)/We-o | 60=10° | 6=25 | =45 | 0=60" | 6=80°
100. W, 1.264 1.260 1.263 1242 | 1.075
w, 1.328 1312 1.263 1.195 | 1.060
At 1.244 1.170 1.130 1.061 | 0931
(S,)s 1.279 1.247 1.219 1166 | 1.022
(S,)n 1316 1.288 1.239 1.165 | 0.968
200. W, 1257 1.264 1.262 1236 | 1.075
w, 1328 1.308 1.250 1175 | 1.033
Az 1.192 1.175 1.118 1.048 | 0921
(S,)s 1.259 1.249 1.210 1.153 | 1.010
(8,)n 1.303 1276 1.224 1.176 | 0.996
300. W, 1.131 1.134 1.165 1.160 | 1.032
w, 1.131 1.286 1218 1.136 | 0.991
Az 1.077 1.027 0987 | 0926 | 0813
(S,)s 1113 1.149 1.123 1.074 | 0.945
(S,)n 1.071 1.076 1.077 1.028 | 0.874
400. W, 1.478 1.255 1.001 0939 | 0.825
w, 1.259 1.106 1.010 | 0925 | 0.789
Az 1.359 1.161 0.871 0752 | 0.641
(S,)s 1.365 1.174 0.961 0872 | 0752
(S,)n 1478 1.240 0.765 0.681 | 0.586
500. W, 1411 1.521 1.220 1.041 | 0.806
W, 1.333 1.179 1.006 | 0.893 | 0.755
At 1.282 1357 1.087 | 0927 | 0.794
(5,)s 1.342 1.352 1.104 | 0954 | 0.785
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up to the height that is not equal to projectile summit height
Ys . That height is called altitude height, signed as Y.
Relation Y,/Ys is called altitude coefficient. Numerical
calculation of the altitude coefficient is a mechanized
procedure [5,6], but it is based on existing definitions and
methods proposed in references that are not suitable at this
time [7]. Introduction of the new method for calculating

values of altitude coefficients (K )Wx o, the number of

projectile trajectory calculations is reduced to three. It
follows that only three projectile trajectories ought to be
calculated, but not 3xn, where n is the number of
trajectory layers, and n is usually 10 or more. Further time
saving can be achieved if only one trajectory is calculated,
as it is done in [5].

It is difficult to confirm the accuracy of the method,
since the mean value of three individual altitude
coefficients for three meteorological elements are given.
Results (S, )s obtained according to “accurate” methods
for calculating layer weight functions (signed with subscript
s) compared with the new calculations (S, )n (signed with

subscript n) coincide for elevations of 45° on the first
decimal position for all muzzle velocities.
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Conclusion

Classical procedure for altitude coefficients calculations
is based on layer weights or their functions in graphic
forms. For this purpose, projectile trajectory must be
divided into layers and the influence per unit
meteorological element on the trajectory elements
calculated, related to meteorological elements influence in
all layers, i.e. along total trajectory height. This article
presents an original procedure for altitude coefficients
calculations that eliminates the need for layer weights or
their function calculations for each meteorological element.

The existing meteo-measurements data processing given
in [1, 2], apart from not being up to date, is also not
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Nov postupak nalaZenja koeficijenata uslovnih visina

Dat je nov postupak proracuna Koeficijenata uslovnih visina. Oni sluZe za koriS§¢enje uvedenog u naoruzanje biltena
meteo-srednji u artiljerijskim jedinicama. Odredene su uslovne visine odnosno koeficijenti uslovnih visina za jedan
broj uslova gadanja. I1zloZen postupak ne zahteva nalaZenje teZina slojeva Koji se odreduju prema definicijama datim
u vreme pocetka balisticke prakse za koje se nepotrebno trosi dosta vremena.

Kljucne reci: spoljna balistika, balisticka merenja, meteoroloska merenja, tablice gadanja, artiljerijsko gadanje.
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Hosas nponenypa BeruuciieHus K03¢pPuIueHToB
YCIIOBHBIX BBICOT

B Hacrosimei paboTe puBENEH HOBBIA ITOCTYIIOK paciéra Ko3Gh(pAMUEHTOB BIUSHAS GaJMMCTIIECKUX 3HaYCHAN
METEOPOJIOTAYECKIX JIEMEHTOB ¥ 0GHApPYKEHO, YTO OHE MOTYT HCIIONIL30BATCS ISl BEIYACTIEHRT K03(h(HHIEEHTOB
YCIIOBHBIX BBICOT HYXKHBIX apTIICPMACKAM YacTsM, KOTODBIE IIOJNB3YIOTCS CpPEJHHM METEOPOIOTHIECKHM
GromneTeHeM. 3[ech oONpelelieHbl YCIOBHBIE BBICOTHI [/ OMpPENENEHHOrO YHUCNIA YCIOBHH CTpPEenbObI, T.€.
ompefieneHbl KOa((UIMEHTHI YCAOBHBIX BBICOT. PacTONKOBaHHBIA MOCTYNOK He TpebyeT HH IIO3HAHWA
BBIYHACICHNS, HA BECA CIIOEB HAa KOTOPBIE TPATHTCS MHOTO BPEMEHH.

Karouesvie caosa: BECIHA GalIACTAKA, GaLINCTHIECKAEC H3MEPEHAS, METEOPOIOTHIECKHE U3MEPEHNS, TaGIuIbL
CTpenbObl, AapTHIUIEPHIICKAE CTPEIBLOBI.

Nouvelle procédure pour calculer les coefficients d’altitude

Dans le cadre de ce travail on présente une nouvelle procédure pour déterminer I’influence des valeurs balistiques des
éléments météorologiques. On a constaté qu’ils peuvent servir pour calculer les coefficients des altitudes
conditionnelles necessaires aux unités d’artillerie qui utilisent le bulletin météo-moyen. Pour un nombre de conditions
de tir on a déterminé les altitudes conditionnelles, c’est-a-dire les coefficients des altitudes conditionnelles. Cette
nouvelle procédure n’exige pas la connaissance et le calcul du poids des couches.

Mots clés: balistique extérieure, mesurement balistique, mesurement météorologique, tableaux de tir, tirs d’artillerie.



