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CONTRIBUTION ON THE GEOMETRIC COEFFICIENTS MODIFICATIONS
OF SURFACE NON-TREATED SEVEN-PERFORATED NITROCELLULOSE POWDER

Calculating of interior ballistics characteristics using seven-perforated nitrocellulose powder in cartridge assemblies can be used in special
techniques and in special projectile sets (cartridges). Accuracy of interior ballistics characteristics calculations influences construction solutions of
special techniques and ammunition; main utilization is in armed forces special techniques and ammunition for country defence. Originally derived
relations make geometric coefficients solution of non-treated seven-perforated powder more accurate and easier to use.
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Introduction

sing seven-perforated nitrocellulose powder

in substantial range different calibers car-

tridge sets is a long-term common routine,
which has been a worldwide practice of ammunition
producers for about 80 years.

In technical literature the powder combustion
process description differs author to author and is not
always practically applicable. In literature, e. g. [4] or
[5], one can find out a hypothesis of an accurate ad-
justment and proportions of each geometric dimension
in relative, exactly determined ratios of particular di-
ameters (inner hole diameter and outer diameter) and
length of the grain.

Fig. 1. Seven-perforated nitrocellulose powder

During our experiment the proportions of an aver-
age of 30 grains of each kind of powder had been cho-
sen. Measurements revealed that the calculations in-
troduced in the actual literature [4] or [5] are based on
the proportions of production instruments. Real pro-
portions of seven-perforated grain are very different
from the expected ones which have mostly been
caused by the deformations the grain is exposed to
during the process of drying.

Calculation procedure of coefficient «

The system of equations for the time argument # (in
professor Sluchocky’s methodology) is the most com-
prehensive and least formally distinct from physical
equations, from which the derivation is based. The

final system of equations of internal ballistics used
equation of production of power gases:

y=k-z-(l+L-z) (1)

Fig. 2. Basic form of seven-perforated grain (dimensions of
the seven-perforated powder): ,,R“ is the grain outer radius,
L, 1s the inner grain holes radius, ,,e;“ is the characteristic
thickness of a grain

For our interior ballistic characteristics calculation,
the following data were used:

— own measurements of powder grains weight and
size,

— non-treated seven-perforated powder thermody-
namic characteristics calculation elaborated by the
producer,

— Professor Sluchocky’s methodology [8], [9],
where geometric coefficients 4 and u were set value 0.

As stated before, the hardest problem to be faced
was to set the non-treated seven-perforated powder
grain geometric shape coefficient, especially geomet-
ric coefficient k.

For the necessary calculations of interior ballistic pa-
rameters, the following technique of geometric coeffi-
cient x determination was chosen under these conditions:

— whole powder charge was considered as non-
treated seven-perforated powder charge,

— non-treated seven-perforated powder grain rela-
tive burnt thickness - parameter z - when e, portion is
burnt out, it will be z = 1 and this value will not raise
any more,
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— variable relative amount of burnt non-treated
seven-perforated grain — parameter y — when e; por-
tion is burnt out, it will be y = 1 and this value will not
change any more,

— even in the case of the known fact that, though
the e, portion of non-treated Seven-perforated grain
has been burnt, burning is not finished because the
grain splits into 12 triangular prisms (6 outer and
6 inner ones), those burn in a degressive way.

Fig. 3. Inner triangular prisms and outer triangular prisms

Mathematical methods of calculating

the adjustment coefficient «

For geometric coefficient « calculation, we can ap-
ply the following equation [8]

K="L.g )

and transform it considering the areas and volumes of
split grains as follows [1], [2]:

KZ(S0+S1+S2)'€1, (3)
Vo +Vi+72)
where
e; is the characteristic thickness of a powder
grain,

So 1is the initial surface area of a powder grain,

S1  is the surface area of inner triangular prisms,
after the grain split when an e; portion was burnt out,

S, s the surface area of outer triangular prisms,
after the grain split when an e; portion was burnt out,

Vo is the initial volume of a powder grain,

V1 is the volume of inner triangular prisms, after
the grain split when an e; portion was burnt out,

V, 1is the volume of outer triangular prisms, after
the grain split when an e; portion was burnt out
and where the surface area S, of inner and outer tri-
angular prisms has been calculated from equation

B3

Sl’2 :{Zﬂiz~T+3~a1,2~(2L-Zel)}-6 4)

and where the volume ¥, of inner and outer triangu-
lar prisms has been calculated using the following

equation
Vi, ={afz -g(ZL—Ze1 )}6 5)

Determination of the footprint of inner

and outer triangular prisms

Regarding the complex form of inner and outer
prisms, we can determine the prism bases for surface
area and volume calculations to be of an equilateral
triangular shape having the length of edges as follows:

k,l

Fig. 4. Scheme for calculation
of auxiliary equilateral triangular

e auxiliary equilateral triangular height calcula-
tion — length of its edge:

a'=2-r+2e, (6)
where r is the inner grain holes radius
then
V= g-a'. (7

Design procedure is as follows:
e inner triangular prisms base height calculation

v =V —(r+e), ®)
e outer triangular prisms base height calculation

vy =3-(r+e)-Vv, )
e inner triangular prisms base edge calculation

al':i-vl’, (10)

B

e outer triangular prisms base edge calculation

VL (11)

Fig. 5. Scheme for calculation procedure of triangles

Then a =a -k, (12)
a,=a, -k, (13)
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e calculation procedure of &,:
k==, (14)

where

k, in both cases is a coefficient representing
modifications of triangular prisms base edges obtained
as a sum of burnt surface (free) areas S, in circles of
radius 7, and Sk, area (circle of radius R, area) ratio.

S) is a sum of burnt (free) areas

S, =m-r, (15)

Sk 18 @ Ra radius circle area

S, =n-R, (16)
where is
a7
(18)
Fig. 6. Scheme for calculation procedure of k,

and finally:
a, =O.658-(r+el), (19)
a2=1.139~(r+e]). (20)

Value of k, coefficient is invariable for any non-
treated seven-perforated grain proportions.

Practical application in the calculations

This modified succession for geometric coefficient
x calculation results in the time dependent pressure
curve shown in Figure 7:

— curve represented by the solid (black) line shows
measured time dependent pressure calculated from
strain gauge measured and calculated mean values,
successively measured on each strain gage behind
a moving projectile during experimental shots,

— curve represented by the dash dot (brown) line
shows measured time dependent pressure calculated
by previously used approach for geometrical charac-
teristic x by (2):

— curve represented by the broken (blue) line
shows measured time dependent pressure calculated

by new author's approach for geometrical characteris-
tic k by (3):

K_(So+51+52)_

1+

VotV +73)
250 y
= = Sluchocky pt newk
200 1 ——— Strain mean pressure
Pressure — - = Sluchocky pt old k
[MPa] / ~
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Fig. 7. Time dependent pressure curves

Conclusion

Experimental shooting results have shown that the
author's approach to the theoretical basis for calculat-
ing the geometric coefficient x can be applied in prac-
tice.

The results show that the author's approach to the
calculation of the geometrical characteristic x values
has approached the theoretical calculation of powder
gas pressure values actually measured during the
shooting of the experiment, which are represented in
Figure 7 as the calculated mean. This improvement is
apparent throughout the pressure range of powder gas,
especially at maximum pressure and muzzle pressure.

Calculations and practical shooting experiment re-
sults have been conducted with only one type of sur-
face-non-treated seven-perforated nitrocellulose pow-
der. In the next period it is desirable to verify the
adopted theoretical conclusion of calculating the geo-
metrical characteristic x also for another type and size
of non-treated seven-perforated nitrocellulose powder
and with another weapon system.
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K BOIIpocy o MOZ[I/Iq)l/lKaHI/Il/l reoMeTpuvecKux nmapamMeTpon l'lOBerHOCTHO-HCOﬁpaﬁOTaHHOFO NMUPOKCUJINHOBOI'O IIOPOXa
¢ CEMbI0 KaHAJIAMHU

Pacuem xapakmepucmuk 8Hymp€HHeﬁ banucmuru npu UCNOJIb306AHUU NUPOKCUTUHOB020 NOPOXA C CeMblO KAHAIAMU 6 C60pHOM nampone
Moxcem Ovbimb npumener onst cneuuaﬂbnoﬁ MEeXHUKU U CcneyuaibHblx cnapﬂdoe (nampouoe). Tounocmo pacdema xapaKkmepucmuk (mympemteﬁ
banucmuku eausiem Ha npuHsamue KOHCmpyKmueHvlx pemenuﬁ onst cneuuaﬂbnoﬁ MexXHUKU U 60€HHO20 CHAPAIICEHUA, OCHOBHAA obracmo npumene-
HUs — 060]70HH£151 CneyuaivbHas mexHuKa U 60eHHOe CHAPANCEHUE 600PYIHCEHHbIX CUIL. HOﬂylteHHble 3asucumocmu oarom 6ojiee MouHvie u npocmoule
6 NPUMEHEHUU ceoMempuldecKue xapaKkmepucmuKku neoﬁpaﬁomamtozo nopoxa ¢ cemblo Kanaiamu.
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MOJAEJIMPOBAHUE I'ASBOAUHAMHNYECKUX NTPOIECCOB
B CUCTEMAX OXJIAZKIAEHUSA I'ASOIIEPEKAYNBAIOIIUX ATPEI'ATOB

Paccmampusaemes memoouxa pacuema memnepamypHo20 pejcuma GHympu uymMomenio3auumHuo2o Kojicyxa 2azonepexaiueanueco azpeaa-
ma. Memoouxa ocrnosana na peuwienuu NPOCMPAHCMEEHHBIX YPABGHEHULl 2A30801 OUHAMUKY U NO3BOACM YHeCHb MeCHONOI0AICEeHUe OMOeIbHbIX
MoOynell azpezama eHympu Koxcyxa. Bepuguxayus memoouxu ocywecmenena cpagHenuem paciemos ¢ pesyibmamamit IKCHePUMEHMos.

KiroueBbie cjioBa: r&onepeKaHHBammHﬁ arperar, OXJIaXXACHUE, MaTEMaTUICCKad MOACIIb, METOA KPYITHBIX YaCTHULI.

OBpEMEHHBIE Ta30NepeKaunBaloIIie arperarbl

(T'TIA) — cioxHBIE TEXHUYECKUE O0BEKTHI. Tax,

B THIOBYI0 KoHcTpykuuio I'TIA (puc. 1, [1])
BXOJAT ra30TypOMHHBIN ABUTATENb C YIUTKOH /, BO3Y-
XOBOJBI 2, IO KOTOPBIM B KOXXYX LIYMOTEIUIOM3OJISIIIH-
onnsiii (KIIT) & momaeTcs oxaxmaaromuii ra3; 3 — moJ
KUIT, smmuk 4 arperara 3akuraHus, (yHIAMEHT pambl
JIBUTATEIS 5, 3aIIUTHBIN 3KpaH 0, YIUTKA 7 BBIXJIOITHOTO
ycrpoticta ['TIA.

Hanexwnast pabota I'TIA B 3HaUUTENBEHON CTENEHH OTI-
penensercss TemmepaTypHbIM pexkumoMm BHyTpu KILT
rasornepekauymBatomiero arperata. IlpexensHas Temnepa-
Typa Bo3aymHol Maccel BHyTpu KIIT cocraBnsier
120...130 °C. IlpeBblieHuEe 3TOH TeMIEpaTypbl MIPHUBO-
JT K MeperpeBy KOHCTPYKIMH Ta30TYpOMHHON YCTaHOB-
ku (I'TY) u x HeoOXxoaUMOCTH ee ocTaHoBa. Perynmposa-
Hue temreparypsl BHyTpu KIIT obecrieunBaercs n3me-
HCHHMEM MAacCOINPUXOAa BO3/AyXa, HArHETaeMoOro U3
okpyxaromier cpensl B 006eM KIIT mo Bo3gyxoBomam 2.
AHanm3 TOKa3pIBa€T, YTO MACCOIPHUXOJ, HArHETAeMOIO
BO3yXa HE eJUHCTBEHHBIH CIIOCO0 PEeryIMpOBaHUS TeM-
neparypsl BHyTpu KIIT. BakHBIMH TpenCTaBISIOTCS
W MEpONPHATHSI, CBSI3aHHbIE C KOMIIOHOBKOH B COCTaBe

I'TIA Bo3myxoBOmOB 2, ynmuToK /, 7 u Ap. M3-3a BeICOKOH
CTOMMOCTH JKCIIEPUMEHTAIBHBIX HCCIIEA0BAHUIL, MO3BO-
JSTIOIINX YCTaHOBUTH BIIMSTHHE TIEPEUHCIICHHBIX (PaKTOPOB
Ha TeMneparypHsii pexxum BHyTpu KUIT, nns pemenus
3a7aun TIPEACTABISCTCS LEeJIECO00pa3sHbIM HCIONIB30BaTh
TEXHOJIOTUIO MaTeMAaTHIECKOTO MOJICITHPOBAHHA.

Puc. 1. Tunosas koHcTpykuus I'TIA

© Amues A. B., Mepsnskos E. B., 2012
[Honyueno 02.05.12





