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XAY DUNG MO HiNH TiNH TOAN THUAT PHONG TRONG
CUA SUNG VA BAN NHIET AP CO 93MM

THE BUILD AN INTERIOR BALLISTIC MODEL OF A GUN AND A THERMOBARIC
SHELL OF 93MM

Poan Minh Kiéu"*, Pao Vin Poan', Lé Minh Pirc?, Vii Trong Thién?
"Hoc vién Ky thuat Quan su

2Vién Vii khi, Téng cuc Cong nghiép Québc phong
TOM TAT

Bai bdo trinh bay phirong phdp xdy dung mé hinh thudt phéng trong cia té hop sing va
dan nhiét ap co 93 mm. Két qua cua bai bao xac dinh dwoc quy luat ap sudt va van toc cua dau dan
chuyén dong trong nong, gid tri dp sudt I6n nhdt trong buong cao dp P, = 331,88 kG/cm’, dp
sudt I6n nhat trong buong thdp dp P =68292kG/cm’, so toc 16m nhat v =12547 mys. Két qua
nay phit hop véi két qua cong bé ciia nha san xudt, ching t6 mé hinh thudt phéng trong dam bdo tin

cdy, lam co sé cho viée nghién ciru, thiét ké ché tao cdc t6 hop siing va dan nhiét dp trong nuée.
Tir khéa: 76 hop siing va dan nhiét ap; Thudt phéng trong; So téc; Ap sudt.
ABSTRACT

The paper presents a method to build an interior ballistic model of a combination of a gun
and a thermobaric shell of 93 mm. The results of this research determined the pressure and velocity
laws of the bullet in the barrel when moving, maximum pressure value in high pressure chamber
pP. =331,88 kG/cm?, maximum pressure in low pressure chamber P e = 08,92 kG/cm?, maximum

velocity v =12547 m/s.

These results compared with with the results announced by the manufacture, prove the interior
ballistic model is reliable, as a basis for the research, design, and manufacture of a combination of

a gun and a thermobaric shell in the country.

Keywords: A combination of a gun and a thermobaric shell; Interior ballistic, Velocity,

Pressure.
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1. PAT VAN PE

Stng va dan nhiét &p cd 93mm (RPO-A)
1a t6 hop vii khi trang bi cho ¢4 nhan sir dung
thubc nd nhiét ap, day 1a loai thue nd ¢ uy
luc cao, khi n6 giy ra anh huong nhiét va ap
suat cao. Loai vii khi nay dic biét hiéu qua
trong khong gian km nhu duong ham toa nha
va cong su kién ¢, trong mot sd truong hop
n6 duge s dung dé pha hity cac phuong tién
chd quén, chinh vi vay no rat phu hop véi yéu
cau tac chién cua quin doi cac qudc gia trén
thé gi6i. T6 hop sung va dan nhiét &p str dung
nguyén ly buong cao thap ap, nguyén ly nay
dugc st dung rat phd bién trong céc loai vii khi
hién nay. Bai bdo tap trung xay dung mo hinh
tinh toan thuat phong trong cia to hop sting va
dan nhiét ap 93mm, két qua tinh toan (so tdce,
ap sut) cia mo hinh dugc sir dung trong qua
trinh nghién ctru, thiét ké to hop nay.

2. MO HINH THUAT PHONG

2.1. Nguyén ly hoat dfng cua sing — dan
nhiét ap ¢& 93mm (RPO-A)

0CcOe0 T

l

Hinh 1. Két cau t6 hop sung va dan nhiét ap co
93mm (RPO-A)
1 - Liéu moi (liéu 1); 2 - Liéu thuéc phéng (liéu 2);
3 - Ong phong; 4 - Pong co;
5 - Pdu dan nhiét ap; 6 - Buong cao dp;
7 - Buong thap dp; 8 - Cum néi.

Khi ban, thong qua co cau phat hoa va
truyén ltra trén t6 hop, thude den cua li€éu moi
(1) trong ong thudc modi dugc moi chay, khi ap

sudt khi thubc cua liéu moi (1) dat dén mot gia
tri cho phep s€ pha v& mang bit kin va dém céc
tong trong ong thudc mdi, khi thuoc s& truyen
qua cac 16 truyen Itra trén than 6 ong thubc moi,
moi chay dong thoi va tirc thoi liéu thude phong
(2) caa dong co. Thudc phong cua licu 2 (2)
chay trong buong cao ap (6), ap suat khi thubce
lic nay tang 1én rat nhanh, tiép tuc gidn no tao
ra xung lyc khi thubc pha v& cac dém bit kin &
phia truéce va nap ddy loa phut & phia sau dong
co (4). Khi thudc phut qua miéng dong co tac
dung vao cum nbi (8), giai phong lién két giira
dong co va dau dan nhiét ap (5), khi thude lac
nay tiép tuc chy va gidn né trong budng thip
ap (7), khi thudc day dan chuyén dong vé phia
trude, dudi tac dung ctia ap suat tong dan ban
dau, dau dan nhiét 4p chuyén dong trong nong
stng, pha v& nip day trén miéng ndng sung va
chuyén dong ra khoi 6ng phong. Mot phan khi
thudc phut qua cac 15 loa phut & day dong co
tao ra phan lyc dam bao sung khong bi giat khi
ban.

2.2. Xay dung mo6 hinh thuat phong

T6 hop sung va dan nhiét ap st dung
nguyén 1y budng cao ap thap ap nén céc thoi ky
chay cua thudc phong twong tu nhu sing phao
thong thuong. Xuat phét tir dac diém két cau
va nguyén 1y hoat dong cta td hop siing va dan
nhiét ap cd 93mm, bai bao xay dung mod hinh
thuat phong nhu sau:

Hinh 2. So' do thudt phéng t6 hop siing va dan
nhiét ap co 93mm
1 — Ong phéng; 2 — Pau dan; 3 — Budng cao dp
(dong co); 4 — Buong thap dp
5 — Thuéc phéng; 6 — Lo phut khi;
7 — Loa phut dong co
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2.3. Xay dung hé phwong trinh vi phan mo
ta qua trinh ban

Cac gia thiét co ban dé xay dung hé
phuong trinh:

- Thubc phéng chay theo quy luat hinh
hoc (trong d6 cac tham s6 nhu: xung luong toan
phan 4p suat khi thudc trong thoi gian chay cia
thuf}c phong [, cOng tich khi‘ thube o va luc
thuoc phong f dugce xac dinh bang thyc nghi¢m
trong bom do ap suat theo quy ludt vat 1y);

- Toan bo liéu thudc phong chay trong
cung diéu kién moi truong voi ap sudt thuat
phong va dan chuyén dong dudi tac dung cia
ap suat trung binh thuét phong;

- Luong cong tich khi thudc va chi so
mii doan nhiét lay theo gia tri trung binh,;

‘ - Thanh phan san pham chay khong thay
ddi trong suot qua trinh ban, lyc thude phong f,
cong tich khi thudc o 14 hang sb;

- Ton that nhiét trong nong, anh huong
cua ma sat duoc hi¢u chinh thong qua hé so
tang nang ¢;

- Thubc phéng lidu moi chay hét va
phut ra ngoai budng cao 4p qua cac 15 truyén
ltra tirc thoi, moi chay ddng thoi va tic thoi
thubc phong;

- Khi thude phut qua céc loa phut vé sau
va qua 16 phut khi vao budng thap ap 1a dong

mot chiéu 6n dinh;

- Khong c6 khe h¢ giira dau dan va dng
phong;

- Mat d6 khi trong long nong khong ddi

doc theo 1ong nong tai mdi thoi diém.

Xuat phat tir cac gia thiét néu trén va
tham khao [1-2], ta x4y dung hé phuong trinh
vi phan thuat phong nhu sau:

._ Do
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Piéu kién dé giai hé phuong trinh vi
phan: Tai thoi diém ban dau t = 0, cac thong
s6 cia bai toan TPT duwgc tinh nhu sau:
=Py =Wz =2;v=0,1=0.
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Trong do:
o - Khéi lugng thudc phong, kg;
§ - Mat do thudc phong, kg/dm?;
W, - Thqé tich ban d'?l‘u ctia budng cao ap, dm’;
W, - The tich ciia budng cao 4p, dm’;
/- Luc thudc phong, kG.dm/kg;
o- Luong cong tich, dm3/kg,
p,- Ap suét khi thuoc trong buong cao ap, kG/dm?;
P - Ap sudt moi chay thudc phong trong
budng cao ap, kG/dm?;
T, - Nhiét do tuong ddi cua khi thude trong
budng cao ap; 7,, = 1;
n,- Luong phut khi tir budng cao ap sang budng
thap ap;
n,- Luong phut khi tir budng cao ap ra phia sau
qua 8 16 loa phut to;
N, - Luong phut khi tir budng cao 4p ra phia sau
qua 19 16 loa phut nho;
z, - Bé day chay tuong dbi cua thuc phong:

. 1+&-JA
0 2§
v - Luong sinh khi thudc;

. th

s,, - He s6 diéu khién: s,, = {O lf Pe < plth ;

L if p.2p
p,- Ap suét khi thudc trong budng thap ap, kG/dn;
S1,‘ Dién tich tiét dién toi han 16 phut qua buong
thap ap, dm?;
0, - La hé sb ton that luu luong phut khi tir
budng cao 4p sang budng thap ap phia trudc;
g - Gia tdc trong truong;
k - Chi s6 mil doan nhiét cta khi thuéc;

0 if p.<py
1 if p.2p)’

S, - Dién tich tiét dién t6i han 8 16 loa phut
mang nhom, dm?;

¢,,- La hé s6 ton that luu lwong phut khi tir
budng cao ap qua 8 loa phut;

s,,- HE s0 di€u khi€n; 55, ={

0 if p.<p"

L oif p.2pi
S, - Dién tich tiét dién t¢i han 19 15 loa phut
mang dong, dm>;

¢,, - La h¢ sb ton that luu lugng phut khi tir
budng cao ap qua 19 loa phut;

L - Vitri cua dau dan trong nong, dm;

o,- HE sb tang nang khéi luong dau dan;

7, - Nhiét do tuong ddi cua khi thudc trong
budng thap ap;

m, - Khdi lugng dAu dan, kg;

V.- Vén tbc chuyén dong cua dau dan trong
nong, dm/s.

s,,- H¢ s0 dicu khién; s,, :{

3.KET QUA TiNH TOAN VA THAO LUAN

Tién hanh giai hé phuong trinh vi phan
(1) bang phuong phap s6 st dung thuit toan
Runghen-Kutta trén may tinh v&i cac diéu kién
ban dau nhu sau: ® = 0,38 kg; 6 = 1,6 kg/dm?;
f=1,06.10° kG.dm/kg; I = 610 kG.s/dm*; p__
= 5000 kG/dm*;, W _ = 0,603 dm’; p = 3200
kG/dm?; D=0,93 dm; =7,35dm; a = 1,0 dm?/
kg;v =1,0; £=0,00396; S = 0,0254 dm*; S,
=0,0981 dm?; S,=0,0437 dm* k= 1,25; ¢,, =
9,,= ¢,,=0,95; W =0,437 dm’; m = 3,932
kg; x=1,0; p’" =0kG/dm? pi =22,49 kG/
dm?,  p! = 54,66 kG/dm>.

Két qua tinh toan:
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Hinh 3. D6 thi quy ludt dp sudt khi thudc trong
buong cao dp, thp dp theo thoi gian

DO THI VAN TOC CHUYEN DONG CUA DAN THEOQ THOI GIAN
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Hinh 4. D6 thi quy ludt vin toc chuyén dong cia

dau dan theo thoi gian

Duya trén d0 thi quy luat thay d6i ap sut
khi thudc trong budng cao ap va budng thap ap
theo thoi gian (Hinh 3), ta nhan dugc: gia tri
ap suét khi thudc 16n nhit trong budng cao ap:
Pc =331,88kG/cm? tai thoi diém t= 7,978 ms;
gla trl ap suat khi thudc 16n nhat trong buong
thap ap: P = 68.92kG/cm’ tai thoi diém t =
14,256ms. Theo d6 thi (Hinh 4), ta nhan duoc
gla tri so téc dau dan v e 125 47m/s tai thoi
diém dan chuyen dong ra khoi 6ng phong cling
1a thoi diém cudi hanh trinh chuyén dong cua
dau dan trong 1ong dng phong.

Cac két qua tinh toan cho thiy, 4p suat
khi thudc trong budng cao ap 16n hon ap suat
khi thudc trong budng thap ap gan 5 lan, gia tri
so toc dau dan v = 125,47m/s phu hop véi gia

tri so téc dan RPO-A ctia Nga, theo cong b cuia
nha san xuét 1a 125+5 m/s. Diéu nay cho thay,
mo hinh tinh toan cua bai bao dam bao d tin
cdy, lam co s& cho viéc nghién cuu, thiét ké to
hop sting va dan nhiét ap trong nudc.

4. KET LUAN

Mo hinh tinh toan di phan anh kha day
du ban chat Vét 1y cac qua trinh xéy ra cua hi¢n
tuong bin gdm: qua trinh trao d6i khi g1ua 2
budng cao ap va thap ap, qué trinh trao d6i ning
luong. M6 hinh toén hoc c6 su ké thira cac mo
hinh thuat phong trong theo nguyén 1y budng
cao ap — thap ap da nghién ctru trude day. Két
qua tinh toan khéng dinh duogc dg tin cay cua
mo6 hinh toan thut phong trong t6 hop siing va
dan nhiét ap cd 93mm da duoc xay dung phu
hop véi két qua cong bd clia nha san xuat. Trén
co sé mo hinh tinh toan, ta c6 thé tién hanh
khao sat anh huéng cua cac thong sd két ciu
ctia budng ddt, ciia dan va diéu kién nhoi anh
huong dén dic trung thuat phong cua to hop, tir
d6 Iya chon phuong an thiét ké phu hop véi yéu
cau chién k¥ thuat dé ra.«

Ngay nhan bai: 02/3/2023
Ngay phan bi¢n: 18/4/2023

Tai liéu tham khao:

[1]. Nguyén Ngoc Du, Db Vin Tho; “Thudt phong
trong cua sung phdo”. Truong Dai hoc K¥
thuat Quan su, 1976.

[2]. Tran Pang Dién, Nguyén Quang Lugng, Tran
Vian Doanh; “Bai tdp thudt phong trong”. Hoc
vién K¥ thuat Quan sy, 2006.

[3]. Pham Thé Phiét; “Cdc co so vt Iy ciia hién
twong ban”. NXB. Quan d6i Nhan déan, 2001.

[4]. A Suprykin, D Itseliev, Yu Kamak, S Kaletnik;
“On the creation of a modern domestic infantry
rocket flamethrower”. Canpukin A.b, Iuenen
.0, Kamak 10.0, Kanetnik C.A, 2020, DOI:
10.37701/dndivsovt.5.2020.08.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
ISW  TAP CHI CO KHI VIET NAM, S6 304 thang 6 nim 2023
cokhivietnam.vn / tapchicokhi.com.vn



