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VE MOT GIAI PHAP KEO DAI THOI GIAN LAM VIEC O CHE DO
CHAY CAN ON DINH CUA DPONG CO TEN LUA NHIEN LIEU RAN

A SOLUTION TO EXTENT THE WORKING TIME AT THE ASYMPTOTIC
STABILITY COMBUSTION MODE OF SOLID-PROPELLANT
ROCKET MOTOR

Trian Ngoc Thanh
Vién Khoa hoc va Cong nghé Quén sy
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Trong bdi bao trink bay gidi phép tinh todn thiét ké nham kéo dai thoi gian lam viéc & ché
do can 6n dinh cua dong co tén hra nhién liéu ran, dung thoi thuoc phong RSI-12M. Giai phap duoc

kiem chieng bang cach so sanh so liéu tinh toan va thong sé thur nghiem cua dong co mau.

Tiw khoa: 7én lita, cong nghé tén lira, dong co nhién liéu ran.

ABSTRACT

This paper presents the calculation solutton to extent the working time at the asymptotic

stability combustion mode of the solid-propellant RSI-12M rocket motor. The solution is verified by

comparing the calculation data and test parameters of the sample motor.

Kevwords: Missile, nissile technology, solid-propeliant motor

1. MO DAU

Hién nay tai Viét Nam, viée ché tao
thucrr: phong ¢é kich thude, hinh dang bat Ky
rit khd khan, do1 ho ning luc cao vé cong
nghé dac thu nhu: Cong nghé d1éu ché thudc,
cong nghé ép tao hinh dang ther thude...Puoc
san xudt c¢6ng nghiép hién nay la thude phéng
keo RSI-12M va FSG-2. Céc loar thude phong
nayv ¢ bé day chay ngin. O ché da lam viéc
can 6n dinh (&p SLlElT l6n hon 4 Mpa), cac loai
dong co nhicn licu ran (BTR) sur dung truc tiép
cac thot thude nay hoat ddng vé1 thon gian dudt
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2.2 s. Tuy nhién, trong yéu cau ky thuat cua
cac vii khi trang bi kiéu FMV-08, FMV-B... ¢6
s dung DTR, thai gian 1am viée cén 6n dinh
déu trén 4s [1]. Bén canb do, yéu ciu ning cao
hu 36 hoan llur::n khm lu-::rng dong co nhién liéu
rin ludn la van dé cap thiét [2, 6].

V&1 muce dich nham ting thoi gian lam
viée o ché db cdn 6n dinh cua DTR, bai bio
trinh bay mot gia1 phéap tinh toan, thiét ké DTR
stt dung thét thude phéng chuan RSI-12M do
Viet Nam san \uat
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2. TINH TOAN THIET KE
2.1. Co sé& tinh todn thiée ké

Theo cac két qua thir nghiém [1, 3], st
dung phwong phap ndi suy, ta nhan duge bién
thién téc 4 chay theo &p suét budng dét PTR
nhr trén hinh 1.

THUOC PHONG RSEH12M
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Hinh 1. Sy phu thugc féc d chay cua thuéc
phéng RSI-12M vao dp sudt trung binh trong
buong dor DTR.

Ve ly thuyét [4], thot gian 1am viée cua
DTR dugce tinh gan diing bang thoi glan chay
ctia théi thude phong RSI-12M chay dong thoi
4 mat:

&
{=—

- (H

Trong d6: t - Thoi gian lam viée cua
PTR, [s]; 2e — Beé dﬁy chay cua thdi thudce
phong, [mm]; u- Toc d6 chay trung binh cua
thoi thude phong, [mm/s].

Do viy, ¢ ché d6 lam viéc cin 6n dinh
cua BPTR st dung théi thudc phDI’ig RSI-12M
chuan, do 2e= 43 mm= const, dé lang thot glan
lam viée, cdn gmm toc dd chay wu. Tuy nhién,

DIR lam viée 6n dinh, u khéng thé giam dud:
7,5 mm/s.

Duor day, mot phu*{:mcr an kéo dai thon
gian lam viée DTR duge dé xuit Phuong an
thiét i\L dong co voi hai ché d8 luc -;i.:iy hoat
dong nén tiép sur dung liéu nhién liéu ché tao i
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thudc phéng RSI-12M.

2.2. Két cin ddng co hai ché do lwe ddy lam
viéc lien tuc

So d6 két cdu cha dong co duge md
ta nhur trén Hinh 1.5, Trong d6, st dung liéu
nhién ligu tir thuéc phéng RSI-12M duge boc
chéng chay nham ting thoi gian [am viée clia
dong co.

/ » 7 s, T &

T e

Hinh 2. So dé nguyén ly két cdu dong co:
1) Khéi loa phut; 2) Cum méi; 3) Lép bdo vé
nhiét vé dong co; 4) Lop boc chéng chéy giai
doan; 5) Liéu nhién liéu; 6) Chép gié

DTR lam viéc voi 02 ché do (mai
doan). Giai doan thtr nhét, liéu nhién liéu chiy
4 mat: 2 mat dﬁu, mat ngodal va mit frong cua
liu nhién ligu. O giai doan thit hai s& chdy 3
mdt (2 mit diu va mat trong lidu nhién liéu)
giGi han bdn 16p chong chay.

2.3. Tinh toan thiét ké dong co hai ché dd
lye day:

Két cau lidu thude phong duge mo ta
trén hinh 3:

il

Hinh 3 Liéu thuoc phong

Khéi lrong thude phong [5]:

0= Q.

o 2)
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Trong &6: I- Xung lyc riéng cua thubc
phong, C, - Hg s6 hzc day cia ddng co; B

He sb nhlet dong; ¢_ - Hé s6 ton that do thudc
phéng chay khéng het

Chiéu dai lidu phéng;

40
w (-Dn2 o dﬂ

Ly= 5 (3
) )

Trong d6: p - Mét d6 cta thube phnng,
ﬂ, d[} Buﬂ‘ng kinh ngoai va 16 trong ban diu
cha liéu thube phéng.

Dién tich thiét dién téi han cia céc loa
phut:

0 Alk)-p )

Trong do: F_ - Dién tich tiét dién to
han cua loa phut; p- Ap suat trung binh trong
buéng d6t DTR; R - Hang sO6 khi cla thuﬂc
phéng; T- Nhiét dd chay dang ap; ¥ - Hé s6 ton
that nhiét; ¢ - Hé s6 t6n that qua loa phut; A(k)
- Ham khi nhiét dong (k - Hﬁng s6 doan nhiét;
S - Dién tich bé mit chdy cua thude phong),
dugce tinh theo ¢ng thirc sau;

1

pi J“ 2.k (5)

Al k
(%)= (k-+~l k+1

DTR ¢6 n loa phut, dudng kinh t16t
dién t61 han cua mdt loa phut [a:

1 Py
L.

Ay =

(6)

Lurc day cua PTR ¢o goc giita truc doc
loa phut va truc doc déng co
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P = Cp_me COS (7)

Su phu thudc cia 4p sut lam viéc cla
dong co p=p(t) nhan dugce bot hé phuwong trinh:

< (8)
wpdl _ NERT-
— SupR(yT, ~T)—(k-1)GRT,

W% = SupRyT - kGRT - Spu.

Trong d6: w - Thé tich tu do cia budng
ddt, Tv -Nhigt dé chay dang tich cua thude
phéng.

Thé tich tr do ctia budng dbt:

T
w=w, + | Suds (9)
Luu lugng sinh khi:
F, A
— f} th (k) (10)
~RT

Phu thude cua luc diy cua PTR vio
thot gian P=P(t):

P(t)=C, p(t)f, (11)

Luc day trung binh cua dong co:
J.}}(/f)fff

p.o=" (12)

!
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O déy: t_- Tong thoi gian lam viée cla
ddng co.

Tdng xung cua déng co:

= TP(f)d: (13)

Piém khac biét cia két ciau thudc
phéng nhu trén hinh 2, & ché d6 chay thir nhat
chdy 4 mit cta thoi thude, ché d6 2 chay 3 mat.
Viéc tinh toan dién tich bé mit chdy cta thude
phdéng nhu sau:

Téng dién tich bé mat chay cua thudc
phong & giai doan 1 tai thdi diém t bt ky, ing
v6i dudmg kinh 16 trong d, dudng kinh ngoai
D, chiéu dai thoi thube L, bé day chay cua
thube phéng la x [5]:

D —d7) | ar DL, (14)

S, =

Trong do: D=D0-2x;d=d0 + 2x; L*
=10 -2x;L** =10 -L1 - 2x. (13)

Téng dién tich bé mat chdy cua thude
phong & giar doan 2 tai thoi d18m t bat Ky, ung
vl dudng kinh 10 trong d,, dudng kinh ngoai
D, chiéu da1 théi thude L. bé day chay cua
thude phong 1a x.

DE_dE
S, = al 2 )—Hra’?_}_’,2 (16)
Trong dé:
(D—d)
La=1 - 2 —2x (17)
(D—d)
Lf,—.:ﬂ’“‘_ +2x
- 1 v (18)
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.D — Dﬂ - 2.1’: (19)
x=udt (20)

Hé phuong trinh (8) 14 hé phuong trinh
vi phiéin c6 thé giai bing phirong phap Runge-
Kutta biang phan mém Mathcad 15 trén may
tinh di€n tir.

3. KET QUA VA THAO LUAN

Tién hanh khao sat v6i déng co miu
sit dung théi nhién liéu thube phong keo
RSI-12M. Thong s6 nhiét ddng hoc ban diy
cia thudc phéng duge xac dinh bing phin
mém tinh toin nhiét dong hoc ASTRA: Hé
s6 doan nhiét k=1,25; nhiét 6 chay déng 4p
Tp=2183 K).

Cac diéu kién ddu cua hé phuong trinh
(7): =0; p=p_; T =T ; W=W_; G G, . Trong
dop ;T laap suit va nhlet dﬂ mdi chay thudc
phong.

Théng s6 k¥ thudt cia dong co miu
khao sat duoc trinh bay trén bang 1.

Bang I Théng so kv thudt dong co mau.

STT Théng s6, domn vi Gii tri
1 Khaor luomg thude phong. [kg] 6.08
2 | Chiéu dat héu phong LO. [mm)] 460
3 | Chidu dan boc chong chay, [mm)] 330
4 | Chidu dai budng dot. mm] 540
5 Puong kinh budng dét. [mm] 110
6 | Duong kinh uét dién loa phut, 9.2
[1mm]

7 86 hrong loa phut. [cai)

8 ~\p suat trung binh trong budng 9 B
dér. NP

G Thon gran fam viée cua déne co, 4.16
5]

1) Xung luong toan phan. {N sj 13680
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bj thi két qua tinh toan vé bién thién ap suAt frong buﬁng d6t va hre dﬁy cua déng co miu
duoc trinh bay trén hinh 4. D6 thi thuc nghiém do dic tinh 4p suét va luc ddy thé hién trén hinh 5.
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Toot Fuam L) Thon =g (W)

Hinh 4. Két qud tinh todn su phyu thudc cua dp sudt, luc day vao thoi guan lam viée cia dong co méu.
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Hinh 5. Két gud thuee nghiém do ap suat va lue day ciia déng co mau

Két qua cho thiy chénh léch 4p suat
gitta s6 lidu do thir nghiém va tinh ton khdng Tai liéu tham khso:
vuot qua 15%, lire day do thuc té va tinh toin
khong chénh léch qua 10%.
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