Nghién ciru khoa hoc cong nghé

VE MOT PHUONG AN THIET KE PONG CO NHIEN LIEU RAN
SU DUNG CHO VU KHi PHAN LUC CO PIEU KHIEN TAM GAN

Bui Pinh Tan", Nguyén Ptc Thuén

Tém tit: To hop vii khi phan lyc co diéu khién tam gan dwoc sir dung don chiéc véi cur
ly thong thuong tir 30 km dén 120 km mang theo dau dan cé dwong luong né nhé va trung
binh dé tiéu diét cac myc tiéu qudn sy trong chiéu sdu chién thudt ciia doi phwong. Dé dat
dwgc yéu cau vé cu ly can phdi thiét ké hé thong dong b cho vii khi, trong dé, hé thong
dong co chiém vi tri, vai tro quan trong. H¢ théng dong co co nhiém vu dwa tén lira dat cu
ly, dong thoi phdi théa man diéu kién ché tao phii hop voi cong nghé trong nudc. Bai bao
trinh bay mot phirong an tinh todn, thiét ké lieu nhién liéu va dong co nham dép g chi
tiéu chién ky thudt cua t6 hop vii khi, ¢é tinh kha thi dé san xudt, ché tao bang céng nghé
trong nuoc hién nay.

Tir khéa: Tén lira; Dong co tén lira; T hop vii khi phan luc ¢6 didu khién tAm gan.
1. PAT VAN PE

Trong chién thuat tan cong ciing nhu phong ngy chu dong, cac loai vii khi c6 diéu
khién tAm gan (tdm ban 30 km dén 120 km) c6 vai trd quan trong, chung c6 tic dung rin
de, danh phu dau ddi phuong.

Trén thé gidi di c6 kha nhiéu to hop vil khi phan luc c6 diéu khién tim gan
(VKPLDKTG) c6 uy lyc 16n véi chi phi hop 1y. To hop Extra cia Israel ¢6 tam bay 25
km dén 150 km mang theo ddu dan nang 120 kg; Tén ltra BM-30 Smerch ctia Nga c6
tam hiéu qua tir 20 km dén 90 km c6 tong khdi lugng 800 kg voi van tée 16n nhét 16n
hon 3M; Tén lira A-100/200 do Trung Qudc san xudt co tam ban tir 40 km dén 100 km c6
khdi luong tong thé 840 kg;... [1, 2, 7].

Quan doi ta chua chu dong trang bi dugc cac loai vii khi noi trén, vi thé, viéc nghién
ctru thiét ké va lam chu cong ngh¢ ché tao loai vii khi nay 1a can thiét va cip bach. Bai
bao trinh bay_ vé mot phuong an thiét ké dong co str dung cho VKPLDKTG c¢6 tinh kha
thi san xuét bang cong nghé trong nurdc.

2. TINH TOAN XAC PINH CHI TIEU THIET KE PONG CO

2.1. Tinh nang co ban t6 hgp vii khi phan luc co diéu khién tAm g?m

Tir khao sét, phan tich mot s6 t6 hop VKPLDKTG trén thé gidi [1, 2, 7] duoc thong ké
trén bang 1. Dit ra yéu cau to hop VKPLDKTG c6 cac thong s tinh nang co ban nhu sau:
tam ban 30 km dén 100 km, duong kinh 300 mm, khdi luong nhé hon 400 kg, thoi gian
bay 45 s dén 155 s, toc do 16n nhat 1020 m/s dén 1350 m/s, khdi luong phan chién dau 120
kg,... Hinh dang va so d0 phdi tri tén lira thudc t6 hgp VKPLDKTG nhu trén hinh 1.

Hinh 1. So d6 phoi tri tén hia thugc t6 hop VKPLDKTG.
1. Ngoi no; 2. Co cau chap hanh- may lai; 3. H¢ thong diéu khién;
4. Phan chiéen dau; 5. Pong co; 6. Cum canh duoi.
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‘ Tén llﬁ:a,thuéc to hop VKPLDKTG 1'21’ loai ~tén lira ty hanh dugce dan dudng chinh x4c
bang h¢ thong GPS/GLONASS va hé thong dan duong quan tinh INS.
Bing 1. Mét 56 16 hop VKPLPKTG dién hinh.

Ténﬂté hop | Dudng kinh Khéi luong, |[Tam xa,| Vén toc Pong co Kiég dan
(quoc gia)  |/chiu dai, m kg km max, M duong
(Ef;rj) 0,306/443 | 501 fgo -4 éNNSSJé
'?F';{'J;?asrlngeg;;‘ 0306 | 80 |20%| 3 | Pongeo el
Crina200y | 0373 | 80 | oo | 3| rewnen | St
(|rz?1j,r_250(i_7) 0,333/6,48 907 30-75 | ~45 11;% gNNSS;
(Turkey. 106y 0202 | 88 | T | -8 | w0 | guo
(UC\:;:I:]Z‘:"'Z'\(SHS) 0,30/7,6 800  |20-125| ~35 (IaNNSs;

2.2. Tinh toan xac dinh so' b khoi lwong nhién liéu va thong sé 1am viéc

Trong giai doan chuyén dong tich cyc, coi tén lua chuyen dong thang trong mat phang
ban, coi luu luong phut khi 14 hang sd, tén lta chuyen dong tir tbe d6 V=0 dén téc do
Vinax, theo [4] (tr.41), mdi quan hé gitra £ (ty sO gilra khdi Iugng nhién liéu wr va khdi
luong cia tén lra) voi van téc Viax duoc xac dinh theo biéu thirc:

B B
fy =t =1-¢ " hay @, =my|1-e " )
My

Thay céc thong s tinh ning co ban cta t6 hop VKPLDKTG, tham khao [1] gid tri
ctia tén Itra [1]: hé s tang tdc X = 0,88, xung don vi 1;=2350 N.s.

Giai h¢ phuong trinh chuyén dong cua tén lira giai doan chuyén dong tich cuc véi cac
phuong an lyc day P va thoi gian lam viéce ctia dong co ty, khac nhau:

. R . . .
V:E——X—gsme; Qz—gcose; y=Vsing;, x=Vcosd (2)
m m V
Diéu kién ban dau dé tich phan hé phuong trinh (2):
t=0; V=0, x=x,=0; y=y,=0; 6=0,=45"

Két qua tinh toan xac dinh tdc do roi bé Vo, tdc do Vmax, gia tdc 1on nhat amay theo cac
phuong an luc day va thoi gian khac nhau (cb dinh khi lugng nhién li€u) dugc trinh bay
trén bang 2. D6 thi mbi quan hé gitta cac tham sb chuyén dong véi cac gia tri luc day
khac nhau duogc trinh bay trén hinh 2.

Tir s6 li¢u trén bang 2 va hinh 2 cho thiy khoang lyc day 40.000 N+43.000 N 1a hop
ly vi: voi luc day nho hon, so toc ro1 bé (dudi 28 m/s) khong dam bao tén lira ro1 b¢ 6n

dinh. Vi lyc ddy 16n hon, gia toc ciia tén lira cao gy qua tai cho céc trang thiét bi trén
VKPLDKTG.
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Bing 2. Két qua tinh todn tham sé 1200 T i
chuyén déng doan tich cuc. B A A S A ik A i
Vo, , 1000 : :
Pw, N | ty, S Vmax, M/SBmax,M/S —-——- Vo |[! !
m/s 200 ! !
32000 | 11.26 | 28.3 | 1078.2 | 1445 e, Vil ;
35000 | 10.31 | 29.7 | 1091.1 | 157.7 E 600 1 x| :
38000 | 9.48 |31.0[11033| 171.2| =
40000 | 9.01 |31.8 | 1109.6 | 180.2 700 ! ;
41000 | 8.79 |32.2|1112.9| 1847 200 : :
41500 | 8.68 | 32.4|1115.4 | 186.9 T i
42000 | 8.58 |32.6|1117.6 | 189.2 0 :;":'3":‘;::?;;
42500 | 8.48 | 32.7 | 1117.7 | 191.4 mORmSSYgYgYTF
43000 | 8.38 |32.9|1120.3| 193.7 P, KN
44000 | 8.19 |33.3|1123.7 | 198.2| Hinh 2. D6 thi so toc, vén toc lém nht
45000 | 8.01 | 33.7 111253 | 202.7 va lyc day cua tén liia VKPLDKTG.

3. TINH TOAN THIET KE SO BQ PONG CO

3.1. Tinh toan thiét ké liéu nhién liéu

Tuong tu cac dong co st dung cho céc tén ltra da néu trén bang 1, lya chon nhién li¢u
hon hop cho tén lira VKPLDKTG. Theo cac b4o cdo, Viét Nam da lam chu viéc ché tao
liéu phong sir dung nhién lidéu hdn hop dudi dang dic véi khdi lugng lidu nhién liéu dén
120 kg, trong d6 nhién li¢u NK-4 da duoc ché tao va thu nghi¢ém thanh cong & cac dai
nhiét 6 khac nhau. Bai bao lya chon nhién liéu NK-4 [5] lam co s¢ thiét ké liéu nhién
liéu. Mot sb thong sb dic trung co ban nhién liéu NK-4 néu trén bang 3.
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Hinh 3. Tham sé ranh sao: R - Ban kinh théi nhién liéu; r, r1 lan luot la ban kinh day
sao va ban kinh dinh sao; ex- Bé day chay toan bo; n - So canh sao;
a - Goc nwa dinh sao; p - Goc nwea day sao.
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Bing 3. Théng sé ddc trung nhiét dong nhién liéu NK-4.

TT Thong s6 Ky hiéu | Pon vi | NK-4
1 | Nhiét luong Q. kJ/kg | 6284
2 | Chi s6 mii doan nhiét k 1,21
3 | Nhiét d6 san phdm chay (6 10MPa) | T K | 3542
4 | Hang sb khi ciia san pham chay R Jkg.K | 422
5 | Nhiét dung riéng dang ap Cp Jikg.K | 1947

Dé dam bao lyc dy 16n (>40.000 N) v6i thoi gian dai (>8,8 s) trong khi duong kinh
dong co nho (300 mm), tuong tu cac li€u phong sir dung cho VKPLDKTG khac, liéu
phong lya chon thiét ké c6 161 dang hinh sao, mat ngoai boc chong chay tiép xuc véi
thanh vo dong co.

Theo [3], & pha chay thi nhit, cong thic tinh dién tich day sao c6 dang:

2 2 A:
2o (360 (Roe,f 42 (900+a_ﬁ)qz+rltgﬂ+x sin 2a
360°\ 2n 360° 2 4
2
sina r (3
(Xcosﬂ_tla_rltgﬂj > oar’
- g Sin2f3 + ——— 21 (90° - ).
4 2tg8  360°
Chiéu dai liéu nhién liéu duoc xac dinh:
Pz,

L, = (4)

Irpnl (ﬂ.Rz - Ssao)
Nhap céc thong sb thiét ké so bo vao (3): R =143 mm; r = 7,0 mm; r; = 6,4 mm;
ex=83mm; n=6; ¢ =30% #=2323" Tanhin dugc: S = 4634,7 mm?; L, =1.460 m.

Str dung céc cong thirc tinh toan bé day chay theo timg pha va tinh toan dién tich bé
mat theo [3] nhan dugc quy luit thay ddi dién tich bé mat chay mo ta trén hinh 4 v&i hai
phuong an: Phuong an 1 (PA1) liéu nhién liéu gdm 01 théi (dai 1460 mm); Phuong an 2
(PA2) lidu nhién liéu gdm 2 thoi (mbi thoi dai 730 mm).

Hinh 4. Quy ludt chay ranh sao.
Tir d6 thi hinh 5 cho thiy, véi phuong 4n lidu phong gém 2 thoi dang (PA2) c6 dién
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tich bé mat chy twong dbi déng dién Scrs 1,0 m”. Ddng thoi, do khéi luong lidu nhién lidu
kha 16n (153 kg) nhiéu hon kha nang ché tao trén day chuyén hién c6 (120 kg). Do do, bai
bao lya chon liéu dang 2 modul, mo6i modul ¢6 chiéu dai 730 mm, khoi luong 76,6 kg.
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Hinh 5. 6 thi quy ludt chay.

Pé dam bao dat duoc thoi gian lam viéc cua dong co nhu da xac dinh, trong khi bé
day chay 16n nhat ey da xac dinh, tbc d6 chay cia thudc phong phai duoc diéu chinh véi
hé s6 & phu hop. Tl quy luat toe d6 chay u =&, p”, véi u=ex/ty, ta co:

_u &
ul pv tIvul pv

Cac thong sb uj, v 1dy theo nhién ligu NK-4 véi 4p suat 1am viéc p= 80.10° Pa. Nhu
vay, nhién liéu sir dung cho dong co tén lra VKPLDKTG can phai b6 sung phu gia dé
giam tdc do chay: u=6,315.10" p**"®.

3.2. Tinh toan xac dinh cac thong sb két ciu loa phut

3 =0,572

Theo [3], dién tich F va duong kinh Dy, tiét dién t6i han loa phut dugc xac dinh theo

cong thuc:
E SchulpT \U(I 3 I1 D Al th (5)
" K0 (k) pk_v Lo \/ T ’

Trong d6: y 1a hé s6 tinh dén anh huong pha ran san pham chay nhién liéu hon hop
(v6i NK-4 ¢6 7= 0,87); Ko(k) 1a ham cua chi s6 mii doan nhiét:

k+1
2 2k
Ko (k) = (m} x/E

Tir d6, xac dinh duoc dién tich F, va dudng kinh Dy tiét dién cira ra loa phut:

(6)
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3.3. Tinh toan cac tham so lam viéc cia dong co’

Phu hop voi cac gia thiét co ban, cac tham s lam viéc cua dong co tén lira
VKPLDKTG dugc tinh toan bdi hé phuong trinh vi phan [3]:

d_p__(k—l)Q _Bd_V_
dt oy dt’
dar _ T
- m +m m ;
dt pV Q- k-1 ( )}
dv . _m,, m+; @
dt pm pT
@_u 0
a7
de, _u —up"
dt m im *
biéu kién dau dbi véi hé, khit = 0:
p=po; T=To; V=Vo; en=0; e=0 (8)

va cac biéu thic, phuong trinh bd sung:
+ Nhiét lugng toan phan ctia dong co:
Q. =Q,m., +Q.m, —kem_ (9)

+ Biéu thirc xac dinh luu lwong sinh khi ciia liéu nhién ligu:

. dm
m+ - d =Pr Sch (e) U p (10)
+ Biéu thirc xac dinh luu lugng sinh khi ctia lidu moi:
4 3o Bon —€0)" |, pie <
mm+ = dtm = eOm (11)
0 khie, >e,,
+ Biéu thirc x4c dinh luu lwong phut khi:
P, K, (K)F, P
=—t— 12
JRT (42
+ Luc day cua dong co:
P=C,.Fu.p (13)

Trong dé: C, - Hé s luc day cua dong co; To, T - Nhiét d6 ban dau va nhiét do tiéu
chuan; p, V - Ap suat va thé tich tu do cta budng dot; po, Vo - Ap sudt ban dau va thé tich
tu do ban dau ciia budng dét; e, e, 1an luot 12 bé day chay cta thude phong va thuée modi
tai thoi diém t; Mom, €om, Um tuong tng khéi lwong ban dau, bé day day 16n nhit va téc do
chay cua thudc mdi.

Giai h¢ phuong trinh (7) bang phuong phap Runge-Kutta voi diéu kién dau (8) va cac
thong sb két cau liéu phong, két ciu loa phut di tinh trén, xac dinh dugc cac thong sb
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lam viéc cua dong co (bang 4). D thi ap suét p(t), luc day P(t) cia dong co tén lira
VKPLBKTG trén hinh 6.

0° DO THI AP SUAT DO THILUC DAY

Hinh 6. Do thi dp sudt va lyc ddy dong co.
Bing 4. Cdc théng sé lam viéc ciia dong co tén lira VKPLPKTG.

TT Thong s6 DPon vi | Gia tri Chi tiéu
1 | Ap suét 16n nhat Pa | 105.10°
2 | Ap suét trung binh Pa | 78.10° 80.10°
3 | Luc ddy trung binh N | 41.500 | 40.000+ 43.000
4 | Thoi gian chay S 8,70 8,38+9,01
5 | Thoi gian hoat dong S 9,38
6 | Tong xung N.s |396.370 | 388.000+410.000

Nhdén xét: Cac tham sb 1am viéc cua dong co kha phu hop véi chi tiéu lam viéc cua
dong co da xay dung (da néu trén muc 2). Trong giai doan dong co lam vige 6n dinh, ap
sudt va lyc ddy ciia dong co thay doi khong nhleu Nhu vay, phuong an thiét ké liéu
nhién liéu dang co6 hinh sao c6 hinh dang mat cit ngang nhu mo ta trén hinh 4 véi cac
tham s6 c6 thé chap nhéan dugc.

3.4. D¢ xuit thiét ké so bd két cAu dong co
Phuong an két cdu so bd dong co st dung cho tén lira VKPLDKTG dugc md ta trén

hinh 7.
Hinh 7. Két cdu so bo dong co.

Liéu nhién liéu c6 dang hai modul, mdi modul c6 khéi lugng 76,5 kg dugc nhdi truc
tiép vao 16p chong chay va phan vo dong co. Vo dong co gdm than trudc va than sau
dugc ghép biang mdi ghép ren, phan mdi ghép ren dugc bao vé boi 16p cach nhiét nim
giita hai modul lidu nhién liéu.

4. PANH GIA VE KHA NANG GIA CONG CHE TAO

- Nhién liéu va liéu nhién liéu: Nhién licu dé xuét c6 thanh phén va dac trung nang
lugng tuong ty nhién liéu NK-4 da san xuét 6n dinh trong nudc. Piém khac biét 1on nhit
1a tbc do chay cuia nhién liéu de xudt thdp hon nhién liéu NK-4 (bang 57,2% toc do chay
ctia NK-4). Viéc diéu chinh tdc do chay c6 thé thuc hién dugc bang viéc thay doi phu gia

1980
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tbc do chay voi ty 16 phu hop. Liéu nhién liéu dé xuét c6 dang modul, mdi modul c6 khdi
luong 76,5 kg nho hon rat nhidu khéi lugng liéu nhién lidu c6 thé san xuit cua Tong cuc
CNQP (64%), vi vay c6 tinh kha thi cao san xuét bang céng nghé trong nudc.

- Lop chéng chay, cach nhiét: Hién nay, cac don vi nghién ctra trong nuée di ché tao
thanh cong 16p chéng chéy, cach nhiét cho lidu nhién liéu tén lira sir dung NK-4 voi thoi
gian lam viéc = 9 s béng thoi gian lam viée cua tén lira dé xuat (8,7 s). Do do, co thé
nghién ctru phat trién trén nén cong nghé hién c6 dé sir dung cho lidu nhién liéu tén lira
VKPLDKTG c6 duong kinh 16n hon.

- V6 dong co va loa phut: Dé tai [4] dd nghién ciru ché tao thanh cong loa phut tén
Itra bang vat lidu compozit cacbon-cacbon. Két qua thir nghiém trén dong co st dung
nhién liéu hon hop c6 thoi gian lam viée dén 9 s (dy = 14,5 mm) dat yéu cau ky thuat dé
ra. Trén co so ket qua nghién ciru nay co thé phat trién nghién ctru str dung cho loa phut
c6 duong kinh tiét dién t61 han lon hon (dih = 65 mm). Cong nghé gia cong ché tao vo
dong co chiu ap suat 16n, thoi gian 1am viéc dai da duoc nghién ctru, ché tao va thir
nghiém thanh cong cho nhiéu san pham dong co, vi vy, c¢6 tinh kha thi 4p dung cho san
pham dong co dé xuat.

5. KET LUAN

Tir cac yéu cau chién-ky thuat dit ra véi t6 hop VKPLDKTG, bai bao da xac dinh
duoc cac chi tiéu thiét ké dong co: khdi lwgng nhién liéu, luc day, thoi gian lam viéc,.
Bam sat cac chi tiéu dat ra, cung voi viée khao sat nang lyc ché tao liéu nhién liéu hon
hop, bai bao di dé xuat dugc phuong an thiét ké két cdu lidu nhién lidu va thiét ké so bo
két cdu dong co sir dung cho tén lira VKPLDKTG.

Két qua tinh toan cac thong s6 1am viéc cua dong co cho thiy phuong 4n thiét ké lidu
nhién li¢u vira dap ang dugc chi tiéu dat ra d6i voi dong co, vira dam béao co thé dugc
san xuat dugc bang cong ngh¢ trong nudce. Tinh hop 1y cua phuong an dé xuat thé hién &
kha nang nghién ciru ché tao cic két cau khac ciia dong co nhu: chéng chay, cach nhiét,
loa phut, vo dong co,...

Tuy nhién, viéc dé xuat phuong an két cdu dong co mai 1a giai doan tién kha thi cua
qué trinh nghién ciru. Voi dic diém dong co c6 kich thude, khéi lugng 16n, can phai
nghién ctru, tinh toan ky hon cac qua trinh xay ra trong buong dbt cling nhur nghién ctru
phat trién cac cong nghé hién c6 thé str dung cho dong co kiéu nay.
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ABSTRACT

ABOUT A DESIGN PROJECT OF SOLID FUEL ENGINE USE
FOR SHORT-RANGE TACTICAL MISSILE

Short-range tactical missile is used alone with a normal range from 30km to
120km carrying warheads of small and medium explosive mass to destroy military
targets in the enemy's tactical depth. In order to achieve the requirements of the
range, it is necessary to design a weapon system, in which the rocket engine plays
an important role. The rocket engine is responsible for bringing the missile to a
distance, and can be made with domestic technology. The article presents a design
project the dose of fuel and rocket engine to meet the technical criteria of the
weapon complex, which is feasible for production and manufacturing using
domestic technology.

Keywords: Rocket; Rocket engine; Short-range tactical missile.
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