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TOM TAT

Tén lva dwgc phong theo nguyén Iy “dong-phan luc” tao ra so toc 1om cho tén lira trong khodng
thoi gian ngan han ché toi da lyc gidt cia hé thong phong. Giai doan phong dién ra trong thoi
gian rdt ngan (cé % gidy), do do cdc qud trinh dién ra rdt nhanh, dé mdt can bang, gdy nguy hiém
dén thiét bi phéng va xa thii thao tdc ban. Bai bdo tién hanh xdy dyng mé hinh toan mé ta cdc qua
trinh dién ra trong giai doan _phong, xdc dinh cac tham $6 déng luc hoc ciia tén hira va hé thong
phong. Pay la co so Iy thyyet sir dung cho thiét ké, ché tao hé thong phong theo nguyén Iy nay.
Ung dung tinh toan hé thong phéng mau nguyén Iy tén lira dién hinh.
Tir khoa: Dao dong; Dong luc hoc; Thiét bi phong; Dong-phan lyc.

1. PAT VAN PE

Tén lira duoc phong theo nguyén 1y “dong-phan luc” sir dung dong co phong (PCP) gom hai
cum loa phut: cum loa phut trude va cum loa phut sau (hinh 1) [7, 8].
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Hinh 1. So do két cau mét dang vil khi sir dung nguyén ly phdng “dong-phan luc”.
1-C0; 2 - Co dién; 3, 4,5 - Cdc thanh phan cua tén lita; 6 - Péng co; 7 - Ong phong.

Mot phan san pham chay (SPC) ctia dong co phut qua cum loa phut trude dén ving khong gian
sau day tén lira (budng thip 4p). Budng thip 4p tao ra dong luc diy tén lia ra khoi dng phong.
Phan lyc theo huong nguoc lai tro thanh lyc giat tac dong 1én hé thong phong Mot phan SPC phut
qua cum loa phut sau tao thanh phan lyc cén bang véi luc giat. Trong giai doan phéng, cac qua
trinh dién ra rit nhanh (c& 0,02 s), c6 bién do thay d01 16n, d& mit cin bang gay nguy hiém dén
thiét bi va xa thu thao tac ban. Cac qua trinh nay néu tinh toan, mo phong sat véi diéu kién lam
viéc thyc té co thé tién téi tw dong khir hoan toan lyc gidt ctia thiét bi phong. Vi vdy, trong nhiéu
tai liu, nguoi ta goi nguyén ly phong nay la nguyén ly phong khong giat.
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Bai bdo gidi thi¢u phuong phap xay dung va giai ddng thoi cac phuong trinh mé ta cac qua
trinh hoa, 1y, nhiét dong xay ra trong budng dét dong co, cung vdi phuong trinh dong luc hoc
chuyén dong cua tén lira,... theo bién thoi gian. Tir d6, c6 thé xac dinh duoc khong chi cac thong
s6 1am viéc clia dong co ma con xac dinh dugc cac thong sé dong luc hoc chuyén dong cua tén lira
va hé thong phong theo thoi gian lam co s nghién ctru anh hudng cua cac tham so ket céu dén cac
thong sd 1am viée dic trung nhu: so tdc ctia tén lira, luc giat cia thiét bi phong, ap sudt trong budng
cao ap, thap ap,... phuc vu cho tinh toan, thiét ké vii khi st dung nguyén 1y phong nay.

2. XAY DUNG MO HiNH TOAN
2.1. M6 hinh két ciu va nguyén Iy lam viéc
Mo hinh két ciu hé thdng phong duoc mé ta tai hinh 2 thoi diém trude khi phéng: tén lira (1)
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nam trong ng phong (2), dong co phong (5) lién két clng voi ong phong. V6 dong co phong, dng
phong va day tén lira tao thanh mot budng ho, goi 1a budng thap ap (3) [7].
1 2 3
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Hinh 2. M6 hinh két cdu hé thdng phong va qua trinh trao doi khi trong éng phong
1. Tén lita; 2. Ong phéng; 3. Buong thdp dp (B2); 4. Dong SPC cum loa phut trudc;
5. Buong cdo dp (Bl); 6. Dong SPC tir B2 ra khi quyén; 7. Dong SPC cum loa phut sau.

Nguyén ly lam viéc cua hé thong phong “dong-phan lyc” nhu sau: Sau khi thudc phong duge
moi chay, ap suét trong budng ddt dong co (budng B1) ting dong thoi phut qua cum loa phut trudce
va cum loa phut sau. SPC phut qua cum loa phut truce lam ting dan ap suat trong budng thap ap
(budng B2) tao thanh lyc cat chot dan hdi day tén lira ra khoi 6ng phong, mot phan SPC phut ra
phia sau qua khe ho gitra dong co va ong phong. SPC phut qua loa phut sau tao thanh phan lyc can
bang voi cac thanh phan lyc git tao thanh do budng thip ap, cum loa phut trudc tao ra.

Theo [3] va [7], cac qua trinh dién ra trong giai doan phong bao gdém: Qua trinh chay sinh khi
ctia thuc phong va thuée moi; Qua trinh truyén nhiét tir SPC dén thanh vo dong co; Qua trinh
thay ddi trang thai va bién d6i ning lugng ciia SPC; Qua trinh phut khi qua loa phut sau; Qua trinh
phut khi qua loa phut trugc; Qua trinh gidn né va nén khi trong budng thap ap; Qua trinh chuyén
dong va mo rong budng thip ap; Qua trinh phut khi qua khe hé giira tén lira va dng phong.

Nhu vay, luc tac dong 1én hé théng phong (hinh 3) c6 dang sau:
F_Fbta+F +F +F (1)

Ipt Ips

Trong do: ﬁbta - Luc do SPC cua budng B2 tac dong 1én DCP; F

ipe - Phan luc do cum loa phut

trudc tao ra, FIps

gitta DCP va dng phong.

Luc do cum loa phut sau tao ra; Ifkq - Phan luc do 1u6ng SPC phut qua khe ho

Coi h¢ thong d6i xtmg, chiéu phuong trinh (1) 1én truc doc than tén Iira theo phuong chuyén
ddng cua tén Itra, khi d6 (1) tro thanh:
F - I:Ips + F Fbta - I:Ipt (2)

Fkq

Flps

Hinh 3. Téng hop luc tic dung én ong phong.
2.2. Xay dung hé phwong trinh

Gia thiét: Thubc phong chay theo quy luat hinh hoc, tég dd chay duge m6 hinh hoa boi phuong
trinh toc d¢ chay; SO mi doqn nhié:[, chi s6 doan nhiét, hang s6 khi (R) dugce xem la hang s6; Bo
qua su gidn n6 SPC trong budng thap ap; Bo qua qua trinh trao doi nhiét gira SPC véi ddy tén lira
va ong phong; Bé qua ma sat gitra SPC véi thanh ong phong; Bo qua tac dong ctia dong nang dong
SPC phut qua loa phut trudc tac dong l1én day tén lua.

Xay dung phirong trinh dong liwc hoc ciia ong phong

Trén co so dinh luét IT Newton va cac biéu thire vat 1y dong luc hoc, phan tich dong luc hoc chuyén

dong cua tén ltra va ong phong trong qua trinh phong, xac dinh dugc cac phuong trinh nhu sau:
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~ Theo cac dinh ludt dong luc hoc, phuong trinh chuyén dong cta tén lira va phuong trinh thay
ddi thé tich B2 duogc viét dudi dang sau:

% — Sd'pz (3)
dt  ¢.m,
dw
dt2 =S,V, (@)
dl
vV 5
o Ve 5)

Trong do: S,, m, - Dién tich day tén lua va khéi lugng tén Ira; V, - Tbe d6 chuyén dong cta
tén Itra tai thoi diém xét; p. - Ap suét trong buéng thap 4p; | - Quing duong tén lira dich chuyén;
¢ - HE soO tang nadng cua tén ltra; W - Thé tich buong B2.

Tuong tu, phuong trinh van toc ciia dng phong theo thoi gian:

- Khi tén Itra chua ra khoi dng phong:

av, F KX,

o _ p _
a  4,.(m, +m,) ¢,.(m,+m,)
- Khi tén ltra da ra khoi dng phong:

dV,, F, KX
= ™
a  ¢,.m, &,m,

Trong dé: V,, - Van toc ong phéng; M

(6)

op s My = Khdi lugng 6ng phong va khdi lugng tén lira;

k - Do cimg ctia 10 xo giam chan; Xgp - Toa do cua ong phong tai thoi diém t; ¢y - He s ting ndng.
Luc Fyp tac dung 1én dng phong dugc xéac dinh theo (2), bao gdm céc thanh phan:
- Luc do 4p suat buong thap ap tac dung 1én BDCP:
Faa = (P2 = Pg)-Scep 8
Trong do: p,, - Ap suit khi quyén; S aep - Dién tich tiét dién ngang ctia DCP.
- Phan lyc do ll}éng san pham chay phut qua cum loa phut trugc: Pé han ché lyc giat, loa phut
trudc khong cd phan mé rong. Vi vay, bi€u thire tinh lyc day c6 dang sau:
Foo =My Vi + (Poras — P, )-S,,1-c08 () (9)
Trong do: my, - Luu luong dong san pham chay phut tir Bl sang B2; Vig; - Tdc d6 dong san
pham chay tai clra ra cia cym loa phuyt trudc (m/s); P, - AP suat tai clra ra cia cym loa phuyt
trude; S,,- Dién tich tiét dién ctra ra ctia cum loa phut trudc; o - GOC nghiéng cua loa phut trude.
- Phan lyc do ludng san pham chay phut qua cum loa phut sau [4]:
Fios = 0:0,-F (£) S Py (10)
Trong d6: ¢, ¢,l1a cac h¢ sé tinh dén nhing ton hao khi dong cua toc do va luu lugng khi;
F (f ) - Ham sb ctia ¢ va s6 mii doan nhiét k [1]; ¢ - Ty s giita daVa din; S,,- Dién tich tiét dién
t61 han cua cum loa phuyt sau; p, - Ap suat khi thuoc trong budng dot (buong B1).
- Phan luc do ludng san phdm chay phut tir B2 ra khi quyén qua khe hé gitta DCP va 6ng phong:
Fo =00, F (gz).Smkq.pkp2 (11)
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Trong d6: Sy, - Dién tich tiét dién t6i han cua khe hé giita DCP va 6ng phong; Py, - Ap suét

tai tiét dién t&i han ctia khe hd dwoc xac dinh P2 = Py (k ;Lljk -
Vi phan vi tri ng phong theo thoi gian bang van téc chuyén dong ciia dng phong:
dx,
P _
g Vor (12)

Trong do, x,, la toa do ong phong tai thoi diém t.

Phu hop voi cac gia thiét néu trén, cac qua trinh dién ra trong budng d6t dong co [1-3, 5, 9] va
cung voi cac phuong trinh (3) + (7) va (10) + (12), nhan dugc hé 13 phuong trinh vi phén:
L dy Sup 5 dy, ab dy

dt o Cdt (L+by) dt

o0 _ZmRT, (Ldn 1T, 1 dn 1o
dt W,

m odt T,

bl

] Cdt oy, dtow
d K, (K).F,.
2 I gy O OORR
dt VZRTy
5%=£_(aﬁ Gy _dm k-¢z-Ko<K>.sm.pl]
m

. m -
dt T, dt dt “ [x.RT,

6%:& i,dm2+i_d1—¢+i.%_i.% )
dt W, m, dt sz dt X dt W, dt
., d dr,, T, T d
m, _rhm—mk ; g —bz _ bz k'l'mml_ —(k 1) d d P, _&
s dt 7 ad  m, T, RT,, ot
dv, S. d dl dx,
9.5 _2aPe g M gy 11 8oy leoy
dt ¢-md dt dt dt 7
av, F k.x _
131 op = P _ op khl | SI

dt  ¢,.(m,+m,) 4, .(m, +m,) op!

v, F KX
132 —*=—F__ 2 khi I > 1,

dt ¢Op m,, ¢0p m,,

Hé (13) gom 13 phuong trinh vi phén twong tmg xac dinh 13 tham s6 1am viéc cua dong co,
cua tén ltra va cuia ong phong Trong do, phuong trinh so 1 dén so 8 la cac phuong trinh co ban
xac dinh cac tham s6 lam viéc cua dong co; phuong trinh $6 9 dén sd 13 xac dinh céc tham ) dong
luc hoc cua 6ng phong va tén lra. Cac tham s6 lam viéc ndy c6 anh hudng lan nhau, do d6 h¢ (13)
phai duoc giai dong thoi theo bién thoi gian t.
Diéu kién dau dbi voi hé, khit = 0:
P1=P2=Po; Tor= To2=To, ¥ = 0; yn = yo; M1 =mo=0; (13)
W2— WO, Vop— Vd— 0, I - Xop: 0
Trong do: @, p; - Khéi lugng ban ddu va khdi lwong riéng cua thudc phong; u - Téc do chay

cta thudc phéng; S(€) - Dién tich bé mit chiy clia thue phong tai thoi diém xét; py, Wy, Ty,
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M, 14n luot 1a 4p suat, thé tich, nhiét d va khéi lugng khi trong budng B1; p,, W,, Ty,, M, lan
luot lé‘lﬂép sgét, thé tich, nhi@t do yél khéi luqng khi trong budng B2; R - Hing §6 khi ctia SPC;
%, - Ton that nhiét trong buong dot B1; k - S6 mil doan nhiét; K, (k) - Ham chi s6 mil doan nhiét;
Sy, - Dién tich t61 han cua cac loa phut sau; C,, C, lan luot 14 nhiét dung riéng déng ap va nhiét
dung riéng ding tich ciia san pham chdy; a, b - Pic trung hinh dang cta thudc phong.

3. GIAI BAI TOAN

3.1. Cac tham s dau vao
Str dung bo tham sb két cdu cua dong co, thudc phong, tén ltira va dng phong thir nghiém cia
tén ltra c6 di€u khién ban ty dong dua vao chuong trinh tinh.

- Pong co phong: chiéu dai Lk = 0.15 m va dudng kinh budng d6t Dy = 0.077 m; s6 loa phut:
Nip1 = Nipz = 6; dudng kinh tiét dién t6i han loa phut trude dine = 0.0105 M, sau dine = 0 012 m;

- Thubc phéng10/1TP: Dy = 0.0047 m, dy = 0.0029 m, Ly = 0.130 m, Sl = 179, @y = 0.375 kg,
Ty = 1950 K, u = 30.10°.p03%,

- Tén Ira: dg = 0.12 m, mg = 11.3 kg, ¢ = 1.03; pa = 9.10° Pa; lop = 0.8 m.
- Céc thong sé dng phong (hinh 4): mop = 50.2 kg, Kix = 500 N/m, Stnkq = 0.0064 m2,

Hinh 4. Mé hinh gic phong va dng phong thir nghiém.
1. Ong phéng; 2. Lo xo giam chan.
3.2. Két qua tinh toin va thir nghi¢m
Tién hanh giai h¢ phuong trinh vi phén (13) bang phuong phap Runge-Kutta voi diéu kién dau
(14) theo b s6 liéu dau vao néu trén. D6 thi tinh todn mot sb tham s0 chu yéu duoc biéu dién trén

h[nh 5 va hinh 6. Thyc nghiém tién hanh do luc giat tac dung 1én 6ng phong theo phuong ngang,
do thi thuc nghiém duoc thé hién trén hinh 7.

Lire tac dung lén day dan Fﬂ( f) Hop liec tée dng 1én dng phong FP(I)
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Hinh 5. Liec de dung lén dan va lén dng phong tinh todn.
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Lire tac dung lén day dan Fd‘( f) Van tée dng phong VP( f)
601 N
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Hinh 6. Mot s6 két qud tinh todn.
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Hinh 7. Luc tdc dung lén gia phong thuc nghiém.
3.3. Panh gi4, nhan xét va kién nghi

Tir d thi “Hop Iy téc dung lén dng phong” tinh toan (hinh 5) va thyc nghi¢m (hinh 7) cho théy:

- Ban d4u dng phong bi tac dung cua ludng phut qua loa phut sau day vé trudce, sau khi tén lra
dugc giai phong khoi dai hdm tén lira moi xut hién luc giat vé sau can bang lai véi luc day vé
truc do ludng phut qua loa phut sau va qua khe hé giita DPCP va dng phong tao ra.

- Bién dang va bién d9 dao dong tinh toan kha phu hop voi két qua thue nghiém do dugc. Saj
khac v€ dinh lugng c6 thé giai thich do sai s6 trong qua trinh do dac (sai s6 cua thiét bi do, sai s6
trong qua trinh ga lap thiét bi,...).

- Téng xung luc déy vé truge (phan dién tich mau vang) va téng xung luc ddy vé sau (phan
dién tich mau xanh) gan nhu bang nhau.

- Gia trj lyc gift 16n nhétrvfl‘n con kha 16n (khoang 500 N) cho thay vii khi can co gia phong,
can thay doi mét vai thong so vé két cau de giam luc giat, gidm tac ddng 16n dén cac thiet bi dong
bd véi ong phong .

Tu do thi “Vi tri cua 6ng phong” (hinh 6) cho thiy, theo tinh toan 1y thuyét, bién do dao dong
cua ong phong 16n nhat ¢& 12 cm, sau d6 giam dan do tac dung cta 10 xo giam chan. Bién d¢ nay
dam bao dugc an toan cho xa thu cling nhu vii khi.

4. KET LUAN

Trong pham vi bai bdo, nhom tac gia da trinh bay co s ly thuyét va bai toan xac dinh cac tham
s6 dong luc hoc va dao dong cua thiét b phong trong giai doan phong cua tén Itra str dung nguyén
ly phong “dong-phan lyc”. Dua ra dugc d6 thi danh gié lyc git ciing nhu dao dong ciia dng phong
trong va sau khi tén lira roi ng phong.
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do

So sanh két qua tinh toan va thyc nghiém cho thiy hai két qua kha phi hop, khang dinh dugc
tin cay cua mo hinh toan va chuong trinh gidi. Két qua bai toan nay lam co sé dé tiép tuc xay

dung va tinh toan phat trién mot s6 bai toan sau hon.

Do han ché vé khuon khé trinh bay cta bai bao, rat nhidu noi dung khao sat va tinh toan khong

thé trinh bay hét duoc. Nhom tac gia chi trinh bay duoc nhitng két qua chung nhét ctia qua trinh
nghién cuu.
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ABSTRACT

Investigation of dynamic and vibrational parameters of anti-tank missile launchers
using the ""dynamic-reaction" launch principle

Anti-tank missiles are launched according to the "dynamic-reaction" principle, creating
a high velocity for the missile in a short period of time, minimizing the recoil of the launch
system. Because the launch phase takes place in a very short time (size 0.02 s), the processes
take place quickly, easily unbalanced, causing danger to the equipment and the gunner to
shoot. The article proceeds to build a mathematical model describing the processes taking
place in the launch phase, determining the dynamic parameters of the projectile and the
launch system. This is the theoretical basis used for the design and manufacture of the
launch system according to this principle. The application calculates the typical anti-tank
missile prototype system.

Keywords: Oscillations; Dynamics; Launchers; Dynamic-reaction.
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