Nghién ciru khoa hoc cong nghé

NGHIEN CUU XAC PINH LUC CANG DAY CAP
TEN LUA CO PIEU KHIEN TAM GAN
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Tém tit: Lic cang day cap diéu khién chiém thanh phan can tré chuyén dong ding ké
doi voi tén lra c6 diéu khién sir dung ddy cap dé truyén tin hiéu. Bai bdo trinh bay phuong
phdp xdy dyng mé hinh toan xdc dinh lyc cang ddy cap diéu khién cua tén lita chong ting
c6 diéu khién tam gan nham muc dich hoan thién mé hinh déng e hoc bay cua tén hira.
Két qua tinh todn lic cang day cdp tir mé hinh todn dwoc so sanh véi két quad thir nghiém.
Két qua nghién ciru ciia bai bdo cé thé dwoc iing dung khi thiét ké hé thong I6p tén lira c6
diéu khién sir dung ddy cdp.

Tir khoa: Luc cing day cap; Tén lia c6 didu khién; M6 phong dong luc hoc bay.
1. PAT VAN PE

Tinh dén nay, cac 16p tén lura chéng tang (TLCT) da trai qua 3 thé hé phat trién. Trong do, cac
loai tén Itra chong tang thé hé thir nhat (Malyutka) va thé hé thir hai (Konkurs, Fagot,.. ) déu su
dung day cap dé truyen tin hiéu diéu khién tir dai diéu khién mat dat 1én qua dan. Uu diém chinh
ctia phuong phap diéu khién sir dung dy cap 1a kha ning chdng nhiu tét, phi hop str dung cho
cac loai tén lira c6 cy ly tan cong gan.

Khi phong tén Itra, mot dau day cap duogc ¢d dinh tai bé phong, dau co lai gén véi cudn day
nam trén qua dan. Trong qué trinh chuyén dong bay cta tén lira, dy cap lién tuc dugc toi ra khoi
qua dan theo timg vong va timg 16p. Piéu nay lam cho khéi lugng tén lira giam dan theo thoi
gian. Chuyén dong cua dan khi d6 c6 thé dugc coi 14 chuyén dong cua vat c6 khdi luong bién
ddi. Phuong trinh mé ta chuyén dong cua vt c6 khdi lwong bién ddi nhu sau [8]:

v F+o® (1)

Trong do, F Ia ngoai lyc tac dung vao vat thé; @ 1a phan Iyc hinh thanh do viéc bién ddi
khéi lugng cua vat thé chuyén dong, goi la luc Mechersky.

Céc cong trinh nghién ctru vé mé hinh toan mé ta dong luc hoc bay cua tén lira c6 diéu khién
trén thé giéi chu yéu danh cho cac loai tén lira sir dung dau tu dan hodc truyén tin hiéu bang séng
vo tuyén [9-11]. S6 lugng tai liéu c6 dé cap dén luc cang day cap cua loai tén lira diéu khién sir
dung day rét han ché. Trong [7] tac gia c6 trinh bay cong thirc tong quat nhit danh cho cac loai
tén ltra nay. Tuy nhién, dé ap dung dugc né cho ting dbi tuong cu thé can c6 cac thir nghiém va
tinh toan bo sung. Trong [1] va [4] céc tac gia co néu cong thirc thuc nghiém gin ding gia tri luc
cang day cap cho TLCT 9M14M theo thoi gian. Tuy nhién, cong thirc nay khong thé ap dung
cho tat ca cac loai tén lira c6 nguyén 1y twong tu. Trong [3] tac gia c6 trinh bay nghién ciu vé
dong luc hoc vat bay kéo chudi n6 mém. Khi d6, khdi lwong phan tir chudi trén mat dat lién tuc
tham gia vao chuyen dong cua phan chudi da dugc kéo 1én. Két qua 1a lam xuét hién luc kéo
chudi tai vi tri tip giap v6i mat dat, 1am chong lai chuyén dong cua chudi. Phuong phap cua tac
gia phu hop cho vat bay kéo chudi tir mat dét, chua phu hop dé ap dung cho dbi tugng nghién
clru cua bai bao.

Luc cang day cap diéu khién lién tuc tac dong va lam can tro dang ké chuyen dong cua qua
dan. Vi€c xdc dinh chinh xac gia tri cia no la can thlet dé phuc vu bai toan cai tién, thiét ké tén
lira. D& tinh toan x4c dinh gia tri luc cing ndy can phai xdy dung va giai bai toan md phong
chuyén dong tén lira, trong d6, luc cing déng vai trd nhu cac ngoai luc khac.

Bai bao trinh bay phuong phap xéc dinh luc cing ddy cap truyén tin hidu cua 16p tén lira mot
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kénh diéu khién tdm gan kiéu 9M14M bang xay dung mo hinh 1y thuyét mé phong két hop hiéu
chinh bang s6 liéu thuc nghiém. M6 hinh toan lyc cing day cap duoc xdy dung cling v&i mé hinh
toan mé phong dong luc hoc bay cua tén lra. Giai bai toan mé phdng dong luc hoc bay nhén
dugc két qua tinh toan 1y thuyét luc cang day cap theo thoi gian. Két qua nay dugc so sanh véi sd
lidu do dac thuc té ban bay tén Itra, 1am co s¢ hiéu chinh mé hinh toan.
2. XAY DUNG MO HINH LUC CANG DAY CAP

Tén lira duoc coi 1a vat rin 6 bac tu do, chuyén dong trong khong gian dudi tac dung cua céac
loai lyc va mé men: trong lyc, lyc va moé men khi dong, luc déy dong co, luc diéu khién, luc
cang day cap. Viéc mo ta cac hé¢ phuong trinh vi phdn mé ta chuyén dong bay cua tén lira duoc
trinh bay cu thé trong tai liéu [1]. O day trinh bay phuong phap xay dung mo hinh toan xac dinh
luc ciang day céap trén co s¢ phuong trinh Mechersky va két qua khao sat cac tham s cudn day.

Céc gia thiét khi xay dung mé hinh luc cing day cap nhu sau:

- Coi day c6 mat do dong nhat trén toan bo chiéu dai;

- B qua d¢ vong cua day, coi day la cang hoan toan;

- B qua goc nghiéng nho cta day so voi mat dat;

- Bo qua cac yéu té anh hudng cia thoi tiét;

Biéu thirc tong quét tinh toan luc cing day cap diéu khién c6 dang [7]:

T=K,(®+F,) (2)

Trong d6: F,, - Luc ma sét sinh ra khi to1 day do anh hudéng cua cac 16p keo c¢d dinh day,
duge xac dinh bang thuc nghiém; ® 14 luc Mechersky. K s 1lahé s6 tinh dén hinh dang 6ng day,
duogc xac dinh theo bang 1 phu thudc vao do gian dai ctia cudn day.

Dbi voi truong hop phan tir khdi luong day dm duoc tach ra khoi tén lira, luc Mechersky
duoc tinh theo cong thuc:

—  —~dm
b=-—Cc— 3)
dt
Trong d6: c=U—V 1a vAn td¢c trong d6i cua phan tir khéi lugng day dm so voi tén lira; ula
van toc tuyét dbi cta phan tir khdi luong day dm tai thoi diém tach ra; v 14 van téc cia tén lira.
So d6 mo ta viéc tach phan tir diy dm ra khoi qua dan nhu hinh 1.

am

Hinh 1. So' do mé ta viéc tach phan tir khéi lwong déay dm ra khéi tén hira.
Sau khi tach ra khoi tén lua, gla sir phan tir khoi lu:orng day dm khong chuyén dong va tén lira
tiép tuc chuyén dong véi van toc V . Khido, tacoé u=0 va c=-V.

Diéu nay c6 nghia 13, luc Mechersky c6 chidu nguoc voi chiéu chuyén dong cua tén lira, sinh
ra lyc kéo lam ngan can chuyén dong cua tén lira:
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— —dm
O=V— 4
ot (4)
Phén tir khéi luong ddy dugce toi ra duge tinh theo phan tir chiéu dai day theo cong thirc:
dm= udS (5)

Trong d6, 12 1a khdi lwong riéng ciia ddy cap trén mot don vi chiéu dai.

Chuyén dong cua tén lira dwoc phan thanh 2 giai doan: giai doan phong va giai doan bay hanh
trinh. O giai doan phong, dudi tac dung chu yéu cua lyc day dong co phong, tén lira ¢6 vén toc
tang dan. Do d6, gia toc chuyén dong cua tén ltra 16n hon 0. Van tdc tén ltra dwoc duy tri it thay
d6i & doan quy dao hanh trinh, trong Gmg vai gia tdc chuyén dong xap xi bang 0.

Chiéu dai day duoc toi ra chinh 1a khoang cach S tir dan toi bé phong. O giai doan phong, gia
thiét tén lira chuyén dong nhanh dan déu voi gia toc a, khi d6 ta c6 khoang cach S duoc tinh theo
cong thtc:

1

S=-at’ 6
> (6)
Tir day suy ra phan tir kh6i lugng dm duoc tinh theo cong thirc:
dm = .dS = prat.dt (7
Tir d6, ta c6 biéu thie lyc Mechersky ¢ giai doan phong:
— —dm - patdt —
O=-V—=-V =—uVat 8
dt a ®)

O giai doan bay hanh trinh, gia thiét gia tc chuyén dong tén lira bang 0, tén ltra chuyén dong
déu nén ta co:

dm = 2.dS = uV dt 9)
Biéu thirc luc Mechersky khi tén Itra bay & giai doan hanh trinh:
ﬂz_\7d_m=_\7¢'dt=_ﬂ\7_\/ (10)
dt
Bing 1. H¢ 56 hinh dang theo dg gian dai ong day.
Ad 0,5 1 2 3
K, 1,2...1,5 2..2,5 3.4 4.5

Gia tri do gidn dai dng day & 16p thir i 14 ti s cua chiéu dai so voi duong kinh éng day:
(11)

Ket qua khao sat nhén thay, cudn day gom N 16p day quan lién tuc chong khit 1én nhau. Tai
moi lop quin cac vong day dugc quan lién tiép nhau. Day dugc toi ra theo thr ty tir 16p ngoai
cung dén 16p trong cung. Dong thoi, & mdi 16p day, tai mdi vong ddy ta co mot gia tri twong ing
cia chiéu dai ong day li. Gia tri |; cia vong day thi i bién thién trong khoang tir linin t61 limax-
Duong kinh dng day d; giam dan sau mdi 16p day dwoc toi ra, bién thién lién tuc tir d; t&i dy
(hinh 2).

Thir tw chuyén tiép viéc toi day nhu sau:
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- O 16p dau tién, day duogc toi ra theo chiéu tir lypay tOi limin.
- Gia st ¢ 16p day thir i day dugc toi ra theo chiéu tir limin t6i linax thi & 16p day thu i+1 day
duogc toi theo chieu tir livamax 161 lisamin Va nguoc lai.

Iimax
I?max
j’fm."n
Ifmin
‘c‘-I —
-c T
/|1l ]
INmin
INmax

Hinh 2. M6 hinh hinh hoc cudn day diéu khién.
Coi cac vong day ¢ mdi 16p day quén sat nhau. Khi do, s vong dy cua mdi 16p ddy duoc
tinh gan dung theo cong thirc sau:
I -1

ni ~ _imax imin (12)
¢day

trong do, ¢, 1a duong kinh soi day.
Gia tri can trén va can dudi cia chiéu dai 16p day thtr i dugc tinh:

| o= —-min _ Nmin x@j_ 1)

imin 1min
| N ‘% (13)
I = 4 -Nmax ™ imax s _q
imax 1max N _1 ( )
Buong kinh 16p day thwr i dugc tinh theo cong thuc:
d, —d .
d=d -2 —N*(G_-1 14
i 1 N _1 ( ) ( )
Chiéu dai day dugc quéan trong 16p day thi i la:
Li zni-kﬂ.-kdi =|imax_|imin *”*di (15)

day

Gia sir day dang duoc toi ra tai vong day thir j cia 16p day thir i, khi d6 tong chiéu dai day da
duoc toi ra S cling dugc tinh theo cong thure:

S=S'L+j*red =YY rrd, + 3 e (16)
m=1 m=1 k=1 k=1

Dong thoi, S ciing chinh 14 khoang cach tir dan t6i bé phong & thoi diém khao sat.
Hé s6 gian dai ctia ong day lai vong day thir j cua 16p thi i khi do 1a:
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| . j*
%J%ay khi i=2k,k=0,12..
i )

_-*
dJ ¢day khi i=2k+1k=0,12...

Do thi phu thudc clia d6 gidn dai dng diy theo chidu dai ddy da dwoc toi ra c6 dang nhu hinh 3.

A=

Iimax
1=

R
ARV
\'\

il I B L B

Lamda

(o] 500 1000 1500 2000 2500 3000
S,m

Hinh 3. D6 thi phu thudc hé sé gidn dai theo chiéu dai day.
Nhu vay, luc cang day cap la ham phy thude vao chiéu dai day duoc toi ra, khdi luong riéng
ctia ddy theo chiéu dai, van toc chuyén dong cua dan va luc ma sat giira cic vong day.
3. THU NGHIEM XAC PINH LUC CANG DAY CAP
Tién hénh’bén thir nghiém mot loai tén Ira kiéu 9M14M 6 cy ly 1.800 m. Trong qua trinh thu
nghiém da tién hanh do ghi lyc cang day cap di€u khién st dung cam bién luc tai bé phong. So
do ga dét‘cém bién do lyc cang day cap r’lhu’ hinh 4. Mot Siéu cam bién dugc gan co dinh vao bé
phong. Pau tu do con lai dugc dung dé co dinh day cap di€u khién.

Sensor

Hinh 4. So do gd cam bién do luc cang ddy cdp.
Tién hanh giai bai toan md phéng chuyén dong cta tén lira khi ban muc tiéu & cy ly 1.800 m
theo di€u kién thir nghi€ém dé xac dinh gia tri luc cang day cap.
Hinh 5 la dd thi so sanh giira luc cang day cap do duoc tir thuc nghiém va két qua tinh toan ly
thuyet tir viéc giai bai toan mdé phéng dong luc hoc bay. Nhan thay quy ludt thay doi luc cang
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day cap nhan dugc tir 2 phuong phép theo thoi gian twong dong nhau. Sai léch 16n nhét cua gia
tri lyc cang nhén dugc theo tinh todn va thi nghiém khoang 3 N. Luc cang day cap c6 xu huéng
tang dan vé cudi quy dao chuyén dong cua tén lira. Tuy nhién, luc cing khong ting déu ma c6
Xuat ‘hién quy luat blen thién c6 dang rang cua. Diéu nay duoc 1y giai do qua trinh toi ddy, gia tri
hé s6 gidn dai cua ong day cting thay d6i theo hinh rang cua (hinh 3). Bién d¢ dao dong cua lyc
cing day cap tai mdi 16p cudn khoang 5 N va ting dan vé cudi hanh trinh.

A A\ A A /{\yﬁf v
A Y Y

t,s

Hinh 5. D6 thi lc cang day cap ¢ cu ly 1.800 m.

Tu dd thi luc ciang diy cap nhdn thiy luc cing day cap do dugc tir thir nghiém phu hop véi
két qua tinh toan mé phong. Nhu vdy, mo hinh toan chuyén dong tén Itra va mo hinh lyc cang
day cap dugc xay dung 1a hop ly. C6 thé sir dung m6 hinh toan nay dé khao sat, danh gia cac
phuong an thiét ké hé thong trong bai toan tinh toan cai tién tén lua.

4. KET LUAN

Bai bao di trinh bay két qua tinh toan xac dinh luc cing day cap diéu khién tén lira tim gan
mot kénh sir dung day diéu khién trén co s& giai bai toan mé phong dong luc hoc bay. Két qua
tinh toan dugc so sanh v6i két qua do thir nghiém luc cing day cap tai truong ban cho thiy su
pht hgp cua md hinh toan da dugc xay dung.

Két qua nghién ciru cho théy, luc cing diy cap diéu khién 1a ham phu thudc cha yéu vao gia
tdc chuyén dong cia tén lira & giai doan phong va binh phuong gia tri van tc bay cua dan tén
Iira & giai doan hanh trinh. Viéc ting gia toc phong hodc van toc hanh trinh ¢6 thé anh huong dén
kha ning lam viéc ctia day cap khi vuot qua giéi han chiu kéo cua né. Két qua nghién ctru ciia
bai bao c6 thé duogc ap dung dé tinh toan thiét ké, cai tién cac loai tén lra c6 diéu khién sir dung
day cap.
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ABSTRACT

RESEARCH ON DETERMINATING THE TENSION
IN THE CONTROL CABLE OF GUIDED MISSILE

The tension in the control cable accounts for the significant motion impediment for
guided missiles that use cables for signal transmission. In this paper, a method to build a
mathematical model to determine the tension of the control cable of a short-range anti-
tanks guided missile for the purpose of completing the flight dynamics model of the missile
is presented. The cable tension calculation results from the mathematical model are
compared with the test results. The research results of the article can be applied when
designing a guided missile system using cables.

Keywords: Control cable tension; Guided missile; Flight dynamics simulation.
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