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Khao sét k¢ thong ty ddng on dinh trén khoang tén
lra dieu khién bang phwong phap gasdgong mémen

The Investigation on Automatic Stability System oMissile
with Lateral Impulsive Thrust

Cao Hiru Tinh, Vii Héa Tién va Nguyén CéngPbinh

Abstract: Detail information of an automatic tai liéu 0 va 0. Théng tin gi thiéu trénday cho tiy,

stability system of missile steered by impulsifdtges

viéc nghién @u dbi tuong tén tra ndi chung va &

and moment of gasdynamics is not widely publishettibng tr dong 6n dinh trén khoang ténra sr dung
Almost published documents only described ifshuong phap 4o luc va mémendiéu khién gasdong
parameters, structures and working principles. hist néi riéngda duoc trién khai vaing ding & nhiéu nuéc
paper, the automatic stability system of missiléhwicé trinhdd cong ngk cao.Béi véi cac nréc dang phéat

lateral impulsive thrust is

investigated. The desutrién, day 1a ndt linh wic méi dang duoc giai quyét

proved the correctness of the working principlegirg hréc 0. Bén thoi diém nay, nudc ta, cac &t
structures and parameters of system. It also showqdi nghién ¢u Vé linh wrc nay cond mic do rat han
that this kind of missile manoeuvres several timesé 0, 0. Trongdd, O dua ra plrong an thét ké he
higher than the missile with aerodynamic fircanh lai gastong kieu mémen i tién trén md hinh

deflection under the same requirements.

I.  DPAT VAN BE

Nang cao kh ning @ dong aia tén {ra hing céac
phuong phéap 4o luc va mémendiéu khién gasdong
la mot trong nhiing hréng nghién Gu moi nham ting
hiéu qua chién ddu cia cac lai tén kra thé hé mai.

Theo hrong nghién Gu nay,o cac mrgc phat trén
da c6 nheu két qua tng ding vao thrc € nhr diéu
khién & tinh, didu khién ddi husng tén tra sau khi
phong tling ding, diéu khién tén fra trong giaidoan
cudi tiép cn muc tiéu & d6 cao bn. Nam 2008,
Bhagat va éng sr da cong b két qua nghién éu bai
toandiéu khién két hop huéng aia vec-tr lyc day va
gasdong kiéu mdmen cho ¥t mé hinh téntta danh
chin 0. Cac m6 hinh ténrd sr dung nHing phrong
phéapdiéu khién gasdong khac nhauing laddi tuong
cia nhéu nghién ¢u nhim ting kha nang @ dong aia
tén kra thé hé m6i 0, 0, 0. Cac & qua tinh toan thit
ké va khio sat htu qua ddi véi tén kra sr dung
phueong phapdiéu khién gasdong duoc dua ra trong

tén kra canh lai khidong truyén thdng, con trong tai
lidu 0, cac tAc gidua ra Kt qua nghién &u thuit toan
chon phan tir dong @ xung dra trén thong & dau vao
la $5 lugng va pha @a thiét bi gasdong. Riéng bai
toan ktio satdanh gia ki ning diéu khién duoc va
chit lugng aia ¢ thdng néi trén hoan toan ch duoc

cong 1b.

Bai bao naydé cap va gii quyét bai toan néu trén
v6i cac Kt qua khao sat B tu dong 6n dinh trén
khoang téntta c6 & dung phrong phap gagéng kiéu
moémen.bay ding |a Kt qua nghién @u tiép theo da
0 va 0, gép pin hoan thdn va lam tn dé cho céac
nghién «ru sau lon trong inh wrc mai nay.

ll. MO HINH TEN L UA SU DUNG THIET BI
GAS-PONG MOMEN

2.1 M6 hinh tén fra va tinh toan tham $ thiét bi
gasdong (TBGD)

Xét mé hinh téntua trén Hinh 1, thed6, TBGD
dang a1 thé [a mot thiét bi dong @ xungdugc dit phia
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trugc trong tam tén da. Nguyén lydiéu khién gas-
dong kiéu mémenduoc thrc hién hing céch 4o luc
day phan lec vudng goc ¥i truc doc tén fra trong it
phing diéu khién vao nling thyi diém va hrong cén
thiét. Khi d6 gia tc phap tugn twong ang dugc tao ra
boi lrc khidong va s thay déi gan nhr tc thyi caa
goc tin cong, Kt qua 3 1am thayddéi quy dao bay @a
tén kra.

Trén thrc &, cAc microdong @ xungdugc bb tri
theo bp cac vong xu§n véi do phan gii du nho dé
dam bao sai $ diéu khién nim trong viing cho phép 0.
Thuat toan clon Micro-dong o xung (MDCX) trong
ma tén thiét bi dong @ xung da duoc nghién éu
trong tai léu 0.Dé don gian hda viéc tinh toan, ta quy
wdc rang, cac théngdésdong hee hoc do cac NDCX
tao ra trong mt phadiéu khién dugc quy & gia ti
trung binh éa MbCX dit tai trong tam ¢a TBBCX.

Hinh 1. M6 hinh téniradiéu khién gasdong mémen

Theo mé hinh trén, cac thong giéu khien gas-
dong aia tén tradugc tinh toan theo cac congithsau
0, O:

Gia ¢ goc quay than térrd, ho boi mot MPCX:

(".Jl: I:’1()(ml_ XTBGD) (1)

Vian tbc goc, 2o bdi n MPCX:

w(t) = nuyt (2)
Goc fin cdng 20 boi N MPCX duoc xac dinh boi
cong thirc:

ay(t) = nwyt

(3)
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Gia ¢ phap tugn aia tén fraduoc xacdinh théng
qua béu thrc tinh ke ting hyp trong nit phing diéu
khién. Gi thiét géc tn céng nb, goc saidch gira
vector lrc day véi truc doc tén fra 1a ét nho, cac tham
so két cau va khidong aia tén fra thayddi khong
dang K trong khang thyi gian khio sat. Khido, gia
tbc phap tugn tao bsi phuong phapdiéu khién gas-
dong kiéu mémenduoc xacdinh bing biéu thic:
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2.2. S d6 ciu trac hé tw ddng 6n dinh trén khoang
Tén lira diéu khién bang thiét bi déng oo xung
(TBBCX)

So dd ciu trac kénh ¢ dong 6n dinh tén tra diéu
khién bing TBBDCX sr dung hai vong bi tiép theo
van tc goc va giadc thing duoc trinh bay trén Hinh
2 0. Trong Hinh 2, P(s) la khaigng hinh hc dé bién
doi gia toc phap tugn vé van toc goc.

K9

att

A

GTT

Hinh 2. So d6 cu tric 1§ ty dong 6n dinh tén tra
diéu khién gas¢ong mémen

Phrong phap tinh toanéhsd khuéch dai mach i
tiép VTG va GTTduoc thrc hién gibng nhr déi véi
tén kra canh lai khitong. Sr khac nhautuoc thé hién
trong viéc st dung e s hiéu qua diéu khién va g sb
dong luc diéu khién trong ung phrong phap 4o luc
va mémenié tinh toan 0.
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Gia tii omin trong tng Wi gidé tri trung binh @a van
tbc géc quay trc doc Tén fra do ndt MPCX tao ra,
duoc tinh theo Hiu thic sau O:

— 9 . g
Omin = |aagm| 'Tl'Kvtg + W, Lgtt K gtt

©))
v6i hé sb dong e phan anh héu qua didu khién caa
mot MPCX &4, tinh theo cong tic 0:
— Pl(Xn — XI'BGD)

I

B3gm (6)

Tin hiéu diéu khién o4 3 xacdinh vec & b luong
MBCX cin ar dung A (gbm & lwong va pha ta
MBCX).Vec b s lugng MDCX A 8 xacdinhdo lon
va hréng aia vec & phan lyc diéu khién tén lra.

Phrong phapdiéu khién khidong truyén thing 1am
viéc & ché do lién tc theo thi gian, con kénhiiéu
khién gasdong mémen lam ¥ic ¢ ché do roi rac trong
khoang thoi gian hru han 1a A7, . Dé dam bao loai
trie truong hpp cung luc v ca hai MDCX theo hai
huéng ngrgc nhau thi yéu au khaing thyi gian nay
khéng nld hon thoi gian lam véc arc dai cua mbt
MBCX c6 tinh i sai $, tac 1a phii thoa mandiéu
kién sau:

ATy > 1™ (7)

Pé khao satdong hpc he tu dong on dinh diéu
khién gasdong mémen, hat dong aia TBDCX trong
mot chu kg roi rac A7, dugc tao gia theo gi ma sau:

N = TBOCX(RunningTimey k)

if (E[Ca] '=0)

if (RunningTime <)
return EGa ;

else if (RunningTime <A, -1,)

return O;
else

return O;

. KHAO SAT VA BIEN LUAN KET QUA

Ta thrc hién khio satddi voi mot loai tén lra, & do
cao 10km, éc do Vy = 1000m/s. Cac thand <hinh
nhu sau: mémen quan tinp+ 150kg M, luc day cua
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mot MPBCX P, = 2500N, thi gian lam véc trung binh
cia mjt MBCX 1, = 0.016s, chu X roi rac Ar, =
0.032s, gia & gb6c ko hoi luc khi dong o, =
5.25rad/§ khaing cach tsng tam kidi TBDCX dén
trong tdm Téndta X, - Xreep = 1.

Qua trinh quéadd cioa kB tw dong on dinh trén
khoangdugc thé hién trén Hinh 3.
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Hinh 3. B thi géc tin cong

Thoi gian phin ang aia tén tra la 0,04s, né hon
nhiéu lan so i phuong phapdiéu khién canh lai khi
dong truyén thong (0,15s)Piéu nay khing dinh kha
nang tacdong nhanh ta diéu khién gasdong trong
viéc nang cao tinhocdéng aia tén tra. b6 chinh xac
6n dinh géc éin cong Am trong goi han cho phép, th
hién théng qua saissha<10%.

Hoat dong cua thiet bi dong co xung
25
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Hinh 4. Hoat dong aia thiét bi dong @ xung
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Quy luat lam viéc aia TBDCX va quy luit thaydoi
téc do goc dia tén fra co tinh &i anh hrong aia céc

luc khi dong dugc thé hién twong ang trén Hinh 4 va

Hinh 5.

Toc do goc ten lua
T

Toc do goc ten lua (rad/s)

Thoi gian (s)

Hinh 5. Quy luat thayddi tc do goc ténta

V6i TBPCX, téc d6 goc téniradat duoc gia ti dot
bién rat 16n ngayd chu Ky diéu khién dau tién do gia
tbc goc tén ka duoc to ra Wi mot b lwong I6n
MDBCX. bay la nguyén nhan chinh lam tinb ¢ong
caa tén tra wrot troi so Wi tén lra sr dung canh lai
khi d@ong.

D6 thi md & quy lut lam viéc cia TBDCX thé
hién rd hai giaidoan: giai doan thiét lap goc én cong
(giai doan ting c) va giaidoan 6n dinh géc én céng
da xac p. O phin diu aia giai doan ting tc (pha
“vuot”), mot sd lwong I6n (n1) MPCX dugc st dung
dé tao cho goc 4n cong @a tén fra coddugc gr gia
ting it nhanh.O pha “ham”, tép theo cdi giai doan
ting tc, cac MPCX duogc diéu khién hat dong theo
chiéu ngroc lai dé “ham” sy gia ting aia goc én cong
(xem Hinh 6).
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Hinh 6. Biéu d6 qua trinh qué trong giaidoan thiét
lap géc &n cong

O giai doan 6n dinh goc in congda xac p, sr tac
dong aia thanh phn gia tc géc ko boi luc khi dong
&, lam cho gécdn cong co xu tiong kch khoi gia tri
xac Bp. Bé ty dong diéu chinh sai éch nay, not sb
lwong nkd (N3) MDCX dugc Sr dung (Hinh 4).

Két qua khao séat 8 luong (n1+n2+n3) NDCX sir
dung mdt lan dé dua goc in congdén gia ti xac kp
yéu du va on dinh goc én cong trong it khoang
thoi gian xacdinh 1 0.5sduoc thé hién trén Hinh 7.
S6 liu khao sat cho thy, 5 luong MDCX ting lién
tuc trong st quéa trinhon dinh goc én céng xacdp.
Pay ding la diém han ché cia tén tra sr dung
TBDCX vi & lwong MDCX bb tri dugc trén ténta la
hitu han. Han ché nay din dén viéc xuat hien mst mo
hinhdiéu khién két hop gasdong va khidong € dugc
khao séat trong niing nghién au tiép theo.

n o

Khao sat 50 ong MDCX da su dung

75

50 |

25 |
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Thei gian (5)

Hinh 7. Khao sat 8 luong MDCX d4 sr dung
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IV. KETLUAN

TBGD la thanh phn chinh 40 nén s khac bét cin
ban cia mo hinh ténua diéu khién gasdong so i
mo hinh Téntta diéu khién khi dong truyén théng,
nho d6 ma ki nang @ dong aia tén tra dugc tang
cao do ing dugc tinh tacdong nhanh va giadt phap
tuyén.

Sau thi gian tép cin nghién ¢u, nhdm tac gi da
lya chpn giai quyét bai toan kho sat k& tuy dong on
dinh trén khoang ténrh sr dung TBGD kiéu mémen.
Hoat dong aia thiét bi dong @ xung da duoc tao gia
dé phuc wu cho qua trinh kio séat. Kt qua khao satda
phan anhddng kin chit, quy It va @ ché tadcdong
cia phrong phapdiéu khién gasdong. Két qua khao
séat d¢ing da chrng minhduwgc nhirng vu viét vé mat
dong hoc hé théng tr dong 6n dinh aia tén tra trong
mién thoi gian, dé Ia tinh taaiong nhanh vato chinh
xac cao. Kt qua nghién @u cho ching ta rimg
thdng tin u ich va c6 y ngla trong i canh cac
nghién &u \é loai tén lra mbi & trong nréc con At
han cré. Trén @ s nghién &u nay, bai toan tht ké
hé tu dong 6n dinh trén khoang ténra sr dung két
hop gasdong mémen va canh lai khiong truyén
thdng € dugc nhém tac g@i nghién ¢u giai quyét
trong thoi gian ©i.

PHU LUC

Chir viét tit o

GTT Gia ¢ thang

MDCX Micro-dong @ xung
TBGD Thié} bi gasdong
TBBCX Thiét bi dong @ xung
VTG Van t6c goc

Ky hiéu

Ky higu Ponvi Y nghia

n - S luong MPCX dugc mo

Ty S Thoi gian lam véc trung binh ga
mot MBCX

P, N Luc day caa mt MPCX

w rad/s  Van toc gc quay than térrd to
boi n MBbCX

dy rad/$ Gia ¢ goc quay than térrd &o
béi mot MPCX

l, kgnf Moémen quan tinhia tén ira
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0g do Goc tin cong

Xteep M Toado trong tam kiéi TBDCX

Xm m Toado trong tdm téntta

we¢ m/s  Gia tc phap tugn tén fra

u - Khoi lugng trong di cua tén tra

He - Téc d6 tiéu hao kBi luong nhién
liéu trong déi

Y - Hé sb du trit 6n dinh Enh

C, 1/d6  Pao ham k& 5 luc nang

p kg/m?®  Mat do khdng khi

Vi m/s Van toc trung binh aa tén tra

Po kg/m?  Tai trong riéng Ga tén tra

Jr N s/kg Xung luc riéng dia dong o

Lt m Khaing cachdit cam bién GTT
toi trong tAm ténita

K, $im  Hg sb khuéchdai mach hi tiép
GTT

K&, S He sb khuéch dai mach Hi tiép
VTG

K, - Hé sb truyén mach hy hé én dinh
trén khoang

W, rad/$  Gia ¢ géc to boi luc khidong

A - Lénhdiéu khién

EL] - Ham hy gia ti nguyén
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