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TOM TAT

Trén co so mo hinh toan chuyen dong cua tén lira dwoc xdy dung, nhom tdc gia da dé xudt thudt
toan lam viéc ciia bg diéu khzen ma tran dong co xung dé hiéu chinh quy dao bay ciia tén lita theo
quy dao bay danh dinh. Két qua mé phong cho thdy, thudt todn diéu khién ma trdn dong co xung
theo ting kénh bam sat quy dao danh dinh, dam bao sai léch vong tron xdc xudt (CEP) nhé hon
10m, ké ca khi ¢6 tac dong ciia nhiéu dau vao nhw sai léch géc phéng ban dau, sai léch do gio.

Tir khéa: Dong luc hoc bay; Ma tran dong co xung; Tén lira dat dbi dat.

1. PAT VAN PE

Tén lira A thudc hé thong tén ltra phong thu bo do Israel san Xuit va da duoc trang bi trong
quan doi ta trong nhiing ndm gan day Tén lira diéu khién bang ma tran dong co xung ngang than
gom hai mat phat xung véi tong s6 80 ong xung dung mét 1an phan bb déu quanh thén tén Itra.
Tuy nhién, do tinh chat bao mat quan sy, cac cong ngh¢ 16i nhu phuong phap didu khién tén lira
va thuat toan bo diéu khién ma tran dong co xung khéng dugc cong bd.

Lién quan dén phuong phap diéu khién tén lira st dung ma tran dong co xung ngang than
dung mét 1an, cac nghlen ctru trén thé gidi tap trung vao hai phuong phap chinh 1a bam sat quy
dao danh dinh [1, 2] va du bao diém cham [3, 4].

Phuong phap hi€u chinh bam sat quy dao danh dinh (TT) thuc hién thuat toan kich hoat dong
€O Xung ngang than phu hop khi sai [éch vi tri cua tén Itra so voi quy dao bay danh dinh vuot
nguo‘ng yéu cau. Piéu nay dat ra yeu cau str dung sb lugng dong co xung du 16n dé tén lira bam
sat quy dao danh dinh trong sudt qué trinh bay.

Phuong phap du bao diém cham str dung 1y thuyét dan dao tuyén tinh dé xac dinh va hi¢u
chinh sai 1éch diém tin cong dy béo so v6i myc tiéu. H¢ phuong trinh vi phan m6 ta chuyen
dong dan dao cua tén lua theo 1y thuyét dan dao tuyén tinh dugc tuyén tinh hoa va gian lugce dé
tang toc do tinh todn diém cham du bao. Cac két qua nghlen clru da chi ra, phuong phap nay dam
bao CEP < 10m. Tuy nhién, nhugc diém cta no 1a may tinh diéu khién trén khoang can c6 toc do
xtr 1y nhanh dé tinh toan diém cham dy bao va dép tng thoi gian thuc qua trinh diéu khién sai
léch cua diém cham dy bao so v6i muc tiéu.

Xuét phat tir md hinh xay dung cho dbi twong nghién ctru 13 tén lia kleu A, trong nghlen ctru
nay nhom tac gla dé xuét phu:cmg phap bam sat quy dao danh dinh cai tién (MTT) de néng cao
hiéu qua ciia cac nghién ctru trén, vira giam sb lugng xung can thiét cho qua trinh diéu khién so
voi phuong phap TT, vira giam khoi lugng tinh toan ctia may tinh trén khoang so véi phuong
phép du bao diém cham.

2. NOI DUNG CAN GIAI QUYET

2.1. M6 hinh todn chuyén dong ciia tén lira
Chuyén dong tam khdi tén lira trong hé toa d6 ONED (hinh 1) x4c dinh theo biéu thirc [5]:

vV, f, v, 1 [0
Ve [=Cp| f, |- (204 +95 )| Ve |+] O (1)
vD fz VD g
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Trong do: Vi, Ve, Vo — Hinh chiéu ciia van tdc tim khéi tén Itra 1én cac truc cta hé toa 40 ONED;
0 Qsing 0

x]: —Qsing 0 -Qcose |;
0 Qcosg 0

Q; =[Clag
0 Asing -

Q) =[@hx|=|-ising 0  —icose|.
¢  Acose 0

Hinh 1. Cdc hé toa dé quy chiéu.
Gia toc trong truong trong hé toa d0 ONED duoc xac dinh thong qua md hinh WGS-84:
g"=[0 0 g(ph)] )
O dd cao h =0, trong mo hinh WGS-84, gia tde trong trurong dugc xac dinh theo biéu thire
sau [6]:
9, (@) =0, -(1+cl -sin®p+c,-sin*p+c,-sin®p+c, -sin’ q)) (3)
Trong dé: g. = 9.7803m/s?% ¢, =5.279-1072; ¢, =2,327-107°; ¢, =1,262-10"; ¢, =7-107.
Sy thay ddi gia tdc trong trudng theo dd cao dugc xac dinh theo cong thirc sau [6]:
9(¢,h) = 9o (¢) +(C5 +Csin* ) -h+c; -h? (4)
Trong d6: ¢, =—3,0877-10°°%; ¢, =4,3-10°; ¢, =7,2-10".
Céc thanh phan f, fy, f, 14 chi s6 cac cam bién gia tdc ké va duoc xac dinh theo biéu thie [1]:
f, a, g, 1 X Pl | X;
fyzay—gyZEYﬁ-O-i-YT (5)
f a, g, z 0 Z;

z

Trong do, ax, ay, az, Gx, Oy, - lan lugt 14 cac thanh phan gia tc tim khdi va gia toc trong
truong. Cac thanh phan lyc khi dong va xung ngang duoc xac dinh theo bi€u thic:

X CM,a)] [%: ] 0
Y |=—2pvis| o, [; | Yy |= DT 6 -t)| —cos(27(-1)/ N)
Z C,M,a)| |z, | ™ —sin(2z(i-1)/ N)

Trong do: p — Mét do khong khi; V — D0 1on van tbc tén lura; S — Tiét dién dic trung; Cy, Cy,
C, — Hé¢ s6 lyc khi dong; ai, 0, p — GOC tan khong gian, goc tin va goc truot canh; T; — D9 1on
mot xung; 8(t - t)) — Ham phu thudc vao vi tri kich hoat xung va c6 gia tri 0 hoac 1.
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Biéu thuc x4c dinh cac thanh phan chuyén dong quay quanh tim khdi cua tén lira & dang ma
tran dugc xac dinh dudi dang sau [1]:

CZ)X MX a))(
@, |= Alil M, _[E)X]' A | @, (6)
w M 1)

Trong d6: My, My, M, — Hinh chiéu cia m6 men luc khi dong va diéu khién 1én cac truc cta
hé toa d6 lién két; A;— Ten so md men quan tinh; [a_) ><] — Ma tran song.
Mo men khi dong va dong co xung tac dung 1én tén lira xac dinh theo biéu thirc sau:
M, L, L,
M, [=[ M, [+| M, ()
M B NA NJ
Trong do:
CLL(M,¢«,) o, 0 0| CLLPM, )

LA
M, =%pvzs|_ CM(M.a) [+—| 0 @, 0| cMQM.a) ||;
NA

y

CLN(M, ) 10 0 w,| CLNR(M,p)

LJi XJ N 0
My [=AX, | =Z, |=AX, - D T, -8t —t)-| sin(2z(i-1)/N)
N, Y, i —cos(27(i—1)/ N)

Trong do: Ax; — Khoang cach tir trong tAm tdi vi tri loa phut theo truc doc tén Itra; CLL, CM,
CLN, CLLP, CMQ, CLNR — Cac thanh phan hé s6 m6 men khi dong.

Hé phuong trinh vi phan xac dinh cac thanh phan goc quay cta hé toa do lién két so voi hé
toa d0 ONED nhu sau:

é| [1 singtand cosgtand | [

nbx

0|=|0 cos ¢ —sing || @y, (8)
7 0 sing/cos@ cos¢g/cosé | | w,,
o, ] [ (Q+4)cosg
Onpy || By |~ Cr? _¢ (9)
[an @, —(Q-i-ﬂ;)Sin(D
Toa d6 tim khdi tén Itra trong hé toa do dia Iy WGS-84 va ECEF xac dinh theo biéu thirc sau:
! 0 0
@] |M+h . v, X, =(N +h)cospcos A
A= —_—— Ve [ . =(N+h)cosgsin 10
) (N +h)cosgp g ¥e = Jeose 10)
h 0 0 AL ze:(N(l—e2)+h)singo

Toa d6 cua tén Itra va myc tiéu duoc xdc dinh trong hé toa d6 phong OoXcycze thong qua ma
trén dinh phuong phuong tr hé toa do ECEF theo biéu thire sau (hinh 2):

Tap chi Nghién ciru KH&CN qudén sw, Sé 77,02 - 2022 163



Co kj thugt & Co khi dpng lyec

Xc Xe - Xoo
Yo [=Ca(A)C (@5, 40)| Ve — Yo, (11)
Z; Z,— 15,

/‘:/A:; \'\&\_V('
Hinh 2. Hé toa dé OoNED va OgXcycZe.
2.2. M6 hinh toan b diéu khién ma trin dong co xung

Sai léch vi tri va pha cua tén Itra so v&i quy dao bay danh dinh dugc xac dinh theo biéu thurc

sau (hinh 3):
G =JAy? +Az% ; yzmod((yp—yt),Ziz) (12)

MT  x.

— =
| -

G [
Gi+]’77’7777”7”"’,

Hinh 4. Minh hoa phirong phdp bam sat quy dao danh dinh cdi tién.
Khi thye hién bam sat theo quy dao bay danh dinh, bo diéu khién kich hoat ddng co xung phu
hop khi d6 16n sai 1éch vuot ngudng [1, 2], tirc 1a:

G > GThres (13)

Dé giam s6 lugng xung st dung trong qua trinh diéu khién, nhom tac gia dé xuat phuong
phap h‘iéu chinh bém‘sét quy dao danh dinh cai tién, tuc la, ddng co xung duoc kich hoat khi thoa
man dong thoi hai dicu kién sau (hinh 4):

AXc,i+l

Y Gi+1
Gi+l > GThres va ? > AX (14)

i C,i
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Trong d6: i — Thoi diém 1dy mau thoi gian ti; Gi — Sai léch vé do 16n theo phuong phap bam
sat quy dao, tire la: G, = JAYZ; + Az?, , Gies — Ngudng kich hoat xung; Axc; — Khoang cach tir
tén lira dén muc tiéu theo truc Oxe.

Theo phuong phap dé xuét, c6 thé dién gidi cong thirc (14) theo hinh 4 nhu sau: Khi sai 1éch
vi tri Gis1 vuot ngudng Grives (thoa méan diéu kién thir nhat), nhung dang c6 xu hudng giam dan
(diém i+1 nam trong tam gidc tao boi cac diém MT, AXci va diém i) thi khong thoa mén di¢u
kién tha hai. Chi khi diém i+1 nam ngoai tam giac nay (nhu hinh 4 chi ra) thi dicu kién thtr hai
thoa man va dong co xung dugc kich hoat.

Do dic diém dong co xung chi str dung mot lan, bd diéu khién can kich hoat dong co xung
phu hop thoa mén cac diéu kién sau:

1) Thyc hién kich hoat dng xung phu hop chi khi d9 16n sai 1éch quy dao bay cua tén ltra so
v6i quy dao bay danh dinh thoa man diéu kién (14):

2) Chi tao tin hi¢u kich hoat 6ng xung dugc chon ma chua dugce st dung trudce do.

Gia str, S la ma tran giéu lghién phat xung c6 N; hang va M; cot véi N — tong s6 luong xung
trong mot mat va M; — tong s6 mat phat xung.

Khi d6, xung tht i trong mat phat xung j théa méan diéu kién sau:

+) Sij = 0 - xung chua duogc kich hoat;

+) Sjj = 1 - xung da dugc kich hoat.

3) Thoi gian kich hoat 6ng xung tiép theo tinh tir thoi diém kich hoat éng xung gan nhét can
16m hon gia tri ngudng cho trudc, tic la:

Gi+1 > GThres Va t— t >AtThres, (15)

Trong d6: t"- Thoi diém kich hoat dng xung gan nhat; At;
giita hai 1an khai hoa 6ng xung.

- Ngudng thoi gian kich hoat

hres

4) Bé dam bao do chinh xéc vé pha ctia xung ludng phut, gilra dng xung duogc lwa chon dé
kich hoat va do 1éch vé pha can c6 mdi lién hé thoa mén diéu kién sau (hinh 3):

|¢J| +Q. +Q —7T— 7/| Thres (16)

Trong do, &y,,.. 12 ngudng sai léch pha ciia dng xung dugc chon.
T hinh 3, pha cia éng xung dugc chon dugce xac dinh theo biéu thuc sau:
2r (i - 1)
= — 17
Ji NJ ( )

Trong d6, N; |4 tong s6 xung trong mot mit cit.
Goc ¢, dugc xac dinh bang phéan nira goc quay trong thoi gian phut ciia mot dong co xung.
Goc ¢, duogc xac dinh boi do tré kich hoat dong co. Do do:

o, (r+1,)
Oty == : (18)
Trong d6: = - Thoi gian phut mot dng xung; 7, - Thoi gian tré kich hoat 6ng xung.
Do 1éch pha y dugc xac dinh trong hé toa do lién két theo biéu thirc sau:
Az
y= mod((;/p —yt),Zﬂ); Vo= mod(atan 2(A . j,zﬂ} ¥, =mod(¢,2) (19)

Trong do6, ¢ la goc quay quanh truc doc tén lira.

Tap chi Nghién ciru KH&CN qudén sw, Sé 77,02 - 2022 165



Co kj thugt & Co khi dpng lyec

Khai trién diéu kién thir tu thu duorc:
i, <i<i, (20)
Trong do:
N . N .
14— =6 -|—7H—}/—a)XT—J if y<nx 14+ —2| e +7z'+}/—a)XT—J if y<nxz
2 2 o 2r 2

l, = .

1+2|—J(—5Thres ~T+y—o, %j if y>x
T

1+2|—J(5Thres—7z+7—a)X%J if y>x
V4

3. MO PHONG, THAO LUAN

3.1. S0 liéu dau vao

Chuong trinh mé phong duoc xiy dung trong phan mém Matlab/Simulink 2016a.

Tén lta kiéu A: Chiéu dai 3996mm, kich thudc 160mm, khdi lugng 135kg, trong tam
2,017m, quan tinh I = 0,539kg-m?, I, = 159,35kg-m?, dong co 12000N, thoi gian chdy 1,9s.

Vi tri: Tén lira (N11°57,209°; E109°16,201°; h=20m); myc tiéu (N11°54,303; E109%34,127°; h
= 6m), twong ung v4i khoang cach va goc phuong vi tén ltra — muc tiéu 1a 32983,04m va 99,320,

Thong qua chuong trinh md phong dan dao xac dinh dugc goc phong kénh dung la 68,899,
kénh ngang la 99,37° va quy dao bay danh dinh cua tén Itra (hinh 5).

Pé mod phong thudt toan hi¢u chinh tén ltra bay theo quy dao bay danh dinh, ta dua vao didu
kién ban dau sau (hinh 6):

1) Sai léch goc dan phong: &) = 0,1°; ¥, =0,1°

2) Tham sb 1am viéc ctia xung gdm: Ny = 40; My = 2; Ty = 1000N; 14 = 2ms; T = 40ms.

3) Céc tham s0 cua b dieu khién: Gries = 2m; Aty =0,55; e =3
4) Sai léch cuia hé thong dan duong GPS: 36 = 5m.
e
e -
o T Y SR
| m] [ -== .,
@—-- $ o] | 4 e - wing wl— <
- e AT B
J_—( Gs_TL  gn|— <IN

71— 5
" -
<4 e
D 47 s I 4Wl"@‘|' ~gE AW g aw |
o o [ e i} <o | s
|- s EE—
| Thaat phang vorg s
ca ~<@E
WS TL o <ar ]
V.

n
b

[lag > -|lb v, _p} - %v _n WGS

»{omg
WGS
M_A =,
[BECAT>—»|DELTA - o .|..| amg‘ omg omg_nb »lomn_nb Enlerl
[woor} Euler

Luc va mo men Van toc goc [

g_n
WGS
aPs GPS DELTA
Euler

Euer  cn_b| »<QEHEE]

Hinh 6. Chuwong trinh mé phong hiéu chinh quy dao bay ciia tén lira kiéu A.
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3.2. Két qua mé phéng va binh luin

_ Trén co s6 chuong trinh md phong xac dinh quy dao bay danh dinh cua tén lra va cac tham
s0 dau vao, tién hanh mo6 phong thu dugc cac tham s chuyén dong cua tén lira theo quy dao bay
danh dinh. Két qua mo6 phong dugc chi ra trong cac do thi hinh 7 + 9.

x10*

25

0 50 100 0 50 100 0 1 2 3

s t,s Range, m 10
Hinh 7. Bé thi vén téc. Hinh 8. Do thi vin toc géc Hinh 9. P6 thi quy dao
quanh truc doc. danh dinh kénh tam.

Két qua md phong chuyén dong ctia tén lira bam theo qui dao bay danh dinh khi c6 sai 1éch
gbc phong tng voi cac truong hop st dung phuong phap TT chi ra trong hinh 10, 11 va phuong
phap MTT trong hinh 12, 13.

100 /.Jf
‘- il T e
I vt
Hinh 10. D thi sai léch kénh dimg Hinh 11. Biéu dé kich hoat
va kénh ngang (TT). mat phat xung (TT).
A |
5?: )‘J{ .W'OWN \\\
L |
. mll]t)l"w
% W'W / e
gL T .
Hinh 12. Do thi sai léch kénh diing Hinh 13. Biéu dé kich hoat
va kénh ngang (MTT). mat phat xung (MTT).

Tir két qua mo phong hiéu chinh theo quy dao bay danh dinh cho hai trudng hop TT, MTT,
nhan thiy:

- Pé dam bao d6 chinh xac cta hé thdng din duodng, qua trinh diéu khién & hai trudong hop
déu bat dau tir sau 22 s, nhung chi c¢6 phuong phap MTT cho sai léch diém roi nho hon 10 m.

- Khi str dung phuong phap TT, sai léch kénh ding va ngang khéng nam trong dai cho phép
(nho hon 10 m) do sau 22 s tén Iura bi 1éch xa so voi quy dao danh dinh va da phai st dung toan
bo 80 mini dong co xung trong 65 gidy ddu dé bam vé quy dao danh dinh, trong khi tong thoi
gian bay cua tén Itra 1a 143 gidy. Vi vay, ¢ giai doan sau, té€n ltra khong duoc hiéu chinh va bay
theo quy dao dan dao.

- Khi st dung phuong phap MTT, sai léch vong tron xac xuit dam bao nhé hon 10m do s6
luong dong co xung can thiét cho qua trinh hiéu chinh nhé hon nhiéu so véi phuong phap TT (27
dong co xung).
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- Phuong phap MTT do con du trir s6 lugng 16n dong co xung chua duge sir dung nén van
dam bao bam sat qui dao danh dinh khi sai Iéch gbéc phong ban d4u cua tén lira 1én hon 0,1°.

Dé khang dinh tinh ding dén ciia phuong phap dé xudt, tién hanh danh gia sai s6 diém cham
thong qua vong tron xac xuat tiéu diét myc tiéu (CEP) & c4c tim ban khac nhau. Thyc hién mo
phéng cho hai truong hop ¢6 diéu khién va khong ¢6 diéu khién véi sai léch goc phong ban dau
14 ngau nhién trong dai tir -0.1° + 0.1° va sai léch do anh huong gio trong dai tur -0.5m/s + 0.5m/s
(sai léch két qua do gi6 bang bong tham khong so voi thuc té). Két qua md phong duge chi ra
trén hinh 14 + 16.

Tir két qua mo phong véi 20 14n ban twong ing véi mdi tam bén khac nhau (20 km, 30 km va
40 km) thu dugc CEP twong tmg truong hop khi khong didu khién 1a 63,05 m, 74,15 m va 60,66
m. Khi ¢6 hiéu chinh theo quy dao bay danh dinh theo phuong phap MTT, CEP tuong tng giam
xudng con 9,91 m, 3,41 m va 3,81 m théa man diéu kién nho hon 10 m.

CEP = 63,05m CEP = 74,15m

CEP = 60,66m

+
CEP=9,91m

CEP=381m

Hinh 14. b6 thi CEP Hinh 15. 6 thi CEP Hinh 16. P6 thi CEP

& tam ban 20 km. & tam ban 30 km. & tam ban 40 km.
4. KET LUAN

Dua trén mo hinh toan duoc xay dung, bai bao da trinh bay phuong phép hiu chinh theo quy
dao bay danh dinh va thuét toan lam viéc ciia bo diéu khién ma tran dong co xung, tir do tién
hanh mé phong toan bd qua trinh bay c6 diéu khién cua tén lira trong khong gian.

Phuong phap MTT dam bao sai 1éch diém roi cta tén lira so véi muc tiéu nhé hon 10 m, trong
khi s6 luong dong co xung cin dung trong qua trinh diéu khién nhoé hon nhiéu so voi phuong
phap TT. Két qua tinh toan CEP & cac tam bén khac nhau véi nhidu dau vao ngiu nhién theo goc
phong va sai léch do van tdc gié khang dinh sy phi hop ctia phuong phap MTT dé xuét so véi
yéu cau (CEP < 10 m).

Két qua nghién ctru 1a co so khao sat cac mo hinh ddng co xung khac nhau, t6i wu hoa bo diéu
khién ma tran dong co xung, so sanh cac phuong phap hiéu chinh quy dao va thiét ké bo diéu
khién ma tran dong co xung ngang than ding mét lan cho tén lira kiéu A.
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ABSTRACT

Simulation flight trajectory of the missle type accular corrected
by the one-time lateral pulse engine matrix

On the basis of the mathematical model of the missile’s motion, the authors proposed
the working algorithm of the pulse engine matrix controller to correct the flight trajectory
of the missile following the nominal flight trajectory. The simulation results show that the
algorithm for controlling the pulse motor matrix by each channel to track the nominal
trajectory, ensuring the circular error probable is less than 10m, even when there are
impacts of input noise such as initial launch angle deviation, measurement error of wind.

Keywords: Flight dynamics; Pulse motor matrix; Surface-to-surface missile.
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