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TOM TAT

Trong thuc 1é thiét ké ché tao cdc khi cu bay (tén lua, dan,...) mot van dé hét sirc ccfp thiét la
tinh todn, thiét ké sao cho khi cu bay thuwce hién theo quy dao mong muon. Vé mdt déng e hoc, ddy
la bai todn ngwoc, nghia la phai di tim két cau, déng hee hoc va diéu khién khi cu bay dé dat dwoc
nhiém vu dat ra. Bai bao nay dat ra nhiém vu gidi quyét mot phcfn cua bai toan nguoc phire tap do,
cu thé la theo yéu cau vé quy dao phdi tim e ddy dong co P(t), goc tan a(t) va géc kren y(1) ciia
khi cu bay sao cho khi cu bay thuc hién dwgc quy dao bay mong muon.

Tir khéa: Thudt phong ngoai; Luc ddy déng co; Géc tan; Géc kren.
ABSTRACT

In designing and manufacturing flying objects (missiles, ammunition,...) one important
requirement is that the objects have to fly on given desired trajectories. In terms of dynamics, this
is the inverse problem, that means designers have to find out the structure, dynamics and type
of guidance for objects to satisfy the requirement. This paper presents a solution to part of that
complex inverse problem, to be concrete, this paper presents methods of finding such parameters as
thrust P(t), attack angle a(t) and roll angle y(t) based on the given desired trajectory.

Keywords: Exterior ballistics; Thrust; Attack angle; Roll angle.

1. DAT VAN PE dang cua bai toan bién duogc dé xuét dau tién
boi B.T. Tapanenko [3].

DPé giai quyét bai toan chuyén dong

trong khong gian ctia khi cu bay (KCB), viéc str
dung cac phuong phap bién phan c6 dién nhu
phuong phap dong lyc hoc bemnman, nguyén ly
Maximum ITontpsrun khong hidu qua. Dé xay
dung qué trinh diéu khién trong dong luc hoc
bay can dua vao cac khai niém bai toan nguoc
dong lyc hoc didu khién chuyén dong [1, 2].
Giai bai todn ngugc dong luc hoc bay nhu mot

Trong pham vi bai bao nay, tac gia trinh
bay ndi dung va phuong phap gidi bai toan
nguoc dong luc hoc bay nhu mot dang cua
bai toan bién, ttrc 13 phai tim cac tham s diéu
khién chuyén dong ctia KCB bao gém luc day
dong co, goc tan, goc kren phu thudc thoi gian
sao cho KCB thyc hi¢n dung theo quy dao bay
mong muédn. Quy dao cua KCB dugc xac dinh
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dwa vao cac diéu kién bién 14 cac trang thai pha
diém dau, diém cudi va thoi gian KCB thuc
hién quy dao do. bé léy vi du minh hoa, tac gia
tién hanh 1ap trinh, tinh toan cac tham s6 diéu
khién ké trén cho mot mau tén ltra gia dinh.

2. MO HINH TOAN VA PHUONG PHAP
GIAI BAI TOAN NGUQC PONG LUC
HOQC BAY

2.1. Thiét 1ap mé hinh toan

Theo [2], mo6 hinh trang thai pha KCB
duogc biéu dién thong qua hé phuong trinh:

d—V:g[‘nv —sinﬁ); ﬁ=§[‘n‘_ cosy—cosﬁ]; aw___ ¢ n, siny;

dt S5 odt VMV o Vecosh *

dz=VcosBcos‘]"; ?=Vﬁin9; %=—Vcosﬁsin‘]"; (1)
t t

@
n, =(Peosa-X,)/ (mg); n, = (Psina+T,)/(mg).

Trong do: V - Do 16n véc-to van tde;
n,,n, - Cac thanh phan cia véc-to qué tai theo
cac truc X, Y, cua h¢ toa do van toc; y - Goc
kren; 0 - Goc nghiéng quy dao; ¥ - Goc hanh
trinh; x, y, z - Toa d0 tam khdi KCB trong h¢
toa d0 mat dit; P - Luc déy dong co; a - Goc
tan; X, Y, - Luc can chinh dién va lyc ning
(hinh 1); g - Gia toc trong truong; m - Khoi
luong KCB: m=m, —|n'1|t.

Hinh 1. Céc lyc tic dung lén KCB khi chuyén dong

Hé phwong trinh (1) chira chin tham s6
phu thudc thoi gian, trong d6 sadu tham s6 V, 6,
Y, x, y, z dac trung cho trang thai pha cia KCB,
ba tham s con lai P, a, v 13 cac ham diéu. Bai
toan ngugc dong luc hoc bay dugc phat biéu
nhu sau:

Cho trang thai khong gian pha cua KCB
c6 diéu khién & thoi diém dau (¢, = 0):

x2(0)= x5 7(0) = y52(0) = 23%(0) = 53 (0) = 35 2(0) = 2, (2)

hay xac dinh cac ham diéu khién P(t), a(t), y(t)
sao c}lo sau }(hoépg thoi gian t =T, KCB di
chuyén tur diém dau da cho vao diém cudi cua
quy dao c6 khong gian pha cho trudce:

X(tk)=X,~;y(lk)=y,,;z(tk)=Z,.;)'C(tk)=)'c7.;j/(tk)=)'/7,;z'(tk) =é7'-(3)

Vi cach phat biéu nay thi day la bai
toan hai diéu kién bién, dé giai n sau day ta str
dung phuong phép dya trén khai niém bai toan
nguoc dong luc hoc.

2.2. Phwong phap giai

Gia str cho trude mdt quy dao co so nao
do x*(t), y*(t), z*(t) thoa man cac diéu kién
bién (3), (4), cac ham nay lién tuc, kha vi bac
hai theo thoi gian t trén doan t € [0,t ], dé xac
dinh céc ham P(t), a(t), y(t), ta thé chung vao vi
tri cua x(t), y(t), z(t) trong h¢ (1) va loai bd cac
bién trung gian. Tr ba phuong trinh sau cua hé
(1), ta co:

sin0=y/V; sinW =—2/(Vcosb); V=2 +37 +2 (4)
Ttr hai biéu thire dau cua (4), ta co:

0(t) = arcsin(y/V); Y(t) = arcsin(—z/(Vcos0)) (5)

Dé xac dinh cac thanh phan cua véc-to

qua tai va goc kren y(t), trude hét can xac dinh
gia tri cac dao ham §(y) va yy):
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ﬁ(f) = (Vﬁ»— Vj) / (;ﬂ COSB); \P(r) = (7{2_ 2'-() cos ¥/ # (6)

Xem V(1),8(t)va ¥(t) 1a da biét, tr
ba phuong trinh dau cua (1), ta co:

n, =sin®+(V/ g); n, —(VE g +cosB)/cosy;

th=(‘Pcosﬁ).-(E+ gcosB'F) (7

Biéu thirc sau cung cua (7) truc tiép xéac
dinh mot trong nhitng ham diéu khién can tim.
Hai ham con lai P(t) va a(t) c6 thé tim duoc tir
cac cong thuc sau:

P[I} = \/{mgna +Xﬂ:]l +

u[rj =arctg it S

En,

<2

(mgﬁ!}:‘ = ]ﬂ:

a 3

®)

Nhiing cong thurc néu trén cua cac ham
di€u khién dam bdo 101 giai cua bai toan bién
dat ra.

Sau day, ta xem xét mot phuwong phap
xay dung quy dao co s¢ chuyén dong KCB don
gian theo trinh tu nhu sau.

Thay tham s6 thoi gian thuc t béng thoi
gian twong doi t trong cac phép bién doi toan
hoc:

r=(t=1,)/(t, —1,)=(—1,)/T
Két qua cudi cung ta phai nhan dugc
cac ham so:

K1) = (0): (1)) = F, (¢):2(1(2) =

Gia thiét rﬁng, cac ham sb F (0, F (r)
F (1) phu thudc vao cac ham co so. Thi du don
gian nhét co thé coi F (), F (r) F (7) 12 nhitng
da thtrc c6 dang:

F.(r)(9)

3

£)= Yko, (5, (2)= Yo, (K2 (2)= Yo, () (10)

Trong do, k, 1, n (1=0,..,3) la cac hé
s6 hing sb; con ¢ (r) 9, (1:) (le(r) (1=0,..3)1a
cac ham co s tuyén tinh doc lap. Bé do’n gian
hoéa qua trinh tinh toan, cdc ham co s& dugc
chon t6i gian nhét c¢6 thé nhung van dam bao
céc ham s6 F (1), F (1), F (1) lién tuc va it nhat
la kha vi bac hai trén doan [0,1]. Trong trudng
hop riéng, co thé chon cic ham co so 1a cac
ham mii dang:

0,0 (7) =10, (1) =130, (7) =

Hoic ciing c6 thé chon két hgp ham mii
va ham lugng gidc dang:

ip,(r) =7 (1)

@Pyo (f} =L, [fj =T.@, (Tj = Sin[ﬂfjé
@, ; [f} =cms[ﬂf} (12)

Cac hé so ki, li, n, 1=
nhu sau.

0,...,3) co thé tim

Liy dao ham cac ham s6 (10) theo T, ta ¢6:

)= Tk, (D, ()= 10, () (5) = S (1) (13)

Céc da thuc F (1), F (‘C) F (t) va cac dao
ham cua n6 phai théa man cac diéu kién bién:
F(0)=x(t)=x0: F,(0) = y(t) = 33 . (0) = 2(ts) = 2,3
F (1) =x(t)=x:F,(1) = () =y F. (1) = 2(4) = 21
Fx(o):x(to)T:xoT;Fy(0):).’(to)T:).’UTJi(O):Z.(tO)T:Z.oT;

F,(1)=x(t,)T =% T:F,(1)=j(t,)T =3, T;F, (1) = 2(4,) T = 4,T;

Trén co s& cac biéu thire ndy, ta c6 thé
thanh 13p ba hé phuong trinh:

3 3 3
2k (0)=x, | Xle,(0)=y 2n0,(0)=z,
i=0 =0 =0

3 3 3
D ko (0)=5T D ho,(0)=3T | X me.(0)=2T
=0 =0 0

. . . (14)
ZkiQxi(l):xT Zli(/’yi(l):y ne.; (1 =Zr
=) =0 im0

3 3 3
Zkiqui(l):xTT Zli¢yi(1)_y T Zni¢zz (I)ZZTT
=0 =0 =0
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H¢ phuong trinh (14) bao gom 12
phu’ong trinh chtra 12 4n (ky k, k, ko), (1
1) va (n,n,n,n)co thé gial duqc

0’ 1’

2’3

3. KET QUA VA THAO LUAN
Sau day, ta xem xét gidi bai toan ngugc
dong luc hoc bay cho mét tén lra c6 diéu khién

X gia dinh.

Thong sb tén lira X: m, = 780kg; m =20
kg/s; S =0,12m?; T = 20s.

Cac diéu kién bién:

1.x,=0,y,=0; 2
ZO_Sm/S.

=0; x,= 10m/s; y, = 60m/s;

0

2. x, = 1000m; y, = 10000m; z, = 500m; X, =
50m/s; y = 1000m/s; z, = 30m/s.

Giai bai toan véi hai phuong an quy dao
co sO co dang (10) dya trén cadc ham co sé (11)
- phuong éan 1 va & pthO’ng an 2 - ham co s¢
(12) cac diéu kién ban dau cua tén lira va céc
diéu kién bién la hoan toan nhu nhau. O cac d6
thi dudi ddy, tham sb khao sat theo phuong an
1 thé hién bang nét lién, phuong an 2 - nét dut.
Ap dung phuong phap duoc trinh bay trong
muc 2.2, ta nhan dugc quy dao co sé cua hai
phuong an khao sat.

Phuong an 1:
x, (£)=106+41> - 0,1¢°; y, (£)=60¢+19¢*+0,15¢°;
z,(1)=5t+1,75¢* - 0,0375¢° (15)
Phuong an 2:

x,(t)=233,3+27,6t-117,5sin(0,15¢) - 233,3cos (0,15¢)
¥, (£)==113,5+533,61-3157,1sin(0,15¢) +113,5¢c0s(0,15¢) (16)
z,(t)=89,8+16,6¢~77,4sin(0,15) -89,8cos (0,15t )

Do thi cua chiung duoc thé hién trén
hinh 2.

Khong khé dé nhan thay rang, quy dao
cta tén ltra c6 thé duge md ta boi cac ham khac
nhau nhung ching déu théa man cac diéu kién
bién tai diém dau va diém cudi cua né. DPiéu
d6 khang dinh rang, vé mit Iy thuyét, néu cho
trudc trang thai khong gian pha ¢ diém dau va
diém cudi thi ton tai vo s6 quy dao thoa man
diéu kién bién do.

] FilThR

Hinh 2. Quy dao co sé mong muon

Vi quy dao co sé vira nhan dugc, tién
hanh giai bai toan bién dong luc hoc bay cua tén
Itra trén co s¢ nhitng khai niém bai toan nguoc
dugc trinh bay trong muc 2.2, ta thu dugc quy
luat thay ddi céac tham s dong luc hoc cua tén
ltra duge thé hién trén hinh 3.

ot Tl m's
e Py (), m's

_______________________

Hinh 3. Quy luat bién déi cdc tham so dong luc hoc

Do thi hinh 3 cho thiy, cac tham s dong
luc hoc & hai phuong an khao sat khong khac
biét nhau qua nhiéu, déu bién ddi lién tuc, qua
tai doc khong qué 16n (0,8+8,3) dam bao cho

cac thiét bi dién tir hoat dong tdt, qua tai ngang ¥~
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nho (nho hon 1) khong pha v& do bén két cau
gitra cac khoang cua tén ltra. Tuy nhién, trong
phuong 4n 1 khoang bién doi cua cac tham s6
nay 1a nhoé hon so v&i phuong an 2, vi vay vé
mat dong luc hoc va diéu khién thi phuong an
1 t6t hon phuong an 2.

D4 thi ctia cac ham diéu khién P(t), a(t),
y(t) duoc thé hién trén hinh 4. D& thay, P(t) va
o(t) & phuong an 1 bién d6i trong khoang nho
hon so véi & phuong an 2, cony(t) & phucrng an
2 lai thay doi rat nhanh (tir 0+2 gidy dau tién),
xuat hién diém glan doan, 1 rang ring, theo
quan diém 1y thuyét diéu khién thi phuong an
1 t6t hon phuwong an 2. Tuy nhién, vé mat k§
thuat, dé giit duoc luc day dong co on dinh,
thay doi trong khoang nho 1a bai toan khong hé
dé dang.

i,
().

Hinh 4. Quy ludt bién doi cic ham diéu khién
4. KET LUAN
Nhu vay, bai toan ngugc dong luc hoc

bay c6 thé giai duoc nhu 1a mot dang cua bai
toan bién. Néu biét trudce trang thai khong gian

pha tai diém xudt phat va tai diém ma sau mot
khoang thoi gian ta mong mudn tén ltra dat
dugc trang thai khong glan pha yéu cau tai do,
ta s& tim dugc quy luat bién d6i cac ham diéu
khién: luc day dong co, goc tan, goc kren dé tén
Itra thuc hién dugce nhiém vu do.

Viéc giai bai toan nay, c6 y nghia quan
trong trong thiét ké ché tao tén lua co didu
khién ciing nhu trong xdy dung chwong trinh
diéu khién cho may bay va cac thiét bi khong
nguoi 141 (UAV) dé chang co thé thuc hién
duoc nhitng quy dao mong mudn cho trudc. <
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