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TOM TAT

Bai bao trinh bay gidi phap xdy dung thudt toan xdc dinh ludt thay doz cdp canh ldi thiét bi bay
hai kénh dang lién tuc dat yéu cau gia toc phdp tuyén dé thiét bi bay tiép cin gdp muyc tiéu co dong
trén khong. Noi dung nghién ciru tdp trung vdo xdc dinh sw phu thudc ciia géc tan va géc trugt
canh vao goc léch canh ldi, tir do xdy dung biéu thirc phu thude ciia géc léch canh ldi vao gia toc
phap tuyén mong muon. Thong qua viéc phan tich mé hinh todn mé ta déng hoc bay ciia thiét bi
bay trén co s¢ gid thiét diéu kién bay thuc 1é, nhom tac gia da xdc dinh dwoc ludt thay déi cac cdp
cdnh ldi la ham diéu hoa véi tan sé la toc dé quay quanh truc doc ciia thiét bi bay, con bién dg va
pha la ham phy thuée vdo dic trung thiét bi bay va gia toc phdp tuyén mong muén.

Tir khoa: Thiét bj bay hai kénh; Luat thay ddi cap canh lai; Gia tbc phap tuyén.
1. MO PAU

Thiét bj bay hai kénh la mot chung loai thiét bj bay duogc trang bi chu yéu cho khong quan co
vu diém: khong can cac co cau on dinh dang con quay dé xac 1ap hé toa do mait dat di dong nhu
cac thiét bi bay ba kénh; nh¢ vt mang chuyén dong trude khi phong lam quay cac tam dé kiéu
roleron, nén 6n dinh duoc tbc d6 quay xung quanh truc doc & téc do vira phai (khoang 3 dén 5
vong/gidy), khong nhu thiét bi bay mot kénh quay véi tée do 16n (khoang 15 dén 20 vong/gidy).
Vi vay ngoai viéc ap dung cac cap canh lai dang role nhu da trinh bay & cac cong trinh [2], [3]
con co thé str dung canh 1ai dang lién tuc. Viéc sir dung canh l4i dang lién tuc s& nang cao do
chinh x4c diém gip, quy dao bay s& tron hon, khéng nhu quy dao bay cua thiét bj bay mot kénh
kiéu vitme, nhur da trinh bay trong cong trinh [3]. Cong trinh [4] da dé cap dén thiét bi bay hai
kénh, nhung méi giai quyét van dé tao gia toc phap tuyén dat yéu cau gip muc tiéu co dong theo
mot chi tiéu cu thé. Tuy nhién quy lut thay doi goc quay canh lai nhu thé nao dé tao ra gia tc
phap tuyén t6i uu nhu bai bao [1] da trinh bay, hodc nhu cong trinh [4] dd néu ra 1a mot van dé
can phai giai quyét.

Gia toc phap tuyén ti 1¢ thuan véi luc phap tuyen Luc phép tuyén phu thuc chi yéu vao goc
tan va goc trugt canh. Trong cdc bai bao da cong bb (trong d6 cb cac tac gia bai bao nay) déu gia
thiét goc tin va goc truot canh ti 16 thuén thudn tay vao goc quay canh 1ai, tirc 1 bo qua tinh
dong hoc cua khau thiét bi bay. Didu nay c6 thé chdp nhan dugc dbi véi thiét bi bay co kich
thudc va trong lugng nho (nhur thiét bi bay mot kénh hodc thiét bi bay hai kénh loai nho). Péi voi
thiét bi bay loai trung binh viéc bé qua tinh dong hoc 1a khong thé chip nhan duoc. Van dé nay
s& dugc dé cap trong bai bao nay.

2. XAY DUNG MO HiNH MO TA PONG HQC CHO THIET BI BAY HAI KENH

Trong myc nay s€ tién hanh xay dung cac phuong trinh mo ta quan h¢ gitra goc quay canh lai
cta thiét bi bay hai kénh voi goc tan va goc trugt canh. Hai goc ndy quan h¢ truc tlep to1 luc
phap tuyén. Dé thyc hién viéc nay can xem xét h¢ phuong trinh co ban tong quét vé thiét bi bay
trong khong gian. Theo tai liéu [5] hé gdm ¢ 16 phuong trinh mé ta chuyén dong cua cac vat
rn trong khong gian nhu sau:
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1)m(c:jvj > F, =Pcosacos B— X —Gsing

2)mv(?jfj ZFyk =P(sinacosy, +cosasin gsiny,)+Y cosy, —Zsiny, —Gcosé

3)—-mV [Z—T).cos@ =ZFZk =P(sinasiny, —cosasin fcosy,)+Ysiny, + Zcosy,

do,
4)JX( dtxj: M, -, -0,

da)y

5)Jy T =My—(JX—JZ)a)Xa)Z
do,

6)J, m =M, -(J, -J,)o0,

7)%=V cosdcos¥

8)@=V sing
dt

9)% =-V cos@sin¥
dt

10)d—l// = i(a)y CoSy —,Siny)
cos g

11)(2_l1:9:a)y8in7+wz cosy

12)2—1/ =0, —tgH o, cosy —w,siny)

13)sin @ =sin $cosa cos  —€0s:FCoS ¥ Sina cos f —cos Jsin ysin B

14)sin ¥ cos @ = siny cos$cos & Cos S + CoSy Sin ¥ Sina €os S + siny sin gcosy sina cos S
—COoSy cos ysin  +siny singsinysin

15)sin y, cos@ =sin$cosasin f—cosJcos ysinasin S+ cos Jsin y cos S

dm _P(t)

dt o J,

e

16)

Cac ky hiéu trong hé phuong trinh trén dugc giai thich & tai liéu trich dan trén. Hé nay ching
ta goi la hé tong quat.

O day, X,h,z 1a tham s thé hién toa d6 tdm khoi thiét bi bay trong hé toa do mat dat (h la
do cao bay). Trong 16 phuong trinh vi phén va luong giac trén, ba phuong trinh dau (1 -3) thé
hién vé dinh luat vé gia, toc cua tam khoi vat ran (tm khoi thiét bi bay). Phuong trinh dau thé
hién su thay ddi gia tri tdc do cua thiét bi bay. Hai phuong trinh tiép theo 1a phuong trinh tao gia
tdc phap tuyén dé thay ddi quy dao cho thiét bi bay. Ban chit diéu khlén phan lon cac thiét bi bay
1a thay déi cac thanh phan (phuong trinh thir hai va thir ba) cua gia toc phap tuyén nay nham thay
ddi quy dao bay cho thiét bi bay dé di dén gip muc tiéu can tiéu diét.

Ba phuong trinh tiép theo (tir 4 dén 6) mo ta chuyén dong quay ciia vét rén (thiét bi bay) xung
quanh tdm khdi. Ba phuong trinh (tir 7 dén 9) cho két qua su thay dbi toa do tim khdi tir sy thay
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d(f)i ¢ ba phuong trinh dau. Ba phuong trinh (tir 10 dén 12) cho ké:[ qua quay cac goc cua hé toa do
gan voi thict bi bay (hé toa do lién két) so voi bé toa dﬁ) mat dat di dong tir sy thay doi cia ba
phuong trinh tir 4 dén 6. Ba phuong trinh tir 13 dén 15 the hién quan hé dong hinh hoc gitra cac goc
ddc trung cua thiét bi bay. Phuong trinh cu6i (phuong trinh thtr 16) thé hién luc day sinh ra tir sy
tiéu hao khoi luong, tir dinh luat bao toan md men dong luong cua hé chat diém.’ Chung ta can lam
rd mo hinh toan thé hién sy quay canh lai thi€t bi bay hai kénh véi su tao ra gia toc phap tuyén.

Tir hé tong quat trén va can cur vao cac gia thiét vé& diéu kién hoat dong khi bay, ching ta s&
xay dung quan hé gilta goc tan va goc truot canh véi cac goc quay canh lai.

Trong thuc té bay, cac goc &, v, ¥, 0, o, B ¢ gia tri nho nén c6 cac gan ding sau:

Sind ~ 6, sin% ~.3, sina = a, sin = B, sin¥ = ¥, cosa ~ 1, cosP ~ 1, cosW¥ =~ 1, siny sin.$ ~ 0,
Sipa sinp ~ 0. Khi d6, ba phuong trinh dong hinh hoc (13-15) cta hé téng quat trén c6 thé duoc
xap xi nhu sau:

0 =9—(a.cosy+p.siny) @
Y =y + (asiny — fcosy) 2
Ye=7 @)
Nhan hai vé phuong trinh (1) v&i (-cosy), hai vé phuong trinh (2) véi (siny), ta nhan duoc:
—0.c08y =—9.C0Sy + 0.COS* y+/3.5iNy.COSy (4)
W.siny =.sin y +a.sin® y — B.cosy.sin y (5)
Cong hai vé ctia phuong trinh (4) voi hai vé ciia phuong trinh (5) nhin duge phuong trinh sau:
a.(cos’y +sin® y) +w.sin y — 9.cosy="Y.siny-6.cosy (6)
Do vay:
a=(¥Y—-y)siny+(3-6)cosy @)
Nhan hai vé phuong trinh (1) véi (siny), hai vé phuong trinh (2) véi cosy, co:
g.siny = 4.siny —a.cosy.siny — B.sin® y (8)
W.COS y = .COS ¥ + ¢.COS y.SiN ¥ — 3.C0S° ¥ 9)

Cong hai vé ciia phuong trinh (8) vai hai vé ciia phuong trinh (9) va bién d6i nhan duoc:
B =(3-0).siny+ (v —¥).cosy (10)
Tién hanh lay vi phan theo thoi gian hai vé caa phuong trinh (7) va phuong trinh (10) cé:

a=(¥-y).siny + (¥ —w).cosy.y + (3—6).cosy-(9-0).siny.y (11)
B =(9-0).siny+(9—0).cosy.y+ (y —¥).cosy-(y-¥).siny.y (12)

Luc nang Y va luc dat suon Z theo [5] dugc xac dinh gan dang nhu sau:
Y=C,pV?S/2=ClapV?SI2=Cla (13)
Z=C,pV?SI2=Ct poV°SI2=C/p (14)

Véi cac goc o, B nho va 'Y, Z c6 dang (13), (14) hai phuong trinh thtr 2 va thi 3 cua hé tong
quat c6 thé dugc viét dudi dang sau:

mv.% = (P.a+C; .a).cosy+(P.5-CZ.B).siny —m.g (15)
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mV.(L—T =—(P.a+CJ.a).sin y+(P.3-C?.pB).cosy (16)
Tir (15) va (16) céc vi phan 6, ¥ c6 dang:
. Pa+Cla -C?
=—y_cosy+w.sin7/_g (17)
mV m.V
Pa+Cl.a -C#
Y=—— Y sin 7+M.cos;f (18)
mV m.V

Véi cac gia thiét vé diéu kién hoat dong khi bay, bo qua tich ciia cac s6 nho, ba phuong trinh
(10), (11), (12) dugc xap xi nhu sau:

Y =, .C0Sy —@,.Siny (19)
9=w,.siny +w,cosy (20)
V=0, (21)

va thay (17), (18) vao (11) va (12), cing vdi viée thay ($—-6),(w —P) bang cach bién dbi
cac phuong (1), (2) co6:

P.o+ C;” o
- myV
~,.€0Sy.SiNy + @,.sin’ y + (a.siny — .C0Sy).C0Sy. @,

Pa+Cla , P.BCLRH
\Y

: P.5-C.. :
a= .5|n2y+u.c03y.smy
m

+a)y.c057.siny+coz.coszy——v.cos y— .Sin y.cosy
m.
+\%.cosy-(oz.cos;x+ﬂ.sin;/).siny.a)X
Hoac:
) Pa+Cla ) - )
a=- v .(sin® y+cos“y) + @, .(Sin° y + cos“y)
m.

— B.(sin® y+cos’y)., +\%.cos;x

Pa+ C;” Q
myV

O giai doan bay hanh trinh, vén tdc thay d6i khong dang ké. Do d6, vi phan hai vé (22),
nhan duoc:

o= +w, - o, + \%.COS)/ (22)

. 9

. (P+CY) . . . .
+—a=wz—ﬁ'wx—,5'wx—\75'n7‘7 (23)

a
m-V

z

Vi o, = '\;lz ,J = o, nén:

z
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. (P+C)) . M . 9.
a+———a=—> o, —f-o,——SINy o 24
mV ) X ﬁ X V 7/ X ( )
Tuong tu cach bién d6i nhu trén d6i véi goc tan o, tién hanh d6i véi goc trugt canh £ ¢o:
. _ _ Pa+Cla _ PA-C’pB) .
ﬁza)y.sm2y+a)z.cos;/.sm;/—g.cos;/.smy—u.smzy
mV mV
g . . _ .
+\7.sm y + (acosy + B.siny).cosy.y + w,.C0s*y — w,.COSy.siny
Pa+Cla _ P.s-C’ : :
+M.cos;/.sm;/—M.coszw(a.smy—ﬂ.cos;/).smy.y
mV mV
. (P+CY) . M, . g
- VT y=—2=1_f. — . —=sIny -
a+ m-V a JZ ﬁ COX ﬂ a)X V 7/ a)X
. P.s-C’ . .
L=- PL-C.h) v C.h) .(sin? y +cos’y) + w, .(sin* y +cos’y)
m
+a.(sin®y +00827).7+\%.Sin y
. _(P-C))B g .
=——"—+0, +a.o, +—=.5In 25
B oy y REvEL (25)
Tién hanh vi phan hai vé cta (25), ta co:
. (P-CJ) g
f+— p= o, + 0.0, + .0, +=.C0Sy.y
mV \Y
.. M .
Vi o, =—,7 =0, nén:
Jy
.. (P Cy) M, | . g
B+ L=—"L+ado, +ao,+ \7-0037-a’x (26)

Jy

Hai phuong trinh (24) va (26) 1a hai phuong trinh m6 ta qua trinh hinh thanh goc tan va goc
truot canh xdy ra trén thiét bi bay noéi chung, thiét bi bay hai kénh noi riéng. Ve phai cta hai
phuong trinh nay c6 hai thanh phan chinh: thanh phan c6 ky higu M,va M, la cac thanh phan
do cac mq men ngoai luc téc’ d(f)r}g vao (luc khi dong), do luc déy dong co. Co thé coi thanh phf?m
thir hai (gom 3 so hang) 1a yéu t6 nhiéu dong:

D, = fm, —a')xﬂ—\%sin y.o, 27)

D,=ao +o0+ \%COS 7.0, (28)

Trong trudng hop mé men lam quay thiét bi bay xung quanh truc doc cin bang vdi cac tac
dong can khi dong, khi do, @, =const va @, =0, khi d6, D, va D, con hai thanh phan. Khi

nay, hai phuong trinh (24) va (26) dugc viét lai nhu sau:
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a

d+C§*d=|\;|Z+D (29)

L e M
ﬁ+CZﬂ=J—+Dﬂ (30)
y
Tir cong thirc (27), (28) cho thiy, néu: toc do thay doi goc tan va goc trugt canh dii nho (¢ va
/3 nho); thiét bi bay quay déu xung quanh tryc doc thi w,=0; toc do bay 16n (V 16n) thi co thé
coi D, va D, 1a bang 0. Khi nay tac dong vao dong hoc thiét bi bay chi con yéu t6 M,va M, .
Nhu tai liéu [1] dd chi 16, M, 1a tong ciia nhiéu thanh phan, song c6 hai thanh phan co ban:

thanh phan do lyc cta cénh 14i diéu khién sinh ra va thanh phan do goc tan sinh ra (c6 thé bo qua
cac thanh phan khac), khi do:

M, =C’5,-Cla (31)
Thay (31) vao (29) nhéan duogc:
a+Cla+Cl.a=Cl.5, (32)
Tuong ty ¢6 phuong trinh moé ta dong hoc khau tao goc trugt canh:
p+CLp+Cla=Cl3, (33)

Nhu vay, tir cac gia thiét vé diéu kién bay thyc té da xay dyng mo hinh toan hoc m6 ta quan
hé gitra goc quay hai cap canh lai cua thlet bi bay hai kénh vdi gia tri goc tan va goc truot canh.
Hai goc nay quyét dinh gia trj luc phap tuyén thay dbi quy dao bay cho thiét bi bay.

Hai phuong trinh thir hai va thir ba cua hé tong quat mo ta viéc thay d6i hudng bay (hai goc
cua véc to van toc). V& trai ciia hai phuong trinh nay la sy thay d6i hai goc cua hai véc to van
tdc, con vé phai 1a cac luc phap tuyén. Phuong trinh tht hai mé ta su thay dbi quy dao trong mat
phing thing dimg, con phuong trinh thir ba mé ta su thay dbi quy dao trong mat phing ngang.
Cac lyc lam thay (101 nay dugc goi 1a Iuc phép tuyén (ngoai trir thanh phan do luc trong trudng
sinh ra- s6 hang cudi & phuong trinh thi hai).

Nhu trén da giai thich trong thyc té bay cac goc 9, v, P, 0, o, B co gia tri nhd nén c6 cac gan
ding sau:
SinB=0,sin% =9, sina= a, Sinf = [3 sin¥ = V¥, cosa ~ 1, cosp = 1 (34)

Véi cac gan dung nay va tir cc phuong trinh gan dung sb (3) phuong trinh thr hai va thi ba
hé tong quét c6 thé xap xi sau:

mv(‘lej D F =P(acosmt+ Bsinmt)+Y cosat - Zsinw,t —Gcosd (35)

-mV (dd—\fj.cosﬁ = Z F, =P(asinot— pcosm,t) +Ysinw,t+Z cosw,t (36)

Theo [5] luc ndng Y va luc dat swon Z dwoc xac dinh nhu sau:
pV? pV 2

S=(Cfa+C{3,)

Y=C, (37)

pV?

2
Z=C, sz(czﬂmc;}sz)%s (38)
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D6i v6i thiét bi bay hai kénh ciing nhu thiét bi bay mot kénh thanh phan C{5, va C:5, co
gid tri nho so v6i Cfa va C# 3, nén hai biéu thirc (37) va (38) co thé duge xac dinh gan dung
nhu sau:

2
Y=C, ad

2 2
9\2/ S= (cga+c$58)%s ~CiZsa=K,a (39)

pV?

2 2
Z=C, /’\2/ S=(C§,B+C§52)%Ssz SB=K,,B (40)
Thay Y theo (39) va Z theo (40) vao phuong trinh (35) va (36) nhan dugc:

mv((;‘tgj 2 Fu =Placosat+psinot) + K, acosot—K, fsinmt-Geosd  (41)

-mV (Z—Tj.cos@ = Z F, =P(asinot - pcosat) +K asinot+K, ,pcosot (42)

Hoic: mV (Ocljfj Z Fix =Placosa,t + Bsinat) + K acosot - K, Bsinat —Gcosd 43)
=[(P+K,)cosaotla+[(P-K, )sinot] -G
dwv . .
mv e .cosf =) F, =P(asinot - Bcosa,t) + K asinot+K,  Seosat 4

=-[(P+K,)sinotla +[(P-K,,)cosw,t]f
T cac Vé phai ctia cac biéu thirc (43) va (44) cho thdy, cac thanh phan cua luc phap tuyén ti
1& voi goc tan a va goc trugt canh S . Trong bai bao [2] nhom tac gia da trinh bay thuét toan
xac dinh thanh phan gia toc phap tuyén t6i vu dam bao cho thiét bi bay tlep can muc tiéu co

dong. Bai toan can giai quyét 12 xac dinh luat diéu khién cho «canh lai dé thiét bi bay hai kénh co
gia tdc phap tuyén (hodc luc phap tuyén) dat gia tri mong mudn néu trén.

3. XAY DUNG THUAT TOAN XAC PINH LUAT PIEU KHIEN CHO CANH LAI
THIET B] BAY HAI KENH DE CO GIA TOC PHAP TUYEN MONG MUON

Tur phuong trinh (43) va (44) cho thay, cac thanh phan cua luc phép tuyén ti 16 véi gié tri géc
tan va goc truot canh. Nhu vy, can tao ra goc tin va goc truot canh sao cho céc luc phép tuyén
dat gié tri mong muén.

Gia st can tao ra goc tin « va goc trugt canh 4 thay dbi ra sao dé gia tbc nang dat gia tri
d,, gia téc dat dat gia tri d,, tac la:
(P+K,,)cosota+(P-K,)sinot.p=d (45)

—(P+K,,)sinota+(P-K,,)cosot.f=d, (46)

Trong d, ¢ ca lugng bd trong lugng (bl gia tc trong truong g = %).

Nhan hai vé phuong trinh (45) v6i cosam,t , hai vé phuong trinh (46) véi sinm,t nhan dugc:
(P+K,,)cos’ota+(P-K,,)sinotcosmt.f =dcosmt (47)

—(P+K,,)sin’ota+(P-K,,)coswtsingt.f =d,sinmt (48)
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L4y hai vé ciia phuong trinh (47) trir cho cac vé tuong (ng ciia phuong trinh (48) dugc:
(P+K,,)(cos* ot +sin*mt).a +[(P - K, )sinotcosmt.f - (P -K,,)sinot.cosmt.B]
=d,cosm,t —d,sinm,t

d,cosm,t —d,sinaw,t

Khi nay: a=-1 PX+ <., X (49)
Nhan hai vé phuong trinh (45) v6i sinm,t, hai vé phuong trinh (46) v6i cosamt , CO:

(P+K,,)cosotsinota+(P-K,,)sin‘ot.f =d, sinmt (50)

—(P+K,,)sinotcona,ta +(P-K,,)cos’mt.f =d,.conemt (51)

Cong hai vé tuong tng cua hai phuong trinh (50) va (51) s& c6
[(P+K,,)coswtsinota—(P+K, )coswtsingt.al

+HP—-K,)sin‘ot.B+(P-K,,)cos’wt.f =d, sinot +d,conmt

d,.sinm,t +d,conm,t

Khi nay co: p= 52
v (P-K.) 2
Ap dung cac cong thirc lvong giac co ban hai biéu thic (49) va (52) sé ¢ dang sau:
Jd, +d, d
=~ =sin(w,t —arctg(—% 53
a PLK, (o, g(dz)) (53)
Jd, +d
B=YU" % G 1+ arctg(Y2)) (54)
P-K, d,

Tur hai biéu thic (53) va (54) cho thay, dé thiét bi bay hai kénh duy tri gia toc phap tuyén
mong muén goc tan va goc truot canh phai thay doi theo quy luat didu hoa véi tan sé trung véi
tan s6 quay quanh truc Vdoc cua thiét bj bay hai kénh. 7

Quan h¢ gitra goc tan « va goc truot canh £ vai hai canh lai dugc thé hién qua hai phuong
trinh (32) va (33). Hai phuong trinh nay 1a hai phuong trinh vi phan tuyén tinh, nén c6 thé ap
dung céc tinh chat caa hé tuyén tinh dé xac dinh quy luat thay doi hai canh 1ai &, va &, .

Theo tinh chét cta hé tuyén tinh thi tin hi¢u dau vao &, va &, cling phai thay doi theo quy
luat diéu hoa nhur sy thay d6i ciia gc tin @ va goc trugt canh £, song bién do va pha ciia ching
s€ khac. Vi hai phuong trinh (32) va (33) glong nhau, nén ¢ day ta chi xem xét tru’ong hO’p géc tan
a. Vi tln hiéu dau vao va dau ra cia hé tuyén tinh déu 1 tin hiéu diéu hoa, nén cé thé ap dung dac
tinh tan sb dé xac d;n”h guan hé gitra bién do va pha cua tin hiéu dau ra so véi tin hiéu dau vao.

Thuyc hién bién doi Laplace hai vé phuong trinh (32) co:

(s° +CYs+CH).ax(s) =C?.05(8) (55)
Ham truyén mo ta quan hé giita goc diéu khién 5, va goc tan o 1a:
5
W, (s)=-2) _ C, (56)

5,(s) (s°+Cis+CY)
Thay s bang je, c6 dic tinh tan s6 cta hé tuyén tinh (55):
c? c?

. ; _ P 57
a(JwX) (_a)xz + jCZ”‘a)X +Cza) (C;Z —Q)XZ + JCzaa)x) ( )
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Nhan ca tir s va mau so vé phai cong thic (57) véi (C* —w,” - jCfw,) cO:
C,(C -0’ - iCa,) _C/(Cy -0~ IC/Cla,

W (i = _ _ = : 58
U G o ICTa)(C —w - iCia) | (Cr @V +(Cla)

Tur (58) 6 gid tri tuyét d6i cua dac tinh tan s6 tai tan s6 w, :

) Ci(C* -w? C’Clw
W, (o= freCe =)y Gy (59)
C/-o°)+(Clo,) C/-o°)+(Clo,)
Pha ctia dic tinh tan s6 tai tan s6 , :
SH~a

@ =arctg(— C.C/o, ) (60)

C/(C/ -2

_ Theo ly thuyét hé tuyén tinh, néu tin higu dau vao I tin higu diéu hoa (tin higu hinh sin) thi

dau ra ciling 1a tin hi¢u dieu hoa vai bién do c6 do I(§rn bang do Ién‘cﬁa bién do t~in hiéu dau vao

nhan vai gia tri tuyét doi cua dac tinh tan so tai tan so cua tin hiéu dau vao, pha tré so véi tin hiéu

dau vao bang gia tri pha cta dac tinh tan s6. Nhu vay &, sé c6 dang:

o) =M _sin(eot+¢,) (61)

Vin dé tiép theo 1 can phai xac dinh gid tri M_ va ¢, . Tir cAc phan tich néu trén vé hé tuyén
tinh va dang tin hiéu géc tin a(t) theo biéu thire (53) s& c6 cac dang thuc sau:

d, +d . C’(C*-w? C’Clw
V9% (oM, =( (e Gz @) ey GGoc gy g
P+K,, € -0) +(Clw,) € -0,) +(Clw,)
d C’Clw
—arctg(—%) = arctg(———2—2—>* 63
g(dz) a( Cf(Cf’—a)xz))+¢” (63)

Tir (62) va (63) cho thay, dé thiét bi bay hai kénh co dong trong mat phang thang dimng bién
d6 M, vapha ¢, cuatin hiéu canh lai &, thiét bi bay hai kénh la:

d, +d Co(CY —w? C°Clm
oty CCT el . CCla (64)
K C/-o°)+(Clo,) C/-a°)+(Clo,)
C’Cw d
= arctg (——2—2—=>_) —arctg(— 65
P g(CZ"(Cf—wxz)) g(dQ) (65)
Twong tu cac dién giai trén tin hiéu canh lai &, ciing c6 dang:
5. (t) =M sin(wt +¢,) (66)
Jd, +d Co(Cl -w? C’Clw
Trong d6: M, =(——-2)/([( 5 y(2y2 [3 )2 +( 7 L 5 -)?) (67)
P+K,, C) -0,) +(Cjm,) C) -0 ) +(Cjo,)
SHB d
@, = arctg(——>—2—"—-) +arctg(=2) (68)
’ CJ(Cl -»}) d,

Céc cong thire (61), (64), (65), (66), (67), (68) 1a co sd dé tong hop 1énh cho hai canh lai thiét
bi bay hai kénh bay tiép can muc tiéu co dong trén khong. Cac gia tri d, va d, dugc xac dinh
trén co s& giai bai toan dan, da dugc nhém tac gia giai quyét & cac cong trinh [2]. Céc gid tri nay

46  T.B.Thanh, T.D. Thuin, “Xdy dung thudt todn xdc dinh ... dat yéu cau vé gia toc phdp tuyén.”
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phu thude vao théng tin vé& muc tiéu, nhu thong tin vé téc d6 quay duong ngam do céac loai dau
tu dan xéac dinh. Con cac tham so khac cua cong thuc (64), (65), (67),(68) la cac tham so dong
hoc cua khau thiét bi bay.
Trong thyc té, viéc xéc dinh Iénh diéu khién cho cac canh cua thiét bi bay hai kénh thyc hign
theo nguyén 1y bam. Co s¢ dé thuc hién thiét ké hé bam nay xuat phét tir cac luan giai néu trén.
4. KET LUAN

Trén co s& phan tich qua trinh bay thuc té va tir mé hinh tong quat vé su chuyén dong cua vat
ran, da xay dung thanh cong mé hinh m6 ta dong hoc quan hé gitra goc quay canh lai thlet bi bay
hai kénh vdi cac goc tan va goc truot canh. Hai gbc nay 1a cac goc tao ra gia toc phap tuyén diéu
chinh quy dao bay. Trén co s& d6, da phan tich thanh cong quan hé giira goc quay canh 14i thiét
bi bay hai kénh theo gia tc phap tuyén can dat.

Két qua thu duoc chi ra trong biéu thic tir (61) dén (68), luat didu khién cac cip canh lai 1a
ham diéu hoa vai tan s6 14 tdc d6 quay quanh truc doc ctia thiét bi bay, con bién d6 va pha 1a ham
phu thudc vao dic trung thiét bi bay va gia tc phéap tuyén mong mudn. Day 1 két qua mang tinh
hoc thuat méi trong nude, vi thiét bi bay hai kénh 1a loai thiét bi bay c6 trong trang bi, tuy nhién
cac van d& phan tich chuyén sau chua c6 ¢ Viét Nam. Vi vay, day 13 két qua c6 ¥ nghia hoc thuét
gitp cho viéc khai thac hodc cai tién thiét bi bay hai kénh dat hiéu qua.

Céc dan giai ctia bai bao 1a co s¢ dé nghién ctru tong hop hé bam, hé thong tu dong diéu khién
bay va x4y dung phdn mém mé phong hoat dong ciia cic cip canh i trén thiét bj bay hai kénh.
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ABSTRACT

The algorithm for determining the switch rule of continuous steering
on two-channel flying objects with the requirements of normal acceleration

The article deals with a solution to build an algorithm for determining the switch rule of
continuous steering pairs on the two-channel flying objects with the requirement of normal
acceleration while approaching the maneuvering air target. The content of this paper
focuses on determining the dependence of the attack angle and the edge sliding angle on the
steering deflection angle. Thereby, the authors have built the dependent expression of the
steering deflection angle on the desired normal acceleration. Through the analysis of a
mathematical model describing the flight kinematics of flying objects, the authors have
determined the switching rule of continuous steering pairs is a harmonic function. Where
frequency is the rotation speed of the longitudinal axis, amplitude and phase as a function of
the flying object s characteristics and the desired normal acceleration.

Keywords: Two-channel flying objects; Steering rule; Normal acceleration.
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