KHAO SAT CHUYEN PONG CANH
CUA KHI CU BAY KHONG NGUOT LAI

ThS Vi Hong Quang, Qudn ching PK-KQ

Tdm tdt- Trong bai bdo * Nghién ciu 1de ddng qua lai gida ede kénk didu bhidn cda
mdy bay “, tde gid dd néu lén dnh hitdng qua lai cia ednh I4i liéng vd cdnh Idi hiedng, Trén
cde mdy bay cd ngudi ldi, khi xudi hidn gdc dat, phi céng thwdmg i dung bin dap (cdnh Mi
bueing) dé ¢ gdng diea “hon Bi ~ irén bdng ddng hd bay v& vj iri gita vad bdng cdch dé iridr
tigu dwgre gdc tricot cia mdy bay . Bdi vl mdy bay khdng ngwin Mi, tdec ddng trén cia phi
cdng 5€ dupe thay bdng mét véng diéu khién dé dam bdo gde trugn canh S=0, D€ der duoe
didu dd cdn phdi biét dioe gid iri cia 8. Ta biéi rdng. goc tregt canh @ 1§ 18 thudn voi lue
canh | B =AZvi vdy trén mdy bay khong ngiein Idi thutmg Mdp ddr b6 truvén cdm gia 18c ke
A, (gud 1di ngang) d¢ gidn 1ép do dwge goc inegt canh ndy. Xudt phdt i muc iéu irén ddy,
bdo cdo trink bdy ndi dung vé két qud khdo sdt véng didu khidn 46 dé dé ra gidi phép Iua
chon d€ 11 wu héa cde thong s& ciha lugt didu khién sao cho chi tidu vé sai 56 cia d5 dat
;l;ﬂllﬂfi?ﬂdpdwr I nhd whdi trong rrwimg hop mdy bay by dar ngang do xudt hién

ca
L. D4t vin dé

He théng diéu khién khi cu bay (KCB) bay rét phifc tap, bao gém 3 kénh co bin la: kénh
dhiic ngﬂ: kénh ldi ligng va kénh ldi huéng - ching c6 quan hé tic dong qua lai ldn
nhau.Viéc nghién ciu phéi hop gilta cic kénh diéu khién s& nang cao hiéu qui diéu khién,
Trong qué trinh didu khién, ngoi viéc chiu anh huémg cia nhiéu ndi bo, KCB ludn luén chiu
anh huémg cia nhidu bén ngodi, chi yéu la gié, do d6 sai s6 ha cinh xudng dudmg bing hodc
lech khoi qui dao bay rédt Ién.

Khi thue hién chuyén bay, dé diéu khién chuyén dong ciia KCB bay theo mot quy dao
nhit dinh cdn téc dong 1én cic kénh didu khién cia KCB. D€ dat duge muc ti¢u la xem xét tic
dong qua lai giita cdc kénh diéu khién nay, nhdt la trong truimg hop o6 nhifu ngoai tdc dong
(nhit c6 gid canh, nhidu diéu khién...) ndi dung cda bdo cio sé tAp trung vio viéc khao sit
chuyén dong canh ciia mdy bay.

11. Hé phuong trinh chuyén dong cia KCB
Theo [1] hé phuong trinh chuyén dong cliia KCB nhu sau:
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Trong dé :
Wy - goc hudng.
8 - géc chic ng6e
Y - gbc nghiéng
Y. - B6c nghiéng gita mét phing xOy clia he toa d6 16c do v6i mit phing dimg x,0y,
ctia hé toa do chudn.
o - goc tin
B - goc trugt canh
B - géc nghiéng quy dao
‘¥ - goc hudng quy dao (géc léch quy dao)
V - tdc do bay so véi méi truimg khong khi chua nhiéu
V, - téc df bay so vdi mat dat (dia wdc)
m - khéi lugng clia KCB
1, J, J, - cdc momen qudn tinh ciia KCB trong hé toa do lién két .
M - 56 M (dac tnmg cho tinh chio nén clia chét khi )
LLJJ,JUL-:icmnm:nkh[d::mghq-cti:d—:-uglml{ﬂﬂumg hé toa do lién két .
m, , m, ,m, - hé s8 cia cic mdmen nghiéng M,, momen léch hudng M,, vi momen
chic ngéec M,.
Y, - luc nang trong hé toa do téc do.
X, - luc cin trong hé toa do t6c do
Z, - lyc dat sudm trong hé toa do téc do
W,,,,, - cdc toc dd gée cia KCB trong hé toa do lién két

I11. Chuyén dong canh cua KCB
Pﬂ diy ta di sau vio phan tich chuyén déng canh cita KCB :

Chuyén dong canh cia KCB la chuyén dong tinh tién cia 1Am kh6i theo hudng vudng
gbc voi mit phing d6i ximg xOy cla né va chuyén dong quay tuong d6i so v6i tdm khéi
quanh céc truc Ox va Oy. Khi ¢6 cdc tic dong diéu khién hodc nhiéu ngodi, s& 1am cho KCB
quay quanh truc Ox va Oy va chuyén dong theo Oz. D€ xét chuyén ddng canh cila KCB doc
lap vdi chuyén dong doc, cic tic dong nhiéu duge coi la nhd khong ding ké.

Ta gid thiét ring chuyén dong canh véi cic sai léch nho duge thyc hign trong cic diéu
kién sau day:
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* Chuyén déng khong nhifu ban ddu cia KCB I3 bay bing thing huéng: H=const , =0
va =0,

» Cic géc B,y v § dii nhé: jarf<<l, B <<, |y} <<1,|8| <<I

* Téc do bay dia 16c V, =const

e C6 thé bd qua céc lién he khi dong va con quay nhd giita kénh chuyén dong doc va
kénh chuyén déng canh.

* C6 thé coi céc dai lugng ©, = @, =0 vi cdc mémen quin tinh AM,, AM, , AM_=0 .
Ta biét ring:

v?
M =m PX
L} m'l 2 L
pv?
M,=mrT :
O day :

Ciic h¢ 56 m,,m_-1a céc h¢ s6 momen khong thit nguyén (d6i vdi cic KCB déng dang,
céc he s6 nay chi phu thudc vio cdc tham s6 chuyén dong clia KCB khong thi nguyén nhu : s6
M, Re, céc g6c P.a. cdc goc canh l14i didu khién vi cdc t6c do goéc khong thif nguyénm, , o,

dic trung cho phan bd cdc gde tdn a cuc bo khi KCB quay va sé tao ra hé s8 cdc mOdmem cin
diu:

I, =
P ST B
I - chidu dai day cung khi dong trung binh (sdi cdnh KCB)
V- toc do bay (khong téc)
S- dién tich cénh KCB.
p-khoi lugng riéng khong khi .
Theo [3], cdc hé s6 m, . m_c6 thé tinh gén ding nhu sau
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d ddy: m* = %,mf‘ = % la cic hé 56 dao ham khi dong chi phu thugc vao s8

® 1

M, con hé 56 m” phu thudc vao s6 M va ci géc tin .

Vi vay. cdn o vao cic gid thiét trén, hé phuong trinh (1) mo ta chuyén dong canh cia
KCB c6 dang sau day:
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. dy @)

dt

dy

Trong dé:
m}" - hé s&8 dao ham momen nghiéng chéng lic
m_' - hé s6 dao him momen nghiéng do cdnh 14i liéng 5, tao ra

ém,
ap
m?* - he s8 dao ham mémen nghiéng do cinh ldi huéng 5, tao ra.

- hé 58 dao ham mémen &n dinh (inh ngang

m) =

m_’ - he s dao him momen xodn nghiéng
m," - hé s6 dao him momen xoén léch hudng.

m:' - hé 56 dao him mémen léch hudng do cdnh I4i hudng 8, tao ra
p _ Om, Ly e
m) =¥-h¢ 56 dao ham &n dinh tinh hanh trinh

m,’ - he s6 dao him momen léch hudng chdng lic

Trong hé¢ chuong trinh (2) trén day, ton tai cdc thanh phén lién hé dan chéo gita cic
kénh lic ngang va kénh nghiéng do so dé KCB chi d&i ximg qua mdt mét phang mf" ; m:"' ;

m?

Kénh diéu khifn cé anh huéng dén chuyén dong canh clia KCB la kénh cdnh ldi liéng
&, vi kénh cdnh ldi huémg &, Vi luc hudng tdm sinh ra khi léch cdnh 14i lieng &, 1dn hon rat
nhiéu luc huéng tdm sinh ra khi léch cdnh 1di hudng, do dé diéu khién qu¥ dao bay trong mat
phing ngang nhd cénh ldi cdnh 14i liéng 8, s& hiéu qud hon nhiéu, khi d6 ta c8 ¥ tao ra =0
bing céch 1éch cénh 14i lieng &, d¢ 1ao ra luc phdp tuyén ngang Y, siny’. Con trong cdc trimg
hop khi viing thay ddi géc nghiéng v bi han ché (khi cit, ha cdnh ) thuimg sir dung cinh i
huéng 8, dé gilt cho qui dao bay khong bi dat ngang. Gaoc trugt canh B c6 thé duy tri f=0) nhis
tinh 8n dinh tinh cia bin thin KCB [mﬁ <0). Sir dung cong cu MATLAB-SIMULINK ma
phong hoat dong ciia KCB hang nhe [3] & dd cao H=1000m, toc do V=200km/h ta ¢ hinh 1.
Trén hinh 4 img dfp ciia KCB khi cinh ldi huéng 8, bién doi theo ham bic thang.

IV. Khio sét dnh huing cia gié canh dén qui dao chuyén ding cua KCB.

Trong khi bay, gi6 canh c6 dnh hutmg 16n dén chuyén dong canh, lam mdy bay khong
én dinh va c6 thé 1&ch khoi qu¥ dao bay. Do d6 khi phan tich 1dng hop cdc hé théng 1 dong
diéu khién ta khéng thé khong tinh dén céc tdc dong cia gié. DE phan tich phin tng clia KCR
déi vdi dnh huéng cha gi6 canh ta s sit dung hé phuong trinh (2) trén véi gia thiét ring wd
canh s& gdy ra géc trugt canh B, v cé phin bo trong khong gian theo ham bac thang:
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Hinh 1. Ung dép cla KCB khi cé sy thay dé| ciia canh I4i hudng theo ham béc thang

O ché do xdc lap, khi bay vio viing cé gié canh khong d8i vai cdc didu kién céc t1de
dong diéu khién, momen ciia céc cdnh ldi déu bing khong ciing nhu bo qua cdc thanh phin

mémen xodn m;" ,m", khi dé ban chit vit 1§ qud trinh mdy bay bay vio viing c6 gié canh
khong déi (W =const) nhu sau: "

Gia thiél ring mdy bay 6n dinh, bing bing déu, khong nghiéng, khong trugt canh
(y=0,p=0). O giai doan ban ddu, khi mdy bay chua bay vio viing ¢6 gié canh x, < x, véc to
e do V bing va tring vai véc to 16c do hanh trinh V| va tring vdi truc doc KCB. Tai thin
diém bit ddu vio viing 6 gié canh x, = x, véc 1o 16c 40 hanh trinh V, vin khong thay ddi
hudmg ban ddu , véc to1oe dd V bi léch so vén V, mot goc bdng goc truct canh P do c6 gid Lic
dong, dong thii KCB by trugnt sang bén cinh phia 6 gi6 canh tic dong, khi dé xudl hién cdc
lre vt modmen téc déng lén KCB: Momen on dinh hinh trinh M’ quay KCB sao cho truc doc
Ox, tring vai véc to 1oc di V dé loa tri trugt canh, Momen én dinh ngang M " quay KCB
quanh truc Ox, dé dim bio tinh 6n dinh ngang cia ban than KCB, xuit hi¢n luc canh Zy dit
tai tiéu diém khi déng KCB do trugt canh § sinh ra va tao ra moémen &n dinh ngang M" va luc
canh 7, dit tai trong tdm KCB do ¢6 su thay d6i luc nang khi dong khi KCB nghiéng cinh.
Luc canh Z, tao nén moémen quay truc doc KCB nguoc chiéu vai chidu gid va triing vai véc 1o
toc 40 V (khong t6c). Trong thén gian KCB bay vao ving ¢6 gi6 canh x> 1, khi nay truc doc
KCB di tring véi huimg vécto V. nhumg vécto V, van gilr nguvén hudng ban ddu. Nhu vy
goc trugt canh dd bi loai trir, nhumg truc doc KCB léch khoi hudng ban ddu mot géc hudng
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 w=p,. Khi KCB di dn dinh trong viing c6 gi6 canh khong ddi x, — <o, véc 10 16 d6 hinh
trinh V, bj d3i hudng, nghia I3 & ché d¢ xdc 14p trong mat phing nim ngang, quy dao bay bi
gﬂim@m_mm@wuﬁ,x&mﬁcﬁmmvHﬂmhuﬁnghm.:tmvn;
tri géc clia KCB (truc doc) ti 14p lai trang thi ban ddu:
' Yu=Pa=v,=0
. Ya =B,

Nhu vy, khi bay viio viing gié canh khong déi, sau khi ket thic qui trinh qui do, KCB
c6 khi ning tu phuc héi lai vi tri gdc ban dfu, nhung bi thay déi quy dao chuyén dong canh
véi gbc léch quf dao ¥ = f, (xem hinh 2). Trén médy bay, dé loai trir dugc géc trugt canh khi
vito vilng c6 gi6 canh khong déi, phi cong phai dap ban dap d€ tao ra mémen 6n dinh hanh
trinh M? d€ giit sao cho “hon bi” trén bang ddng hé budng 14i ludn & vi tri gilta — bing céch do
s& loai trir duge goc dat vA gilt duge qu§ dao bay ban ddu. Ddi véi KCB khong ngudi L4i, téc
dong trén clia phi cong s& duge thay bing mot vong diéu khién dé dim bdo géc trugn canh
p=0. Dé dat dugc diéu d6 cdn phéi bift dwgc gid tri cia B. Theo Iy thuyet, ta biét ring, goc
trugt canh Bty 18 thuan véi luc canh: B=A Z, trong d6: Z = C,qS = (C*B+CH5, kS, con Iuc
canh Z s& do dugc gidn ti€p nhi bo truyén cidm gia t6c a, (qua tai ngang).

Vi vy, dé xéc dinh dugc géc trugt canh P ta phii xdc dinh duoc gia t6c a,. O dy cdn
Iwu § mot dac di€m sau : cic gia t6c k€ lip lién trén KCB lam viéc theo nguyén 1§ quédn tinh
thong qua mot khoi lugng m, gén véi 1o xo trén céc truc tuomg mg cia KCB. Khi chuyén
dong, do luc quén tinh F, = —ma tdc déng nguge chiéu vai gia 16c s& kéo 16 xo di mét khoang
tuomg (mg véi luc qudn tinh nay. Tuy nhién, gia sit KCB bay thing déu trong mat phing ngang
(wic la a, =a, =a, =0) nhung do luc trong trudmg vén tdc dong vao cim bi€n a,, do vay lic
ndy gia thc k& a, s& do dugc gid tri a =g, hay ndi khdc di cic gia t6c ké nay chi do duoc gia t6c
biéu ki¢n a, : a,, =a—g(a-vecto gia tdc cia KCB trong he toa d6 lien ket ; g - vecto gia 16c
trong truémg) . Nhung theo [1], ta ¢6 biéu thifc tinh a, =a,+gcosBsiny, vi viy néu bift goc
9vA v, qua gia t6c bifu kién do dugc nhd gia toc ké ta sé tinh duge gia téc thuc cla KCH
trong hé toa do lién két va thong qua ma trdn chuyén toa d¢ gilta Oxyz va Ox.y,z, ta sé tinh
duge duge gia 16c cha KCB trong hé toa d6 Ox,y,z,. Néu bo qua dd cong bé mat tréi déi thi ta
s& c6 gia 16c trong hé toa do mat d4t & diém xust phit Ox.y.z,.

i<i, Iy =, [->1
] T =P,
H Vi :
f‘ x
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. N 6
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SO E w=Pe 7
fo;:Vt | X, '—'_,,...-"" W,
—— . | e e . . e p—y . . e e R
— /
2 X

v 111

Hinh 2. So d5 téng quat KCB bay vao ving c6 gié canh khéng dai

Khi di c6 duoc gid tri tic thisi ciia géc truot canh B, vong diéu khién khép kin trong miy
tinh trén khoang s& c6 nhiém vu xdc dinh dugc do léch cdn thiét cia gbe léch cénh 14 hudmg
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5, dé dam bdo sao cho  ->0 trong théi gian nhé nhat , ug-ﬁmﬂm-emmqq
dao bay ban d4u it nhat .

Sir dung cong cu MATLAB-SIMULINK mé phdng hoat déng cia KCB hang nhe[3] & 40
cao H=1000m, 16c d9 V=200km/h trong thdi gian t=18s ta c6 hinh 3 va hinh 4 dudi day Trén
hinh 3 |3 éng ddp cia KCB theo dé léch ngang Z khi ¢é gié canh nhimg khong c6 tic dong
cia cdnh 14i huéng 5, . Trén hinh 4 13 {ing dép cla KCB theo do léch ngang Z khi ¢6 gi6 canh
nhumg c6 tic dong cia cdnh ldi hudng 8, . Ta théy r6 ring 1a khi c6 gi6é canh, KCB sg léch
khoi qui dao bay ban ddu, nhd léch cénh ldi hudng 3, (tai thoi diém 1=10s, §,=3" ) sai 56 ciia
quf dao bay sé thay ddi it hon so véi khi khong c6 téc dong ciia cinh léi huéng &, .

Bu thay s go iech rgeng T khi chus o tac dong cua canh b Puong
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Hinh 3. Sy thay d&i quy dao bay theo dd léch ngang Z khi cé gié canh tic déng

B iy B0 Sum o eeh gy T Khi IBEn gank i Puong

!'IDI T T T ™ T =
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Hinh 4. Sy thay déi quj daso bay theo d5 lich ngang Z khi cé gié canh
tac ddng nhung co thc m:ﬁummm E.
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V.Kéthugn . . )
T6m lai, B bay vio ving c6 gi6 canh khong ddi, nhis gia 16 k€ gan lién tren
ta xéc dinh canh Z qua d6 xdc dinh dugc gée truot canh P, can cif vio géc truot
canh niy s€ tinh ra duge géc l&ch i wu ciia cinh ldi huémg &, trong mach vong diéu khién
clia KCB d€ loai trir nhanh nhét géc B, khong mong mudn dé (—0) giit cho quy dao bay
khéng d8i véi sai s6 nhd nhat .
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RESEARCH ON LATERAL MOTION OF UNMANNED
AERIAL VEHICLE (UAY)

Vu Hong Quang

Abstract; In the article "Research on reciprocal influence between control channels
of aeraplanes ", the author did introduce the reciprocal influence of the roll and the course
In the managed aero plane vehicle. when yaw angle appears, the pilot wswally uses the
course to make “the marble” refurn o the middle position and by this way, he can armul
the yaw angle of the aeroplane. With unmanned aerial vehicle, the influence of pilot can be
changed by control circle to ensure the yaw angle f=0. We must calculate yaw angle f As
we know, yow angle fi is praportianal to yaw force fi=A Z, that why unmanred aerial
vehicle usually installs acceleromerer n, to calculate indirectly this magnitude. Because of
this purpose, this report will research on control circle to choose optimum parameter of
control channel to ensure the incorrectmess is smallest in case the aeraplane yaws when

yaw wind appears
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