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Lok nii; i

Cdc khi cu bay phé bién nhu mdy bay, vé tinh nhan tao - dide didu
khién trong khéng gian theo ba kénh: kénh hudng, kénh d6 cao va kénh
on dinh khi cu bay xung quanh truc doc Ox;ctia né (kénh cren). Déng hoc
bay va diéu khién cdc logi khi cu bay nay dd duge dé cap nhidu trong
cde tai liu cla nude ngodi, ddc biét la My va Nga. Song, d6i v loai khi
cu bay didu khién mét kénh (KCBDKMEK) lo loai chi c6 mot kénk ldi
nhung diéu khién dude hai chidu chuyén déng theo phulong nim ngang
va phuong thang ditng. Trong boi cdnh nudec ta hién ney, nhu cdu
nghién ciu xdy dung ly thuyét dong hoc bay va diéu khién khi cu bay
mot kénh la cdp thiét va c6 mét y nghia guan trong. Chinh vi vdy Héi
déng Khoa hoc ti nhién, Bé Khoa hoc- Cong nghé da cho md dé tai
"Nghién citu chuyén déng co hoc trong khéng gian 3 chiéu cia thiét b
bay diéu khién mét kénh". Tén tiéng Anh: Investigation of dimensionnal
movment of one - channel controlled flight vehicle. Cuén sdch "Péng hoc
bay va nguyén Iy din khi cu bay diéu khién mét kénh”, tén tiéng Anh:
"Flight Dynamic and principle for Guiding one - channel controlled
aerial vehicle", duge viét trén co sé tong két mét s6 két qud nghién citu
clia cdc tdc gid thude dé tai va mét s6'tde gid khdc trong v ngodi nude.
Cuén sdch gom cé 6 chuong.

Chudng I: Co sd Iy thuyét didu khién t6i wu. Chuong niy gidi thiéu
cde phuwong phdp diéu khién t6i wu hién dai theo cde tiéu chudn khde
nhau, phdn tich cdc phuong phdp dé va chi ra viéc dp dung nguyén ly
diéu khién cue dai Pontriagin la phi: hop cho viée gidi bai todn t6i wu
&im lugt diéu khién khi cu bay.



Chuong II: Ludt diéu khién va phuong trinh trang thdi cta khi
cu bay diéu khién mot kénh. Chuong nay phén tich cdc phuong trinh
ddng hoc bay, ldp bai todn diéu khién khi cu bay c6 mét kénh ldi va
gidi bai todn d6. Két qua ching minh duge ludt didu khién cdnh ldi
ciia khi cu bay diéu khién mot kénh tuan theo ham s6'ddu. Ludt nay
cho phép diéu khién khi cu bay hode theo nguyén 1y tdc déng nhanh,
hodc theo sai s6. Nha d6 chdt lugng hé thdng duge nang cao. Ludt nay
¢6 thé dp dung cho cde doi tuong khdc ma trong vong diéu khién phéin
¢t do ¢6 dang phi tuyén.

Chuong III: Khdo sdt dge tinh dong hoc ctia khi cu bay didu
khién mét kénh. 0 day da néu lén cde phuong phdp dan duoc dp
dung trong thye t¢' dé ddn khi cu bay diéu khién moét kénh, méi quan
hé ly tuwong gitta khi cy bay va doi tuong quan sdt co dong dé xde
dinh cde tham s6” diéu khién. Gidi bai todn dao déng xung quankh
tdm khol cua khi cu bay, phdn tich bién thién cia mémen diéu
khién khi mét s6'tham s6 thay doi, phuong phdp khit dao dong khi
cu bay trong qud trinh diéu khién va xdy dung so dé cdu tric diéu
khién khi cu bay mét kénh.

Chuang IV: Phuong phdp xi Iy tin hiéu trén khi cu bay diéu
khién mdt kénh. Chuong nay phén tich phuong phdp xde dinh tog
d¢ tite thoi cua dét tugng quan sdt va khi cu bay, dic trung nhiéu
trén mdy do sai s6 diéu khién, phuong phdp loc tin hiéu trén nén
nhiéu bang vite thiét lgp mach loc Kalman-Biuxi. Phdn sau cia
chuong nay trinh bay cdch tao tin hiéu ham sé d@u va edch chon cde
tham 56’ dé hé 56’ lénh diéu khién luén ludn tiém cdn tuyén tinh.

Chuong V: Cdc ddc trung khéi luong, khi déng va déng lic
cia khi cu bay diéu khién mot kénh. Trong chuong dé chi ra cde
eong thite tinh cde hé s6"khi dong hoc cia khi cu bay diéu khién mot
kénkh.

Chuong VI: M6 phdng hoat dong clia hé thong diéu khién khi
cu bay diéu khién mét kénh. Chuong nay trinh bay phiong phdp mé
phong, khdo sdt cdc hé théng diéu khién va qud trink bdm d6i tuong
quan sdt co déng ciza khi cu bay ti dén thu dong theo phuong phdp
tiép cdn ty lé va diéu khién tit xa ba diém.
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Péy la cudn sach phuc vu cho céng tde dao tao cde chuyén gia lam
viée trong linh vuc diéu khién, tu déng hod, ky thudt do luong, ky thudt
hang khong va diéu khién tic xa. Tham gia bién sogn cudn sdch c6 cde
tde gia:

Té Vin Duc chii bién cung Nguyén Vin Son bién sogn cdc chuong
LI IV, VI

Pham Vii Uy bién soan chuadng V.

Tdc gia xin chdn thanh cam on Bé Khoa hoc - Cong nghé, Trung
tam Khoa hoc Ky thudt va Cong nghé Quan su da tao diéu kién, gitip dd
thuc hién thanh cong nhiém vu cta dé tai cung nhi hoan thanh cuén
sdch nay. Cam on Nha xudt ban Khoa hoc va Ky thudt dd som xudt bdn
cudn sdach nay.

Tdc gid xin chdn thanh edm on cde nha khoa hoc: GS.TSKH.
Nguyén Pitc Cuong, PGS.TS. Trdan Piic Thudn, TS. Duong Quéc Tudn,
TS. Nguyén Tén Ly da c6 nhitng néi dung déng gop vao cubn sdch. Cam
on TS. Pham Danh Hén, TS. Nguyén Ngoc Quy dd doc ban thdo lén déu
va gop ¥ phé bink trude khi dia ban thdo trinh Hoi dong thdm dinh.
Cdm on Hoi déng khoa hoc ctua Trung tém Khoa hoc Ky thudt va Cong
nghé Quén sy va cde dong nghiép dd c6 nhiéu y kién dong gop quy bdu
cho néi dung cuén sdch.

Cuén sdch c6 thé con c6 nhitng thiéu sot. Cdc tde gia mong nhdn
duge nhitng y kién phé binh va déng gép chan thanh cua ban doc.

Cac tac gia



Chuong I
G G LY THUYET DIEU KHIEN TO1 UU

1.1. DAT VAN DE.

Viio nira cudi the ky 20, céc nudc cong nghi¢p phat trién nhu Lién X0,
My da nghién citu ra khi cy bay diéu khién bing mot kénh 1ii. Thong
thudmg, bat cif khi cu bay nao ciing ¢ ba kénh diéu khién 13 kénh ldi hudng,
kénh 141 d6 cao va kénh cren (kénh dn dinh géc hodc t6c do gde quay cua
khi cu bay quanh truc doc 0X, cta nd). Song trén khi cu bay diéu khién mot
kénh (KCBDKMK) chi cé duy nhat mot kénh 141 nhung lam nhi¢m vu diéu
khién cA hudng va tim. Kénh cren khong hinh thanh mot he thong diéu
khién riéng ma chi nhd c6 do nghiéng ¢4 dinh ciia cdnh 6n dinh so Vi tryc
doc khi cu bay vi sy 6n dinh ctia t6¢ do bay, khi cu bay s€ quay 6n dinh
quanh truc doc clia né vdi t6¢ d¢ goc o,,. Trén hinh 1.1 14 so dé ciia khi cu
bay diéu khién theo ba kénh va mot kénh.

¥

a b

Hinh 1.1. Dang khi déng hoc khi cy bay:
a - S0 dd khi cu bay didu khién ba kénh.
b - Sg d8 khi cu bay diéu khién theo mét kénh.



Hién nay loai KCBDKMK dugc phdt trién theo hai huéng Ia ty dén
bam d6i tuong quan st bing phuong phap tiép can ty 1& va diéu khién tir xa
biing phuong phap ba diém thing hang. Day 14 loai khi cu bay c¢6 d¢ chinh
xéc cao khi din dén cdc doi trgng co dong trén khong ciing nhu dén cdc déi
tugng c6 dinh hodc co dong cham trén mit dit. Tuy dd tr& thanh thuong
phdm, nhung co s& Iy thuyét bay va diéu khién chua cong bd nhiéu. Chiing
ta chi bi&t né duoc didu khién theo ham s6 ddu. D€ giai quyét vdn dé néu
trén can nghién citn cic phuong phdp diéu khién va chon phuong phép phi
hop dé giai bai todn diéu khién KCBDKMK, phén tich céc dic trung tac ra
mé men diéu khién, phuong phap xir 1y tin hiéu, phuong phédp ning cao chat
lugng diéu khién. Trong 1§ thuyét diéu Khién hién dai thudng dé cap dén cic
phuong phép giai bai toan diéu khién ti wu nhu:

- Phuong phip bién phéan cé dién;
- Phuong phédp cuc dai Pontriaghin;
- Phuong phip quy hoach dong Belman.

Trong 1¥ thuyét xit 1y hién dai cdc tin hiéu wén nén nhiéu thi phuong
phédp loc Kanmal - Buixi dugc cdc nha khoa hoc dua vao thiet k& cdc h¢
thong diéu khién hién dai.

Dudi day s& 14n luot trinh by cdc van dé néu trén v uing dung vao
viéc nghién ciiu KCBDKMK.

1.2. PHUONG PHAP BIEN PHAN cO BIEN

Phuong phép bién bién phan c¢é dié€n duge hinh thanh tit bai toan
“duong ding thoi” clia Bernounlli nim 1696. Sau d6 Ole va Lagang da thiet
iap duge cdc bai todn bien phan va céch gidi téng qudt hon. Noi dung bai
todn bién phan ¢ dién nhu sau:

1. Thanh I3p phuong trinh Ole

Cho phiém ham dang:
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0 =[Gy, y)dr . (1.1)

Gia sir ham G[y(¢#), y(¢)] don tri va lién tuc cing véi cdc dao ham riéng
-clia nd, cdon ham y = f(¢) don tri va lién tuc trong Khoang [0, 7] va cdc dao
ham bac mot ciling lién tuc trong khoang d6 hay ndi cach khac 1a y = £(f)

thudc vé mot I6p ham C,;, nao d6. Bai todn bién phan dat ra ¢ day 1a tim mat
dudmg cong f(f)thuge lop C,,,dé phi€m ham (1.1} dat cyc tri.

Mu6n giai bai todn nay, ta xét ham:
y(t)y= f{6) + a.d(t) (1.2)

&1an can ham f(#); trong d6 o 1a mét tham s6 bé, &) 1a mot ham bat ky
thudc 16p €, thod mén diéu kién:

3(0) = 8(T) = 0 (1.3)
Khi d6 bidu thitc (1.1) dugce biéu dién:

Oa) = j’G[ £ +a. ), 1) +a.s(O - (1.4

Né&u o rdt nho ta cé thé phan tich him Qe ) thanh chudi:

. 2
al dQ | d%o
Oa) =[XaYl=0 +-—[— +—[—~jl +...
1 do 2 1.5
a0 daz 0 (1.3)
N L , ,
Cdc biénphin o —]| va 2 goi la bi€n phan bac nhit va
a =0 _dﬂ a=0

bac hai cla phi€m ham Q duge k¥ hidu I 80 va 8°Q.

Néu £(¢)1am cho phi€m ham @ dat cuc dai thi:

dQ
— =0. 1.6
[da }aﬂ) ( )



L&y vi phan hai v& (1.4) theo o va th€ o = 0 vio ta ¢6:

{dGL{, ﬂ——d{rﬁ——a(:)}w“ (1.7
Mt khac:

oG &GT  d(eG

— &t =| 5= || - [a- 2t X .

Jay’ (niat {6()5)7'”0 ! (t)df[ay’Jdt 9
Tir diéu kién (1.3) ta c6:

y e d (6G

J'—a?ﬁ(t)d:— Jd(t) — [(—3;]4:. (1.9)
Do dé:

do o B8G d oG

=\ = [0 -<Za .10

{dchu oo~ (10

Dé nhan dugc diéu kien (1.6), tir biéu thic (1.10) suy ra:

oG d oG
5_55 0 ' (1.11)

Phuong trinh (1.11) goi 1a phuong trinh Cle. Pay 12 mot phuong trinh
vi phan thong thudng.

2. Bai todn bién phan c6 cut trj rang budc
Cho mét d6i tugng diéu khién duge mo 3 bdi phirong trinh trang thai:
PLOYOI=0, i=12..n (1.12)

Tim cye tri ctia phi€m ham Q bj rang budc bdi chinh diéu kién (1.12).

Bai todn di¢u khién tim cyc tri phiém ham Q véi diéu kieén rang buoc
(1.12) Ia bai todn diéu khién khong 6ténom, wic 1a trong phuong trinh rang
budc c6 dao ham (khdc v6i bai todn didu khién 6toném, tic 1a trong phuong
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trinh rang budc khong c6 dao ham). D€ gidi bai todn bi€n phan cuc tri ¢6
rang budc ta phai ding phuong phap thira s6 bat dinh Lagrang, tic la trong
phuong trinh CGle thay ham G[y(¢), y'()]bang ham

G =Gy O1+ Y A0y 0, YO, (1.13)
i=1

& day: A - thira s6 Lagrang. Khi d6 phuong trinh Cle s€ la:-

ENEE

Mué6n giii bai toan niy ta phai dung n phuong trinh rang budc (1.12)

va mot phuong trinh Cle (1.14) dé x4c dinh (n+1) &n s6: y(r) va 4(4);

i=1..n. Nghiém cha ching 1a cdc cyc tri, tuy nhién giai h¢ phuong trinh
nay rat phic tap.

o0G' d oG 0 (1.14)

3. Bai todn dédng chu

Diéu kién rang budc trong bai toan nay duge cho dudi dang:

T‘ .
fulyery@di =1, i=l.n, (1.15)
1]

trong d6: L, la cdc hing 6.

Dé giai bai todn nay v6i diéu kién (1.15), ta 4p dung phuong trinh
Ole théng qua him phu sau:

G* = Gly(t), y(th+ LAY, Y1), (1.16)
i=i

& day: A 1a céc thira s6 bdt dinh Lagrang khong phu thudc vao thdi gian.

Muén giai bai toin nay ta phéi ding n phuong trinh rang bude (1.15) va mét
phuong trinh Cle.

Tém lgi: Nhu da trinh bay trén day, khi gidi bai todn t6i wu bing
phuong phép bi€n phan, cdc cye trj tim duoc 1a cdc gid tri cyc dai theo dai
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luong diéu khién t6i wu. Véi phuong phdp niy, viéc gidi bai toan rat phic tap
va khong dé cap dén gisi han diéu khién. Do d6 khong thé 1ing dung dé giai
bai todn diéu khién t6i vru KCBDKMK.

1.3. PHUONG PHAP CUC BAI PONTRIAGHIN

Gia sir trang thdi cla d6i tugng diéu khién dugec mo ta bing cdc
phuong trinh vi phan vi cdc diéu kién ban ddu nhu sau:

Y, = L0y Yo Yo U ) vilt) = vy
(=12.....m) (1.17)
trong dé: f, - cdc ham phi tuyén;
Yo - Cdc gid tri ban dau clia cdc bién y;
Yis ¥pore¥, - 1 bIED 88 ddu ra (cdc toa do diéu khién);
Uy, Uy.... tt, - rdai lugng diéu khién (cdc dai lugng ddu vao).
Coi cdc dao ham y, va cdc ham f 1a cdc toa d clla cdc vectd tuong
img ¥ va F, ta viét duge phuong trinh (1.17) & dang t6 hop vecto sau;
Y =F(y,ut);
Y=Y, (1.18)

Trong thuc t&€ cic dai lugng diéu khién u, khong thé 12 cde dai lugng
bat ky vi chiing bi rang budc bdi cdc tinh chat vat 1y hodc gidt han vé cong
suat cla co cdu diéu khién. Do vay cdc dai lugng ndy phai thod min mét gidi
han R nhit dinh nao d6:

| < R.(F=1.2...0). (1.19)
Coi R 13 mién diéu khién cho phép, thi vecto diéu khién u phai thuoc
ving ndy:
ucC R. (1.20)

Ngoai ra cdc giéi han ¢6 thé duge dat ra bdi chinh cdc toa do clia doi
tugng diéu khi€n va yéu cdu tudi tho cha he théng.
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Muc dich cia didu khién ti vu la dat t6i cdc cyc tri cla tiéu chudn
chat lugng 7 do lya chon 16i wu vecto diéu khién u trong gidi han cho phép.
Dé6i v6i phuong phip diéu khién cuc dai, co s& dé xdc dinh cdc vecto diéu
khién t6i wu u dua vao 3 dang bai todn sau:

1. Bai todn cuc tidu thoi gian chuyén doi teong diéu khién nr trang

thii ban ddu v, sang trang thai cudi cang y, {tiéu chudn tdc dong nhanh).

£

)= far=¢,-1,. (1.21)
L

trong dg: ¢, - thdi didm ket thiic diéu khién;
, - thdi diém bt ddu diéu khién.
2. Bai todn cuc tidu ham trang thdi déi tuong J thoi diém két thiic diéu
khién voi thoi gian diéu khién cho trwoe T = t- 1,
I,y = F(y(, ), (1.22)
trong d6: I - cdc ham vi phén.

3. Bai todn cuc tiéu tich phan ham trang thai d6i tugng diéu khién va
dai tuomg diéu khién khi thoi gian diéu khién cho trude T = t- 1,

) = ]F(y,u,r)dr. (1.23)

Ba dang bai todn trén 6 thé dua vé mot dang bai todn chung néu xét
cdc ham tiéu chuén chat luong clia he thdng diéu khién khong chi & thoi
diém két thiic diéu kKhién #, ma & bt k¥ thoi diém ¢ ndo. Cic gid tri tife thoi
clia né duoe bidu dién théng qua cdc toa do phu y,.,(¢). Khi d6 bai todn duge
dura vé dang fim cdc gid tri cye tiéu clia y,, ().

Uhg dung d6i v6i bai todn cyc tiéu thdi gian diéu Khién ¢ theo cong
thite (1.21), cdc toa do phu y,, duoc xdc dinh bdi phuong trink:

Youilt) = _[df , tir do suy ra:
O
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Pt @=1.Y,,(0) =y, () =1,. (1.24)
Cudi cling bi todn duge dua vé cuc tidu dai lugng y,,,(f,)-

Tuong ty dng dung d6i voi bai ton cyc tiéu ham trang thdi d6i
tuong diéu khién & thoi diém két thic diéu khién (theo cong thitc 1.22) ta
¢6 bién mdi 1a y,,, = F(y), do dé phuong trinh vi phan cta y_,, duge xdc
dinh nhu sau:

n OF

)"u+;=k§]5y-k Foly 0¥ gm0 Ypitlyee, #,,1) (1.25)

Bai todn khi nay dugc dua vé tim cuc tiéu dai luong y,, (1)

P6i v6i bai todn cyc tidu tich phan ham trang thdi d6i tugng diéu
khién vi dai lugng diéu khién theo cong thic (1.23) ta ¢6 bién mdi:

i
You @) = JF(y,u,t)dt , do d6 phuong trinh vi phan ctia y,,,(+,) ¢6 dang sau:
[

j/m-i = -F(J’n)’z-----)’nl By Uy ey Uy I) 5 yn-l-](rtl) = O (1-26)

Bai todn khi nay ciing duge dua vé tim cyc tiéu dai lugng y,,, ().

Nhwr vay bai todn tim cyc ti€u cia ham tiéu chudn chat lugng I bat k¥
tir 3 dang bai todn xét trén day 1a di tim cdc toa d9 y,,, cua ddi tugng dicu
khién tai thoi diém két thic diéu khién /, theo dai lugng diéu kKhién «. Trong
r4t nhidu trudng hop trang thii cudi cing clia déi tugng diéu khién tring voi
céc gidi han. O tien chudn thit nhat gi6i han nay 1a cac gi4 tri toa d¢ cudi cho
truc cta d6i twgng diéu khién, & hai tieu chudn codn lai gidi han tai théi
diém két thuc diéu khién c6 dang sau:

7K () RS v, =0; (p=12...n)}, (1.27)

trong d6 : g, - cdc ham vi phan.

Khi d6 bieén ham trang thai cha déi tuong diéu khién & thdi diém cudi
ciing duge viét nhu sau:
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=y, @)+ 244,009, (1.28)
=0

trong d6: A, - cdc nhén tir Lagring, cdc hiing so nay duge xdc dinh tir (1.27.

Cén phai tim gid tri cyc tiéu clia bi¢n ham IL

Khi nay bai todn chung diéu khién t6i wu ma trang théi cta doi weong
diéu khién dugc mo td bing cdc phuong trinh vi phan (1.17) va mot trong
cdc phuong trinh (1.24),(1.25),(1.26} Ia xac dinh céc dai lugng diéu khién u
thoa man gidi han (1.20) va lam cho bién ham I cuc tidu.

Pé giai bai todn nay Pontriaghin di dua ra phuong phép diéu khién
theo nguyén tic cyc dai thong qua ham s6 Hamilton (/) (11

n+1

Hyuw,0 =201 (1.29)
=l
trong dé: f, - v€ phai cia phuong trinh vi phan (1.17) va mot trong cac
phuong trinh (1.24),(1.25),(1.26);

w; — 13 ham sd thod mén phuong trinh sau:

n+l af .
W, =2, —fi, (i=1,2,...n+1), (1.30)
J=l ay

véi cac diéu kién cubi:

oll A F
i(f): _——= A,J.—-‘-—, (l =l....n), (131)
L I
Wi+|“k) =-1.

Theo nguyén téc diéu khién cyc dai, dé t&i wu dai luong diéu khién u
va tuong tmg véi né 1a cc toa do diu khién y thi bién ham trang thdi I1
phi c6 gid tri cuc tiéu, ham s6 Hamilton (1) phai cé gié tri cuc dai hodc
trong trudng hop chung ham (H) phdi ¢6 gid tri 16n nhat theo dai luong diéu
khién « trong suGt qué trinh didu khién 0r £, d€n 4. Nguyén tic nay 1a diéu
kién can dé didu khién t6i wu d6i véi cic d6i tuong didu khién phi tuyén va
11 diéu kién cén va dl dai vdi cdc d0i tuong didu khién tuyén tinh.
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Piéu kién cuc dai ciia ham Hamilton (/) theo dai lugng diéu khién u
trong sudt thoi gian diéu khién 1a diéu kién d€ dam bao cho bién ham TI
cuc tiéu. Do dé dé xdc dinh dai lugng diéu khién t6i wu « cAn phai tim gid
tri cuc dai ciia () theo dai lugng u tai bat ky thoi diém nao cia qud trinh
diéu khién.

Tir biéu thiic clia ham s6 Hamilton (H) (1.29), viét cac phuong trinh
trang thdi (1.17) d6i véi cdc toa d6 y; va phuong trinh (1.30) d6i véi cac ham
bd trg i, sang mot dang khéc. Dao ham biéu thifc (1.29) theo  ta cé:

H
= 8N = . .
o St (i=12.... n+l) (1.32)

i

Pao ham biéu thitc (1.29) theo y, ta ¢é:

H +1
- 5t ,(; =120 4)). (1.33)
i i=l ‘

Theo (1.32), (1.33), cdc phuong trinh (1.17) va (1.30) dugc dua vé
dang chinh tic theo phuong trinh Hamilton nhur sau:

5= =120, (1.34)
a‘?‘yﬂ'
oH

@, =——., (=12..0+D). (1.35)
oy,

Tém lai: Didu khién 16i wu theo nguyen tic cyc dai la di tim tir diéu
kién cuc dai clia ham Hamilton () vecto diéu khién u(y) cling nhu ham
vecto . Thay u(y) vio cdc hé phuong trinh trang thdi (1.17) va h¢ phuong
trinh b& tro (1.30), gidi ching theo cdc bi€n s y(r), wr). Giai he¢ phuong
trinh vi phan (1.17) véi cdc diéu kién ban ddu, gidi h¢ phuong trinh (1.30)
véi cdc di€u kien cudi. Bai todn nay goi 1a bai todn hai diém gi6i han. C6 thé
tng dung phuong phdp ndy gidi bai todn diéu khién t6i vu KCBDKMK.
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1.4. PHUONG PHAP QUY HOACH DONG BELMAN

Phuong phép diéu khién t6i wu quy hoach dong Belman 12 sy phét trién
cla phuong phdp bién phan 6 dién vi tng dung phuong phép nguyeén 1y cuc
dai. G phuong phédp nay bai todn bién phan duge xét nhu rdt nhidy giai doan
ciia qud trinh diéu khién. Dai lugng diéu khién 16 wu u*(1) dugc xdc dinh
theo cdc budc néi tiép nhau théng qua trang thdi cia he théng & timg thot
di€m di xét va khong phy thude vao trang thdi & thoi diém trude dé. So véi
phuong phip cuc dai phuong phép quy hoach dong dd khac phuc duoc vén
dé bai todn hai giéi han. Tuy nhién d6i véi phuong phép nay s6 lugng cic
phép tinh I3 rdt L6n, 10 giai chi c6 thé thye hién hi¢u qua nhd m4y tinh.

Xét qud trinh gidn doan hod theo phuong phip quy hoach dong hé
théng ma trang thdi cta né dwogc mo6 3 bing phuong trinh sai phan trong
khoang thi gian cho trugc T = b~ ty

Ykt )= ykj+ fiy(k), u(k), k) | (1.36)
trong do: y(k) - toa d6 didu khién;
u(k) - dai lugng diéu khién & thoi diém kTntk=0,1, ..N);
Tri= (4- t)/N - céc thdi diém gidn doan.
Gid sir toa 4% ban ddu clia d6i trgng diéu khién ¥(ta) = ¥;, gi6i han dai
lugng diéu khién |4 < R. Yeéu cdu xdc dinh céc dai lugng diéu khién t6i wu
u(0).....u(N-1) d€ dam béo cyc tiéu hod téng:

N-1
I=ZF0’msum)+ Q) (1.37)
k=0
trong d6 : F, @ 1a cdc ham cho trude.

Bai todn cye ti€u hod ham (1.37) véi nhidu bign u(0), u(l)....{N-1) rit
phiic tap. Tuy nhién theo phuong phap (6i wu nay thi ta hoan toan cé thé dua
vé cuc tiéu nhiéu ham mot bi€n lien ti€p nhau.

X¢&t thoi diém diéu khién cuéi ciing (N-1).Tn <1< N.Ty.. Gia thiét ring
trang thai cia d6i tugng diéu khién tai thoi diém nay da biét, dai lugng didu
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khién w(N-1} twong tng dugc xdc dinh cAn phéi thod man gi6i han diéu
khién theo diéu kién da cho.

D¢ cue ti€u hoa tdng (1.37) phdi cyc tiéu hod cdc ham clia né tai cdc
thoi diém gidn doan. Tai thot diém N-1 ta cé:

T = F(y(N-1), u{N-1)) + Q(y(N)). (1.38)
Thay y(N) bing biéu thutc (1.36):

I(N-1)= F(y(N-1), u(N-1)) + Q(3(n-1) + fy(n-1),

w(N-1), N-1)). (1.39)

Ta nhan thdy tong (1.39) chi phu thudc vao 1 bién chua biét dé la
#(N-1). Bi€n nay tinh duge tir diéu kién cuc tiéu clia bidu thitc J(V-1) khi xét
tdi gidi han cia dai lugng diéu khién u. Ky hiéu dai lugng didu khién 61 wu
niy 1a «*(N-1), con gid tri cye tiéu cha /(N-1) phu thude vao y(N-1) duge ky
hieu 12 S, ((N-1)).

Tac6: S (y(N-1)) =min [/, , = min {F(yN-1), u(N-1} + Q(¥(N-1) +
| d <R+ FHN-1), u(N-1, N-1))]. (1.40)

Nhur vay khi cye tiéu (1.39) theo u(N-1) chiing ta xdc dinh duoc ham
S (N-1)(N-1)).

Xét tiép doan (N-2).Tn< r < N.Tq , theo téng (1.37) ta cé:
Ioa = F(y(N-2), u(N-2)) + I\, . (1.41)

Theo (1.36) biét duge y(N-2), khi dé cyc tiéu hod Ny, s€ xdc dinh
duge dai lugng didu khién t6i wu trén doan (N-2).Tn, T11). Khi cuc tiéu /g,
theo #(N-2) va u(N-1), gid tri ndy dugc k¢ hiéu S ,:

Sx2(¥(N-2)) = min [, , (1.42)

lun <RI, |y, RI.
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Nhu tinh & trén I, di duoc cuc tiéu theo w(N-1) vd ¢6 gid tri la
Sna(FN-1), N-1)) con  y(N-1) theo (1.36) lai phu thadc vao y(n-2) va
w{N-2), do d6 (1.42) dugre vigt nhur sau:

S, (¥(N-2)) = min{ F(y(N-2), u(N-2)) + S (H(N-2) +
|uN-I£R‘ |IHN_2SRI
+ fy(N-2), u(N-2), N-2))). (1.43)

Theo (1.43) gid tri cyc tidu clia Sy (y(V-2)) khi ndy duge xdc dinh chi
phu thudc va moét bién d6 1a u(N-2) vi gid tri toa do y(N-2) da biét. Bang
nguyeén tic cuc dai xdc dinh duge dai lugng didu khién u dé cho Sy ,(¥(N-2))
cuc tidu. Pay chinh 12 dai lugng diéu khién t6i wu u*(N-2), thay gid tri cha
u*(N-2) vao (1.43) tim duge gid Sy (y(N-2)). Tuong tur tinh todn cho cdc
thoi diém tiép theo (N-3).7n< 1 € N.Tq ... va dén (N-N).T< t < NT theo
cong thitc truy héi:

Sax(N-k)y = min{ F(y(N-k}, w{N-k)) + Sy oy (N-2) +
luN_kS Rl

+ fy(N-k), u(N-k), N-k))}. (1.44)

Véi cong thitc ndy cyc tiéu hod ham Sy, (WN-k)) chi theo mot bign
u(N-k), tir d6 hodn toan xc dinh dugc dai lugng diéu khién t6i wu u*(N-k). &
day k chay tir 1 dén N, chiing ta xdc dinh duge N dai lugng diéu khién t6i
W tiy w*(0) dén u*(N-1), trong 86 u*(0) = u*(N-N) la dai lugng diéu khién
t6i wu & thai diém ddu tién, img v6i nd 1a trang thdi ban ddu clha doi tuong
diéu khién.

1.5. PHAN TiCH CAC PHUONG PHAP BPIEU KHIEN TOI WU
D6i v6i mot s bai toan t6i wu ta ¢6 thé st dung phuong phdp bien

phan cé dién, phuong phdp quy hoach dong hoic nguyén ly cuc dai déu cho
ciing mot 19 gii. Néu bdi todn t6i wu khong dat gidi han « diéu khién thi
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phuong phap bién phan v phuong phdp cuc dai cho két qua nhir nhau. Duéi
day s& phén tich m&i quan hé clia 3 phuong phap diéu khién t61 wu trén.

1. Quan hé gida nguyén Iy cur dai va bién phan cé dién
Gia sir d6i tuong diéu khién duge mé 1 bdi phuong trinh vi phan:

& _
dt

Cin tim cyc ti€u clia phi€ém ham:

u, (1.45)

; .
0= [Gly.undt . (1.46)
1]
Ky higu:
,
= |Gfy,u,tldt
Yo f,.[ [y.u,tf (1.47)
Y=y
Khi d6 ta ¢6 hé phuong trinh vi phan:
D — Gy
t
, (1.48)
B
dt

Ham Hamilton trong nguyén 1y cuc dai ¢6 dang:

H=3 Gf(nun)=) v fly.un, (1.49)
S H=HG(ut)+yu

Déi voi ham b trg w,, 1a ¢é:
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A% _ _ oH

=10

@ oy, (1.50)
f_fﬂ_ _ _¢6H _ 3_H - oGy, w. t7
dt oy, dy “ oy ’

Xdc dinh u(r) d€ ham H cixc dai, tix:

oH G y.u,t
OH _ Oi“—]w. _0. (1.51)
Ju Ou

tromg dé : ¢4 = const, néu 1y , = —1 thi:
OG[y,u,1]
cu
Mt khac thayy, = ~vio phuong trinh 2 ctia (1.50), ldy tich phan 2
vé'ta cé:

W, = (1.52)

w,=C, + J‘Mdr. (1.53)
¢ oy

Keét hop (1.52) va (1.53) nhan duoc:

oGy, u,t} _C s ]aG[y,u,r]dr
Sl o+ [ gy

P (1.54)

1]

LAy vi phan (1.54) theo thdi gian va thay % =uta cé:

d06_%6
drou oy
Vi y' =unén du = dy'do vay:

(1.55)

————=0. (1.56)

Tit nhitng van dé uinh bay trén, ta thay phuong trinh (1.56) riit ra tir
nguyén 1y cuc dai trong trudng hgp d6i tugng diéu khién duge mo ta bdi
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phuong trinh ' = # hoan toan nhu phuong trinh Cle (1.14) trong phuong
phép bi¢n phan cd dién.
2. Quan hé giita nguyén ly cuc dai va phicong phdp quy hoach déng
Déi véi phuong phdp quy hoach dc‘mg, phuong trinh Belman ¢é dang:

. Q°
Mm{ yut]+z u.t]+ _0 (1.57)
e Q

D6t v mot ham téng quat p ta ¢é tinh chét:
Minlg} = —Max{~ p}, (1.58)
khi nay (1.537) trd thanh:
axs — G ut]+2":f[ ut](—aQO)_a_Qi =
ys L) - i y’ L] a-yi df (1'59)

uel2
D6i v6i he thong otondm khong c6 bién t trong ham f, khi d6 phuong
trinh Belman c6 dang:

" aQU B
Max{— GLY O+ X AV OHON-— )} =0 60
ueQ
H 0
Poi véi he thong khong 6tondém, néu dat 7 = i :aQ - _ahQ_‘
at aynﬂ
bidu thitc (1.60) khi nay trd thanh:
n+l aQ
Mar{— Gly,u. ,1+ Zf[y s Yo Fy")} (1.61)
uell
Néu dua vao mot toa do phu y, xéc dinh theo:
% = Gly,ut] = Gly,u, ¥, = il ol (1.62)
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khi do co:
f
Yo = IG[y,u,r]dt =0 = Qo (1.63)
g

véi didu Kién ban ddu y,_, = 0.

Tir (1.62) va (1.63) suy ra:

5yn=6Q°<:.‘>%:l. (1.64)
W
Nhue vay ¢6 thé viét (1.61) & dang don gian hon:
4l aQU
MQX{Z-I(“ ayi )f;[y*uvym-ll} = 0 (]65)
uefl
0
bat (1) = % véi § =1,2...n ta cor
n+l
Max{;ﬁ[yﬂu!ynﬂ]iy{(!)}:0' (166)
e Q)
Néu xét hé théng 6ténom thi (1.59) ¢6 dang:
Max{;f;[y!u‘yﬂﬂlllyr(t)} = 0' (1.6?)

ueQ

Cic bidu thic (1.65), (1.66), (1.67) cdn phai c¢é gid tri cuc dai, tic la
twong Ung vai cyc dai cia ham # trong nguyén 1y cuc dai:

H= Z":w,.(t).ﬂ[y,u,t]. (1.68)

Qua nhitng vin dé trinh bay & trén, ta thdy tir phuong phdp quy hoach
déng co thé suy ra nguyén ly cie dai va nguge lai.
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3. Nhan xét

P6i véi phuong phip bién phan ¢ dién, viée tim cuc tri phiém ham
bing cdch giai phuong trinh Gle vdi bai todn khong han ché la rdt kho khan.
Khi cé mot s6 ring buodc chiing ta c¢6 bai todn 6t6ndm, khong 6tonom hay
bii todn ding chu. Thuc t& ta thudng gap cdc bai todn t6i wu ma tin hi¢u diéu
khién u(¢) lai 12 ham lién tyc timg doan, cho nén viéc 4p dung phwong trinh
Ole — Lagring dé giai quy€t bai todn d6 s& rat phitc tap. Vi vay khd ning
tmg dung phuong phdp nay bi han ché trong thuc t€.

Phuang phép quy hoach dong ing dung rét thuan lgi cho he thong gidn
doan. Dac biét viec skt dung mdy tinh s6 dé giai bai todn diéu khi€n gidn
doan theo phuong phap ndy rdt hiéu qud. Ham diéu khién u(f) khi d6 duge
bidu dién dudi dang bang s6, néu biéu dién lién tyc ta chi nhan dugc bidu
thirc gén ding. Do vay viéc ung dung phuong phap diéu khién nay cho he
lién tuc 13 khong hiéu qua.

Phuong phdp cuc dai rdt hidu qua khi giai cdc bai todn co gi6i han, du
gidi han dé d6i véi cdc tham s lien tuc hay gidn doan cho hé tuyén tinh.

Tir nhitng vén dé phan tich trén day va yéu cu clia bai todn diéu khién
khi cu bay diéu khién mot kénh, ching ta thdy @ng dung nguyeén 1y diéu
khién cuc dai Pontriaghin dé tim luat diéu khién khi cu bay 1 phit hop nhat.

24



Chuongll

LUAT BIEU KHIEN VA PHUONG TRINH
TRANG THAI CUA

KHI CU BAY PIEU KHIEN MOT KENH

2.1. BAI TOAN DIEU KHIEN KHi CU BAY PIEU KHIEN MOT KENH

Theo [37] déc trimg clia thiét bi do sai sé diéu khién khi dan khi cu bay dén
d6i wong quan sdt ¢6 dang nhy hinh 2.1 ( day, K- hé s6 dic trung cho cdm bi€n
do; A - sai s§ diéu khién.

Khi 0 £ A <A, - ving mu;

A, € A <A, - ving tuyén tinh;

A, € A < A, - viing bio hod va Ia viing 6 sai s6 16n dé& dan dén mét diéu
khién va mat d6i tugng quan sdt.

U/O A, A A A

Hinh 2.1, Béc trung

Hinh 2.2. Dang khi cu bay
cla thiét bj do sai s& diéu khién mét kénh
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Didu niy c6 nghia 12 diém am viéc clia hé thong hodc O ché d¢ bio hod.
hoac & ch& do tuyén tinh, hoic & viing mi.Tir dac trung trén ching ta thay. dé dam
bio nhanh chéng dira sai s6 diéu khién tir viing bio hok rd vé ving tuyén tinh
nham gidm thiéu khi ning méit bim ddi wong quan sit dic biét doi voi cic doi
tugng quan st cg dong nhanh cn phai ing dyng nguyén Iy diéu khién tdc dong
phanh. Phuong phdp diéu khién cyc dai cia Pontriaghin rit phis hgp Vo1 cac qua
trinh diéu khién lién tuc va c6 tinh dén giGi han cua dai lugng diéu khién nén dp
dung dé gidi bai toan diéu khién néu trén s& cho algorithm di¢u khién mong muén.
Nhung diéu khién theo nguyén 1y tic dong nhanh bao gi®f cling ¢6 sai 50 i6n hon so
véi didu khién theo sai s6. Vi vay diéu quan trong thi 2 ¢in quan tam 12 tim dugc
algorithm diéu khién KCBDKMK sao cho khi diém lam viéc clia hé théng dang ¢
ché d6 bio hoa thi hé thong hoat dong theo nguyén 1y cuc dui; khi diém tam viéc da
vé mién tuyén tinh thi doi twong diéu khién céin phai duge dicu khién theo sai 6 va
nguoc lai. Algorithm diéu khién phai thod man dicu kién ty dong chuyén tir ché do
nay sang ché dé kia v nguoe lai trong sudt qui trinh.

Khi cu bay diéu khién mot kénh nghia 1a chi ¢é mot kénh 1di nhumg diéu
khién chuyén dong khi cy bay trén ca hai mit phéng thing ding va mat phing ném
ngang. Gia sif khi cu bay mot kenh c6 ket ¢iu nhu hinh 2.2 va theo [11] khi ¢ géc
léch canh 14i & s& xudt hién géc & hgp bdi vecta truc doc khi cu bay 0X, vdi vecto
t6c 4o V., & day OX triing vdi vecto V, trang thdi cia KCBDKMK duge mo ta boi 2
phuong trinh co bdn sau:

g+ Ca+Coa=Cs0, (a) (2.1
T, +w, = K8, ®

Phuong trinh (2.1.a) phan 4nh sy thay di hudag cia vects toc do khi cu bay.
C,.C,,C; lacic h¢ s6 khi dong. Phuong trinh (2. 1.b) phan dnh trang théi clia Khi
cu bay lubn xoay trdn xung quanh tryc doc 0X,, @, 12 toc do gde ¢ha khi cu bay
xung quanh tryc doc, Ty, 12 hing s6 thai gian, K 1a he s6. 8, géc léch ctia canh 6n
dinh tao ra mémen quay khi cu bay. Van dé dat ra I3 tim quy ludt bién ddi clia cinh
l4i sao cho t6i uu.

Trude hét ching ta quan tam dén phuong trinh (2.1.2). Dua phuong trinh d6 vé
hé phuong trinh vi phin bac [ bang cdch dit cdc bigh: y, =y, =¥y, =&, =&
= (30 taco hé phuong trinh sau:
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Y=Y
(2.2}

¥y, =y, =€y, tu
trong d6 # quen goi 1a tin hiéu diéu khién. Céc diéu kién dau va cudi cia bai todn
¥, (f) = Yo $lte) = 0, ¥ (&) = Yo, ¥2(8) = 0 thod mén diéu kién gidi han u < ‘uo‘ .
Diéu nay déng nghia voi viéc can tim mot quy lugt diéu khién cénh 14i t6i wu dé sao
cho tai thoi diém ban ddu géc tan & ©6 gid tri ndo d6 a(f,) = &, , () =0 trong
thdi gian ngén nhat T, khi cu bay c6 gid ui a(f, ) va d(f, )= 0 thod man diéu kién
d < ‘5::#' . géc O, 1a gidi han géc lech cuc dai cho phép cha cdnh 14i. Muon giai bai

todn trén ta dua vio haim phu y,=+, w(f,) = f,. Khi dy ta c6 h¢ phuong trinh:

Y=Y
Yy ==C ¥, —Cp ¥yt (2.3)
Y5 =Y
Khi dé ham cén cuc tiéu c6 dang:
IT = yi(rg) + Ayilte) + Aya(tx) (2.4)

A - céc hing s6 duge xdc dinh theo diéu kién cudi cha bai todn.

el

Theo [11] ham Hamilton g = ZWhﬁ duoc xdc dinh tir h¢ phuong trinh (2.3)

t=1

nhir sau:
H=yy, +¥,{-c.y,=c » +u)+y,, (2.5)
trong d6: , - cdc ham bo trg.
Pé ham Hamilton (H) dat gid tri cuc dai thi dai lugng u diéu khién (géc lech
cdnh 141 S(1)) tai moi thai difm phai o6 gid trl: 1 = uysign(y,) , tic la:
8 (1) =8 ,sign( ). (2.6)
X4c dinh ham 7, theo thoi gian, 4p dung cong thuc:

"+l afj .
o= - 2o i=1L,2, nt], 2.7
v, ; Ve
Jf, - cdc phuong trinh trang thdi cha (2.3), y, - cdc bién trang thdi. Nhan dugc:
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W, =C”.!;/2, (a)
78 =Ca_.t;/2 -, (b) (2.8)
w,=0. ()

Véi diéu kién cudi (1, =4, , w,(1,) = -4,, w,({) = —1. Chuyén vé&
phuong trinh (8b) cé:

¥, ~C .y, +y, =0, 2.9)

réi dao ham ta dugc:

W, - Cp,+y, =0, (2.10}
thay 7, vdo phuong trinh (2.10) ta nhan duge phuong trinh:

W, —Cayn+C oy, =0. (2.11)

Phuong trich dic trung clla phwong trinh (2.11) ¢6 gid i
A=bh*—4dac= (C,) —4C, <0 do trong thyc t& C, <<C, nén nghiém la

phic, do d6 nghi¢m cita (2.10) ¢é dang sau:

w, (1) = 4, C, sin(de, ~(c, )t + B,) (2.12)

trong dé : A, B, - cdc hing s6 xdc dinh theo diéu kién cha bai todn.

Thay biéu thifc (2.12) vio (2.6), x4c dinh duge biéu thic diéu khién t6i
u nhu sau:

By =0,sig] Ae' ' C; sin(y4C, —(C,) 1+ B)]. (2.13)

Pé cho don gidn ta gia thi€l rang, tai thai diém bat ddu diéu khién r,= 0, ham
sin ¢6 gid tri bing 0 va B,=0, thi ¢6 ham:

sin(4C, —(C, )1)=0 (2.14)
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khi 1" =7/J4C, —(C, )2 . tiic 1a ding nifa chu K. con thanh phén e(:“:Cé- luén
luon khong déi dau, do d6 khong c6 § nghla lam ddi dau ham (2.13), nén c6 thé
cho bang 1. Cho gt C; =1 s& c6 thuan lgi cho vige thuc hién vé mat ky thuat. Khi

ay bidu thifc (2.13) ¢6 thé viél don gidn nhu sau:

8 =3,,sigh A sin(J(4C, ) ~(C, )] (2.15)

Biéu thitc (2.15) xdc dinh luat didu khién d6i véi KCBDKMK theo tigu
chuén téc dong nhanh. Hinh 2.3 biéu dién luat diéu khién theo ham s6 ddu
(hay con goi 12 luat diéu khién role).

Theo diéu kién bai toan, theo dinh Iy vé n khoang [11}, dua vao phuong
trinh vi phan (2.1a) thi trong khoang thoi gian tir 0 — T géc lech cdnh 14i s& ddi
dau 1 14n (hinh 2.3) va t&c do géc tan a(f) <o thé biéu dién trén hinh 2.4a.
Theo (2.15) gid tri T chinh béng chu k¥ cua ham sin trong hism s6 ddu. Bay git
ta xét phoi hyp giita sy thay A8i ddu géc lech cdnh di (2.15) voi qud trinh quay
cubng bite chia khi cu bay xung quanh tryc doc 0X,, phwong trinh (2.1b).

Goi chu ky quay ciia khi cu bay 1a T, , ta quy udc khi cu bay quay theo chiéu
kim déng h6 va xuat phét tir truc -0Z,. Gid tri géc léch canh 14i tai diém xudt phét
46 bat ddu cé gid tri duong, trong sudt qud trinh quay dén gap truc 0Z, s€ tao ra
mémen diéu khién duong. Khi khi cy bay quay tir 0Z, dén -0Z, tao ra momen diéu
khién am. Néu T = T, thi trong mot chu ky quay ciia khi ¢y bay chi ¢6 mot lan gid
tri gbéc lech canh 14i di ddu tir duong sang &m, ldn thi hai d6i tir am sang duong s€
thuc hién & chu ki quay thi 2 {hinh 2.5).

A8 A

a b
+d, : a
0 T2 ) T 1t " T
-5, 0 {72 t
Hinh 2.3. Luat diéu khidn Hinh 2.4. Bién thién
theo ham s6 dau cla téc dd goc a
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- 3 " I
Hinh 2.5. Luat diéu khién Hinh 2.6, Luat diéu khién
theo ham s6 dau theo ham sé dau

Néu T < T, thi trong mot chu k¥ quay clia khi cu bay gid tri géc léch cénh
ldi thyc hién 1 lin déi d4u, 1dn thi nhét tir duong sang am, tdn thit 2 tir am sang
dwong va vin con du mét phan thoi gian cha chu ky d6 lam cho géc léch canh ldi c6
gid tri duong (hinh 2.6). Diéu nay rat khé khin trong viéc phéi hop chiéu ciia mo
men diéu khién. Theo [4] mémen diéu khién duge xdc dinh bot bidu thire:

LRV G na e T (2.16)
M= [ 5 S16,signta (8in \J4C . — (C . ) tsin wudr -
a

dé c6 thé diéu khién khi cy bay theo mot hirdng di dinh. Do d6 cdn thiét phai cho
T=T ticld ot = 1f4C'm. —(C . y*t. Khi d6 mémen diéu khién duge tinh béi biéu

thitc sau:

I 2
M = %j“o;’ 518, sign(A | sin Wt )sin W tdt (2.17)
[

trong d6: p - mat do khi quyén; / - canh tay don cdnh ldi; V - 1a t6c do khi cu bay;
S - dién tich cdnh ldi. Nhu vay nita chu ki ddu mo men diéu khién cé dau duong
va nira chu k¥ sau khi khi cu bay quay tir tryc +0Z, theo chiéu kim déng hd xudng
phia dudi, cdnh 1di ¢6 gid tri Am, nmmg moémen diéu khién van duong (hinh 2.7,
hinh 2.8} va ti€p tyc lam cho toc do géc a(¢) tang (hinh2.4). Khi &y ra thdy rang
vai tro hdm ciia nifa chu ky sau khong cdn nita mi no lai dong vai trd tang tdc,
nghia 1a khi (7} # 0 va a(T) hic d6 1dn hon gid tri a(f, ) dit ra cho bai todn,

nhung khong 16n hon gid tri t6i han (&, ) thi khi cu bay khong bi that tdc. Dicu

nay khong trdi v6i nguyén ly tic dong nhanh ma chi cing lam ting kha ning dat
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dugc gid tri ¢(f) nao dé 16n hon gid tri duge dat ra cia bai todn va diém lam viéc

ciia hé thong cang nhanh vé mién tuyén tinh.

1 g

+0

— T
0 T2 1 ¢ 0 T2
_ ‘%

Hinh 2.7. Luat didu khién Hinh 2.8. Mémen diéu khién
theo ham s& dau

Khi diém lam viéc clia hé thong di vé mién tuyen tinh thi algorithm diéu
khién (2.15) cdn phai ty dong chuyén vé algorithm diéu khién tuyén tinh theo sai
s6. Bai todn dat ra l3 lam sao véi luat diu khién &(f), moémen diéu khién khi thi
hoat dong theo luat tdc dong nhanh, Khi thi hoat dong theo sai s6 dicu khién. Dé
thue hién duge ¢ twdng ndy, trong biéu thifc (2.15) cén dua thém vao ham diéu ché
dang ham sin, khi d6 biéu thirc nay s€ dugc viét dudi dang sau:

S0y =8, signl4,()sin(aw,t —p) + A, sinn(w, L -l Q2.18)
trong d6: A,(7) - ham bién thién phy thuge vao sai s diéu khién ; A, - gid tri bién do
ham didu ch€ dugc goi 1a him tuyén tinh : ¢ - gbc léch pha ; n - bOI 86 lin toc do
géc quay ca khi cu bay quanh tryc doc (n nguyén, duong).

Cic gid tri hing s6 A, v n cdn phii duge tinh todn, lua chon phit hop dé qud
trinh diéu khién dat hiéu qud nhat. Theo biu thic (2.18). quan hé giita ham bién
thien phu thude vao sai s¢ diéu khi€n A,(r) va gid tri bien do ham tuyén tinh A4, s&
x4c dinh thai diém va s ldn la1 cdnh ldi trong mét chu ky quay. Diéu nay cé ¥
nghia quan trong d¢ thi¢t 1ap méi quan h¢ giita sai 6 diéu khién vd mo men diéu
khién. Theo [30], khi A,(¢) bing 0, tiic 12 sai s6 bang khong, cdnh 141 & c6 4 lan déi
diu véi khoang thoi gian nhu nhau va bang 1/4 chu ky. Khi A4,() = 24, (1) tiic 1a sai

31



s6 16n, canh ldi s& c6 2 14n ddi ddu véi khodng thdi gian nhu nhau va bing nira chu
ky. Trong cdc trudng hop khdc 1a trung gian s& ¢6 4 1dn ddi dau nhumg khodng thoi
gian c0a lan thit nhat va thit tr bang nhau, ln thit 2 va {an thit 3 bing nhau. Do dé
chung ta s€ c6 tap hop cdc xung diéu khién theo chudi thé hién trén hinh 2.9.

185k T . PR
1 L e —— :
. }-»Fﬂﬂﬂﬂﬂﬂ
o t[=1
R A . .
16k : . .
= 1 L IE N 111 | i V!
o G5 L [\1'5 az n2e 03

Hinh 2.9. Dang xung didu khién.

Céc chu ky [, Il ~ 12 qué trinh diéu khién cyc dai, 2 nira chu k¥ 1, 2 ddu déng
vai trd ting t8c. Céc chu k¥ ti€p theo I, IV, V- 12 qud trinh diéu khién theo sai s,
cdc xung diéu khién trong mot chu ky quay clta KCBDKMK: 1, 4 déng vai trd ting
tdc, ¢on 2, 3 ddéng vai trd him. Chu ky VI - khi sai s6 diéu khién gin nhu da duge
triét tiéu, cdc xung diéu khién trong mot chu ky quay ciia KCBDKMK: 1, 4, dong
vai tr0 tang téc, cdn 2, 3 dong vai trd him déu ¢6 do rong nhi nhau, ching khir lin
nhau. Khi dd cdc géc tan, géc trugt khi cu bay déu trér vé 0.

Nhur vy bang gidi bai todn diéu khién t6i wu theo Pontriaghin d€ fim
duge algorithm diéu khién tic dong nhanh nhim dua di€m lam viéc clia he
thong vé mién tuyén tinh va khi dua thém mot ham diéu ché vao algorithm didu
khién d6 da lam cho he thong hoic diéu khién theo nguyén Iy cuc dai, hodc
diéu khién theo sai s6 nhim nang cao chat lugng diéu khién. D€ 15 tinh wu viét
ctia lugt diéu khién ndy trong chuong I s& khéo sét k§ hon momen didu khién.

2.2. PHUONG TRINH CHUYéN DONG CUA TAM KHOI KHi CuU
BAY DIEU KHIEN MOT KENH
Hinh 2.10 biéu dién cic lyc tic dong 1en tam khoi khi cu bay. Oxyz 12 he

toa d9 tdc d6, ¢ truc Ox triing v6i vecto téc d¢ khi cu bay, truc Oy vudng géc
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vgi truc 0X va hudng lén trén, truc OZ vuong g6c vOi mat phing OXY va tao
thanh hé quay phai.

0X,Y,Z,1a hé toa do lien két, c6 truc 0X, trung vdi truc doc cla khi cu bay,
truc 0Y, vuong géc voi truc 0X, va huong lén trén, truc OZ, vuong géc véi mit
phing 0X,Y va tao thanh mot hé quay phai. Lién ket c6 nghia la truc 0Z, tring v&i
mat phing cdnh 14i, gin chat véi mat phing cdnh ldi quay theo khi cu bay. Hai truc
0Z,, 0Y, hgp v6i 0X, thanh hé quay phai. Viéc chon nhir vay dé dé dang phan tich
sur chuyén dong cla khi cu bay trén 2 mat phing thang dimg va mat phéng nim
ngang.

Khi chuyén déng trong khong gian, khi cu bay chiu tdc dung cta cdc vecto
luc sau:

- Luc ddy cha dong cot T,

- Luc khi dong toan phéin R ,

-Trong lyc G-= m§ ,

trong dé: m - khi huong khi cu bay ; g - gia t6c trong trudmg.

b
Y, Ay

Hinh 2.10. Hé toa db
33



Khi &y lujt diéu khicn cdnh 14i s€ c6 dang:

S\(1) = &, sign[ A (1) sin(w 1 — ) + A, sin ma, t—@)sine ., (2.19)

Dura viio 2 hé toa do trén, ta xdc dinh cdc phuong trinh chuyén dong ciia tim
kh6i khi cu bay va phuong trinh chuyén dong coa khi cu bay quanh tam khéi.

Chuyén dong cia 1am khéi khi cu bay xdc dinh bdi phuong trinh vecto Niuton,
theo [10] duce viet nhir sau:

mi_-——m§+§+T (2.20)

trong d6 rm - khoi lugng khi cy bay, V - toc do khi cu bay, R - luc diéu khién tde dong
I&n khi cu bay, T - tdng cdc luc clia déng o0 tdc dong lén khi cy bay. g - gia t6c trong
trudng.

Do h¢ toa d¢ toc do OXYZ quay quanh heé toa do goc 0X,¥,Z, (0X,Y,Z, 1A
h¢ toa do ¢d dinh) véi tdc do géc £2, cong thitc (2.20) theo hinh 2.10 duoc biéu
dién nhu sau:

m%+m5xl7:fn§+_§+? (2.21)

—

dlV ) = .
trong dé —~—d - dao hiim cyc bd cha vecio tac do V' trong he toa do 165¢ do.
i
Khai trién (2.21) dusi dang vec to:

—_i o =i

X v Zz
ml}in+mQ Q0 =(mgj—X—TA)I’Q+(mg},+}’+T’)}_’n+(mg_,+Z+T:)2tj'

v.o 0 (2.22)

Oday: Y - lycnang: Z - Iyc canh tao ra sy d6i huong bay; X- luc can: T, T, T,- céc
lyc day thinh phan duoc tao nén tir dong co ddy.

Chi€u (2.22) len céc tryc chia hé toa do t6c do (hinh 2.10) va chia phuong trinh
thii nhit cho s, con phuong trinh thit hai va thi ba cho mV, nhan duoc:
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V= —gsiné’—lC,.s.q +£;
m m

g . 1 ¢,
Q =—Zcosfsiny+-—IC sg+T }-
- ” yd |,ﬂ,( y3d )}

Q =—£cosgcosz+L(C..s.g+T,l
4 mb - i

¥

T
Yg
Y
§]
X
| O X
P .
¥ 8
P
P Xg
5 6
Zg X
z

Hinh 2.11. Hé toa b ¢d dinh

(2.23)

Cdc thanh phén ,, Q,, , clia vecto t6c do goc Q lién quan véi cdc toc do

géc 9,0, bdi cdc phuong trinh dong hoc Cle. Tir hinh 2.11 nhan duoc:
Q, = q) sin@ + X§
Q, = cp cos@ cosy + 8 sin Y
Q, = 6 cosy, — @ cos@ siny.

Tir cdc phwong trinh cha (2.24) theo qJ,B,x ,taco:

(2.24)

35



8 = Qcosy, + Q.siny,;

: 1 .
¢=— (Qcosx - Qsmx); 8 (2.25)
cos@ "

=0 - (Qcosx - Qsinx}g
Khi cdc géc tdn va gée trugt nho, coi luc ddy cua dong co doc theo tryc
Ty =T, . cdc lyc ddy thanh phan T, = T,o; T, = T,,B nho, ta nhan dugc cac phuong
trinh chuyén dong clia tam khéi khi cy bay tir cde he (2.23), (2.25), nhu sau:

V:—gx+T" -C, £z, (a)

163 213
Q =4+ ~’g—-'; (b)

V

&
Q, =45 (©) (2.26)
8= Q_cosy +Q, sin 7, (d)
P = ! (Q,cosy + 0, sing), (e

cosé

g =8, —(Q cosy+Q, sin ¥ }gt:(g)

i |
trong d6 cdc h¢ s6: A, = -—V(T_“, +C%qs); Ay =—(T, +C:ﬁqs): V - toc J0
m ' m

bay; C, - hé s6 lyc cin; C, - hé s§ luc nang, & = gsin@; g, = geosbeosy, g, =
geosBsiny - cic thanh phén gia téc trong trudng theo cdc truc tuang itng; Q,. Q. Q,
- t6c do géc cha vecto 16¢ do theo cdc tryc 0X, 0Y, 0Z ;s - dian tich thigt dién dic

trung, g = —'0—2 _{dc dp; ¢ - goc hudng: 8 - gée chiic ngdc; (gbc cha vecta van
8c¢); ¥ - gbc nghiéng.

Tir cic phan tich trén ta thiy phuong trinh chuyén dong tam khéi clia khi cu
bay diéu khién mot kénh hoan toan gidng véi phuong trinh chuyén dong 1am khi
cha khi cu bay diéu khién ba kenh.
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2.3. PHUONG TRINH CHUYEN DONG CUA KHi CU BAY DIEU
KHIEN MOT KENH QUANH TAM KHOI

Phuong trinh vecto chuyén dong ciia khi cu bay quanh tam khoi ¢6 dang:

K=L+M, (2.27)
trong dé:
K - vecto mémen dong luong clia khi cu bay ;
[’ - vecto mdmen cic lue do dong co tao 1en;
M - vectd mémen céc fuc khi dong.

Trong trudng hgp cac truc cha hé toa 4o lien két tring vdi cdc truc quan tinh
trung tam chinh clia khi cu bay thi momen déng lugng K c6 thé biéu dién qua hinh

chiéu 1én cdc truc nay nhir saw:

K= J“%;‘f I uyy) + Lz (2.28)

trong 36 : 1, 1., J,, - chc mémen quin tinh cha khi cu bay quanh cdc truc 0X, 0Y |, 0Z,;

0,), Wy, ©, - t6c do goc quay cha khi cu bay quanh céc truc 0X,, 0Y,, 0Z,,

30, 70,20 - céc vecta don vi chia h¢ tog 49 lién ket.

Phuong trinh (2.27) dugc xay dung trong hé toa do lien ket 0X,Y,Z,, do he
toa do nay quay vdi téc do goc ® quanh hé toa do gdc (hé toa do xuat phét) nén
phuong trinh (2.27) khi nay duge viét & dang:

dK oK = T, 2.29)
ar

Trién khai (2.29):
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Jx_\' o] XT +‘!yy Ui y{fJ + Jr:: ux Z? + u.‘t’! ("3?! 0!’! =

(2.30)
Joug, J et I w,
(L'_\_, ) +M_”}:§’ +[L’N T+ M, _?{L':, —Tw, +M:,);f.
Chicu (2.30) l&n he toa d§ lién ké&t, ta nhin dugc :
Jooa-(J, —J o0, =Lyt M,
I, 0= = Joa0, =L+ M, @231

I é):'_(‘]u _‘]w}gxlwy'l =L +M,,

L:i = L:xl - J"" wxl;Lyl = ‘[:)’l - ‘}W wyl; Lzl = L.:l - ‘-}-77 0.5

M =mylsqg;M,=m I sq: M, =m,l sq. 232)

=ity

trong d6 @ m,y; Myl My - cdc he s6 momen khi dong khong thi nguyén phu thudc

Vv
vio s& Makha: M =— ( a- t6¢ do am thanh), géc tan o, goc rugt B, cdc goc lech
a

cdnh ldi 8,, 5, cling nhu dang khi dong ciia khi cu bay.

Céc he s6 khi dong va md men phu thudc phi tuyén vao cic doi s¢ cla
ching. Song, d6i vai cic loai khi cu bay ¢6 cdc goc truot, gée tin vi goc léch cdnh
14i nho c6 thé ap dung nhimg cong thic phu thudc tuyén tinh d€ xdc dinh céc he s6
nay [10]. Ta cé:

C, =Cia;C, = cip,Ccy =Cys (2.33)
! @
mlszf5e+ fl\. Xl
Vv

: (2.34)

a) .
. B @ ¥ pAl
N-m},l,Ber},l > +m?
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; o 1O, . 1.0
m. = méo+miS +m Al
i : : ’ V vV
Thay cac biéu thic (2. 32), (2.33), (2.34) vio (2.31) vi coi ¢dc thanh phan
moémen do dong co tao ra bing khong L,] [ﬂ L. =0, nhan duge céc phuang

trinh chuyén dong cuia khi cu bay quanh tam khoi nhr sau:

aixl+a‘:1\lmxl:_axcae" (a}
a}.)‘l+ ar:'I‘.I"'('!"gl = _arh:l“'ﬁgxl'{“!’I il aflﬁ _afiﬁ$ (b)
ajzl+af:‘|“wzl:a?:l"..(oxla)yl-_afla - as,d - a,;d8,..0©
(2.35)
trong dé:
l..s 2\" (J )
a, = -m 8y %4 , aﬂmﬂ - "m_,lwﬂ a . a, l X vl
Jxl JHV ""r_\'!
v ¥ ) Isq 5 _ i lsq
a.\‘] - J . )_]JB =-m ¥ d a_\-'l _m_'H —2— '
=1 J}!
2 I l
v, By lsq oy iy Sq o o 8¢
ayl ) __myl ’ L=l _n)l:l s, -1 =_rn:l ,
Jle ‘]:IV |
@ _ G lSq
a, =My )
sqly s sl s ?
a,=-— —m: o a; = Lm? . = PV . la cac hé s6 phu
e xty S A1 g : ;
J, J 2

thudc vao ché dg bay. S, é; - cdc goc lech canh 141 va cénh lieng, @,. @y, @,

- t6c do géc quay cha khi cu bay quanh tam Khoi lugng theo céc truc tugng ng,
a, B - goc tin, goc truct.

Tir hé phuong irinh (2.33) ta ¢6 nhan x¢t nhu sau:



- Phuong trinh (2.35a) phan 4nh quay ciia khi cy bay xung quanh
truc doc khong phu thude vio 2 phuong trinh kia (khong phu thude vao 2
kénh kia).

- Phuong trinh (2.35b) khong chita goc léch canh 14} tao ra momen diéu
Khién.

- Phuong trinh (2.35¢) 6 chira gdc léch cdnh 1di tao ra mémen diéy
khién.

- Do @,, # 0 ma xuit hién su dan chéo gita 2 kénh do cao va kénh nim
ngang.

Day chinh 1a sy khdc nhau giia diéu khién mét kénh va 2 kénh.
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Chuong 111
KHAO SAT DAC TiNH PONG HOC
CUA KHi CU BAY BPIEU KHIEN MOT KENH

3.1. HE TQA DO

Chiing ta thdy qud trinh nhan va xir 1y thong tin, tao lénh didu khién,
diéu khién khi cu bay chuyén dong tvong d6i bam theo d6i tuong quan sét 1a
mét qud trinh phic tap. D& thuan loi trong viée phan tich qué trinh 46, cdn
x€t cdc hé toa do duge sir dung khi nghién citu chuyén dong chia khi cu bay
va d6i tugng quan sét trong khong gian.

\
v ¥, A

W

Hinh 3.1. Hé toa 46
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Trén hinh 3.1 biéu dién cdc hé toa do:

- He toa do OXg¥gZg 14 he toa d¢ ¢6 dinh géan lién v6i mat dat, hay
con goi la he toa do xudt phit.

- He 0X, ¥, Z, 1a hé toa d¢ lien k&t gin lién v& khi cu bay (hinh 3.1).

Trang théi cha khi cu bay so v6i hé toa d§ ¢6 dinh 1a cdc tham s6 S va
y {g6c clia vecto truc 0X ciia khi cu bay). HE toa do OXY Z goi la hé toa do
toc do, nghia 12 truc 0X triing véi vecto t6c do, truc 0Y vuong gdc vdi tryc 0X
va nim trén mat phéng thing dimg, truc 0Z vuong géc voi mat phing OXY va
tao v6i OXY hé quay phai. Nhu vay trang thai toc do cha khi cu bay duge xac
dinh boi cac tham s6 @, 6. HE toa do 05n, n, la he toa do gén lién voi vecto
cit ly D tir khi cu bay dén ddi tugng quan s4t. Trang thdi cta véc to D duge
xdc dinh bdi cdc gdc v, €. HE toa 46 OX Yy Zx gén lién v6i mdy do foa do
doi tugng quan sat, truc 0X trimg vdi truc ngdm cia mdy do toa do ludn
luén c6 xu hudng ngim vao d6i trgng quan sat, truc 0Y, vuong gdc voi 0X¢
vi tuong tu 0Zy tao véi 0X va Oy h¢ quay phai. Nhu vay trang thdi cha
mdy do toa do doi tuong quan st duge xéac dinh boi cdc tham s6 vy, g¢. Sal
53 trong qué trinh bdm st d6i tugng quan sdt sé la:

Ay = € - B
Ag,= Vv - VW 3.1

Sai s6 diéu khién bidu dién trén cong thic (3.1) 1a sai s6& cla he tu
dong bam sdt doi twong quan sit trén cdc he thong ty dan khi cy bay.

3.2. CAC PHUONG PHAP DAN KHi CU BAY

1. Phuong phdp dén thing

Phuong phdp dan thing 12 phuong phdp luon Judn doi héi true doc khi
cu bay phai hudng vao ddi tuong quan st (hinh 3.2, hinh 3.3). M - k¥ hiéu
dsi tuong quan sat, TL- ky higu khi cu bay, 0X - truc doc clia khi cu bay.
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Hinh 3.2. Biéu dién déi tuong Hinh 3.3. Bidu dién vecto t6¢c do
quan sat trong hé toa do khi cu hay va ddi tugng quan sat

M¢i lién he gitrta khi cu bay va d6i tugng quan sdt duge mo td boi
phuong trinh vecto:

X°-D" =0, (3.2)

trong d6: X?°- vecto don vi cita truc doc khi cu bay; D°- vecto don vi cha
cy ly.

Phuong phép din thing 12 phuong phdp don gidn nhat theo quan diém
thuc hién k¥ thuat, béi vi né dé thigt ké va khong doi hoi nhitng giai phdp
cong nghé phic tap. D¢ thuc hién phuong phdp nay chi cén 1am sao cho truc
doc ciia mdy do toa d¢ doi tegng quan sat budn ludn tring véi truc doc khi
cu bay va hudng vio d6i tugng quan sdt. Tuy don gidn vé& mit cong nghé,
nhung phuong phap niy ¢é nhuge diém 1a né doi hoi qud tai cla khi cy bay
rit idn, 16n hon ¢d qud tai clia d6i tugng quan sat déng thdi ty 18 nghich véi
cu ly, khi cyu ly ti€n t6i O thi qud tai ti€n t6i «. Do d6 phuong phdp nay
khong dugc ding dé din KCBDKMK dén d6i tugng quan sit. Hinh 3.2, 3.3
mo ta moéi quan hé giiva khi cu bay va doi tugng quan sit trong khong gian.

2. Phuong phdp tiép cdn song song

Phuong phdp tiép can song song la phuong phdp din ma hudng cha
vectd cy ly D' trong suét qud trinh diéu khién luon song song vdi nhau. VE
mat todn hoc ta cé thé mo ta didu kién can bing gilva vecto cyr ly D’ v6i mot
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vecto don vi £" ¢6 dinh cho trudc ndo do (hinh 3.4, hinh 3.5). Khi d6 1a ¢
mdi lién hé:

D°-Z%=0. (3.3)

Phuong trinh (3.3) phil hgp véi may toa do ddi tugng quan st 6n dinh
trong khong gian theo vecto &".

,

L]

n,
Hinh 3.4. Hé toa do chudn Hinh 3.5. Biéu dién goc vects D so vai
hé toa do ¢é dinh
Gia sit d6i tugng quan sat chuyén dong véi téc d¢ V, hudng téi
diém E, khi cu bay chuyén dong véi té¢ do V cling hudng vio diém E
nhtr hinh 3.6,

Hinh3.6. Biéu didn phuong phap dan song song
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Di¢m E got 1a diém gap . Khi dé theo hinh 3.6 vecto t6c do tuong doi
gitra khi cu bay va d6i tugng quan sit [uon luén huéng vao do6i tugng quan
sdt, Vecto nay duge xdc dinh bing biéu thiic:

ki -V

mr*

—

(3.4)

':I'[)
& day: V), - vecto t6c o tuong doi giita khi cu bay va d6i tuong quan sat,

Gia thiét ring. qué trinh din dén mot thai didm nao dé thi bi ngimg,
sau khi ngimg dan khi cy bay va d6i tugng quan sat chuyén dong thang déu.

Tai thoi di€m ngimg dan khi cu bay va dsi tugng quan sét & vi trf 0 va
M,. Diém E fa di€m cét cla cdc quy dao bay cha khi cu bay va doi tugng
quan sit. Gia sit vecto D, V., V khi din bing phuong phdp tiép can song
song déu nam trén mot mat phang. tu tinh thoi gian bay ctia khi cu bay va
d6i tugng quan sit dén diém gap. Theo hinh 3.6, ta cé:

Of

|

E . E? (3.5)

e

Iy =

-

Vi dudng thdng AB néi céc ddu miit clia vecto téc d¢ khi cu bay va
doi twong quan sit song song voi dudng thing OM va cdc tam gidc EOM
va EAB la dong dang, suy ra cdc v& phdi ciia biéu thite (3.5) 1 bang nhau.
Do do

r’."L = Im‘ (36)

Diéu d6 ¢6 nghia 13, khi cu bay va déi twong quan sat sau khi ngitng
din bang phuong phdp ti€p can song song s& chuyén dong thing déu dén
diém E mot cdch déng thdi, hay néi mot cdch khic diém E 13 diém gap cla
khi cu bay va d6i tugng quan sdt sau khi ngimg diéu khién bing phuong
phap ti€p cin song song. Nhu vay sau khi ngimg ddn bing phuong phdp tiép
can song song khi cy bay va d6i tugng quan st s& chuyén dong thing déu
véi ty s6 toc do V/V,, khong d6i. Néu nhur sau khi ngimg dan, khi cu bay va
doi tuong quan sdt chuyén dong cong hodc thing nhung ty s6 V/V,, khong
phéi 12 hing s, thi diém E néi chung khéng phai 1a diém gap ctia khi cu bay
v6i doi tugng quan sdt. Bdi vay ta cdn nhan manh ring, diém E 12 diém gip
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cla khi cu bay vdi ddi tuong quan sdt chi diing v6i mot ché do chuyén dong
nhdt dinh cia khi cy bay vé6i déi tugng quan sat, thong thudng diém E duge
goi la diém gap rdc thi. Khi doi twong quan sdt chuyén dong cong hoic
khong déu thi di€m dén tite thoi lién tuc thay déi vi tri theo mot quy dao nio
dé (hinh 3.7).

Trén co s& cde diéu chi ra & trén, phuong phdp dan song song con dugc
£0i 1a phuong phdp din dén diém dén tic thevi.

Mot tinh chét rat quan trong cha phuong phdp ti€p can song song 13
vectd cu ly tuong déi gilta khi cu bay va d6i tuong quan sat ludn ludn huéng
vao doi tugng quan sit, cho nén luén luén dim béo chuyén dong tuong d6i
giifa khi cy bay va déi tugng quan sat chinh xdc huéng vao d6i tuong quan
sdt. V1 the¢ phuong phdp ti€p can song song c6 thé xem 1a phuong phép 1y
tuéng. Néu doi tugng quan sdt chuyén dong thing déu thi khi cu bay duge
dan theo phuong phap ti€p can song song ciing s& chuyén dong thing dén
doi trgng quan sit. Tir phan tich trén ta thay phuong phdp din song song doi
hoi qud tai clia khf cy bay rdt nhd, nhé hon ca qué (i clia d6i trgng quan sat,
D6 1a wu diém co bin clia phuong phdp din ndy. Song né khong duoc sir
dung d¢€ din KCBDKMK vi vé mat cong nghé dai hoi phiic tap.

Hinh 3.7. Biu dién phuong phap dan song song
khi d&i tuong quan sat luén co dong



3. Phuong phdp tiép cén ty 16

Phuong phdp tiép can ty 1¢ 1a phuong phdp din ma t6c do géc cla
vecto cur ly D ludn ¢6 xu hudng gidm dan va tién t6i khong ( tic 12 vecto cur
ly s€ ti¢n 161 song song vdi nhau). Ta ¢é phuong trinh mé ta nhu sau:

VKo, =0, (3.7)

& day: V - 8¢ do goc quay cla vecto tdc d; &, - tdc do goe quay cha vects
cur ly.

Khi dén bang phuong phdp ti€p can ty 1&, mdy do toa do phai xdc dinh
duge t6¢ do gée clia vecto cy ly d€ lam tham sé diéu khién. Toc do géc cha
vectd cy ly khi din bang phuong phdp nay thong thudng gidm rit cham va
khong bao git dat gid tri O trong qué trinh diéu khién. B&i vay, phuong phép
ti€p can ty 1¢ thyc chat khéc v6i phuong phép ti€p can song song. Vi phuong
phdp tiép cin ty I¢ sl dung tdc d¢ gée cha vecta cu ly laim tham s6 diéu
khién nén huémg tiép can doi tuong quan sat ctia khi cu bay 1a khong cho
true. Hudng dé duge lwa chon din dan trong qua trinh dan nh& he thong
diéu khién. Khi khi cu bay 1éch khoi huéng ti€p can ban diu, he théng diéu
khién khéng quay né tr& vé& hudéng dé, ma chi quay né sao cho giam d6 léch
ctta né so voi méi lien ket 1y tudng trén huéng mdi ti€p can dén d6i tugng
quan sdt phll hgp v6i vi trf tic thoi di c6 clia khi cu bay, Phuong phip diéu
khién nay rdt mém déo, né 14 phuong phdp dua dén khf cu bay vé phuong
phép ti€p can song song. Phuong phdp ndy dugc sir dung réng i trong cic
KCBPKMK ty din.

4. Phuong phdp diéu khién tir xa

Phuong phép diéu khién tir xa dugc (ing dung dé dan KCBDKMK dén
cdc ddi tugng quan sdt ¢6 dinh hoac co dong cham, vé nguyén tic dé thuc
hién phuong phdp nay ciing phai thiét 1ap m6i quan hé 1én hudng cia vecto
toc d9 khi cy bay mét céch truc ti€p hoic gian tiép. Tuy vay, viéc thiét lap
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méi quan hé tryc tiép 1én vecto toc do khi cu bay rat khé khan méc du hién
nay véi nén cong nghé phat trién. Trong céc hé théng diéu khi€n xa don gian
nhét ¢6 thé chi cdn do toa d6 khi cu bay tuong déi so véi dai diéu khién. Do
d6 6 thé chi cin thiét lap moi lién hé dén vecto cu ly clia khi cu bay. Chinh
dé 1a thiét 1ap méi lién hé gidn tiép lén tdc 4o cla khi cu bay. Thyc chit 1a
phéi thiét 1ap mai lién hé vecto cu ly khi cu bay vi vecto cy ly cua doi tugng
quan sat.
F{D,. D, 1}=0,
FE{DKL‘JD.W"}:O, (3.8)

trong d6 : Dyc - cu ly tir dai diéu khién dén khi cu bay; Dy, - cu ly tir dai di€u
khién téi vi tri tifc thdi cha déi tuegng quan sat.

Phuong phép don gidn nhat d6i véi hé thong diéu khi€n xa 1 phuong
phép 3 diém. Phuong phdp nay doi hoi khi cu bay ludn ludn nim trén dudng
thing ndi gilta dai didu khién vi doi tugng quan sat (hinh 3.8). Phuong phédp
niy ¢dn ¢6 tén 1a phuong phép tring hop hay phuong phdp " che khudt * ddi
tuong quan sat.

Néu dai diéu khién dit 1rén mdy bay hay trén cdc khi cu bay Khic
trong Vil try thi viéc co dong dai diéu khién c6 thé dam bao diéu khién duge
bang phuong phip 3 diém. Trong trudng hop riéng, néu dai diéu khién co
dong sao cho vecto cy ly dén déi tugng quan sét chuyén dong tinh ti€n song
song véi hudng ban ddu thi phuong phép 3 diém dam bio cho khi cy bay
tiép can song song dén doi tugng quan sdt (hinh 3.9).

Vm
M Ymt '

Vo

8 M8 3 . i& Hinh 3.9. Biéu khién theo
Hinh 3.8. Mo ta phuong phap 3 diém phUONG bhép SONg Sona
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M - ddi tugng quan séit, KC - khi cy bay; T - dai diéu khién; V, - t6c
do dai diéu khién,
V, - toc do d6i tuong quan sat; V - t6¢ d§ khi cu bay.

Néu dai didu khién khong co dong hoic co dong rit cham hodc t6¢
do tuong d6i so véi téc do co dong clia d6i tugng quan sdt cham thi Ung
dung phuong phap 3 diém rat khé khan, khi 4y ta phdi dung dén phuong
phdp bén dén.

Nhdn xét: Tir cic phuong phép din dugc phan tich trén ta thdy khi cu
bay ¢6 thé din theo 2 phuong phap:

- Phuong phép ti&p can ty 1¢ duge st dung dé diéu khién khi cu bay
dén cdc d6i tugng quan sit co dong nhanh.

- Phuong phap 3 diém duge sir dung khi dén khi cu bay diéu khién 1
kénh d&n cdc doi tugng quan st ¢8 dinh hodc co dong cham.

3.3. THAM SO CHUYEN DONG CUA DOl TUGNG QUAN SAT

Pic trung co ban vé chuyén dong cha doi tugng quan sat la toc do
le , qui tai ngang », hoic la gia t6c ngang J... Qud tai ngang 12 tham s6
dién hinh nhat vé tinh co dong clia d6i tugng quan sat. Trén hinh 3.10 mo ta
m6i quan hé giita vecto t6c do doi tuong quan sét voi cc tham s6 vé gbc cha
vecto tdc do khi cu bay va cdc dao ham cha no.

Hinh 3.10. Bidu di&n vecto van tdc
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C6 thé biéu dién duge moi quan hé d6 qua bidu thitc sau:

H

da
=—=—"4c0s6,,

" g dl
V d
n, =-"cosd P \ (3.9
g dt

trong dé: n,,, . n,, - qué ti ngang cia doi tugng quan sét theo cdc truc 0Y va
0Z; 6,. ¢, - gbc cha vecto téc d¢ doi tugng quan sat.
Tir (3.9) ta ¢é duge:

dg é’n »m g

-l = ———=-c0s 4, ,
a v, V,

d _

AL R— (3.10)
dt Ve

Vi g <<V, nén phuong trinh (3.10) nhan dang don gidn hon:

dem o gn.‘r""
a v,

dy -g

— P =—2n_, 311
dt V.m't:os&“| - ( )

Tit hé phuong trinh (3.11) ta ¢6 so d6 c4u triic cia khau dong hoc thé
hi¢n co dong cua d6i tugng quan st nhu hinh 3.11.

Pdu vao la qud tai ngang cua d6i tugng quan sit, diu ra 1a géc clia
vecto toc 3¢ doi tugng quan sat.

rl ¥ g 9 "
Vi, P
1 ’ Hinh 2.11. So dé
cos cAu tric khau ddng
hoc ¢tia ddi tugng
quan sat
rl m g (‘P m
——y X
v P
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3.4. PHUONG TRINH PONG HQC CHUYEN BONG TUONG B0l
GIUA KHi CU BAY VA bOI TUGNG QUAN SAT KHI TU DAN

Khi nghién cifu, d4p dung cic phuong phdp tu dan khi cu bay, cdn
nghién ciu chuyén dong twrong d6i gifta khi cu bay vd ddéi tugng quan st
ma dac trung cla né 12 vecto cv ly (khodng cach tir khi cu bay dén déi tugng
quan sdt). Vecto nay duge xdc dinh bang phuong trinh déng hoc:

b=V, -V, (3.12)

trong d6 V,, - vecto t6¢ do d6i tuong quan sét, ¥ - vecto toc do khi cu bay.
Phuong trinh (3.12) phan dnh bién thién cia vecto cy ly.

Xét chuyén dong twong ddi clia khi cu bay tr din va déi tugng quan
sat trong hé toa do gdn lién véi vecto cu ly. D€ c6 duoc phuong trinh vecto
dong hoc trong heé toa d6 quay, biéu dién dao ham wyét d6i cha vecto cu ly
qua dao him cuc bod vi tdc dé géc quay hé toa d6 , , ta ¢6 bifu thic sau ; -

— +a,xD. (3.13)

Thay biéu thitc (3.12) vio (3.13) ta duge:

%?+é§,cx5= vV.-V. (3.14)

Phuong trinh (3.12) hoic (3.14) 1a phuong trinh vecto déng hoc
téng quét.

Thong thutmg, cic phuong trinh d6 duge viét trong hé toa do cdu,
nghia 13 mdi mét vecto duge dic trung bing modun chia né va 2 géc xdc
dinh huéng. Hudng vecto t6c do khi cu bay ¥ duge xdc dinh bdi cdc géc @
vi 0 tuong tng trong hé toa d6 mat dat. Tuong wr, hudng vecto téc do doi
tuong quan sat duge xdc dinh bdi cdc gdc ¢, va 8, con cdc hudng vecto cu
ly 1a v va € (hinh 3.12, 3.13).
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n, 7
g
v
£ D
o =
E - -
[N
X
v
z, £
4 N,
Hinh 3.12. Biéu dién g6c vecto Hinh 3.13. Bidu dién gbc cla
tdc d6 khi cu bay vectd cu ty

Pé ¢4 duge hé toa do 05N m,, ma truc 0F tring véi vecto cy ly D, truc
n, ldy trong mat phéng &y,, truc 1, vudng goc vdi mat phiéng 0En, sao cho
hé 0En,n, 1 hé thuan. Ky higu &°, n,, n,” 1a vecto don vi clia truc &, 1, M,
twong ng. Tir d6 6 hinh chi€u cla vecto trong phuong trinh (3.12) va
(3.14) lén cic hé toa do wén nhu bang 3.1.

Bdng 3.1
Vecto
D @y o, <D \' Vo

Truc .

3 D vsing 0 vE v,E°

A, 0 Vs £ Dé vy N

- 0 é -Dvcose Vi Vv

Tir bang 3.1 ta ¢6 cdc thanh phin clia phuong trinh vecto (3.14) nhu

sau;
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Dé=Vam -V, (3.15)

——0

Dycose = —17.,,.52 +Van,.

Tinh cic tich v6 huéng niim trong céc phuong trinh ctia (3.14) theo
(hinh 3.12), lap bang 3.2 bing phép chiéu cic veetd & ,7,.75.V.7,, trong
he toa do trai d4t0X,Y,Z,Déng thdi xdc dinh hudng cha vecto t6c do déi
tugng quan st V,, trong hé toa d¢ trdi ddt bang cc goc ¢, &, (hinh 3.13).

Bdng 3.2

ecto
E.lo n 10 1.120 V Vm
Truc

X cosscosy | —SNecosv | sinv V cos@cosg v, cosé, cosg,
Y sing cosE 0 Vsing V. siné,
z, —cos g sin v cosgsiny | cosv | -VcosBsing -V, cosO_ sing,

|

Theo bang 3.2, ta nhan dugc:

VZ° =¥ cos 8.cos 5.cos(p — v )+ sin B.sin £}

V., = ¥[sin 6.cos £.— cos #.sin £.cos (o-v)] (3.16)
Vi, = -V cos.sin{p-v)

E° =V, [cos8,.cos e.cos(p, —v)+sind,,.sin £l

7. =V, [sin8,.cos 5.~ cos b, sin.coslg,, - v)}

A

—0

w71, = =V, cos 9,,,.sin((pm -v)

-
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Két hop céc hé phuong trinh (3.16) va (3.15), ching ta c6 duogc hé
phuong trinh mé té chuyén dong tuong d6i giita khi cu bay va doi tuong
quan sat nhy sau:

D= V_[cos@,, cOSECOS(Q, =V, )+ singl—

—V[cosﬁcosscos(cp-v)+sinBsins],

éz%’-[sinecoss—cosem sinecos(o,, ~v)]- G.1h

Vi, .
- 5[5111 fcose - cosBsinecos(e - V)]

v= L [Vm cos®_ sin(g,, — V)~V cosBsin(p - v)].
Dcose :

Tir hé phuong trinh (3.17), xdc dinh dugc téc do goc cla vecto ¢y ly
wrén hai mat phing ngang va dimg 1a v va €, ching duge thé hién trén hinh
3.14. D& diéu khién khi cu bay theo phuong phap tiép can ty 1¢, phii do dugc
t6c 40 géc nay va tao lenh diéu khién ty I¢ véi nd.

Khi d6i tugng quan sét va khi cu bay chuyén dong trong mot mét
phing, gia s doi tugng quan sit va khi cu bay chuyén dong trong mat
phing ngang0X, Z ta s& c6 6,= 6=¢=0, khi d6 trong hé (3.17) s& khong
c6 phuong trinh 2 ma chi t6n tai phuong trinh 1 va phuong trinh 3 & dang:

D=V, cos(p, ~v)-Vcos(p-v) (3.18)
Dy =V, sin(g, —v)-Vsin(¢- v).

Néu d6i tuong quan sét khong chuyén dong trong mat phing0X Z,ma
iech it so véi né thi cdc géc 6, Fvac s nho. Khi 4y c6 thé xem cos,, =
cos® = cose ~ 1, tich clia céc gid tri nho sinBsine va sind,sine trong ¢ong
thitc 3.16 a s& dugc bd qua. Cic phuong trinh (3.17a, ¢) ciing ¢5 thé bidu
dién gan diing qua céc phuong trinh (3.18). Nhur vdy khi d6i tugng quan sat
va khi cu bay chuyén dong trén mot mat phiing thi phuong trinh (3.18) 1a
phuong trinh dong hoc phan 4nh chuyén dong cha chiing, nhung khi khi cu
bay chuyén dong gn mat phéng dé thi phuong trinh (3.18) 1a phwong trinh
gan ding,.
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Hinh 3.14. Biéu dién vi tri ctia d6i twong quan sat

Khi khi cy bay va d6i tugng quan st chuyén dong trén mat phing
0X,Y, thi cic géc @, = ¢ = v =0 phuong trinh thit 1 va thit 2 ¢6 dang :

D=V, cos(8, —&)-Vcos(8—¢), (3.19)
De=V sin(0_, —ey-Vsin(§-¢)

Cac phuong trinh trén s& diing hodc gén ding khi khi cu bay va déi
tuong quan sdt chuyén dong trén mit phang 0X,Y, hotic l¢ch it so véi mat
phang d6 dé cho cos(@,,-v) ~cos ((p-v) = 1.

Néu dgi twong quan sdt chuyén dong trong mat phing 0X,Z, thi tin
hiéu ddu ra clia mdy do toa do ty 1¢ v6i Vv, con khi d6i twong quan sét
chuyén dong trén mit phing 0X, Y,. tin hiéu ddu ra ty I¢ véi € va néu doi
ttong quan st chuyén dong trong khong gian hai mat phing thi tin hiéu dau
ras€ phai ty 1& véi v v €.

3.5. PHUONG TRINH CHUYEN BONG TUGNG DOl g-:.lUA KHi cu
BAY VA BOI TUGNG QUAN SAT KHI DIEU KHIEN T XA

1. Phuong trinh trang thdi cua vecto cu' ly khi cu bay
Thi€t 1ap méi quan hé thong qua chuyén déng cha khi cu bay, daj didu
khién va d6i tuong quan sét. Vi tri tim khéi ctia khi cu bay diéu khién tir xa
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trong hé toa do gin lién véi dai diéu khién duge xdc dinh bing vectd cy ly
D, R& rang ring, t6c do bien thién cla vectd cy ly dé bing tdc do bicn
thién cha khi cu bay tuong d6i so v6i dai diéu khién T
Dy.=V-V,, (3.20)

trong d6: V- t&c do khi cu bay, V., - t6c do dai diéu khién. Néu chuyén déng
ciia khi cu bay dugc khdo sdt trén hé toa do quay véi t6c do ©; ¢d thé bidu
dién dao him tuyét d6i cla vecto Dy qua dao ham riéng va t6c do géc cla
hé toa d¢ bing cong thitc :

dD.. dD
e /157 3.21
a e G20
hodc duge viét dudi dang:

—-—‘if +WxDy =V -V, (3.22)

Phuong trinh (3.20) ho#c (3.22) 1a phuong trinh vects dong hoc
téng quat ciia chuyén dong khi cu bay trong khong gian, tir d6 cd thé
nhan duge cédc phuong trinh thanh phén bing céch chi€u lén cdc tryc cua
hé toa do. Nhu trén da xdc dinh huéng cia vecto téc 40 khi cu bay V 1a
cdc goc Pyc VA By twong d6i so véi hé toa 46 mat dit 0Xg¥gZg. Nhu vay
hoan toan cé thé xdc dinh hudng cha vects chuyén dong clia dai diéu
khién qua tham s6 ¢va O, (hinh 3.15). Hudng clia vecto cu ly khi cu
bay Dy dugce xéc dinh bing v, & (hinh 3.16). DE rit ra dugc phuong
trinh dong hoc vé huéng chon mot hé toa do vudng goc quay phai 0g,
1M, » hudng truc &, theo vecto cy ly cita khi cu bay, truc n; trén mat
phing 0£Yg, truc m, trén mit phing 0XgYg.

Tuong ty nhir muc 3.4 ta cé:

D =V¢' -V,s°, . (3.23)
Dxcéxc = Vn:ﬂ - V‘rrbn s (3.24)
DoV g COSE e = ~VT1," + V1, (3.25)
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Hinh 3.15, Biéu dién goc Hinh 3.16. Biéu dién gbc
vectd t6¢ d6 tram didu khién 1, vecto cu ly khi cu bay

Phuong trinh bi€u dién céc thanh phan clia vecta t6c do khi cu bay nhu

V? = V[cosD,, COSE ¢ .COS(( — Vi) + 5ind wesingg ], (3.26)
¥n ,” = Visin0, cose,, —cosd, sine, .cos(p k¢~ Ve, (3.27)
Vnzn =—VcosBy sin(pg. —v,.). (3.28)
Phuong trinh bi€u dién céc thanh phén clia vecto t6c d¢ dai didu khién:
Vi6” =V, [c050,C086, COS(@ . — Vi )+ 5inB sinE ],  (3.29)
Vin,' = Vi [sinBy.cose . — cosBysing  cos(@ - — v, )], (3.30)
Vym,’ = =V,cos0 . sin(@,, — vy, ). (3.31)

Thay cdc biéu thic (3.26)-(3.31) vao (3.23) - (3.25) ta duoc:

Dy = V[cosOy cosey cos(@y. ~ Vi ) +sin, sine xe)-
VilcosO, cose g cos( @, — v, ) +sinby, sine,. ], (3.32)

Dy &yo= VisinBy cose. — cosB, sine, cos(¢ ke = Ve -

Vi [sin8y cose . — cosBy sing, cos(@, — V)], (3.33)
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D, ¥ €OSE . = VCOSB  SIN(@ . — Vi ) = VilcosBy sin(@ . — v s ) X
(3.34)

Néu dai diéu khién ¢ dinh (V7= 0) thi phuong trinh trén duge biéu

dién nhu sau:

Dy = V[0S0, COSE ¢ -cOS(Qg — Vi) +5inBg singy, 1, (3.35)
Dy Eyo= V[sin, cosey, —cosO Sine, cos{Pg = Vi)l (3.36)
D, Vi €05 € = VC0sO SIN(Q . — Vi ) (3.37)

2. Phuong trinh trang thdi cua vecto cyr ly déi tugng quan
sat

Hinh 3.17. Biéu dién géc clia vectd
cu ly déi tugng quan sat

Tix hinh 3.17, tuong tu nhur trén ta ¢6 phuong trinh trang thdi cia vecto
cyr ly d6i tuong quan sét tuong d6i so véi dai diéu khién:

D,, = V,,[cos8,,cose , cos(@,, — v, ) +sind,sine,, ] -

V. [cosB,cOSE ), COS(Py — V), } +5ind,,siney ], (3.38)
D,£,,= V,y[sinB, cose,, — cosB,,sine ,cos(@y — vy )]-
V. [sin@,,cose,, — cos8,SinE ,cos(@, — vy )], (3.39)

D, v cose,, = V,c080,si0(Q, — v, ) - V,cosBsin(q,, ~ v, ). (3.40)

Khi dai diéu khién khong co dong thi:
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D,, =V, [cos8,,cose, cos(p,, — v, ) +sinf,sine,, ], (3.41)
D,&,=V, [sinB,,cose,, — cosO,sing,,cos(gp,, ~v,)], (3.42)
Dy v cose,, = V, cos,sin(@, —v,, ). (3.43)
- Sai 56 diéu khién KCBDKMK theo phuong phdp 3 diém :
Hinh 3.18 thé hién sai s6 diéu khién theo phuong phdp 3 diém.
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Hinh 3.18. Biéu dién sai s§
Theo hinh 3.18, x4c dinh duge sai s6 diéukhién trong khong gian:

Ay =V, —Vye. (3.44)
Sai s6 trén c6 thé bidu dién dudi dang:

A=A, +iA,. (3.45)

3.6. LLIC VA MOMEN DIEU KHIEN KHi CU BAY BIEU KHIEN MOT
KENH

Trong chuong II di chitng minh luat diéu khién KCBPKMK khi hé
théng lam viéc theo nguyén Iy cuc dai c6 dang ham d4u:
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Sat) = 5max‘s.ign[5in(mxlf = B,)], (3.46)

trong d6: &, - gbe léch cuc dai cha cdnh l4i, bt gidi han boi gid tri lach t6i
han cho phép dé€ khong gay ra thét tc khi cu bay; W~ t0¢ d¢ quay cta khi
cu bay xung quanh truc doc, B, - hing s6 phu thude vao trang thai ctia khi
cuy bay,

D€ phan tich qué tinh tao luc va momen diéu khién dei vai

KCBDKMK, xét qué trinh chuyén dong c6 diéu khién ctia khi cu bay trong
khong gian nhir hinh 3.19.

Mo

N
/z

Hinf 3.19, Dang ddng hoc va mémen didu khién

Khi chuyén dong khi cu bay quay quanh truc doc véi t6c do géc w,,,
mat phang canh 14i C - C ciing quay theo, dong thdi canh l4i lign tuc lat theo
luat diéu khién (3.46). Luc khi dong tdc déng 1én cdnh 14i tao ra momen
tong hop M, didu khién khi cy bay. Theo hinh 3.19b tai moi thoi diém, luc
khi dong tdc dong len cinh I4i duge x4c dinh bang biéu thitc sau:

2
Ry=c’ E'I;_i Oy (£)-SIN( 1 - ), (3.47)
trong dé: § - dién tich cdnh l4i; © - mat do khong khi; V - t6c do khi cu bay;

¢’ - hé s6 khi dong clia cinh 14i phy thugc vao s6 Mach (M); ¢ - gée léch pha.
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Tir cde bi€u thifc (3.46), (3.47) va hinh 3.19¢, nhan duogc biéu thite xébc
dinh mémen diéu khién khi cu bay nhu sau:

2

1 s ] V . - .
M, =-m" R, 1=-m"c’S p2 Ol -sigr[sin(w £ — By)]sin(w ¢t — ),

(3.48)
trong d6 : /- khoang cédch giita tam khéi va diém dat luc diéu khién;
m’ - hé s6 mémen khi dong phu thugc vao s6 M, & ...

Bidu dién m6 men diéu khién (3.48) theo cic truc OY, va 0Z, khi
B,=¢ =0, tanhan dugc bidu d6 nhu hinh 3.20.

K32

Hinh 3.20. Bién dang mémen diéu khién

a, b - luat diéu khién canh (ai: ¢, d - bidu d6 mémen diéu khién
theo mat phdng ngang va dimg.

Tir biéu d6 hinh 3,20, thdy réng trong mét chu k¥ quay ciia khi cu bay,
canh 14i 14t mot 14n (hinh 3.20b). O nita chu ky th nhat gia sit géc léch cdnh
14i duong (quay I&n trén) s€ diéu khién khi cu bay chuyén dong len. Khi khi
cu bay bit ddu quay sang nira chu k¥ quay thit 2 thi canh I4i 13t (ddo ddu) va
no lai quay lén trén lam cho khi cu bay tiép tuc chuyén dong lén. Momen
diéu khién theo mat phéng dimg 13 cdc phdn tao bdi dudng biu dé moémen
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véi truc hoanh (hinh 3.20d), cdc phan nay ndm hodn toan & phia trén truc
hoanh do d6 dién tich cha chiing dat cyc dai, mémen diéu khién s& cuc dai,
Momen diéu khién theo mat phing ngang dugc gidi han bdi dudng bicu 6
momen véi truc hoanh. N6 gém cdc phdn bing nhau ndm trén va dudi truc
hoanh (hinh 3.20¢), t6ng dién tich clia ching trong mot chu ky quay bing
khong, mémen diéu khién bang khong.

Nhu vay khi diéu khién theo mot kénh, khi cu bay sé chuyén dong zich
zdc trong khong gian nhung sau mdi chu ky quay, né lai 1éch dugc mot
lugng ndo d6. C6 thé coi qué trinh diéu khién KCBDKMK 12 diéu khién theo
cdc chu ky quay lién ti€p nhau, do d6 chiing ta s& nghién ciu qud trinh dién
khién trong mot chu k¥ quay. Theo biu d6 mémen hinh 3.20 va phan tich
trén, chiing ta thdy trong mét chu ky quay moémen t8ng hop dé dién khién
khi cu bay chinh Ia tich phan xdc dinh cla bidu thifc (3.48) theo thoi gian, ta
cd [40%:

T 2
M, =- maPSp—V-—B Isign[sin{e, . t —@)]si t—@)dt =
& J[ 5 OnanlS18 [sin(at = @)]sin(wt — ) (3.49)

2 T
= —-m""S%—Sml Isign[sin{m_ﬂt —@)sin{o,,t - )dt,
L

trong d6: T - chu k¥ quay ciia khi cu bay quanh tryc doc.

Chia biéu thitc (3.49) cho T, nhan dugc mémen diéu khién trung binh
trong mot chu k¥ quay clia khi cu bay. Momen nay dic trung cho lugng diéu
khién trong mot chu ky quay.

2 7
My = —%map S’o—;—wm Isign[sin(a)xit ~ @) sin(w,t - @)dt . (3.50)
a
Tir bidu d6 mémen diéu khién KCBDKMK (hinh 3.20) va biéu thic
(3.50), biéu dién momen diéu khién trung binh trong mot chu ky quay nhu
hinh 3.21.
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Hinh 3.21. Biéu dién mémen diéu khién
a-khi =0, b-khi ¢ = 0.

Phén dién tich trling nhau gach chéo biéu dién moémen téng trong mot
chu k¥ quay tir 0 dén 2n. Momen diéu khién trung binh duge bidu dién la
mot vecto modun cia né xédc dinh theo biéu thite (3.50), huéng phu thutce
vao mat phdng léch chita dudng ngdm "khi cu bay - doi tuong quan sat”
trong khong gian so véi tryc khi cu bay, goi 12 g6c léch pha. Khi géc pha
@ =0 ta ¢6 biéu d6 vects momen diéu khién nhu hinh 3.21a, khi ¢ # 0 - hinh
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3.21b. Nhu vay, gid i momen diéu khién trung binh luon dat cyc dai
trong moi trutmg hop dit sai s0 diéu khién A 16n hay nho. Diéu nay ddm bao
cho hé théng luon nhanh chéng Kkhir sai s6 didu khién theo quy luat tdc dong
nhanh, nhung ciing khong c6 101 cho qué trinh diéu khién, cd thé tao ra dao
dong cia khi cu bay trong khoéng gian khi bdm dé1 tugng quan sdt.

Trong chuong Il d& xét khi dua thém him s6 diéu ché
A,(1) = 4, sinn(w,t — ¢) vao bam diéu khién dé c6 duge:

(1) = 6, signl A () sin{@,f — @)+ A, sinn(oyf - o). (3.31)

trong dé: A,(f) - ham bién thien phy thude vio sai s6 didu khién, A, - gid trl
bién do ham tuyén tinh (4,= const), ¢ - géc lech pha, n - boi s6 lan t6¢c 46
gbc quay clia Khi cu bay quanh truc doc ( # nguyén, duong) thi hé thong s
ty dong chuyén tir diéu khién theo nguyén 1y tdc dong nhanh sang diéu
Khién theo sai s6 va nguge lai. Theo bidu thic (3.51), cac gia tri A0, Ay @
va n s& xdc dinh thii diém va s6 lan d6i ddu cha gbc léch canh 14i trong mot
chu k¥ quay. Biéu dién luat diéu khién (3.51) v6i céc quan h¢ A(0). A, va
céc tham s6 ¢, n khdc nhau, ta nhan dugc bidu d6 thé hién sy phy thudc cha
5(f) vao céc tham sO trén.

Khi géc lech pha ¢ = 0 va tham 58 A, = const: é:gl =1;15;2;

2
2.5, ta ¢6 biéy 46 nhu  hinh 3.22:
Tir céc bidu d6 bidu thi sy phy thude cla ludt diéu khién S(¢) vao cdc
tham s6 diéu khién, ching ta thdy:

A
2
d4u 2n 14n trong mot chu ky quay (3 trén truomg hop n = 2 gia tri goc lech
fl—j—f—) thay déi tifc A,(¢) thay déi thi thoi

2

- Khi quan h¢

< 2 tiic A (1) < 24, gid tri goc léch canh 14i déi

canh l4i c6 4 14n ddi ddu), quan hé

AD _

diém d6i ddu gia tri goc 1ech cénh 14 ciing thay déi (trudmg hop )
2



va A

= 1,5 nhu hinh 3.22a, b). Diéu nay din dén momen diéu khién
2

trung binh trong mot chu k¥ quay s& thay doi.

u : : AT - i

Q . .ﬂ . an:S]

e @ & o

in

; i H i
0z 0+ e 08

& (i’%-:) d (‘_‘%_2.5)

Hinh 3.22. Bidu dién mdémen didu khién

A{t) - ham bién thién phu thudc vao sai s6 dibu khién;
A, - ham tuyén tinh; Ay - ham t6ng.

- Trudng hgp n = 2, biéu thic (3.51) ¢é dang:

5ty = &, sign[A4()sin(w 1 — @) + 4,sin 2w, —@)]. (3.52)
. AL) . © g . . e
- Khi quan h¢ _-;12_ > 2 tiic A,(f) = 24, thi gid tri gbéc 1&ch cénh l4i chi

d6i ddu 2 14n trong mot chu k¥ quay nhu hinh 3.22¢, d. Theo phan tich &
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trén mo inen diéu khién khi nay luon dat cyc dai mac du dai lugng sat s6
diéu khién A (1) thay déi.

Tuong tur ¢6 theé bi¢u dién sy phu thude cha S(r) trong céc trudng hop
vOi ham tuyén tinh n=1;3: ...

Trong trudmg hop 16ng quét khi géc lech pha g # 0 ta ciing biéu dién
duge twong ty nhung phai di pha di mot géc ¢. Khi d6 thoi diém ddi diu
ddu tién cla lénh didu khién s& tring véi géc pha.

Nhu vay khi dua ham tuyén tinh vio ham diéu khién, theo bidu thic
(3.48), ta téng hop dugc momen diéu khién nhy sau:

N 2
M, =-m"S8 sz Sl -sign A (t)sin{w 7 — ) + 4, sin nof - @)sin(w, f - @)

(3.53)

Theo biéu thic (3.50), ta ciing t3ng hop duge mémen didu khién trung
binh trong mét chu k¥ quay nhu sau:

VZ T )
M,, = —%m“*’S%—— Od J‘sign[A] (1)sin(w,t — @)+ 4, sinn(w (- @sin(w t - p)dt
o

(3.54)

Tir biéu thic (3.53), (3.54), ta Xxay dung dugc bidu db bidu dién
momen diéu khién trung binh trong trudng hop khi # = 2 va géc leéch pha la
¢ nhu hinh 3.23, & day gid tri momen diéu khién trung binh hinh 3.23a duogc
xdc dinh theo bicu thitc (3.54). Biéu dién gia tri Ny trén vong tron don vi
theo luat thay d6i gid tri géc lech canh 14i ket hop véi chiéu quay cla khi cu
bay, ta nhan dugc biéu dé nhu hinh 3.23b. Do ¢6 goc léch pha ¢ nén
momen di¢u khién trung binh trong mot chu ky quay duge tinh tir thai diém
mdt phing cdnh I4i lech so véi truc quy uée mot géc .

Theo ham s6 difu, canh I4i bdt ddu léch mot gée cuc dai (8 = 3,) so
véi truc doc khi cy bay (thoi diém 0) vi quay ciing khi cy bay, khi him dgu
thay déi (thoi diém 1) cénh 14i lat va quay cung khi cu bay dén thdi diém 2.
Ham ddu lai thay d6i cdnh 14j lai 12t va quay dén thoi diém 3, ham dau lai
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thay d6i canh l4i lai lat va quay dén thoi diém 4 ... c nhu vay cho dén
hét mot chu ky quay, ching ta dyng duge biéu d6 biéu dién moémen diéu
khién trung binh nhu hinh 3.23b. Céc phdn ndm trén va dudi tryc hoanh c6
dién tich bing nhau triét tiéu nhau. Phan gach chéo tring nhau bi€u dién
gid tri cha momen diéu khién trung binh trong mot chu ky quay, dudng
phan gidc clia géc bao phan gach chéo d6 hop v6i truc tung My, mot goc
biang géc pha ¢.

TALD: A2
¢ : ()E : At
07 :
_m i i H i
20 -
1 3 4
P 2 !
0 . : : - T
] : : L ;
1 4 T3 4T g
20 3

i i i i i
0 001 002 003 004 005 006

Hinh 3.23. Biéu didn mémen diéu khién

Chi€u m6 men diéu khién trung binh M, (hinh 3.23b) xuéng cdc truc
0Y,, 0Z, ta nhan dugc m6 men diéu khién khi cu bay trong khong gian theo
hai mat phdng ngang va ding. Biéu thic x4c dinh cdc thanh phdn momen
ny trong trudng hop tdng qudt nhan duge tir hinh 3.23b c6 dang:

2 T
Mg, = -% m” S p_;/_ 8 ad Isign[Al (f)sin(@ ,t — @) + A, sinn(@ 4 = @)ldt.sing
0

(3.55)
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1 vioo : ,
M., = T m’rS —’0—2—5mf j.sign[A, (O)sin(e f — @)+ A sinn(@f - @))dt.cosp
o]

(3.56)
Nhu vay véi cic biéu thic (3.55), (3.56), chiing ta hoan toan cd thé

didu khién duoc khi cu bay theo mot kénh trong khong gian phu thugc vao
sai s6 diéu khién.

3.7. DAO PONG CUA KHi CU BAY BIEU KHIEN MOT KENH
XUNG QUANH TAM KHO!

Dé phan tich, khdo st dao dong ctia KCBDKMK, chiing ta x€t cic
phuong trinh biéu dién qua trinh diéu khién trong khong gian.

Tir phuong trinh chuyén dong ciia khi cu bay quanh tam khdi (2.16) va
phuong trinh moémen dicu khién tuong duong (3.55), (3.56) ta nhan dugc
phuong trinh tuong duong bidu dién qud trinh diéu khién KCBDKMK trong
khong gian theo hai mat phing ngang va dimg nhu sau:

aixi+a[:1\,wxlz‘-axe53" (a)

! @y — oy . ﬂ — .B : —_

@, t a}'lla)yl = —a '@ gy a_ulﬁ a_v'lﬁ M 4, » (D)
(3.57)

v [ - w, a a
W, + a;w, = a; w,u, —a,a- agd— M 4. (c)

Do KCBDKMK ¢6 hinh dang gdn nhu d6i xing tuyét d6i nén c6 thé
coi cdc he s6 khi dong, hé s6 dicu khién theo mat phing ngang vi dimg 1a
nhu nhau, trong qué trinh diéu khién khi cu bay lai quay xung quanh tryc
doc vi vay bi€u dién phuong trinh (3.57) trong hé toa do quay thong qua mat
phing phic, c6 dang:

6+ (a—iaw,)o+a,n+an =M 4u > (3.58)

_\'l_.:l_.__"_l_f-\!._.ﬁ.é_ﬁ
a,, =a,;;a —a,,a—a_‘,,' =ag;a, =d,;a, =,

x1
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trong dé:
W=, + iuﬂ.!l , w= d:"l + ia_t’-l JN=0a+1i83; f:.": d"“"ﬁ; My, =My + ‘:Mdm_\- .
Bay gi®f ta xét phuong trinh chia 7. Theo [30] t6¢ d¢ gdc clha hé toa

do dong (heé toa do 16¢c do) véi cdc hyc tdc dong 1én khi cu bay khi géc «, B
nhé duge bidu dién bing phuong trinh:

P 14 By,
Q,="a+-2-C g+—
R p¥ T (3.59)
P g g
O =20+ C.g -2,
y = B2 or 4

trong do: ¢, = &, T, - luc ddy dong cd theo truc 0X,; m- khot luong khi cu
1 m xi g

bay; g - gia tdc trong trudng; g, , g, - gia t&c trong trudng tng v6i cac truc OF
vi 0Z; p = % = g— - tdi trong riéng clia Khi cu bay; S - dién tich thiét dién

ngang; G - trong lugng khi cy bay; Q,,Q. - 10c d9 gde cha hé toa do dong;
C,=Cla+C}8,,C. =CIB+C]5, - cic he s6 lyc nang; 8,6, -

goc léch tuong duong trén hal mét phdng (xem muc 2.4). Cling theo [30]
moi quan hé giita téc d6 goc cha hé toa do dong va téc 46 gée cha khi cu
bay; g6¢c «, 3,¢, 3 khi @, nhd cé thé bidu dién nhu sau:

Q, +f=w,a+0,, (3.60)
Q: + d = _mxlﬂ + w:].
Thay (3.59) vao (3.60) ta c6:

a+ Aaa +0)_r|ﬁ—(t)__| = D]v(a)s

. {3.61)
B+Byf-w,a~v, =D, (b)
trong dé;Aa=iﬁ&+icaq, Bﬁ=@+ic:“q, D, =--2.c%s,,
v pv "’ | ) j24

g
D, = —FCJQC&‘H .
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Nhan s6 4o { vao phuong trinh (3.61b) réi céng hai phuong trinh trén
ta co:

7 +{C —iw, yp+w=D. (3.62)

Két hop cdc phuong trinh (3.58), (3.62) 1a nhan dugc phuong trinh
chuyén dong quanh tam khai cia KCBDKMK:

& +{a—a, ~iaw o =[a,(C—iw,)-a,ln - (M,, + a, D). (3.63)

Day cé thé coi 1A phuong trinh vi phan tuyén tinh cdp 1 dang
¥’ + p(x)y = ¢{x). Gidi phuong trinh nay, nhan duge cdc nghiém gan diing
nhur sau:

H{C +epas —%(( u M

o =|o, |e e'™

+lw,

bl

, (3.64)
HEhi+oy, )——2-((.’+a M

n= "?1 |e +"?2‘e%2 s

trong d¢:

Q. =a0, -iNAJa= J(C-a) +da,,
| |_1;{0+C11+atw1
rh - 2aq 1|

l@,| = |w,ki}m,|- cac hing s6 phu thuoc vio momen diéu khién trung
binh, va cdc hé s6 khi dong.

Céc gid tri @,),0,, 9, 12 cdc géc pha duge xéc dinh bai arctg clia
cic ham trén.

Céc nghiém ciia phuong trinh (3.60) biéu dién chuyén dong cla khi cu
bay quanh tam khéi va dao dong cla né theo céc tryc. Thanh phén thd 2 13
thanh phdn hitu ich lam d8i huéng quy dao bay d€ khi cu bay bim theo d6i
tuong quan sat. Thanh phén thi nhét 13 cdc dao dong, gidng nhu dao dong
chia con quay, ta c6 thé goi d6 12 dao dong dja truc. Dao dong nay gay ra sai
s6 didu khién va c6 thé 1am cho khi cu bay mat én dinh, cdn phai lam suy
giam thanh phin nay. Hinh 3.24 biéu dién chuyén déng xung quanh tam
kh6i cia KCBDKMK.
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Hinh 3.24. Biéu dién dao dong clia khi cu bay.

3.8. MACH HIEU CHINH TOC B0 GOC TREN KHi CU BAY DIEU
KHIEN MOT KENH

Két qua clia viéc gidi bai todn chuyén dong clia KCBPKMK & muc
trén cho thdy n6 chuyén dong tué sai nhu 12 mot roto con quay dugc thé
hién trén hinh 3.24. Trong khi bay, duéi tic dong clia moémen diéu khién khf
cu bay luon déi huéng cia vec to van téc d€ bam theo ddi tuong quan sét,
nhimg dong thoi luon dao dong xung quanh tam khéi. Viec do téc do goc dé
gidm dao déng nhim dat d¢ chinh xdc cao 1a mot yéu cdu clp bach. C6 hai
loai cam bi€n do td¢ do gbe nay 1a cdm bi€n dién dung hoic cdm bién dién
cam. Ta phan tich loai cdm bién di¢n dung.

1. Cdu tao cam bién do

Cim bién nay gém c6 moét 14 méng (s6 4, hinh 3.25), hai ddu cta né
giong nhu 2 ddu dinh rivé va c6 thé quay duge xung quanh truc -y, y, . Hai
dau truc -y, ¥, dugc g6i trén 2 & bi dat trén 2 dau try con dé xoay iron duge.
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Dudi 2 ddu 14 d6 cé 2 d€ nho hinh tron cdch 14 46 mot khoang d (hinh 3.29),
mot d¢ duoc ti€p dat, d& kia ndi véi nguén nudi ¢6 dien 4p xoay chiéu, tin s6
cha n6 dao déng trong khoang tir 12- 17 kHz. Hai d€ d6 hop véi 14 cdm bi¢n
tao thanh 2 tu dién C,, C,, la cAm bién hop véi v tao thanh tu dién C,. Tat
ci duge dat trong mot hop trdn (s6 3 hinh 3.25) ¢ chita dung dich 1ong.
Chat 10ng trong hop 1a loai ddu va gii vai trd gidm chdn. Dau day thif 3 ndi
tir vd hop dén tdng khuéch dai va 14 ddu day tin hiéu ra clia cdm bién. Tryc
xuyén tam clia hop, ddng thi tring véi trye voong géc véi 14 cdm bien khi
¢chua hoat dong va ciing triing véi trac 0X cta khi cu bay.

Hinh 3.25, K&t ¢au cam bién Hinh 3.26. Biéu dién d6 Yéch 1a cim bién

Khi bay, khi cu bay s& quay tron xung quanh truc doc 0X,véi t6c do
géc ©,,, 14 cdm bign t6c do goc ciing s& quay voi tAn s6 o, V6i cich cu
tao vi b trf nhu the, cim bién t6c do gdc nay thuc chat 1a con quay 2 bac ty
do. Khi bay kh{ cu bay chiu tdc dong cia momen diéu khi€n, lam cho né
lach di mét géc ndo d6 va lam xust hién mémen con quay tdc dong Ién 14
cam bién. Mémen d6 duge xéc dinh theo biéu thifc sau {49):

M, = H,o (3.65)

trong d6: Hy, = J,, @,, - momen dong hoc cha I cédm bign; o, - t6c do géc
ciia khi cy bay xung quanh tryc ox, ; J,, - momen qudn tinh cia 14 cam bi¢n;
® - t6c 40 géc cia khi cu bay. Momen con quay iam léch 14 cam bi€n di mot
géc ¢°. Phuong trinh chuyén dong cia 14 cdm bign duge biéu dién dudi
dang sau [46]:
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J ¢ +c,9 +e@ =Hyuw, (3.66)

trong d6: ¢,"- hé s6 ty 18, c*, - hé 56 nhdt cla ddu trong cam bién.

1 V=l shint)

Hinh 3.27. So d6 ndi cAm bién Hinh 3.28. So d6 tuong dusng cam bién
vdi khuéch dai

& trang thai thiét 1ap ta co:

¢, ¢* = Hyo (3.67)
Tir bidu thic (3.67) ta xdc dinh dugc:
o* = H,0 ) (3.68)
c®

Hinh 3.27 12 so dé néi cdm bi€n véi tdng khuéch dai, hinh 2.28 la
s0 d6 tuong duong. Tir cdc so d6 cim bi€n hinh 2.29, ta ¢6 duge so d6 tuong

duong thé hién trén hinh 3.30.
L
. ca 1 1 |
[

Hinh 3.29, Bidu didn két cdu cam bién  Hinh 3.30. Su d6 tuong duong
cam bién
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Khodng céch giita cdc cyc 1, 2 véi 14 cam bién 4 (ban cyc thi 2) tao
thanh 2 ty dién C,, C, thay déi trong qud trinh khi cu bay dao dong. Cic ty
di¢n C,, C, mic ndi tiép vdi nhau va gid tri dién dung chia tu dién nay ciing
s& thay ddi theo. Ban cyc s6 3 (vO cAdm bién) cling véi 14 cam biéh 4 tao ra
mét tu dién C,. Khoang cdch tit 14 cam bi€n dén vé cha nd néu ldy trung
binh s& khong déi va bing d,. Do d6, gia tri C, khéong ddi trong qué trinh
lam viéc. Nhur vay, cdc gia tri dién dung tuong tng cta chiing duge biéu dién
theo cong thiic sau:

£E.S £ S )
L R S 2 PR T (3.69)
d—rqp* - d+}‘§0* dl

trong dé: C\- di¢n dung ctia phan tlr d& | va 14 cam bién 4;
C, - dién dién dung cla phan t{r I4 cam bién 4 va dé 2 ;
C;- dién dung giita 14 cidm bién 4 va vo clia cdm bién 3, gid tri cla
dién dung nay khong thay déi trong qua trinh {m viéc;
&€ - heé s6 dién moi twong doi va tuyeét d6i clia chit long;

§,.8, - dién tich tiét dién cyuc 1 va 2 tai diém ti€p xiic véi 14 cam
bién vé dién (d€ thuan lgi ta cho §, =5, =S)

S, - dién tich ctia 14 cam bién;
©* - gbc 1éch ctia 14 cdm bién;

4 - khoang cdch 14 cam bién véi cdc cire khi 14 cdm bign & vi tri
can bing;

d, - khodng cdch giifa 14 cdm bién vdi vo cdm bi€n & vi tri ¢an bing;
r - khodng cdch tir truc -y, y, dén tam cua cdc dé€ nho 1,2; hai d&
1,2 bd tri cdch déu truc -y, y;;

L - chiéu dai clia 1d cam bién.
Dién 4p nubi bd cdm bién duge dua vio cuc s6 1 va ¢ dang:
Uy = Uy, Sin 27fi, (3.70)

trong dé: 4, - bién dé tin hiéu nuo6i cam bi¢n.
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Nhur vay dién p dat trén tu dién C, dugc dua sang C;:

ZZ

Up = U, : (3.71)

z, +12,

trong d6 : z,, z, 12 tr& khing sinh ra do cacmdien C, C,.
Thay cdc bién thirc (3.69) va (3.70) vao biéu thic (3.71) ta c6:

u, =Yoo (12 @ Vi 2 (3.72)

2 d

Theo [37, 46] ta tinh duge
H MG .

p* = «/E—D;Ee 2 sm(cox,: - ¢)+ @ .. (3.73)

<

, . H . . Cos
trong d6: A, 4,- hé s6 dong hoc, ¢ , = ol hb¥E , ® - 3¢ d6 goc ban dau va
[

t6c do gde tuong vmg cla Khi cy bay.
Thay bidu thic (3.73) vdo (3.72) va khi c6 k€ dén ty di¢n C;ta duge tin
hiéu & ddu ra cha cim bi€n 16c¢ do goc, dé la:

2 —-—'[A"-"az-ll R - .
_ K, (lri\/—f‘{uwe 2 Sln(&J“f“P)*“‘?’ l]}SanJ'tj‘i‘,
¢

o 2
(3.74)

trong d6: K, - heé s6 ty 1& gilta tu di¢n C; véi trd khdng ddu vao cha ting
khuéch dai va tdch séng.

(3 ché do thiét 1ap ta co:

u, =f‘ﬂ‘zifl[l__:}_‘@?ﬂsin(w_ﬂt—¢)+¢'015in24‘ﬁ. (3.75)

i

Két qué sau khi tdch séng cao tan va loc ta co:

r H, o
uu=_\5ﬁlf_§£k-§ 22 (ot - ). (3.76)

<
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trong d6: k - hé s6 tich song va loc.

Tin hiéw (3.76) 15 rang c6 bién do ty lé thuan véi t6c do goc ® cua
KCBDKMK xung quanh tam khoi. Tin hiéu nay duge cong vdi tin hiéu sai
lech mi mdy toa do doi tugng quan sat trén ddu tu ddn Khi cu bay hong
ngoai do duge cing véi tin hiéu tuyén tinh trén khdi lap lenh diéu khién dé
tao lénh diéu khién KCBDKMK.

Theo (3.76), bién do clia tin higu tir cam bién duge tinh nhu sau:

J_uon r H o
d c ¥

¥

(3.71

Luat diéu khién (3.51) s& dugce bd sung thém mot thanh phén clia cam
bién t6c do gée:
&¢) = Ay sign [A,()sin (o, 1- @) + Apsin2(a;, t-) + A (Dsin(w, - ) {1,
(3.78)
trong d6: Ay = Uy
Céng thitc (3.78) ddm bédo thoa mén diéu kién dat ra theo bidu thic
(3.51), ¢6 tin hién phan héi 1dy tir cam bién t6¢ 4o géc nham lam giam dao
dong cha khi cu bay quanh tam khoi. Tin hiéu d6 duge dua vio mdy l4i.

Lénh diéu khi€n KCBDKMK duoc tdng hop theo so dé khdi nhu
hinh 3.31 sau:

A@)sin(w,i+p) 4 S 4 Adk

Acgsin(@ut) Assin2(wat 9 )

Hinh 3.31. So d6 nguyén tic 1ap 1énh diéu khién

76



Trén day trinh by moét loai cam bi¢n dién dung dé do t6¢ d¢ goc
KCBDKMK va tao mach hiéu chinh. Chiing minh tuong tu cho loai cdm
bién dién cam ta cling thu duge k&t qua giong nhut néu trén.

3.9. SO 6O CAU TRUC MACH VONG PIEU KHIEN KHi CU BAY
DIEU KHIEN MOT KENH

Mach vong diéu khién khi cu bay diéu khién thong thuong duge trinh
bay trong cdc tai lieu, gébm hai khau dac dong dac tnmg cho hai keénh lai
hudng vi do cao, mot khau quén tinh dac trung cho kénh 6n dinh géc
nghiéng cren y. So d6 cdu tric khi cy bay mét kénh dicu khién dugc biéu
dién trong hé toa d6 lién két. So d6 duge xay ding tir cdc phuong trinh toan
md ta dong hoc diéu khién clia Khi cy bay diéu khién mét kénh cling nhu cdc
hé théng cha no.

Dya vao nguyén tic téng hop 1énh diéu khién cdnh 14i cia khi cu bay
mot kénh di trinh bay, chdng ta cé biéu thiic xdc dinh dang di¢n dp dua sang
mdy 14i dé diéu khién cdnh 14i nhu sau:

w(t)y = U_sign [Uy (0sin{ @y, t+@)-U,sin(@,¢ +@)+Uy, (Hsin2a,, 1.

(3.7%
Do mdy l4i hoat dong theo ché do rd le véi do tré tir (T ) clia van dicu
tiét, trong thuc 1€ hing s6 thdi gian clia khau ndy rdt nho, nén c6 thé coi
khau mdy l4i Ia khau giif chdm:
Xty = Kyuy (1) It - 1), (3.80)

trong d6: K, 13 he s6 khuéch dai cha mdy 1di, ham truyén dat cta khau nay
c6 dang:

Wip)=K.e*". (3.81)

Vi khi cu bay luén quay xung quanh truc doc véi toc do géc o, trong
hé toa d6 bdn lién két ¢6 tam dat tai trong tam khi cy bay, truc 0X tring véi
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0X,, 0¥’ v 0Z’ tao nén he quay phai, viét lai biéu thic todn biéu dién géc
léch canh ldi va mo6 men diéu khién nhu sau:

(= 5max signl[Al (t)sin(auxl t—g)+ A 5 sin n(mxl t ~ @)]sin o
(3.82)
M =-m"S p—zviﬁmxfsign[Al ()sin(eg 1 — @) + A, sin2(w 7 — @Y sinwy ! -

(3.33)

T hé phuong trinh chuyén déng xung quanh tam khéi cla
KCBPKMK & chuong 11, ¢6 thé biéu dién né dudi dang sau:

T‘xld)rl + lf!)x] = _KJ‘,(SO' (a)
T o, + o, =-b,0,0,-a’f-a’f, by (3.84)

T a0, +0, =-b,0,0,-a8"a~a"d-ad,, ()

. 1 a 1 1
trong d6: T u = = K =¢%, T w= - T'a= ~
ay a, a, - a.;
W o,
a.“" azl
b},'; = oy N bﬂ = oy °
ayf az]
B B8 a a
a, . a. : . a
alf = af=- . oaf=t gf=fa o g oo g
H ay i & ! u / ) @,
a_vJ' a\'." a:} a*." a f
2 ) 2
w, _ uj ! §q Ix st @ ) I)‘ 5q
a," =my v JI_ 4 & ¥ J.‘ ! vl vl v J}. '
Wy (‘],\ =J.) )y (J‘ ~ JXJ 8 g Iy 4
ay” == A = Ay =My
¥ T ¥
2 2
; s 1.7sq 1.7 8¢ L s
awﬂ = _mﬂ.e —, a,* =m* = I’ a, =-m," = q’
v/ ; ool J.
2
S al“sq I sq . N
a, =-m, =——-, a,=-mg —, &, - gc léch cdnh l4i.
! - 5 5 g ) :
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Phuong trinh chuyén dong cla khi cu bay xung quanh tam khdi
{3.84c) theo tryc 0Z; ¢6 chita géc teéch canh 4i d,, con trong phuong trinh
(3.84b) biéu dién quay quanh truc 0Y, khong chita thanh phin dé.

Trong h¢ phuong trinh (3.84) ¢ cdc tham s6 t6c d0 géc cla khi cu bay
xung quanh tam khéi o,; vi ©,,. Day 1a cde thanh phdn ma cam bién t6c do
goc do dugce. Cdc thanh phén nay duge diéu ché thanh cac ham cos va sin ¢6
tan s6 bing tdn s6 quay cda khi cu bay xung quang truc doc vi pha phu
thude vao huéng clia vecto diéu khién so véi diém géce lira chon. Do dé, téc
do goe do duge cé thé duge bidu dién dudi dang sau [42):

@, (1) = o sin(w 1+ @), (3.85)

L}
trong do: =.Jw,’ +w? - bién do, ¢ =arctg—~ - pha cla tin hiéu do
g o, \/ Gy Jy J, P g o p C

zl

dugce.

Theo [10] moi quan h¢ giita tdc do g cha vectd t6c d6 khi cu bay va
téc d goc cha khi ey bay quanh tam khéi duge biéu dién béi hé phuong
trinh:

(‘l,lJ =Q +al".r’
W=Q+y,
w=0+y,. (3.86)

trong dé: o, - vectd toc 46 goc clia KCBDKMK tuong déi so véi hé toa do dong.
Hinh 3.32 thé hién cu thé moi quan hé nay:

Hinh 3.32. Biéu dién trang thai cla khi cu bay
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Tir hinh 3.32 ta ¢é:

@, = Psina,
w, =P, (3.87)
w, = acosp.

Do dé phuong trinh (3.86) ¢6 thé viét nhur sau:
Q_+ fsina =, cosacos f— o, sinacos S+w,sing
Q, +B=0,sina =o,c0sx,
Q, = & cosf = —w,cososinf + @, sinat sinf + o,cosf  (3.38)
V&i cic goc o, B nhd suy ra:
a=-0p+0,-9Q,.
B=-w,o+ o, — £y,

Q =w

% Xl

(3.89)

Két hop céc phuong trinh (2.26b), (2.26¢) ciia hé phuong trinh chuyén
dong ctia tam khai khi cu bay v6i phuong trinh (3.89), ta nhan dugce:

a+Aa=- “ﬁ+m__,—§-"~, (a)
14
B+B§ﬂ=w,la+wﬂ +—g?‘. (b}
Q, =o,. T (© (3.90)

Hé phuong trinh (3.90) th€ hi¢n KCBDKMK tao ra chuyén dong trén
hai chiéu, tic 1a chuyén dong trén hai mit phing ngang va thing dimg,
nhung giita hai chiéu d6 c6 sy dan chéo va s€ gdy ra dao dong.

Tit cdac bidu thitc (3.79), (3.80), (3.81), (3.82), (3.83), (3.84), (3.85),
(3.90) xay dung dugc mach vong diéu khién cia KCBDKMK trong hé toa
d6 lién két nhu hinh 3.33.
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Tir so d6 cdu triic mach vong didu khién KCBDKMK, chiing ta thdy:
chi v6i mot kenh 141 nhung he theng diéu khién da tao ra chuyén déng cta
khi cy bay theo hai chiéu. Mét chiéu trén mat phing ngang dé déi huéng bay
duoc dac trung badi gée trugt B, mot chidu trén mat phing dimg dé thay doi
do cao bay duoc dac frung bdi géce tdn a. Giita hai chi€u nay ¢6 moi quan he
chéo, m6i quan hé niy gay ra dao dong quanh tam Khdi trong qud trinh dién
khién.

Trén co s& so dé céu triic hinh 3.33, khio sat cdc tham s6 dic trung
clia qud vong diéu khién: géc tan o, gée trugt § va tin hiéu phdn hoi tir
truyén cam tdc do goc.

D6 thi bidu dién cdc tham s6 o, B, Upyc trong cdc truong hgp dién hinh
dugce thé hién nhu hinh 3.34,

o

u

RS

oon ’ . R Do
wa R T R L

t[s]

t{s]

os “o Gz X DE X

g h tsl

Hinh 3.34. Bidu dién cac tham s0 « ,B, Upye
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Nhdn xét:

- Truomg hop khi géc l¢ch pha (¢=0) thi g6c tdn o khdc khong, g6c
trugt § dao dong quanh dudng khong (hinh 3.34a, b), khi cu bay chi chuyén
dong trong mit phing thing ditng.

- Trudng hgp khi gée 1éch pha (cp=90°) thi géc tin o dao dong quanh
dudng khong gée trugt 8 khic khong (hinh 3.34c, d), khi cu bay chi chuyén
dong trong mat phing nidm ngang.

- Trudng hop khi géc léch pha bat ky (gia st ¢ =35°) thi géc t4n o va
géc trugt B déu khdc khong (hinh 3.34e, f), khi cu bay co d6ng trong ca hai
mat phing dimg va ngang.

- Khéo sat tin higu cdm tng tdc d6 goc quay clia khi cu bay quanh cac
truc OF,, 0Z, (Upyc). Chiing ta thdy bién do tin hiéu nay phu thudc vao cdce
géc o va B, tdn 56 bang tdn s¢ quay cla khi cy bay quanh truc doc 0X, Pay
la tin hi¢u phan h6i duge dua vé khdi lap Ienh diéu khién nhim lam giam
dao dong lic ctia khi cy bay quanh tam khéi. Trén (hinh 3.34g, 3.34h) bidu
dién dang tin hiéu thu duge 6 truyén cam t6c do6 goc.

Két qud khdo st cdc trudng hop dién hinh trén déu phi hop véi
nguyén tac chung diéu khién khi cu bay trong khong gian, song ching ta
thdy d6i v6i KCBDKMK géc tan o, géc trugt B luon luon dao dong trong
qud trinh bay véi tdn s6 bing tdn s6 quay cila khi cu bay quanh truc doc.
Diéu nay din dén cic KCBDKMK sé phai chiu cic lyc tdc dong co hoe 16n
hon rat nhiéu so véi cdc khi cy bay diéu khién theo 2 kénh, nhumg trigt tign
duge dnh hudng clia géc cren y trong diéu khién. Chinh vi vay diéu khién
theo mét kénh chi duge fing dung d6i véi cdc khi cu bay ¢& nhé.
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Chuong IV

PHUONG PHAP XU LY TiN HIEU
TREN KHI CU BAY

PIEU KHIEN MOT KENH

4.1. NGUYEN TAC XAC PINH TOA DO BOI TUGNG QUAN SAT

Theo [10] mdy do toa dé d6i tugng chuyén dong cha hé théng tu din
héng ngoai KCBDKMK lam viéc § dai séng 0,76 + 8,4 um. & muc nay s&
phéan tich phuwong phdp x4y dung mot hé théng quang hoc dé do toa do.
Nguyén ly lam viéc c¢lia né dya trén sy tyong phan quang ctta déi tugng
chuyén dong. Tin hi¢u ddu vio cla hé quang 13 ddng bitc xa cha d6i tugng
chuyén dong ( hoic biic xa nén) vé hudng hé quang. Do toa d¢ gde cha doi
tuong duge tién hanh theo vi trf clia anh d6i twong trén méat phing tiéu cy
ctta hé quang. Tin hiéu ddu ra cha né 1a tin hiéu dién mang thong tin vé toa
dd gbéc 61 tugng quan sdt. Gia sk, hé thong d6 cf tiéu cu f, doi tugng quan
s4t nim trén mat phang vuéng géc véi truc doc clia mdy do toa do d6i wgng
quan sdt cdch kinh vat mot khodng D, thi anh d6i tugng quan st s& ndm trén
mit phang tiéu cu .

Trén hinh 4.1 md td toa do va anh ddi tugng quan sét trén hé thing
quang. Ox, ¥, 7, 12 hé toa d6 gén lién vdi mdy do toa do d6i tugng quan sat,
0'x,v,z; 12 hé toa d6 gén v6i mit phing doi tugng quan sit. Toa do d6i
tugng quan sat thé hién trén mat phing doi tuong quan sét 12 y, , z,. Trén
mit phéng tiéu cu cia hé théng quang, toa do d6i tugng quan st duge xédc
dinh bang céc dai lugng y, z khi biéu dién trén hé toa do Décac hoic cic dai
lugng p, ¢ khi thé hién wén hé toa do cuc. Toa do doi nrgng quan st ciing
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duoc bidu dién qua tiéu cy va cdc gée xdc dinh vi tri tuong d6i so véi may do
toa do.

ra

v

; Anh npuc ligu
X

X Kinh vat Vi

Y 2
=
% At phéng

1idu cu
y; fMat phing Yk
. Do

Muc tigy I
L f

= -

Hinh 4.1a. M6 ta nguyén tdc xac dinh toa 66 ddi tugng quan sat

p = fighy.,
y=posp=flg Ay, , (4.1)
Cz=psing =fig Ay,

Cic géc Ay, Ay, v Ay, nhd, khoang 2 +3° trong qud trinh bédm sit
doi teong quan sat, cho nén ta c6 thé thay bing cdc biéu thic sau:

p=fAy,,
y= fAy,,, (4.2)
zz fAy,..

Dé thu duge cdc thong tin vé toa do d6i tugng quan sit theo bicu thitc
(4.2), ching ta cin c6 dia diéu ché dé diéu ch& cdc dong ning luong héng
ngoai biic xa tir d6i tugng quan sét. Dia diéu ch& duge dit tai mit phéng tieu
cw. Sau dia diéu ch&, dat mdy thu héng ngoai d€ bién d6i nhimg xung nang
luong héng ngoai thanh céc tin hiéu dién. Doi véi khi cu bay tu din héng
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ngoai, cic tin hiéu nay dugc bidu dién dusi dang toa do cuc ¢6 bien do ty Ié
véi ban kinh p va pha ¢ béng pha clia 4nh d6i tugng quan sét trén mat phing
tiéu cu.

Trén cac he thong ty dan KCBDKMK, he toa do chudn x4c dinh toa do
déi tugng quan sdt duge dit trén khi cu bay. Nhung d6i v6i hé thong didu
khi€n tir xa hé toa d¢ chudn dugc dat trén dai didu khién bén ngoai khi cu
bay. Trong cdc he théng tr din quang hoac diéu khién tir xa mot kénh doi
hoi kénh gée nghiéng (cren) phii lam viéc sao cho 6c d¢ quay cua khi cu
bay xung quanh truc doc Ox, luén 14 hing s6 ,, =const.

Hinh 4.2 va hinh 4.3 mé ta so d8 khéi va so d6 cdu tric clia mdy do
toa do déi tugng quan sét trong KCBOKMK.

5
Phit tin
hiéu chuin ) 6
f 2 3 4
He
. i Kb Giat .
uang ™ Pia 1p! Quang }p - Gt ol Kpai |-
ding diéu ché tro su bo diéu ché
TKD
Din dong 4

Hinh 4.2. So @6 chitc nang bd toa 4o
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Hinh 4.3. So 46 cau tric bd toa 0 dai tugng quan sat

Xét 2 truong hgp do va khir sai s6 clia may do toa do.
1. Po va xur ly sai s6 ty déng

Nhu trinh bay & trén, mdy do toa do d6i tuong quan sdt ¢d chitc nang
do toa d0 d6i tugng quan st tai moi thoi diém, xir 1y tin hiéu do va tao ra tin
higu sai léch dua sang khéi tao lénh diéu khién. Theo [11] thi mic di dia
diéu ché€ duge ché tao theo nguyén ly diéu bién, diéu bién - pha, diéun tdn,
hay diéu ch€ théi gian thi chi ¢6 dudmg bao tin hiéu va pha mang thong tin
vé d6i tuong quan sat. Cic tdng khuéch dai s6ng mang chi c6 ¥ nghia
khuéch dai thudn tuy. Do d6, mdy do toa d6 d&i tugng quan st s& dugc mé
phong gdm cdc khdi xir 1y tin hiéu chita cdc thong tin v8 d6i tugng quan sat,
nghia la n6 gém cé he théng quang, ting tao tin hi¢u diéu ché, may thu héng
ngoai, khuéch dai, khuéch dai cong sudt dé diéu khién con quay lu6n bim
sdt d6i tugng quan sét (hinh 4.2).

Hé thong quang gém cé ndp bio vé ngodi, cdc guong, thiu kinh hoi ty.
Nip bdo vé tao ra mot budng kin ma trong dé c6 cdc guong, thiu kinh, dia
diéu ch& va guang trd. Nip bao veé thudng duge 1am bing cdc chét trong sudt
cho tia hong ngoai xuyén qua. Cdc guong va thiu kinh 1am nhiém vy hi ty
cdc tia dnh sdng biic xa tir d6i tugng quan sit cé cdc toa A9 vy, z hodc p, .
anh d6i tugng quan st cang duge hoi tu tot thi ning lwong biic xa tir doi
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tugng quan sat cang dugc tap trung vi do dé, cu ly phét hién ddi tugng quan
sdf cAng xa.

Tang tao tin hiéu diéu che c6 nhiém vu didu ché€ nang lugng bifc xa t
dsi tugng quan sat thanh cdc xung dong nang lugng quang. Ty theo cich
chon trong thi&t k& ma chiing ta co cic loai didu pha - bién do, dicu pha,
diéu tan, didu ché thoi gian, diéu ché bien do, hay két hop 2 trong 56 cdc loai
didu ché tren. Dia difu ché tin hi¢u thudng duge gin cing véi hé thong
quang trén bo dén dong con quay d& bam sat doi tuong quan sat trong qui
trinh din khi cu bay dén d6i tuong quan sdt. Vico sai 5@ trong qud trinh bam
st nén ludn ludn c6 tin hieu sai lech Ay, Ay, va Ay,

Do vay, tdng tao tin hi¢u didu ché cing v6i b din dong con quay con
duge goi 1a thist bi tao tin hidu sai léch. Ty thude vao gid tri Ay, Ay, vi
Ay, ma dnh d6i tugng quan sat s& ndm & vi tri nao dé trén dia diéu ché tin
hieu. Khi gid tri tuyét d6i cla Ay, cang 16n thi anh d6i tugng quan st cang
ndm xa tam dia didu ché. Cling tuong tu nhur vay, gid tri Ay, Ay, S8 dinh
anh d6i tuong quan sit nam & vi tri trong d6i so véi truc Oy, va Oz, tk do ta
xéc dinh dugc pha cia tin hiéu doi tugng quan sét.

M4y thu nang lugng quang thyc chét Ia quang trd c6 thém phén phu la
¢o cdu lam lanh quang trd. Quang trd nhan nang lugng cia dong biic xa
nhiét tir d6i tuong quan sat, bién cic tin hiéu quang d6 thanh tin hiéu dién.
Co cfu 1am lanh tao cho quang trér ¢6 do nhay cao hon d61 voi séng biic xa
clia d6i trong quan sdt. Sau mdy thu nang lugng quang, tai diém 1 (hinh 4.2)
chiing ta cé dugc tin hiéu dudi dang dién ap u,(f). Ty thugc vao phuong
phép diéu ch& ma tfn hi¢u u,(#) cd dang khic nhau.

Tin hidu «#,(#) c6 dang diéu ché pha - bién do thi théng tin pha va bién
do duge dua vao tin higu u,(#) va nd s& nhan dang tin hi¢u di¢u ché pha- bién
d6. Néu ching ta chon phuong phip diéu tan thi tin higu u, () s& 1A diéu tan
vA néu 12 didu ché thoi gian thi w,(f) € 12 diéu ché thoi gian. Tin higu #,()
dugc khuéch dai, bien d¢ cha n6 & ddu ra mdy thu phy thudc vdo géc léch
Aw, va mang thong tin vé sai léch b&m sat d6i tuong quan sit. Trong qué
trinh diéu khién cv ly khi cu bay - d6i tugng quan sat nho dan, didu nay dan
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dén cudng d¢ dong nang luong quang chiéu lén mdy thu cang 16n, bién do
clia tin hiéu u,() tang lén. C6 nghia Ia bién do tin hi¢u u,(s) khong chi phu
thudc vao sai 56, ma con phu thude vao cr ly. Thong tin nay khéng phéan dnh
toa d9 gdc d6i tuong quan sdt, khong c6 lgi trong viée xir Iy 1énh diéu khién.
Tang TDK (tw dong diéu chinh h¢ s6 khuéch dai) tao tin hiéu dé didu chinh
h¢ s6 khuéch dai, chéng hién trong dot bien, bio hod vé bién d¢ gay mat
thong tin vé toa d¢ déi twgng quan sét.

Téng tao tin hi¢u mang thong tin vé toa d6 cla dé6i trgng quan sdt bao
gom bo giai diéu ché va bo loc. Tang nay bién tin hiéu o quang trg sau khi
da duoc khuéch dai thanh tin hi€u u,(¢) va tai diém 3 né c6 dang uy(t) = U,
sinfwt + @), trong d6 U, 12 bién do tin higu va ty 1¢ véi gid tri do léch tuyét
ddi cba anh d6i tugng quan sdt trén dia didu ché so vGi tam cia nd, tic 1a
phu thudc p. Pha ¢ phéan 4nh vi trf dnh d6i tugng quan st so véi truc Oz va
Oy. Tin hitu u,(f) duoc dua dén khoi 13p iénh di€u khi€n, déng th&i né con
duge dura téi tang khuéch dai cong suat dé khuéch dai dong cia tin hiéu sai
1¢ch di I6n diéu khién co cdu din déng con quay bdm theo d6i tugng quan
sat. Tin hiéu dé tai diém 4 duge biéu didn.

f)y=1Isinfwt+ @). 4.3)

Co cdu dlin dong con quay & day ¢ cdu tao dic biét. Gurong phin xa
tin hiéu héng ngoai dugc gin véi mot nam cham vinh ctr & phia sau, hogc
duge lam bing vat lidu tir nén né nhu 12 réto con quay, cum ndy quay véi toc
d6 6n dinh va tao ra mot tix truomg quay. Tin hi¢u diéu khién dang (4.3) chay
trong cudn day bao quanh réto tao ra tir trudng xoay chiéu. Tic dong giita
ching tao ra momen diéu khién réto con quay bdm theo d6i tugng quan sat
(theo dinh luat Ampe ). Theo [37] ta cé dugc so do cau tric hinh 43.

Theo [33], [37] roto la mot nam cham vinh ciru, khi quay né tao ra
bién thién tir trudng trén céc cudn day tao tin hiéu chudn va sinh ra sitc dién
dong & cdc cugn day nay. Cé 4 cuén day bé tri cdch nhau 90° nén sic dién
ddng trén 2 cudn ddi Xing 1a ham sin, thi trén 2 cudn be tri vudng géc véi
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né 12 ham cos. Do roto quay nguge chidu quay clia khi cu bay nén tin higa
chudn dugc biéu dién nhu sau ( tai diém 5, 6 )

u, (t)=U g sinfur W, ), 4.4)

u,(t)=U g sinfo+o i,
Thong thuong: U, =U.,=U...

4

Tin hiéu sai léch sau bg khuéch dai cong suit c6 dang:

u,=U_sin{wt + @), 4.5)
trong d6: @ - s6 vong quay clia réto con quay din dong bam st doi tugng
quan sat.

2. Po va xurly sai s6 bang tay

Khdc vdi qué trinh do va xir Iy sai s6 ty dong, d€ do va xir 1y sai s6
bing tay & h¢ th6ng quang phai ¢6 thém moét kinh dé ddo chiéu anh d6i
tugng quan st 1am cho tric thit khong ¢6 cdm gidc nhdm vé hudéng, biét
dugc sai s6 diéu khién tric thi diéu khién cdn khir sai s6. Sai s6 trong truimg
hgp nity duge biéu dién nhu sau:

Agy =8y — e

Az = Vy — Vie» (4.0)
trong 46: ¢,,,v,, - gbc clia vecto cy ly d6i wgng quan st trong 2 mit phang
so v&i 2 truc 0Y, va 0Z, ; &4, Vg, - g6c clia vecto cy ly khf cy bay trong 2
mit phing so vdi 2 truc 0Y, va 0Z,.

Vi phén tng cla tric thd cd d6 tré nhdt dinh trong qué trinh xir 1y, do

tré ndy duge mé ta bdi khau cham wé 1(t-1,), & day T, 1a thoi gian cham tré
cha con ngudi. Sai s& diéu khién khi ndy duoc biéu dién dudi dang sau:

Ay = A gy 1{1-T,),
An = Bz 1(1-1,). 4.7
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Trén mat phing thing diing c6 téc dong clia trong lugng nén kénh nay
duge bi trong lugng v6i hé s6 K. Khi ay:

Akmb = Akm Kll l(r- rn) (48)

Do ¢6 tré nén trén hai kénh ldy sai s6 duge bi lai bing mot khau ty 1é -
vi phan (PD) nhdm muc dich tang nhanh qud trinh. Két qua & ddu ra cha
chiing ta ¢é dugc sai sd di duge bb PDx

Ak)«'PD = (Kp +TD P)K" Ak)‘ KI ].(f' Tn),
A = (Kp+T, PY A K, 1(-7), (4.9)
trong do: K, - hé s6 ty 1¢; Ty, - hiing s6 thdi gian ctia khau vi phan.

Do & giai doan ddu khi dugc phdng ra, khi cu bay bay & do cao thip
nén hé théng diéu khién c6 chuong trinh Idy dg cao nhim trinh va cham khi
cu bay vido cdc chudng ngai vat trén mat dét phia trude dai dicu khién. Tin
hiéu (4.9) khi nay duoc biéu dién nhy sau:

&k)'PD = (K‘_ + ar)(Kp +TD P) K“ Ak}’Kl 1([- fn),
Ak«?’PD = (Kp"'TDP) Ak'f. Kl l(t' r“) (4. 10)
trong d6: K, - gid tri ban ddu, 0<¢ <y a-hes6, ¢, - thoi gian diéu khién.

Hinh 4.4 thé hién cdc tham s6 diéu khién khi do va xit Iy sai s0
bing tay.

o
. \ AL
il KC

Hinh 4.4. S6 4 biéu didn méi quan hé gilta tram d1éu khién,
khi cu bay va d6i tudng quan sat

T- tram diéu khién; KC - khi cu bay; M- doi tugng quan sat, A - sai s6
vé géc, AL - sai 56 dg léch thdng.
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V1 diéu khién theo phuong phdp din 3 diém nén xdy ra trudng hop 13
€6 cling mdt sai s6 vé géc A nhimg cur ly tinh tir dai didu khién dén vi trf titrc
thdi cha khi cu bay cang 16n thi sai s d¢ léch thing cang lén, tiic 1a khodng
cach tir vi tri khi cu bay dén dudng ngdm cang Ién (hinh 4.3). Do d6 can
hi¢u chinh sai s6 theo cy ly dé nang cao hiéu suit tring dich bing cdch nhan
sai 6 d6 véi ey ly-bay cha khf cu bay:

ALy=D(t) (K. + at)(Kp+T, P) K,y Ay, K, 1(t-7,),

AL, = D(YK,+T, P A, K, 1-1), (4.11)
trong d6: D(1) = Dy+ Vr; D, - cy ly ban ddu; V - téc d¢ bay cia khf cy bay;
t - thoi gian bay ké tir thot diém D, tr6 di; AL, , AL, - sai s6 do lech thing
trén hai mat phing thing diing va ndm ngang.

Hai tin hiéu nay duoc didu ché bdi ham cosm,;f vd ham sinw, ¢, Két
qua téng 2 ham nay, ta cé:

Ay = Ay sin (o,,t + @), (4.12)

. AL
trong d6: A, = aL,> +AL,? , @ =arctg—2-.
AL,
Biéu thitc (4.12) xdc dinh toa do d6i twong quan st so vdi toa do khi
cu bay. Tir cdc vin dé da trinh bay va cdc biéu thic trén day ta xay dung
duge so d6 cdu tric phén do sai s6 diéu khién nhu hinh 4.5.
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4.2. DAC TRUNG TAP TREN DAU VAO MAY PO SAl SG BIEU
KHIEN

Phin tir cdm tng cfla mdy do sai s6 diéu khién trén hé théng tv din
KCBDKMK thudng 1a quang trd. Theo [26], khi phan tich nhi¢u ngi bo trén
quang trd ta thay ¢6 3 loai: tap nhiét, tap phét- tdi hop va tap du. Dai lugng tap
ndi bo chia quang trd xdc dinh dong biic xa t6i thiéu ma né ¢é thé ghi nhan
duge, tirc 1a do nhay ngudng. S dung cdc gidi phdp ket cdu cong nghe dac
biét va 1am lanh cdc phén tir nhay cdm c6 thé gidm tap noi by dén muc rat
nho. Song, ngay ca khi gidm tap n¢i bo dén mic O, nic la loai trir hoan
toln tap noi bo thi do nhay ngudng clia quang trd s& bi han che do tap bic xa
ngfu nhién clia nén (tap bifc xa). Chiing ta s& xem xét timg loai tap d6.

Tap nhiét : Tap nhiét xudt hién do chuyén dong ngiu nhién cla cdc
phdn tit mang dién tich trong kim loai, bin dan, quang trd. Do tap nhiét
khong phu thudc vio tdn s6 nén ngudi ta goi nd 1 "tap trang” tao ra dién 4p
dat vao quang tr& . Gid tri binh phuong trung binh cdc tap nhiét xudt hi¢n
trén quang tr& duoc xdc dinh qua biéu thitc Nyquist:

u, = JATR, Af V], (4.13)

trong dé: k - hing s6 Bolsoman, bing 1,38.10* Ws/do; T- nhiét d¢ phdn tir
nhay cam [°k]; Ry~ dién & phén tiy nhay cdm tinh bang [om]; Af - d6 rong
dai thong thiét bi khuéch dai [Hz ].

Vi du: C6 thé chon 2 loai quang trdy cho 2 logi diéu ché. & kenh diéu
bien 12 sunfua chi PbS khong 1am lanh, & 295°k ¢6 Ry, = 500k, & kénh didu
tdn Ia loai InSb c6 1am lanh, & 77 c6 Ry, = 2kQ.

Tinh gid tri tap nhiét ciia 2 loai d6. Kenh diéu bien Af = 30Hz.

Uy, =\f4><l,38-10'23 x 295x 500.10% x 30 = 1569,88- 107"V = 0,1569- 10"V .

( keénh didu tdn ¢6 1am lanh & 77°, Af = 100 Hz.
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#y, = ¥4x138-10% x 77x2.10%.100 =92.10"*¥ = 0,0092.10 * ¥’ .

So sdnh 2 két qué trén ta thdy tap nhiét ciia kénh diéu tdn nhd hon rat
nhiéu so v6i kénh diéu bién mic di dai thong cta kénh diéu t4n réng hon.

Tap phdt - tdi hop: Tap phat- tai hop xudt hign 1a do t6c do phat - tai
hop ngdu nhién cha cdc phin tir mang dién, né din dén hién tuong ngiu
nhién ctia mat d¢ tap trung phdn ti mang dién & cic vimg. Cdc phan tir mang
dién ¢ mién no hodc & mién hop chat di chuyén vio mién dan tuong téc véi
dao dong clia céc Iudi tinh thé va ci nang lugng bitc xa chiéu vao quang tré.
Ngudi ta phan ra thanh cdc thinh phdn khic nhau cha tap phdt- tdi hop, cé
loai do nhiét, ¢6 loai do biic xa tao ra.

Khi lam lanh sau thi thanh phén tap do kich thich nhiét rat nho so véi
thanh phdn do bitc xa gy ra. Vi vay, do nhay gidi han clia quang tr&r duge
xdc dinh bing tap do hién tugng ngiu nhién ciia bitc xa nén.

Mat d¢ phé cong suét tap phat - tai hgp duge tinh theo biéu thic sau:

g o _HeH 2N
R I

trong d6: N - mat do phan tir mang dién tao ra do hién twgng ion héa va bic
xa nén fem ), u- dién dp trén quang trd [v]; x - o linh dong phdn tlf mang
dién [cu’/v.s]; e - dien tich cha dien 1o [k]; - thoi gian sOng cha phan tir

v, (4.14)

mang [s].

Vi du: Chon loai quang tr& PbS cho kénh diéu bién, thay cdc gid tri
vao cé:

" _15.1,6.107°600+/2x40.107.10""

’, =0,40.10°7,,
J1+(23,14.30.40°)°

u,, =63.10°V..

Chon loai quang tr& InSb cho kénh diéu tin:



5 15 1,6.107"%.600+4/2.1.107, 10”

Up,
T I (2314.1.10.6000)°

=,/64398,75.107" =2537.10° v,

Ta thay: tap phét - tdi hop clia quang tr& InSb nhd hon PbS.

Tap du: Tap du c6 phd dang 1/f c6 lién quan dén v&n dé thi€u hoan
thién cla cong ngh¢ ché tao mit tiép xiic cla quang trd v6i day din va xir Iy
bé mat. _

Tap du gidi han d6 nhdy ngudng quang trd & tdn s6 thap. Gid trj cha né -
tang ty I¢ thudn vdéi binh phuong dong dién chay qua quang tré (d6i khi
ngudi ta goi 1 tap dong).

Mat do cong sudt phé tap dur ¢6 thé duge xdc dinh theo biéu thife sau;

2 KIIJB
J
trong do: K, B, & - hé s6. Thue nghiém xdc dinh B =~ 2, o =1. K| - phu thuoe

vao su khong hoan thién cong nghé , véi diéu Kién cong nghé hoan thién
K|= ]..

, [vA), (4.15)

Gia sir dong dién t6i da chay qua quang tr0; [ = 150pa ta cé:

2
u, = JE}— =1J§=150-10‘61’§%6 =150-107° x0,033=7,07-107°V .

Béng céc gidi phdp lam lanh, chon dién tich quang tr& vi ché€ do didu
ché ta dugc gid tri tap ndi bd cla cdc thanh phéin khd nhd.

Téng tap néi bo :

Uy =uy o, Fu,, (4.16)

Tap nén: Quang trd c6 d6 nhay di dé phat hién déi tugng quan st va
ghi nhén ca bifc xa nén & xung quanh d6i tugng quan sit. Do dd, khi khoéng
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¢é bite xa tir d6i twong quan sdt thi trén quang tré van ¢ dong dién ngan
nhién. Tap d6 duge xdc dinh bing biéu thiic sau:

u, = Sqq,kJT;sz [v], (4.17)

trong dé: g, - dién tich bé mat quang tr& [m*], Ty - nhiét do nén [k ; s,-

hé s6 bién déi quang trd , [V/W]; o =567 . 10"/m* k% k=1,38.10%
W/k.

_ Sur uqt
5, =—2 (4.18)
9

Vi du: & kénh chon quang tr&r PbS, véi S,= 10 em¥ W ; U, = 20V,
q.~ 025 cm?, ta ¢é:

h) =l-g~'—%9:800 V/iW..
0,25

u
3

Tapnénséla: u, = \/8-0,25 -1,38-10%.5,67-25° - 800> =98-10°V.
Tir nhilmg phén tich trén, cho thay:

- B6i véi tap ndi bo sir dung phuong phdp 1am lanh s& giam hén thanh
phin tap nhiét.

- Tap du phu thudc rdt nhiéu vao dién kién hoan thién cong nghé. Néu
cong nghé kém, tap nay s€ ting lén va chiém ty 1¢ rat 16n.

- Dién tich quang tr& cang 16n thi tap cang nhiéu, nhung khong thé
giam thy y. Dién tich quang trd phai hing hét duge nang lugng bitc xa doi
twgng quan sdt, nén né phu thudc vao kich thude anh d6i tugng quan sat. Khi
hé théng kinh hoi tu 6t thi dién tich quang trd c6 thé gidm.

Tap t8ng cong trén mdy thu quang bing téng cdc loai tap trén:
u)_'_} = u“\rﬁ + u” (4.19) .

Uy = Upgy + 0, = 70,2296 . 10° + 98 . 10°V =
= 168. 2296 . 10°V = 0,168 mV.
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Tir cac ket qua tinh todn trén, ching ta thdy réng, tap nhiét v tap nén
1a tap tring nhung tap du va tap phét t4i hop 12 tap mAu vi né phu thudc vao
tdn s6, nhung néu chon tdn s6 hop 1y va gidi tdn hep chiing ta cling ¢6 thé
xem 2 loai tap nay la tap tring.

4.3. TY SO TIN HIEU TREN TAP PAU VAO MAY PO sAl SO
DIEU KHIEN

Xét mot s6 dang di€u ché tin hiéu quang. Theo [29], khi chua diéu ché
thi dic trimg xung ciia hé théng duge x4c dinh béi bidu thite:

(4.20)

_ 1 iy - _.-‘”('n _9} _ S(ta ‘—9)
k(8) = %_ls (@)e ™0y = ==

trong d6: $*(w) - phé lién hop chia tin higu vao, r =z, + £,+ 7; 0- bign.

Do dac diém diéu ché phan tich & trén, cdc xung déu c6 dac diém
giong nhau. V4ay tin hiéu ddu ra sé la:

1% . e
olt) = 6_{ y(t IX(tk(t—t )dt (4.21)

trong d6: X(+) - ham s6 diéu ché, y(¢) - tin hiéu vio, k(z, r) - ham dic trung
cho h¢ théng.

C6 thé bidu dién dang tin hiéu diéu ché va so dd khdi xir Iy tin hieu
nhu hinh 4.6, hinh 4.7.
Ta goi ty s& tin hiéu trén tap khi chua c6 diéu ch& 1a § thi ty s6 tin
trén tap khi ¢d diéu che sé 1a:
Boc =Bla, + X a,), o (422)
n={
trong d6: 4, , a, - c4c gid tri hé s& trong khai tridn Furie:

Xt)=a,+ i a, cos(nw,t), (4.23)
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a- Diéu ché dang Sin
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1000

b - Bidu ché dang xung vudng
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Hinh 4.6

1. Tin higu vao; 2. tin hiéu bg loc duoc diéu chink dén; 3. tin hiéu ra.

Y(t) » L(_)C A—. Tach Sél’lg N

k()

X(1)

Hinh 4.7. S0 d6 chitc nang b didu ché va xu ly tin higu
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Theo [38] ngudi ta chi sir dung hai bac nhét vi chi cé hai dé méi mang
thong tin vé€ d6i twong quan sdt, né thu duge nh& mach loc dai thong hep va
tach séng déng bd, nén:

X()=a, +a cosoyf, (4.24)
va tin hiéu ddu ra s€ cé dang:
®, = a, [Y(1) cos wik(t — 1 . (4.25)
o méo tin hiéu Y() khi khuyéch dai c6 thé bd qua nhd mach loc dai
thong hep va nhimg thanh phdn c6 tan s¢ ndm ngoai dai thong s& khong qua
mach lgc va tich séng déng bg. Do d6 ty s& tin trén tap khi ¢é diéu che:
a 2
Poe=" 8- (4.26)
Khi ¢6 diéu ché€ toan phdn thi:
VT st (4.27)
XN 3 + > cosut
tic 13 a,=1/2, a,=1/2. Khi d6 ty s6 tin trén tap:
Bm=ﬁ(1!4+118)=%ﬁ- (4.28)
Phuong phép diéu ché nhur trén khi xir 1§ t61 uvu & phén loc tin higu s&
cho gid trj ty s6 tin trén tap tring béng 3/8 gid tri ty s6 tin trén tap khi khong
c6 diéu ché,
Néu chi str dung hai dau tién thi thi ty s6 d6 la:
a’ [
B = _é B= E B (4.29)
Khi diéu ché theo ham xung vuong 1y tudng thi:

1 sin(nn/2)

d, =-2~,an
nmn/2

(4.30)

2
XH=—+= cos(ayf) — 2 cos(3aw,t) + — cos(Sayt)...
37 sm

2
m

B | —
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va ty 6 tin trén tap khi diéu ch€ bing céc xung vuong s& 1a:

2§ 1
ﬂrw—ﬁ(4+x;§§(2n_])z)

(4.31)

Ea 2
Vi 1 . -1 g Nhu vay ty s6 tin hi¢u trén tap khi
(n-1" 8 Puc =3 d
n=1 -

c6 diéu ché bing 1/2 t¥ 6 tin trén tap khi khong diéu ché.

Néu chiing ta chi 14y hai bac nhat thi:

B, = ;2? B~028 . (4.32)

Tir day ¢6 nhéan xét:
- Ty s6 tn trén tap khi diéu ché bing ham diéu hoa bic nhét bang 1/8
ty s6 tin trén tap trdng khi khong dicu ché.
- Ty s6 tin trén tap khi khong diéu ch€ gip 5 14n ty s6 tin trén tap Khi
diéu ché& bing cdc xung vuodng.
- Ty s tin trén tap khi c6 diéu ch€ biang cc xung vudng 16n hon ty
s6 tin trén tap khi diéu ché bing ham diéu hoa bic nhat.

4.4. UNG DUNG MACH LOC KALMAN - BIUXI TRONG XU LY
TiN HIEU

1. Tao tin higu chudn trong hé théng ty dan

Theo [37), trong hé thong ty dén, sai s6 diéu khién duge xéc dinh ngay
trén khi cy bay. Do dé viéc tao tin hi¢u chudn dé lap 1énh diéu khién cling
duge thyc hién ngay trén d6. Hinh 4.8 mo td nguyén 1Y tao tin hiéu chudn.
R6to ciia mdy toa do 1a mdt nam cham vinh clu ¢6 cudng do tir thong B
[tetsla], dién tich thiét dién S [m’] quay véi t6c d9 w [vong/phiit). Bao quanh
16 to ¢6 quéin 4 cudn day déi xing nhau timg d6i mot, khi 16 to quay s€ sinh
ra dién 4p cam Ung trén céc cudn day do.
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Nam cham

Hinh 4.8. So dd nguyén tic tac tin higu chudn

(3 KCBDKMK, do bd tri rote quay nguge chiéu quay cua khi cy bay
xung quanh truc dgc chia nd, nén tin hi¢u chuén ¢6 dang nhu sau:

ue, =270, (f+ fy,) BSksin (@ + 04, Yt

e, = 2mo, (f+ fy,) BSksin (w+w, )1 (4.33)
trong dé: 27y = @, - t6c 4o vong quay cia khi cu bay xung quanh truc doc
Ox,; B - cudng do tir thong; S - dién tich thiét dién phan cam: k - hieé s6 cam
g tur..

Biéu thiic (4.33) chiing t ring bién d6 cfia tin hieu chudn phy thude
vao s6 vong quay cha roto va s6 vong quay ciia khi cy bay xung quanh tryc
doc. Vi thé trong he théng phai c6 6n dinh s vdng quay cia rdto con quay
va s6 vong quay ctia khi cu bay xung quanh truc doc 0X, cla nd, déng thii &

ting tao 1énh didu khién trén KCBPKMK phai chd y thiét k& sao cho tin
hiéu diéu khién khong duge phu thugc vao bién do cla tin higu chudn.

2. Tao tin hiéu sai léch thurcép

D6i véi cée khi cu bay ty ddn mot kénh theo [43], tin hiéu sai léch vé
d6i tuong quan st duge thiét 1ap & bo toa d§ doi tugng quan sdt, sau khi
khuéch dai c6 dang:

Ug=U,.sin{wtf + ¢), (4.34)
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trong dé: {7 .- bién do tin hiéu phu thudc vao sai léch giita khi cu bay va doi
tugng quan sat, @ - tdn s§ tin hidu sai léch bang tdn s§ quay cla roto con
quay trong b toa do, ¢ - géc 1éch pha.

Tin hiéu (4.34) dugc goi 1A tin hiéu sai léch, nd phan 4nh sai s& diéu
khién.

T (4.33), tin hiéu chudn dugc tao ra trén cic cudn stato clia con quay
cé dang:

Ue=Uysin (@+ @) 1, (4.35)

trong d6: U/, -bién do tin hiéu (thudng 1én hon so véi U va cb gid tri khong
déi), wy, - tdn s6 quay cla khi cy bay quanh truc doc.

Tin hiéu sai léch thif c&p 13 tin hiéu phin dnh sai s& diéu khién (4.34)
duge tao ra tir tin hiéu (4.34) va (4.35). D€ tao ra tin hiéu sai léch vé d6i
tigng quan sat c6 tdn sG bang tin s6 quay clia khi cu bay quanh truc doc
phai trén tin hidu U, véi tin hi¢u chudn U.. Dau ra cla bo tron Ia tin hig¢u
hén hop gém ca thanh phdn cao tdn va thanh phdn thdp tin. & day thanh
phdn th&p t4n 12 tfn hiéu hitu {ch, cdn thanh phén cao tin 1a céc nhiéu tap cdn
loc bo.

Vin dé dat ra 13, ing dung bai todn loc tdng quét, xay dung bo loc t6i
wa, loc bd cdc thanh phdn nhiéu tap cao tdn, 14y ra thanh phén tin hiéu hitu
fch cé tdn s6 bing tdn s6 quay cua khi cu bay quanh truc doc:

U= Ussin (o, + ¢). (4.36)

Tir céc bidu thite (4.34) va (4.35) ta ¢6 phuong trinh todn hoc biéu dién
céc tin hiéu ddu vio va ra ctia bd tron nhir sau:

U =Usinfet+ @y x U,cos (wo+ @, ) L. (4.37)
Uy =-12.U, U, [sin(2axt + ot + @) -sin (@ 1+ @)} =
12.U, U, sin (@, + @)} - 12.U, U, sinQRat + o, + ¢).  (4.38)
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Cot thanh phédn cé chita tan s6 (o,,) [ tin hiéu héwu ich mo td trang
thdi clia d6i tugng quan sit so v6i mdy do toa do, ¢on thanh phan tin hiéu véi
tan s8 cao (2w+w,;) la cac nhiéu, tap bac 2.

3. Lap bai todn loc t6i uu

Trén co s¢ 1y thuyét loc dd nghién ciu [24], xét bai todn loc téng
quédt déi vdi cdc he théng diéu khién.
Gia thi€t phuong trinh trang thdi va phuong trinh do clia hé théng diéu
khién ¢é dang:
X = Ax+ Bu+&(1),
z=Hx+n(t); (4.39)
trong dé: x - trang thai he théng, u(f)- dai lugng diéu khién, &I)- tin hiéu ngiu
nhién dau vao hé thoéng, n{s)- tap trén mdy do, A, B, H - ¢dc ma tran hé so.
Trong c6ng thitc (4.39) trang thdi x dugc hinh thanh thong qua tic
dong didu khién u va c6 sy tham gia clia tin hiéu ngiu nhién ddu vio &),
con & phuong trinh do (z) ¢ anh hudng cia tap #(s). Cic dai lugng ngu
nhién &¢) va tap 7(¢) khong tuong quan ldn nhaw, cdc vecto qué trinh ngdu
nhién c6 dang tap tring véi cudng 4o G, () va G,(1). G,(£) va G, 1a cdc ma
tran kich thudc nxn v mxm khong am.
Bai todn phuc hoi trang théi tic thdi x(r) theo két qua do Z(s), f, <5 < ¢
khi ¢6 nhiéu duge goi 1a bai todn loc. Pé giai bai todn ndy cin phai sl dung
thiét bi quan sat trang thai, phuong trinh cua né ¢ dang:

X = A%+ Bu + k()[z - Hi], (4.40)

trong d6: k(f) - ma tran hé cdn lya chon.

Ma tran hé s6 &(f) la t68i vu néu né dugce chon tir cdc didu kién
khong chuyén vi clia d4nh gid (1) va cuc tiéu clia sai s6 trung binh binh

phuong:
M2 =M (D],
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M{(x,(t) = %,(£))"] = min . (4.41)

Nhur vAy bai toan loc t6t m la t6i wu cac hé s6 trong cong thiic (4.39)
doi v6i hé théng dugc mo ta bing cong thitc (4.40) dé ddm bio thod min
‘cong thic (4.41).

Gia st trang thai ban ddu x(z,) cha hé (4.37) 1a vecto ngdu nhién vdi ky
vong toan hoc M[x(s,)] = m° va ma tran hiép bién

M (x(ty)- m”) (x(t) - m")'] = R,

khéng tuvong quan véi cdc tap &(¢) va n(r) con Q(f) - ma tran cuong doé déi
ximg khong suy bi€n khi 7 > £, khi d6 nghiém cha bai todn nhin duge bing
cdch xdc dinh ma tran hé s6 khuéch dai & (7). Theo [44]:

ko =RyH'®O) Q1) (4.42)
véi didu kién ban ddu R(z,) = R,, (R(t) - phuong trinh Rikati). Tuy nhién viéc
x4c dinh k(#) theo (4.40) r4t phiic tap.

Trong thuc t&€ v&i cdc bai todn loc 16i wu, cdc thiét bi loc thuong duge
xay dimg dudi dang mé hinh cla loc Kalman-Biuxi dya trén phuong trinh
(4.40) c6 lién hé nguge theo sai s6 xdc lap, sau d6 bai todn duge giai theo
huéng tinh todn, thir nghiém tim ra ma tran hé s6 khuéch dai &(¢) 16 wu.

Néu dai lugng diéu khién u(r) trong phwrong trinh (4.40) quan hé véi
ddnh gid wang thai x(¢) theo luat:

u(t) =-Lx(1), ’ (4.43)

trong d6 : L - ma tran khong déi, khi ndy theo (4.39) ta xdc dinh dugc
phuong trinh loc Kalman - Biuxi d6i v6i hé thong dimg khép kin nhur sau:

¥=(A-BL) § +kH(x~- %) (4.44)

Theo phuong trinh (4.44) xay dung duoge so d6 cdu tric cia loc, sau dé
dira vio céc tiéu chudn chét lugng clia qud trinh chuyén déi trang théi, xdc
dinh ma tran hé s¢ k(f) tGi 1 nh4t.

Dua vao bai todn téng quat trinh & trén, thiét 1ap duge phuong trinh
trang thdi déi véi bd loc nhur sau:
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() =4,
2(f) = x| () + (),

7(t) - tap do duge.

(4.45)

Bi¢n d6i (4.43), ¢6 he phuong trinh:
X =X, _
X, =&, {(4.46)
zZ=x+n.

Tir hé phuong trinh (4.46), theo (4.45), xay dung duge phuong trinh
loc Kalman - Biuxi nhu sau:

:ch =% +k(z-%), @47
X, = ky(z-3,).
Bi€n ddi Laplace (4.47) véi tin hi¢u déu vao 1a (z - £, ) va tin hig¢u ddu

ra x, tacé:
Pi;l = fz + k].(z "JE|).

- N (4.48)
X, =ky(z - x).

Thay %, tir phuong trinh 2 vio phuong trinh 1 ciia he (4.48), sau khi
bi¢n d6i nhan duge ham truyén ciia loc & trang thai ho:
W(p)=SEth (4.49)
P

Trén co s6 ham truyén (4.49), xay dyng so d6 cdu tric ciia mach loc
hé nhir hinh 4.9,

: (D

Ra
Tp2

Hinh 4.9. So d6
cdu tric mach loc
Kaeman-Biuxi hé

s
kz TFI'T
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Dua vao so dd cdu triic (hinh 4.9) xay dung duge bd loc Kalman-
Biuxi hoan chinh ¢ phan héi 4m kin véi tin hiéu vao 1a dai lugng do cé
nhiéu tap ( z ), tin hiéu ra 13 ddnh gia trang thdi (X, ) nhu hinh 4.10.

D) p T (D
Vao . Toz Ra
1
s

K, Tp1

Hinh 4.10. S¢'d cdu tréc mach loe Kalman — Biuxi kin

Xd4c dinh ham truyén mach kin cia mach loc:
. k1p+k k,p+k2)_ ,p+k p2+k,p+k2£

=1 (z-x) o K1+ : -
p’ b
kl
. fpt
S =t-_krthk & : (4.50)
z p2+klp+k2 L 2+£ +1
PR

Tu cong thitc (4.50) tim quan hé giita cdc h¢ s6 khuéch dai k, va k,.

Theo (4.48) suy ra: 77 = kl; 2£T :EL vi tir diéu kién chdt luong cua

2 2

qud trinh chuyén d6i trang thdi, hing sd tét dan # = %_% =0,71 nén:
2 kol (4.51)
k& 2

108



Trén co s& quan hé giita k, , k, va so do cdu triic cla loc (hin.h 4.10),
bang cong cu MATLAB-SIMULINK mé hinh hod mé6 phong bé loc, thir
nghiém khao sdt v6i cic hé s6 k khic nhau, chon ra bo hé s6 k, , k, t6i wu.

Khao st bo loc vGi cdc hé s6 k khéc nhau, ta chon dugc bo hé s6:
k=4; k,= 8 lat6i wu. Dudi day 1a dé thi biéu dién céc tin hiéu & ddu vao va
ddu ra cta bo loc nhu hinh 4.10.

50 _ : - 150

t[s]

AaF W) el Y VRN E EH ) AR IAS SRIL 5D ........ 4

=0 0.02 0.04 0.06 0.08 0.1 t[S]

Hinh 4.11. Dang tin hiéu va tap & dau vao va déu ra clia mach loc:

a, b - tin hiéu va nhiéu ddu vao bo xiz ly; c - tin hiéu sau khi xt Iy.

Tir d6 thi thdy ring tin hiéu & ddu vao b loc 1a tin hiéu gém céc thanh
phdn thdp tin va cao tdn (hinh 4.11b). Sau khi qua loc chi con lai tin hiéu c6
tdn s thdp bing tdn s6 quay cla khi cu bay quanh truc doc (@,, = 20Hz)
nhu hinh 4.11c:

U, = Ussin (ot + @) = Uysin (o,,t + @). (4.52)
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Nhu vay tin hi¢u sau khi loc hinh 11c 1a tin hi¢u dd dugc x{t Iy, chia
cdc thong tin vé sai léch d6i tuong quan sit d€ tao lénh didu khién theo
nguyén Iy diéu khién mot kenh.

Nhé& viée téng hop mach loc Kalman- Biuxi cho bai todn dit ra véi he
th6ng ty din quang ciia KCBDKMK diéu khién, ching ta da thu duge tin
hiéu sai léch ¢ bién d6 phan 4nh do sai iéch clia d6i twong quan sit so véi
khi cu bay va tdn s6 bling tdn s quay cua khi cy bay quanh truc doc ctta né.

4.5. PHUONG PHAP TAO TIN HIEU DIEU KHIEN HAM SG DAU

Nhu da d¢ cap trong chuong III, dé tao lénh diéu khién KCBBKMK
phu thude tuyén tinh vao sai s& didu khién, phdi thém vao tin hi¢u diéu ché
hay con goi 12 tin hiéu tuyén tinh, Tin hiéu nay duge biéu di&n nhu sau:

u"(f) = Uy, SIN n(&)r,-!-(ﬂ) 4 4. 33)

s6 n & day duge céc nha thiét k& chon bing 2. Khi ¢6 tin hiéu phan héi tir
cam bi€n t6¢ do géce, lenh didu khién s& c6 dang:

Uy (1) = Uy sign fu, (1} - Wy (t) +u, (t)] =
= Uy sign[U,, (H)sin (@, ). U, sin(w,, t+p) +U, (Osin2(w,,+¢ ).
4.54)

Theo (4.54) ta c6 so d6 tdng hop lénh diéu khién nhu hinh 4.12 va
dang xung nhu hinh 4.13:

u® alt)
—_ - > + g  Khuéch dai L Tao xung [y

v han ché vuéng

U,(t) U, (1)

Hinh 4.12. So 46 nguyén t3c tao tin hiéu déu khién ham s& dau
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Hinh 4.13. Dang tin& higu vao va ra cla bé tao lénh d1du khidn ham s6 diu.

=

Trong bi€u thic (4.54) thanh phan tht nhat ule) 1a tin hiéu sai lech,
phan dnh sai s6 diéu khién. Thanh phdn thi hai 12 tin hieu phan héi tir cdm
bién t6c d¢ géc. Hiéu hai thanh phdn nay thé hién trén hinh 4.13a. Thanh
phan thit 3 1am nhiém vy tuy&n tfnh hod h¢ s6 lénh thé hién nhur hinh 4.13b.
Téng 3 tin hiéu thé hién nhyu hinh 4.13c. Hinh 4.13d, e 1a tin hiéu xung didu
khién theo him s6 ddu. Lenh diéu khién dugc biéu dién tren hinh 4,13 goi la
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lénh diéu khién diéu ché theo thdi gian. Tham s6 dic tnmg ciia lenh didu
khién d6 12 hé s6 lénh &.

4.6. HE SO LENH VA CACH CHON THAM SO TANG TAO TiN
HIEU TUYEN TiNH

Lénh diéu khién KCBDKMK dugc thé hién trén hinh 4.14.

Ui“& All 613

at, at,

Hinh 4.14. Dang tin hiéu @éu khién ham s8 diu

Theo [48], h¢ s6 1énh & dic trung cho lénh diéu khién theo ham s6 d4u,
duge xdc dinh bing bidu thitc sau:

onlan-an)

- (4.55)

trong do: T - chu k¥ quay clia khi cu bay quanh truc doc déng thoi cling 1a
chu ky thay ddi tin higu diéu khién Uy, ; At= t,-t); Aty= t,- 1, - cdc khodng
thoi gian ciia 1 xung duong va 1 xung &m & néia chu ky quay thi nhét cha
khi cu bay, Afy=1, - t;; A=t -1, - cc khodng thdi gian ciia | xung duong
va 1xung am clta nira chu ky quay thit 2. Khi phéi hop vong quay ctia khi cu
bay thi khodng thdi gian Az, v At, s& 1a khodng thdi gian clia xung duong
chéing han, thi khodng thdi gian Az, Az, s& 12 khoang thoi gian cha xung am ;
Af, = A va A, = At

Khi A1, = Aty , i |a thoi gian kéo dai clia xung duong bing thdi gian
kéo dai cia xung am , h¢ s6 1¢nh & = 0. Khi Ar, = At, =0, hé s6 lenh 1a cue
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dai va bang K. Vin dé dat ra 12 phdi tim cac diém ddi dau ma tai do
U, = 0 va tinh cac khodng thoi gian At va Al Khao sat moi quan hé gitta
hai tin hiéu thanh phén tao ra tin hiéu diéu khién Uy, , d6 12 tin hig¢u do duogc
ciia may do toa do U (1) va tin hiéu tuyén tinh U, (). Khi dé ta co:

uglt) = uft) + w,ft) = gy sin (gt + @)ty sin n{ @+ @, (4.56)

trong d6: n - s6 bdi 1dn tén s¢ quay cla khi cu bay.

Trong muc 4.5 chon n = 2. Trong myc ndy sé xét téng qudt hon s& 1
trong viéc tao ra hé s6 1¢nh. DE don gian bai todn vdi muc dich c6 thé giai
duce bing phuong phép gidi tich, gia thiét ring @ =0. Gia thiét nay khong
jam gidm tinh ding dén ciia bai todn. (Khi ¢ = 0 ta cling s& nhan duge két
quéa tuong ty nhung phii di di mot goc lech ding bang goc ¢. pé dé dang
thue hién c6 thé gidi bing mady tinh).

Véi gia thigt do, bidu thic (4.56) sé nhan dang sau :

uy(t) = g sinegt + Hy,Sin na, & 4.57)

trong d6: iy, = Uy~ Hoa

Cho n =1, khi dy :
Uy (1) = uysin Oyt + Uy, SIN @ 4t (4.58)
hay
Uy (1) = (bgs + Uy sin @yt . (4.59)

Tim diém ¢ d€ sao cho tai d6 bidu thitc (4.59) bing 0, tic 1a tai cc
diém d6 bién diéu khién sé déi ddu.
wuft) = (Ugg t u,) sinwyt=0. (4.60)

D& dang tim duogc khi ¢ =0, £ =n.T/2 biéu thitc (4.60) 1u6n ludn bang
0. Nhu vay mdi mot chu ky quay cfia khf cu bay cénh 14i lat 1 14n, momen
diéu khién (nhw phan tich & chuong IIT) ludn cyc dai.

Cho n = 2, biéu thic (4.57) cd dang :

Uy () = Ugs SIN Og T+ Uy sin 2y t (4.61)
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Bién déi biéu thic (4.61)tacd :

i, (£)=u,, SIN®,f +u,, (sinw_fcosa t +sine 1 cos@ 1)
(21, cOSW,t + oy ) sin wy 1 (4.62)
Biéu thiic (4.62) s& biing 0 trong ¢dc truong hgp sau:

{sirtyg =0, {a}

2u,, COSuM + iy = 0. (b) (4.63)

Tir biéu thic (4.62a) ta tim duge cap nghiém trong 1 chu ky quay
clia khi cu bay:

1, =0,
,=T1I2, (4.64)
t,=T.

Tir bidu thitc (4.62b) ta tim duge cap nghiém thit 2 trong mot chu ky
quay cua khi cu bay:

t, = r arc cos{_ Wl ] , (@)
2 2t : (4.65)
I,=£+larccos(_u”"‘]. (A)
2 2” “nn
T cip nghiém (4.64) va (4.65)ta c6 :
At =t — 1, =£arccos “Zos |
2” 2“0"
ar =1, -6, =L - T grecos| Mot |, (4.66)
2 2:1. uo:i
Al = Af,,
L& = Al

Thay cdc gié tri clia biéu thic (4.66) vao biéu thitc (4.55) va sau khi
bién d6i ta c6:
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2 —U,.
k==arccos % -1
- ( T ] . (4.67)

K= e imme

U°5=2U°u Uas

Hinh 4.15. B¢ trung hé s8 1énh

Ham s6 cos 1d ham: s6 chdn, mién c6 nghiém phu hop 13 mién tir
/2 + . Hinh 4.15 mo ta dudng dic trung hé s6 1énh didu khién k cia
KCBDKMK khi chon n = 2. Hé s6 1énh c6 gid tri tuy€n tinh trong mién ma
ty s6 giita pién do tin hiéu sai léch va bién do tfn hiéu tuyé&n tinh nhoé hon 2
(te = < 2) bién thién tir O dén 1. Khi ty s6 nay 16n hon 2, hé 56 lenh k bat

uull
du bien thién theo quy luat phi tuyén. Thyc ra he sO lenh chi tuyén tinh
trong mién gid tri ty s6 hai bién d¢ d6 nhé hon 1, v& nhwr trén chi 12 gén
ding.

Tir nhan xét trén, chiing ta thdy: Khi thiet k€ tang tao tin hi¢u tuyén
tinh cAn phai chon bién do u,, hop 1y. D€ chon tham s6 46 phai tinh todn x4c
dinh dugc bien dd u,, cyc dai, ing véi bién do dé 1a khoang cdch tir &nh doi
tugng quan sét dén tam dia diéu che duge thé hién bing bdn kinh p,, trén
dia diéu ché ma tai d6 dic tuyén dia diéu ché nhan gid tri cyc dai va bét ddu
bien d8i theo luat phi tuyén. Trong phan tich trén ta chua k€ dén mach phan
héi am vé téc 36 gdc cha khi cy bay. Thuc chat phép cong tin hi¢u trén gom
2 tin hien 12 u(¢), #,(0) vi ug(f) cha téc do géc. Tin hieu w0 phai c6 ciing
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tdn s6 va pha véi tin hi¢u sai léch va nhu vay ty s6 2 bien do trong biéu thiic
trén phdi hiéu 12 ty s6 t10ng dai s6 bién do sai léch va bién do tin hién phan
hoi va bién d¢ tin hiéu tuyén tinh. Do d6 thyc chat khi tinh bién do ta phai
ldy diéu kién:

(uos — Uy )max < 2uy,, (4.68)

Khi d6 cic nghiém (4.65), (4.66) sé la:

[2 = ZL are cos[M] . (a)

T Wy (469)
f422+£arccos M N (b)
2 2” 2”0!1
Al =4, -4 = f—arc cos[-————_ (g - H‘”")],
2” uﬂu
~ Uy — 4.70
VAL =4 -1 = r —Larccos ~ bty — t151) i ( )
2 2” 2110"
Aty = A, -
Aty = A,
Hé s lénh k s& duge tinh nhu sau:
2 —~(u,e —u
k:—arccos ( 05 OI_J) _I. (4.71}
7 2u0rr
- Khi cho # = 3, ta ¢é:
Wy = UgsSina t + ty, sin 30,1, (4.72)

Bién ddi biéu thitc (4.72):

Uy = Uy SH @yt + Uy, (5In @yt €05 20,0 + sin 2ot cosot ) =

= Ugs SINWy T + Uy, [SIN @4t (COS® @yt - sin’wut) +( sinw,t cosat
+ sin@ t coswt) cos i} =

= Uy SINOE + Uy, [Sino t (cos® @yt - sin’ o t) +
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+ sin @t cos® ot + sin o4t cos’w t)] =

= Uy SN T+ Uy, sin Wyt (3 cos’o,t - s’ @,1)] =
= Uy SINOE+ y, sinO T [dcos’ @ -1

= [ty + Uy, (4cos’ w4t — 1)] sine,t.

Biéu thic (4.73) bing O trong cdc tridng hop sau:

sing =0, (a)
Uy +1, (AcoS @, t—1}=0 (b)

Tir phuong trinh (4.74 a) tim duge cdc nghiém :

1, =0,
6=,

2
t,=T.

Dé tim nghiém phuong trinh (4.74 b), bién déi :
uﬂ_\' + uﬂ" (4 COSZ (Onf = 1) = 0,
hay: oy = - Uy, + 4“0:; COS‘ZCG_\_J." =0,

chuyén vé : 4 uy, cos® w4t = g, + Uy,
u,, i
Suy ra: COSM, = |t
4,
Tit bidu thitc (4.76) tim duge cdc nghiém :

T b, Ty
L, =—— arccos| [2—21 , (a)
2

T du,,

T .
14:—+~£arccos You s | ()
2 2z du,,

Theo céc bidu thic (4.76) va (4.77) ta cd:

(4.73)

(4.74)

{4.75)

(4.76)

4.7
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At =t~ = —T—arccos( M} (a)
27
O
146, =t, -1, = Z—iarCCOS{ M] (b) (4.78)
2 2r Hoy
AIS = A’za (C)
(AL, = Ar) (d)

Thay biéu thitc (4.78) vao biéu thic (4.55) nhan dugc:

k =3arccos( M}—l_ 4.79)
T oy

Khi khai cin biéu thitc (4.79) c6 2 nghiém. Do d6, khi tin s6 tin hiéu
tuyén tinh bang 3 14n tdn s6 quay clia khi cu bay ching ta sé khong thé diéu
khién duge né. Diéu nay tuong ty d6i véikhi n=5 7. ... Chicén =2 ( tin
s6 tin hi¢u tuyén tinh bing 2 14n t4n s6 quay ciia khi cu bay xung quanh truc
doc) ching ta méi diéu khién duge khi cy bay. Day la diéu kién chon tén s6

tin hi¢u tuy€n tinh trong diéu khién KCBPKMK d¢€ tao ra lenh diéu khién
dudi dang ham s6 ddu .

Trong trudng hop ¢ = 0 gii bing phuong phép s6 trén mdy tinh, ciing
nhén duge cic két qua wong tr,
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Chuong V

CAC DAC TRUNG KHOI LUONG,
KHi PONG VA DONG LUC

CUA KHi CU BAY DIEU KHIEN MOT KENH

Khi cu bay diéu khién mot kénh duoc dp dung twong doi phd bién, da
dang trong trang bi clia nhiéu nudc trén the gidi. Mac dit méi ching loai c6
nhitng dic diém rieng biét song chiing déu c6 chung cdc thanh phén ciu tao
co ban. Véi mot dang KCBPKMK da dugc ché tao, viée xdc dinh chinh xdc
cdc dac tinh kh6i lugng cla nd duge thyc hién bing cdch can do tnre tiép
trén KCBDKMK thuc, con cdc dic tinh khi dong duge xdc dinh trén co SO
cic két qua do dac cla hang loat thi nghi¢m trong ong théi khi dong.

Trong diéu kién khong c6 di thong tin (s6 licu k¥ thuat) vé mot foal
KCBDKMK cu thé, hodc trong giai doan thiét k& so bo (khi KCBDKMK
con chwa cé thue) thi cAn phai ¢é phuong phdp cho phép tiép can gin nhat
dén céc dac tinh khoi lugng va khi dong ctia KCBDKMK. Dit trong hoan
cinh nhu vay, & phan nay s€ trinh bay céc cong thie I thuyét xde dinh cdc
dic tinh khoi lugng va céc dac tinh khi dong cia KCBDKMK, nhimg dic
tinh nay 1a nhitng s6 li¢u dau vao 161 thidu cho viéc giai cac bl todn quy dao
chuyén dong cla KCBDKMK. Moi tinh todn san day dp dung cho
KCBDKMK gia dinh phong theo ciu tao ciia mot s& loai KCBDKMK cu thé
dang dugc sir dung.
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5.1. DAC DIEM CAU TAO CUA KHi CU BAY DIEU KHIEN MOT
KENH

Trong phdn ndy s& trinh bay mot s6 dic didm k&t cdn cla cic
KCBDKMK dang duge sir dung xét tir nhu cdu tinh todn céc dac tinh khoi
lwong va khi déng cha né.

V6i cich ti€p can nhu vay thi thinh phdn két ciu cia KCBDKMK
gém c6:

+ Phan vo,
+ Phén thiét bi dong I,
+ Cdc thi€t bi bé tri ben trong KCBDKMK.

- Phdn vé KCBDKMK:

Phén vé KCBDKMK g6m than va cde cdnh.

Do diéu khi€n mot kénh thudng 4p dung d6i véi cic KBC nhd nén than
KCBDKMK thudng c6 dang trdn xoay véi do dan dai Ién (ti 8§ gitta do dai
than va dudng kinh 16n nhit ca than) so véi cic 16p KCBDKMK khéc.
Thén duoc chia thanh ba doan chinh: Phdn ddu than, phén than tru va phdn
dudi thdn.

Phan ddu than c6 thé ¢6 dang hinh c6n ghép véi phdn diu ti (chdp gio),
hodc dang elipsoid trén mii ¢6 gin thanh khi dong nhim lam giam lyc can.
Phén hinh con clia ddu than ¢6 thé duge tao ra tir nhidu doan nén cut ke ti€p
nhau. V6i nhitng KCB siéu am, phia trude méi ¢6 thé gén thanh khi dong.

Trong phan than tru 12 ndi b6 tri cdc b6 phan khéc clia KCBPKMK.
Bén trong than try thudng duge chia thanh nhiéu khoang ndi 1i¢p nhau.
Trong mdi khoang 6 l4p dat cdc nhém thiét bi.

Phin du6i than thudng c6 dang nén cyt lam giam khd nang tao
dong xody dé giam lyc cdn ddy dan, bén trong dudi than bé trf cdc thiet bi ra
(loa phut) ciia hé théng dong lue.

120



Cic canh cia KCBDKMK c6 thé gom cdc dang sau - cdnh Sn dinh,
cdnh 1di va cdnh pha On dinl.

Céc canh 6n dinh c6 dang tém phing (thudng Ja bon tim) be tri déu
trén phdn duoi than.Giong nhu vdi moi dang KCBDKMK khéc, chic nang
chinh chia cic canh én dinh la tao ra do dy trit én dinh tinh cén thiét cho
KCBDPKMK. Vi KCBDKMK, céc canh 6n dinh con ¢6 them chifc nang tao
md men khi dong 1am quay KCBDKMK quanh truc doc. Dé cé tinh niang
nay, céc canh on dinh dugc Hip lech mot géc @ (goc dit canh) so vdi truc
doc cha KCBDKMK.

Canh 14i cé dang tdm, hai cdnh ldp dong phing trong mat phéng
vudng géc voi kenh diéu Kkhién. Véi dang KCBDKMK hién cé duge phoi
uf theo so dé khi dong kiéu “Con vit”- cédc cénh 14i duge bé i phia trudc
canh 6n dinh, trén phéan than try. Cic canh 14i dugc diéu khién xoay quanh
truc cha ching. Trong qud trinh hoat dong cac cdnh ldi ¢6 ba vi tri co ban:
mot vi tri trung 12p (kKhong bi xoay léch) vi hai vi tri léch vdi gdc nghiéng
lon nhit sang hai bén.

Dé trdnh anh huong nhidu dong tir canh Mi len cinh én dinh & phia
dudi, cdc canh 14i va cdc cénh én dinh duge dat 1éch di so v&i nhau,

Do dic diém than cua KCBDKMK c6 do din dai ldn, qud trinh dot
chdy nhién liéu lam trong tam KCBDKMK dich chuyén dén vé phia truée va
din dén am ting do du trit 6n dinh tinh cla KCBPKMK. Do chi duge diéu
khién theo mot kénh nén trong mit phing cdnh 1di (khi cy bay khéng dugc
didu khién trong mat phing nay) miéc tang 4o dy tri én dinh 6inh cla
KCBDKMK sé 1am tang ddn tinh “y” clia n6 trong qué trinh bay. Dé gidm
thidu hiéu ting bat lci ndy dong thoi tranh can thiép dén ciu tao chia cdc cénh
én dinh phia sau, trén phin than try clia KCBDKMK, ngudi ta gén thém hai
c4nh phé 6n dinh lip vuong géc véi mat phing cénh 1ai. Cdc cdnh phd én
dinh c6 tic dung dich tam &p vé phia trgc, g4n hon vé phia trong tam.

- Phdn thiét bi déng luc:

Thiét bi dong luc cia KCBDKMK diing € tao ra lyc ddy phin luc.
Nhin chung, tréen KCBDKMK, luc ddy phén lyc dugc tao ra nham thye hién
cdc chirc ning sau:
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+ Tao luc ddy cho KCBDKMK chuyén dong vé phia tnirée,
+ Tao luc diéu khién trong kénh diéu khién,
+ Tao m6 men lam quay KCBDKMK quanh truc doc ciia nd.
Trén céc KCBDKMK hién nay, phén thiét bj déng luc thudng gom cic
dong co tén lira nhién liéu rén vi cic thiét bi b trg. Céc chiic ning trén ¢o

thé do mot dong co dam nhan hay dugc phéan chia cho nhiéu dong co khic
nhau.

Do yéu cau vé lyc ddy cho KCBDKMK chuyén dong vé phia trudc rat
khic nhau trong giai doan bat ddu phéng va trong giai doan bay hanh trinh,
nén thuong tréen KCBDKMK c6 dong co phéng va dong co hanh trinh riéng
biét.

Ngoai cdch tao lyc diéu khién bing cdc cinh 14i nhu da néu trén, cé
thé tao ra lyc didu khién cho KCBDKMK bing cdc dong co diéu khién cé
loa phut dat vuéng géc véi tryc doc cia KCBPKMK trong mat phéng clia
kénh di¢u khién. Nguén nang luong tao luc didu khién ¢6 thé 1 céc ngudn
khong khi nén hay ngudn khi chdy nhién liéu rén.

Trén mot s6 KCBDKMK ¢6 két hop sir dung dong co hanh trinh dé
déng thoi tao luc ddy va lyc diéu khién. Nhitng dong co hanh trinh ki€u niy
phai c6 hai loa phut xoay dugc ding diéu khién duge hudng Iuc ddy.

D€ tao mé men lam quay KCBDKMK quanh truc doc cia né, dong co
phai ¢6 nhi¢u loa phut bé tri déu quanh than, chiing duge dat lech goc so vii
truc doc clia KCBDKMK.

- Cdc thiét bi bd'tri bén trong KCBPKMK :

Bén trong than try cha KCBDKMK thuong duoc chia thanh nhidu
khoang, trong méi khoang ¢6 1ap dit cdc nhom thiét bi ké tiép nhau goém:

+ Khoang chita tdi hitu ich: D6 1A céc thiét b ma KCBDKMK ¢6 chiic
nang van chuyén tir vi trf phéng i dich. Thong s6 chinh clia phén nay 1a cic
kich thudc, khéi lugng va vi tri trong tam cha né.
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+ Khoang thiét bi dan dwing: Ding dé thuc hién viée tu dong bat va
bam sdt doi twgng quan sat dy dinh. Thong s6 chinh cla khoang thiét bi din
dudng 1a cdc kich thude khéi luong va vi trf trong tam cta cdc thiét bj.

+ Khoang thiét bj b6 trg (khoang mdy 14i): Ding dé tao luc didu khién
hudng chuyén dong trong khong gian, dong thai ciing 12 noi chita céc thiét
bi bd trg khdc nhu cic nguén nang lugng, dien khi ... Thong s6 chinh cla
khoang thi€t bj ddn duong la cac kich thuéc khét lugng va vi tri trong tam
cua ching.

5.2. TINH TOAN CAC PAC TRUNG KHOI LUONG

1 .Xdc dinh khdi lupng khi cu bay

Khéi lugng ciia KCBDKMK dugc xdc dinh bing téng khai luong (m D
cla tit ca cdc bo phan clia né:

m= i m,, (5.1)
i=1

n — s6 lugng cdc bo phan wén KCBDKMK.

Trén 1y thuyét, d€ xdc dinh khsi luong khf cu bay cdn dimg lai so bo
ban V& ket cdu clia KCBDKMK, dua theo kich thudc chinh cla cac bd phan
trén khi cu bay.,

m= Zn: Py, (5.2)
1=1

trong daé:

P, - mat do cta b phan dang tinh (dua vao céc s6 liéu théng ke);

v, - thé tich cla cdc bo phan dang tinh (x4c dinh theo kich thudc va
hinh dang cia thi€t bj).
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V6i cdach tinh trén cho phép xdc dinh khdi luong ban dau cia
KCBDKMK, tuy nhién con phai bit duge qud trinh bign thién ctia khai
lugng clia KCBPKMK do trong qud trinh chuyén dong, nhién liéu chdy nén

khéi lugng KCBDKMK bign déi. Toc do bien déi khoi luong KCBBKMK
xéc dinh bang chinh mifc tiéu hao nhién liéu cha dong co.

2. Xdc dinh trong tam cta khi cu bay diéy khién mot kénh

bé xdc dinh trong tam caa KCBDKMK, trude tién cn dua vio hé toa
d6 gin véi KCBPKMK Oxiyz; v6i g6c toa do dat tai diu mii cia
KCBDKMK, céc truc toa do clia né song song véi truc cha hé toa do lien ket
0X,Y\Z, (xem chuong III)

Toa d¢ trong tam x,, y,, z, ¢a KCBDPKMK trong h¢ toa do lua chon
tinh nhu sau:

"
Z p,. 'Ur 'xf'
— =l

X, = (3.3)
g}

Z pf 'UJ' ‘yf
Yu = — ’ (*54)

m

"

Zp:'v.-'zi

z, =2 (5.5)
m

trong do: x;, y;, z; - toa d¢ trong tam ciia limg b phan trén KCBDKMEK.

Trong qud trinh bay, khi khoi luong KCBDKMK bien déi thi toa do
rong tam cta nd ciing s& bi¢n dai. Viéc xdc dinh toa do trong tAm cla
KCBDKMK theo cdc cong thic trén can thire hign déi vdi mot s6 thoi diém
moc, lua chon theo dic diém chdy ciia cic dong co.

3. Xdc dinh mémen quén tinh tdi cédc truc

Sau khi da biét toa do trong tam cua KCBHKMK thi h¢ tou do lien két
ciing xdc dinh (thye chit I3 tinh tign h¢ toa do Oxyvz, v ddu mai
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KCBDKMK v¢ trong tam cho triing véi he 0XY,Z)). Véi gia thigt 1a céce truc
qudn tinh chinh cia KCBDKMK tring véi céc truc hé toa do lién két (gid
thiét nay nhin chung ki phil hop véi két cdu cha tat ca céc KCBBKMK). M6
men quén tinh cia KCBDKMK tinh téi cdc truc clia he toa do lien két duge
tinh béng:

.= pwvxl, (5.6)
1=l

J,=> pv,.y, (5.7)
=i

J. =) pw.z] (5.8)
=1

Di¢u cén chi y & day: x,, v, z; - toa do trong tam cua timg bd phan trén
KCBDKMK di dugce tinh chuyén déi sang hé toa do lien két 0X\Y,Z,.

Viéc xdc dinh md men qudn tinh cla KCBDKMK 1tdi cdc truc theo cic
cong thifc trén can thuc hién doi véi mét s thai diém méc, lia chon theo
dac diém chdy ca céc dong co di lya chon khi xdc¢ dinh trong tam cla
KCBDKMK.

4. Xdc dinh cdc ddc tinh khdi luong tuc thoi khi cy bay diéu
khién mét kénh

Nhu dé néi trén, céc dic tinh khéi lugng chia KCBDKMK thudng chi
duge xdc dinh rdi rac déi véi mot s¢ thai diém mdc. Trong qua trinh khio
sat chuyén dong clia KCBDKMK, trong méi thdi diém cén biét cdc dac tinh
khoi lugng tic thdi ciia né. Cich xac dinh céc s6 liéu nay duoge 1am nhir sau:

+ Khoi lugng tc thoi ciia khi cy bay phy thuoc t6c do chdy nhién liéu
xdc dinh theo thai gian m = f(1).

+ Cac toa d¢ trong tam tic thoi, cdc mod men quédn tinh tdc thoi so véi
cac tryc dugc ndi suy theo khai lugng tic thei clia KCBDKMK tir cic gid tri
tinh cdc thdi di€ém mdc nhu di néu trong cic phdn trén.
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5.3. CAC PAC TINH LUC DAY CUA BONG CO

Vi nhu cdu khdo sat chuyén dong cia KCBDKMK trong giai doan ty
dan nén sau day s& trinh by ngan gon vé dic tinh luc ddy cla dong co va
c¢hi ban dén ddng co hanh trinh.

Pong co nay gém budng dét (ndm trong phdn than try) va loa phut
ndm trong phén dudi than. Pong co hanh trinh tao luc ddy dé duy tri 6c do
bay trong sudt qud trinh bay k€ tir lic KCBDKMK rdi thiét bi phéng. Théng
thutmg dong co hanh trinh cia KCBPKMK ¢6 hai ch€ d6 chinh: ché dé tdng
toc va ché' dg hanh trinh. Diéu ndy duge dam bdo nhd vio viéc tao hinh dang
dic biet cho thoi thudc bén trong dong co. Biu d6 lyc ddy ctia dong co hanh
trinh trén mot KCBDKMK dugce trinh bay trén hinh 5.1.

P(N) 4

Ptt

o

0 T t(s)

Hinh 5.1. Biéu dd luc ddy clia dong co KCBOKMK

Ch€ do tang t6c 13 ché d¢ lam viéc ngin trong giai doan diu, khi
KCBPKMK vira roi khoi thiét bi phéng: dong <o tao luc ddy lén (P,) dé
nthanh chéng ddy KCBDKMK 1én t6¢ do bay hanh trinh. Mitc tiéu hao nhién
liéu ciia dong co trong giai doan nay ciing 1dn hon.
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Ché d6 hanh trinh ¢6 luc ddy nhd hon (P,) di dé duy tri t6¢c do bay
hanh trinh cila KCBDKMK trong thdi gian dii. Mic tiéu hao nhién liéu ctia
dong co trong giai doan nay ciing nho hon.

Cac thong s6 chinh clia dong co hanh trinh cdn thiet dé xac dinh c4c
dac tinh khdi Jugng gém:

% - thoi gian lam viéc & ché do tang 16¢;

7 - thdi gian lam viéc toan bo clia dong co hanh trinh:

P, - luc ddy trung binh & ché do tang tac;

Py - lyc ddy trung binh & ché€ d6 hanh trinh:

my. - Khoi lugng toan bé dong co.
Lyc day cita dong co khi cu bay duge x4c dinh theo c¢ong thic sau:
P= ’ﬁWu +(p, - P )Fu, (5.9)
trong dé: m = m(t)- luu lugng khi thude chdy duoe xdc dinh theo céng thiic:

m= Eawyp , (5.10)
W, - t6c do cha dong khi tai tiét dién ra ciia loa phut;
P, - 4p sudt khi thudc tai tiét dién ra clia loa phut;
Py - dp sudt khi quyén & do cao dang bay;
F, - dién tich tiét dién ra clia loa phut;
F, - dién tich ti€t dién t6i han ciia loa phat;
W, - t8c do dong khi tai tiét dién (6i han cta loa phut;
Py - mat do khi thudc tai ti€t dién (6i han ciia loa phut.

Nhur vay Iye ddy dong ¢o phu thuoc vao do cao bay, hinh dang kich
thude loa phut, dic tinh 1y héa coa thuse phdng.
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5.4. TINH TOAN CAC DAC TRUNG KHi PONG CUA KHi CU BAY
DIEU KHIEN MOT KENH

Gid tri ciia cdc dac trung khi dong déu duge xdc dinh trong hé toa do
lien ket 0XY,Z,. V6t KCBPKMK, luc nang Y [a hinh chiéu clta lyc khi déng
t6ng hop len trye 0¥, cla mét phing d6i ximg 0X¥, . Mat phang ngang 0X,Z,
vuong géc véi 0X Y, chira truc doc 0X, va cdc cdnh ldi. Luc truot canh Z 1a
hinh chi€u cia by khi dong tdng hop lén truc 0Z, chia mat phing nay, luc
can X 12 hinh chi€u cta lyc khi dong t8ng hop 1én truc 0X,. Momen chiic
ngéc Mz 1a tdng hop momen ciia céc lyc khi dong gay ra so vdi truc ngang
0Z,. Moémen hudng My tdng hop momen cia cdc hyc khi dong gay ra so véi
truc ditng 0¥, con moémen nghiéng Mx Gng hop mé men cla cic luc khi
dong gy ra so vdi truc doc 0X,.

Véi dac diém co dong cia dang KCBDPKMK khi qua trinh diéu khién
dién ra lién tyc trong mdi vong quay cla KCBDKMK, d6 Ién cdc géc tan o,
va géc trot canh 3 thue t€ s€ khong vugt qué 10°, Vi vay viéc xdc dinh céc
dac tinh khi dong sau day s€ chi gidi han trong ving bién déi tuyén tinh.

Trong viing bi€n d6i tuyén tinh, viéc tinh todn cdc dac trung khi dong
cho KCBDKMK dya trén viéc xdc dinh dao ham cédc hé s& khi dong cia luc
can, lyc nang, lyc trugt canh va cdc momen chiic ngde, momen hudng va
momen nghiéng cia timng bd phan cdu thinh KCBDKMK.

Trong tinh todn cdc diac trumg khi dong cia KCBDKMK, kich thudc
dic trung (D) duge chon [a dudng kinh clia phan than try, dién tich trung (S)
duge chon 12 dién tich mat cét clia phan than tru. Phuong phdp xdc dinh céc
dic trung khi déng cla KCBDKMK dua trén co s& van dung cidc phuong
phap tinh todn chung cho KCBDKMK théng thuong [9], phan trinh bay sau
day gia thiét ring cdc phuong phdp nay [9] da r6 va chi nhic lai nhitng noi
dung can thiét, muc dich chinh la trinh bay cdch van dung chiing
thé nio d€ xdc dinh duoc cdc dic tung khi dong ctia KCBDKMK.
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1. Cdc dao ham cua hé sé luc ndng

Cic bo phan khi cu bay tham gia tao lyc nang gdm:
+ Than khi cu bay,
+ Hai canh dn dinh,
+ Cic cénh lai.
Cic thanh phdn luc nang do than va cdc cinh 6n dinh tao ra s& phu
thude chl yéu vao géc tdn va toc dd bay (s6 M). Thanh phdn nang do cdnh
14i tao ra con phu thudc thém ci viio géc xoay cénh ldi 8. Nhu vay dé xdc

dinh luc nang cho KCBDKMK, can tinh dao ham hé s6 luc ning cha than

a T r - b3 o e - 5
€15 , clia cénh 6n dinh C;{m , dao ham hé s6 luc nang canh lai €.

o
a. Pao ham ciia hé s6 lyc ndng ciia than €1

Than khi cu bay bao gém thanh khi dong duge gén trén mii than, chop
gi6, phén than hinh try, phin duoi than. Trong qua trinh tinh todn lyc néng
clia than cé thé quan niém ring than KCBPKMK duge cfu thanh bdi phin
miii ¢6n va phin hinh try - anh huéng cha phan dudi than c6 thé bd qua.

Phdn miii cén duge tao ra tit ba doan con: doan thir nhdt 1a phan mii
cta thanh khi dong, doan con thit hai duge coi nhu ti€p néi tir miii thanh khi
dong dén hét phin chdm cdu clia chop gié ddu ty dén, doan thi ba 1a doan
con ti€p theo lién v6i phdn than tru cia KCBDKMK. Hé s6 lue néng cia
than s& duge xédc dinh theo cong thic nhu sau [9]:

@ o d 2 : a d;'— i dr’ ’
cy].‘r :cyl,mnl(Bl} +§Cy1.wmlil(§‘_]J :l[Bj ’ (511)

o

trong d6: ¢}, - dao ham clia he s§ lyc nang cda phan con thif ¢ tuong dng;
d . d., - dudng kinh ddy cha doan con thit i va i-1 clia phin mii than (i=2,3).
Céc gia trj dao ham tim duge theo phuong phép d6 thi [9] véi cic thong 6
dic trung wwong g A, /A, vA gié i (M7 17 /4,,, tong do
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Aposs ey tUONE Vg V61 chifu dai twong ddi ctia phdn phdn con dang xét va

phan than hinh tru gid dinh c6 do dai ¢ dudng kinh ddy ctia phin con dang
XEt,

24 : » .
b. Pac ham cua hé s6 lyc nang cy|_w cia canh on dinh

Dao ham hé s luc ning cba cénh én dinh theo gdc tan o duge tinh
trén co s& gid tri dao ham hé s6 huc nang cua cénh én dinh ding dgc lap

[+

¢%,, 161 hi¢u chinh thém anh huéng tuong tic khi dong gitta cdnh dn dinh
va than..

Gid tri dao ham he s& luc nang chia rieng cinh én dinh ding doc lap
€}, 12 ham s6 cha hinh dang cdnh va tdc do bay (s6 M) va xic dinh theo

céc d6 thi nhu 461 véi KCBDKMK théng thudng [9] .
Sau khi di xdc dinh dugc dao ham cj,,,, hé s6 luc nang ctia phan cinh
6n dinh cdn duge higu chinh them sy tuong tac gifra than vi cdnh 6n dinh r6i

chuyén déi sang theo dién tich dac tnung chung theo cong thifc sau:

a _ o
Cylw - Cylwa

K,.S,/S. (5.12)

trong dé: ¢}, - dao ham hé s§ luc nang riéng ctia cdnh; K, - hé s& phéan
4nh su tuong tdc khi dong gifra than va canh én dinh; S, - dién tich cla
canh 6n dinh.

He s6 K, duge xdc dinh theo cong thitc sau:

K, =k, + (KL - KR veviva, (5.13)

Trong cong thifc trén cc thong s6 duge xic dinh nhu sau:

K., =1+35—d1_—D) (5.14)

no

gy = QU+ 0.415 F)Z(I‘K%—Y-
N

(5.15)
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o

L, (5.16)

5: fh:;

D,
-
trong dé:

b — chiéu dai phdn ddu miit cdnh n dinh (day cung mut canh);

b,- chidu dai phan ti€p xic giira than va cinh &n dinh (day cung
goc cdnh);

! - 30 dai toan bo sai canh;
D - dudng kinh thén;

vs - ha s6 hiéu chinh xét dén anh hudng cia 16p bién hinh thanh trén
doan than nidm phia trudc cdnh duge tra theo dé thi [9]. Tuy nhién v6i dic
diém sai canh &n dinh 16n hon nhiéu so véi dudng kinh than KCBDKMK
diéu khién 1 kénh nén c6 thé 18y v; =1;

v, - he s6 hiéu chinh xét dén anh hudng ciia do co thit cdnh, véi canh
én dinh dang t&m c6 th€ 18y v, =1;

vy, - he s6 hiéu chinh xét dén anh hudng cla téc do bay (s6 M) — gid tri
clia nd tra theo do thi [9];

Koo - he s tuong téc khi dong cia than va cinh tinh dén sy thay d6i
clia todn bo luc nang trén than va canh;

K oo - he s6 tuong téc khi dong cla than dén sy thay d6i luc nang hinh
thanh trén riéng phin cdnh.

Ham s6 F, phan anh tuong téc cla c4nh én dinh len phdn than con lai
phia sau cdnh & ving tdc do duéi am F,=1. Véi ving t0c do siéu am né duge
tinh twong ty nhu d6i véi KCBDK thong thudmg [9].

) A ~ 2 - o 5
c. Pao ham cia hé s6' lyc ndng cia cdnh ldi €y

Dao ham he s6 lyc nang cha cdnh lai dugc tinh trén co s& gia tri dao
ham heé s lyc nang cha cénh ldi ding doc lap € i, réi hiéu chinh thém anh

hudng tuong tic khi dong gifta cdnh 14i va than chuyén r6i déi sang theo
dién tich dic trung chung S.
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Phuong phép xdc dinh hodn toan tuong tu nhit dd lam doi véi cdnh én
dinh nhung véi cdc dif liéu vao la cic tham 56 hinh dang cdnh lai.

Cich tinh hé s6 luc nang Cy chung ¢ia KCBDKMK tir cdc dao ham
thanh phén trén day s& dugc trinh bay & phan sau. Nhu da trinh bay trong
phdn 5.1, dé trdnh &nh hudng tuong téc khi dong clia cdnh ldi 1én cac cdnh
én dinh phia sau trén KCBDKMK, céc cdnh ldi duge lap xoay di mot géc so
6t cdc canh n dinh. Vi vay trong tinh toan luc nang cho KCBDKMK ¢
thé bd qua anh hudng tuong tac ndy.

2. Dao ham hé s6 lyc trugt canh €

Céc bo phan khi cu bay tham gia tao lyc trugt canh gém:
+ Than khi cy bay,
+ Hai canh 6n dinh dimg,

+ Céc cénh ph4 én dinh.

Trong mit phing nay, cac bd phan déu ¢d dinh cing v4i nhau nén dao

ham hé s6 trugt canh Cﬂ ¢6 thé xem la t8ng cic dao ham he sO trugt canh
ﬂ a . ﬁ W - - A =

cha than C1p, cla cinh dudi C:1,p va cdnh pha on dinh Ciw. Nhr vay

ta co:

Jij
z1,p

B

+ czl,+w- (517)

B _ B
Czl - czl,b + ¢

Pao ham heé s0 luc truot canh cia than, clia cdnh dudi va cua canh pha
én dinh ciing dugc xdc dinh twong tu nhu d6i véi dgo ham cua lyc nang cla
than va ciia canh 6n dinh ngang nhu d trinh bay trong phén trén.

3. Hé s6 lyc can

Trong qud trinh chuyén dong ciia KCBDKMK, lyc can chuyén dong
tao bdi cdc thanh phdn chinh:
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+ Thanh phdn can truc dién khi géc tin o = 0, goc truot canh [=0.
Ngudn goc hinh thanh dang lyc can nay la do sut phan bd dp sudt khong
d6ng déu quanh bé mat KCBPKMK (chi yéu trén than) vi su hinh thanh
viing tut 4p ngay sau dubi than, cong thém véi thinh pbén cin do su co sit
ciia v& KCBDKMK véi dong khong khi bao quanh. D€ xdc dinh cac thanh
phdn can ndy cén phai tinh cdc he s6 luc can sau:

- Hé s6 can cla dau than va than try,
- Hé s6 can cia dudi than,

- He s6 can day,

- Hé s6 can ma sdt.

+ Thanh phdn can do sy hinh thanh cla hé théng séng xung kich trén
KCBDKMK khi né bay vdi toc do siéu am. Pé x4c dinh cdc thanh phin can
ndy cdn phai tinh céc he s6 lyc can song.

+ Thanh phdn can xudt hién khi géc tan o # 0 hay géc trugt canh
B = 0: D& xdc dinh c4c thanh phdn cin nay cén phéi tinh cdc he s6 lyc cdn
cam dng.

a. Hé s6 luc cdn dp sudt cia ddu than va than iry C et

Ciing nhir da phan tich khi xdc dinh he s6 lyc nang trén than, phan ddu
than ciia KCBDKMK dang miii con tao tit nhi€u doan con k€& ti€p nhau va
cuti cung 1a ghép véi phén thaa try, do ¢6 viing ting &p trén miii than va
than tru trong khi bay nén hinh thanh thanh phén can ndy. He s6 hyc can dp
suit ciia ddu than v than tru s& duge tinh theo cong thic:

dlz dz—l d3
s + Ctmm’ 1_‘—‘:‘ : L 518
ot 2 ( e } s (5.18)

!

Cy phend Crcont

trong d6: C,,,,, - he s6 luc cén cha phdn con thir phan con thit .

He s6 luc cin 4p suat cia phdn con 13 ham clia chidu dai twong d6i cla
phin con vA s6 Mach M va duge xéc dinh theo phuong phap do thi nhu doi
v6i KCBDK thong thudng [9).
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b. Hé s6 cdn ciia dudi than € jor

Thanh phin cin nay hinh thanh do sit phan b6 4dp sudt trén phin duéi
than tao ra (chi trén phan b€ mit dudi than hinh cén). Thutmg véi
KCBDKMK, phan can nay khong 1én do d9 con phdn dudi than ngén.

He s8 luc cdn cla dudi than duge xdc dinh theo phuong phép d6 thi
nhu d6i véi d6i véi KCBDK thong thudng [9].

. Hé 56 cdn ddy €y p

Lyc can diy hinh thanh la do sy hinh thanh ving tut 4p ngay sau dudi
than. He s6 can ddy dugc tinh theo cong thifc sau:
S
? ,

Cxp = (" ;b) (5.19)

trong dd:

(-2,) - he 6 ap suat déy ciia phan dudi than. Gié tri cia né phy
thudc vao nhiéu y€u t6: hinh dang phdn duéi than, m4t sau than ngay sau
cdnh 6n dinh hay cdch xa ching. Pong cé cé lam viéc hay khong... Cach
xdc dinh dya theo d6 thi nhu d6i véi d6i véi KCBDK thong thuong (9],

§, - dién tich hiéu dung clia mit cét sau phin than. Véi KCBDPKMK,
cin phan biét ch€ do bay khi ddng co hanh trinh con dang hoat-dong: lic dé
S, 1n6 chinh la dién tich mat cit sau than trir di dién tich miéng loa phut; con
khi dong co hanh trinh da ngimg hoat dong, KCBDKMK chi c¢dn bay theo
qudn tinh S, Ia toan bo dién tich mit cit sau than.

d. Hé 56 lwc cdn ma sét ciia thdn va cdnh

He¢ s0 lyc can nay duge xdc dinh theo céng thife:

Cot = Siw-Com o (5.20)
trong dé:

S 1w — dién tich toan b bé mat KCBDKMK bao gém toan bo bé mit
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than (khong tinh mit cit ddy) va bé mit cac cdnh. Can chii ¥ & day [ véi cac
canh dién tinh phai dugc tinh cho ¢a hai bén bé mat canh.

C, .- hé s6 ma sit clia bé mat than va bé mat cinh va dugc xédc dinh
theo theo sd Reynold (Re) va s§ M cuc b trén mat than va canh. Dé don
gian ho4 trong tinh todn c6 thé 18y cdc cong thire tinh cho tim phang [2] va
s0 Re tinh chung cho toan bo KCBDKMK:

?;25]02(‘”) % khi %f](M) > 10
lg{[-ﬁ-ﬂ(M)ﬂ
Cr, =4 (5.21)
—;’27%(“40)_2 khi %{E (M) <10
[HJ_ fl(M)}

Thong thuomg, véi KCBDKMEK bon dang can néi trén dwoc gop chung
dudi khdi niém hé 56 can truc dién C,,. Nhu vay hé s¢ can truce dién s& duge
nhéc dén trong phén sau s& 1a:

Cxo = C o + Cx.kur + Cx.h + Cf.w (522)

d. Hé 56 ecdn séng cila cdnh

Khi KCBDKMK bay véi t6c d6 dusi am (M < 1) thi khong xudt hién
thanh phin can nay. Khi bay véi siéu Am do sy xudt hién hé thong séng xung
kich trén cdnh nén phdi tinh dén thanh phan can nay. Trén thyc t&, séng
xung kich xuft hién cd & ddu mdi than, tuy nhién thanh phin ndy da duogc
tinh bao gop trong € , . Vi vdy & day chi xdc dinh thém thanh phén he s6
¢an séng clia canh.

Hé s6 can séng phai duge tinh cho tit ca cdc canh va xdc dinh theo
cong thic [9]:

Covw =200 )y [+ 9 (x - 1)]

S
S L]

(53.23)



trong do :

K — he¢ s0 hi¢u chinh phy thugc dang profil cdnh va d¢ ddy tuong déi
cita n6 so véi profil hinh thoi. Vi cdc dang profil chudn gid tri ciia hé s6 ndy
di duge xdc dinh va ¢6 thé tra ciiu trong céc tai ligu [2,8];

(CW )dm - heé s6 can séng cha cAnh ¢d bién dang la hinh thoi va la
ham sa4 cha hinh dané canh va t6c d bay A, (M2 - 1)“2 s A, (E)mvz‘i
Agglx.). x.- goc sau tao ra giita dudng ndi cdc diém cé do day nhét cla
profil cdnh va day cung khi ddng cénh). Cic gid tri (Cxw )d‘-a cic cinh duge
xdc dinh nhu ddi véi KCBDKMK thong thuong [9];

@ - hé s6 tim dé thi thue nghiém [9] theo gid tri (M - 1)'7 - 1gx. ;

S, - 1a dién tich hinh chi¢u bing cha cénh,

e. ¢ s6 cdn cdm vng

Khi KCBDKMK bay véi géc tdn o # 0 hay géc truot canh 3 # O s€
xudt hién thém mot thanh phdn cdn nita- can cam Gng. Ban chat la do sy
tuong tdc clia KCBDKMK vao dong khong khi chay bao quanh né. Khi a=0
hodc B+0 su tuong tic ndy lam cho mét luong khdng khi khi théi bao qua
KCBDKMK s& bi bign déi 16¢c do cd vé hudng va do 16n - nghia 1a dong
lwrong cha nd da bi bién déi. Su bién thién dong lugng s& chinh bang xung
lue clia thanh phidn ¢dn ¢Adm ing tdc dung lén dong khi trong khodng thdi
gian né chay bao qua KCBDKMK.

Ha $5 ¢&n cdm tng <Ga KCBPKMK goém hai phdn chinh tao ra 1a hé
s6¢ can cam Ung cha than c,;,vA h¢ s§ can cam img cha cénh ¢, va s€ dugc
tinh theo géc tin o hay géc trugt canh 3.

Cich tinh cdc hé s6 nay tuong tw nhur cdch tinh cho KCBDKMK thong
thuong [9]. & day chi nhéc lai cdc cong thifc tinh.

Hé 56 cdn cdm dmg cua thdn c,;, duge tinh theo cong thifc:

o

2
e, =573, +2§{ﬁ) ,
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hay: Coap =C 07 (5.24)

xi, b
trong do:
1
¢ =——c 5.25
573 e ¥ 57, 325 (5.25)

& - thong s6 lién quan t6i bién dang cla pha‘n. dau than va toc do bay
dugc tra theo d6 thi [9]. Can huu y & day la cdc gia tri cia géc o duge tinh
theo do (*).

Tuong ty nhy véi géc tan, khi KCBPKMK c6 géc truot canh, h¢ so
cAn cam tng khi cé gée trugt canh B ciing duge tinh tuong tu nhu véi géc o.

Hé s6 cdn cdm iing ciia cdnh ¢, x4c dinh theo cong thiic sau:
c
= ylw o 2
c.. [——-S? ; e € )Z}a , (5.26)
e 2

hay: 4 xiw =cC Xiw 124 ’ (52?)

trong dé:
£, cr- cac hé s phu thude géc tdn, dang cdnh va tdc dd bay (o,
(M7 1) /12, % k.- he SO tinh dén sy wwong téc gida than v cdnh.

C4ch x4c dinh cdc gid tri nay tuong ty nhu dsi vt KCBDK thong
thudng [91.

Nhu vdy, can cAm tng theo géc tdn o fa tong cia hé s§ can cam img
clia than va hé s6 can c¢dm dng cla cdnh.

Sur khdc biat khi x4c dinh cin cam iing theo gbc trugt canh 3 1a h¢ s6

cin cam tng clia cdnh s& phai tinh v4i cdnh phd én dinh. Véi cdc dang
KCBDKMK hién nay, do dién tich cdnh lai vl cdnh phd én dinh 12 xap xi

nhau nén c¢é thé ldy hé s6 can cam ing cha kénh trugt canh Cf, bing ¢an

* - 2 - - o
cam ung cla kénh chiic ngoéc C;:

& = ol (5.28)
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4. Cdc hé sé mémen
Trong phdn nay sé trinh bay cdch tinh cdc hé s6 moémen cho
KCBBKMK so vét truc ciia hé toa do lién két:
+ H¢ 36 momen chic ngoc,
+ Hé s6 moémen hudng,

+ Hé s§ momen nghiéng,

a. H¢ s6 mémen chiic ngéc m.

He¢ s6 mémen chic ngéc duge tinh theo céng thirc sau:

m. =ma+m®o-+m’s, (5.29)

trong da:
m? - dao ham cha momen 6n dinh tinh doc truc;
m?;* -~ dao ham clia moémen chiic ngée can diu;

W: = g—a): vai @, 1a tée 4§ goc chuc ngéc tirc thon.

Dao ham cua momen on dinh tinh m_

m: dugc tinh theo cong thifc sau:

- X!-'.a )

me =Ce X, - (5.30)

trong dé:
X, - toa dd clia tam khéi cia KCBDKMK (di tinh trong phén trén);
X, 4 - toa dd cua tAm khi dong cia KCBDKMK.
- m? dugc tinh theo céng thitc sau:

mﬁ — Ce)' (Xu - X."‘,c.’ai)
H ¥ D

1a toa do chia tam khi dong cla cdnh ldi cha KCBDKMK.

(5.31)

trong dé: X,

"ola
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Pé xéc dinh tam khi dong cla KCBDKMK, trudc hét ching ta cin x4c

dinh céc toa do tam khi dong cha than, canh 141, canh én dinh va canh phé
4n dinh tuong Ung X X X o X

- Xdc dinh tam khi dong ciia than KCBPKMK X,

Toa d6 tam khi dong x4c dinh theo cong thic sau:

X, = Lyess = Wieaa! So + 05 (5.32)

trong dé:

L, -chiéudai phdn dau than;

W, - thé tich clia ddu than;

S, - diéen tich mat cit ngang 16n nhit cla phin ddu than;

AX, - s0 gia tinh &1 anh hudng cla lyc nang phin than try. Gi4 tr
ciia n6 duoc tinh nhu ddi véi KCBDK thong thudng [9]-

_ Xdc dink tdm khi dong ciia cank' X,

Toa do X, duoc xdc dinh theo cong thiic saw:

X, =X+ 1

[XFu'a+(Kaa-1)XF5+( aa-_kaa Fr‘b], (5.33)

ac

trong 46 :
X, -latoadod didm ddu cha canh (chd ti€p gidp than);
X 1o - t0a 40 tam khi dong ciia riéng cénh;
X, - toa d¢ cha diém dat lyc nang 1en cdnh c6 tuong tic than - cdnh;
X, - toa do clia diém dat iyc nang lén than 6 tuong tic cnh - than.
Cac gid tn én duge xéc dinh bing céc kich thuéc hinh hoc cua

KCBPKMK céc toa d¢ diém dat cac lyc khi dong xdc dinh tuong ty nhy d6i
& KCBDK thong thudng [9].

139



. » . . . 3 . o,
- Dao ham cua mémen chiic ngéc can diu M,

» - - - k] . w " o "
Pao ham clla moémen chic ngéc can diu 7, Ja tdng dao ham

P P . , @, N . . . .
moémen chic ngdc cla than #2,; va dao ham moémen chiic ngdc cua canh

.,
W

m
w " - A [ - L] .,
- Dao ham momen chiic ngéc can diu cuathan m_;

Dao ham nay xac dinh theo céng thiic sau:
2
R TR A T I
‘ L:‘r L:‘r Lb
trong do:

S\D
X, -10ado tam thé tich clia than;

L, - chiéu dai caa than;
S, - dién tich hinh chiéu bing cla thén.
- DPao ham moémen chitc ngée cdn diu ciia canh m 2,

Pao ham momen chiic ngée can diu clia canh dugc xdc dinh theo cong
thitc sau {8]:

2 2
m®, = —57.3[4’;1“0 K. SSw {X_;_{@v__%} }(%} . (5.35)

AW

X,w - toa do tam 4p clia phin canh theo truc Ox x4c dinh tuong ty nhu
d6i v6i KCBDK thong thuong [9];
. buw - d¢ dai day cung khi dong cta cdnh.

b. Hé s6 momen huéng m,

Hé s6 momen hudng ciing gidng nhe mémen chiic ngde tinh theo cong
thirc sau:
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m,=mif+m]o,, (5.36)

_ a)yb

¥ V *
trong do: m‘f dirge xéc dinh theo céng thic:
X, ~X,

my =g, + Chav JTr—2re (5.37)

Vi tri tam dp theo kénh trugt canh X, ;, xdc dinh theo cong thie:
=
_ Cﬁ.‘:Xb + C.V + V§X|i'

=8
wa + Cylu'V‘;

X,y : (5.38)

Tuy vé mit hinh thitc, cdc cong thiic tinh todn gan nhu tuong ty cho
kénh chiic ngéc ciing nhu trong kénh trugt canh; khi tinh todn cin chi ¥ la
trong kénh trugt canh ciia KCBDKMK, cénh phd 6n dinh khong xoay duge
va khi tinh hé s6 luc truot canh da chi so sdnh kich thuéc cdnh phd én dinh
véi canh lai; khi tinh d&n momen, cédn chi y cd t&i vi tri 1&p dat cha chiing.
Nhu da phan tich trong phén 5.1: cdnh phé 6n dinh c6 cong dung ddy tam 4p
len phia trudc vé phia gdn trong tam. Vi vay vé nguyén tdc vi trf tam 4p
trong kénh trugt canh s& c6 sy khdc biét vé mit gid tri so véi vi tri tAm ap
trong kénh chiic ngdc.

c. Hé s6 mémen nghiéng m,

Trong kénh nghiéng cha KCBDKMK c6 hai thanh phdn chinh gay
momen quay:

+ Thanh phin chii dong gy momen lam quay KCBDKMK quanh tryc
doc clia né: Trong phdn nady chi ban dé€n mémen quay do cdc canh tao ra
(khong ban dén cdch lam quay do nghiéng loa phut chia déng co ddy)

+ Thanh phén cén diu: ciing do cdc cdnh gay ra tdc dong cin rd quay
méi khi KCBDKMK quay quanh tryc doc clia né.

Mo6men nghiéng duge tinh theo cdng thuc:
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m,=m, +m” 0., (5.39)
— o 1
t x = .

2V

trong dé: w, la toc dé géﬁ: quay quanh truc doc cia KCBDKMK.

- Dao ham ciia moé men nghiéng cdn diu m* tinh theo cong thiic:

m - 2 mn .?, C & SN. 23 in? ex (5 40)
x Z C:l yiwa ,ex S 2[ ’ *

trong dé:

I - chiéu dai toan b sai canh;

S, e - dién tich cénhy;

I,.. -6ng chiéu dai cia hai bén canh ;

C}vaex- D& 50 lyc nang riéng cha cdanh bao gém clia ca hai phin doi
Xitng qua than;

(m_‘j" /C j‘,) - gi4 tri ban thyc nghiém duge xac djnh twong nr nhu véi
KCBDK thong thudng [9].

- Hé 56’ momen m,,

Heé s6 momen duge tinh theo cOng thic:
m,=n.Chel. /D, (5.41)

trong do:
I,.- khodng cdch tit tim &p cla mét bén cdnh én dinh so véi

truc 0X),
n - s6 luong tém cinh 6n dinh (thudng 1a bon);
¢, — goc l4p canh én dinh (xem phan tich trong phdn 5.1).
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5.5. CACH SU DUNG CAC HE S KHi BPONG HQC PE TiNH LUC
VA MOMEN

Trén co sd phin cdc cong thic 1y thuyét chung da trinh bay trén, ap
dung cho nhimg c&u hinh KCBDKMK cy thé ¢6 thé tién hanh tinh todn cdc
hé s6 khi dong duge cho dudi dang bang s6. Cach tinh loe va momen Khi
dong dua trén co s& bang s6 nay.

a . Gidi thich edc ky hiéu:

Cyo - hes6luc can chinh dién,

Cy“ ~ dao ham cha hé s6 Iyc nang Cy theo goc tan o,

C,? - daoham cia he s6 lyc truct canh Cz theo géc truct canh B,

C ys - dao him clia he s§ Cy theo goc nghiéng canh lai phia trude S,
focus_0z, - toa dd tam 4p trén truc Ox tinh theo mat phing nang Oxy,

focus_Oy, - toa d0 tam dp trén tryc Ox tinh theo mat phéng dat ngang Oxz,

m," - dao ham hg 56 momen chiic ngée m,, theo géc tan «,

mzi5 - dao him h¢ sd momen chiic ngéc m theo gdc nghiéng cdnh
141 phia truéc d,

m;"" - dao ham h¢ s6 momen chic ngdc m, theo t6¢ do goc @,

rn),[i - dao ham cla hé s6 momen hudng my theo géc truot canh B,

my"”’ - dao ham h¢ s6 momen hudng m,, theo t6c 40 goc vy,

my™ - daohim cha hé 6 mOmen nghiéng m, theo t6c do goc oy

Khi tinh todn céc luc khi dong d¢ dai déc trung dugc chon 1a dudng
kinh than d vi dién tich dc trung S (da néu trén).

b. Cdch tinh luc cdn:

X=05.C4. p. V2.S. [N] (5.42)
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Cx = Cxo + Cy(@?/57.3)+ Cy.2 (8% 57.3) + C,0. (B 57.3),
(5.43)
trong dé ;
P : mat do ctia khong khi & do cao bay dang tinh,
Cxo, Cy™ Cy’ . € - céc gid tri trj Ly trong béng phu thudc vio s6 M,
V - 16¢ do bay tic théi (m/fs) V = M.a,
M - s6 Mach va a t6¢ do am thanh tai d0 cao bay (m/s).

Trong tinh todn cdc gid tri d6 nghiéng clia cdc géc duge tinh theo
do (7).

c. Cdch tinh luc ndng (luc tic dung trong mat phing chita cdc cinh
phé én dinh)
Y =0,5. Cy. p. VS [N] (5.44)
_ « 8
Cy~Cy a4+ C'y . 0, (5.45)
trong d6: C y“ 14y trong bang [9].
Gi4 tri ¢ nghiéng clia cdc géc &, & duge tinh theo dé ()

d. Cdch tinh litc dat ngang:

Z=05.C,.p V. 5. [N] (5.46)

C,=Cl. B (5.47)
trong d¢: CZB lay trong bang. Gid tri d0 nghiéng cua cdc géc trugt canh 3
duge tinh theo d6 ()

e. Cdch tinh mémen chiic ngéc

M,=05.m,.p.V.S . d [Nm] (5.48)
M,=m a+m, . S+m o, . LIV, (5.49)

trong tinh todn:
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- cdc gid tri m,” , mzE , m;"* dugc My trong bang (cdc gid tri nay da
duge tinh cho mét vi tri trong tam xéc dinh);

- gid tri do nghiéng clia cdc géc a, § dugc tinh theo do (°);

- 10c dd gbéc @, quay quanh truc Oz tinh theo 1/s (radian trong mot
giay);

- d¢ dai L cla toan bd than KCBPKMK.

Trong méi thdi diém tinh todn, né€u xét dén inh hudng cia su bién
thién vi tri tam dp de€n gid tri m, céc gid tri titc thdi tinh nhu sau:

m,%=m,,*+ Cy“. AXttz, (5.50)

trong dé:

myo” - gid tri m,* tinh cho thoi diém dé;mg co hanh trinh bit ddu chdy

va AXrez la do dich chuyén trong tam so véi vi trf ban ddu cfia né theo truc Ox
khi xét trong mit phing Oxy;

- Trong bang c6 trinh biy gid tri focus_0z. C6 thé tinh gid tri tic thot
clia m," nhu sau: :

m,"= Cy“. (Xttz-focus_0z), (5.51)

Xtz toa d trong tam tic thai so véi vi tri ddu than theo truc Ox khi
xét trong mit phing Oxy.

f. Cdch tinh momen hwong
My =0,5. my
My = my". B+myay LIV, (5.53)

.p V3RS d [Nm] (5.52)

trongdé:
- cdc gid tri myB, my“'" duge 1dy trong bang (cdc gid tri nay di duge
tinh cho mét vi tri trong tAm xac dinh);

- gid tri 4o nghiéng cha cdc géc B duge tinh theo do (°) ;
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- 18c.do géc o y quay quanh truc Oy tinh theo 1/s (radian trén giay) .

Trong méi thii diém tinh todn, nén xét dén anh hudng cia su bién
thién vi tri tam ap dén gia tr] my, C4C gid tr tie thoi tinh nhu sau:

mP=my P+ P Axny, (5.54)
trong dé:

myof* - gié trj myﬁ tinh cho thdi diém dong co hanh trinh bit ddu chdy
va AXtry la do dich chuyén trong tam so véi vi tri ban d4u clia né theo truc Ox
khi xét trong mat phang Oxz.

Trong bang cé trinh bay gid tri focus_0y. C6 thé tinh gi4 tri titc thoi

clia myB nhu sau:

myB =C,P. (Xrry - focus_0z), (5.55)

Xity - toa do trong tam tifc thoi so vdi vi tri ddu than theo truc Ox khi
xét trong mat phang Oxz.

g. Cdch tinh mémen nghiéng My

My =05 my. p. V2, 8. d. [Nm] (5.56)
My = myo+m ™ oy, L1 (2.V), (5.57)
trong do:
my ™" — 18y trong bang, t6c d6 géc wy quay quanh tryc Ox tinh theo /s
(radian trén giay).
Gid tr my, phan 4nh anh hudng gy quay do céc cdnh 6n dinh phia

sau dugc dat nghiéng so vdi truc doc va duge tinh theo 5.36.
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Chuong VI
MO PHONG HOAT PONG CUA
HE THONG DPIEU KHIEN

KHI CU BAY DIEU KHIEN MOT KENH

Trén day da trinh bay, phan tich dong hoc didu khién v qud trinh
hoat dong cita céc hé thong didu khién ciing nhir co s tinh todn cc hé 6
khi dong va céc tham s6 didu khién d6i vdi khi cu bay diéu khién mot kénh.
Dé kiém chitng va minh hoa cho cdc két qua nghién ctu da dat duge, (ng
dung phin mém chuyén dung manh MATLAB-SIMULINK va ngon ngit 1ap
trinh C mo phong, ching ta khio sat hoat dong céc h¢ thong va qud trinh
bam doi tuong quan st cla khi cu bay.

6.1. SO DO TONG QUAT VONG PIEU KHIEN KHi CU BAY DIEU
KHIEN MOT KENH

Xay dyng vong diéu khién khi cu bay mot kénh 1a 13p so a6 cédu tric
mot qué trinh diéu khién khép kin. Hinh 6.1 mo ta qud trinh d6 cua khi cu
bay diéu khién mot kenh ty dan quang hoc.

Hinh 6.1. Sd d6 tdng quat vong diéu khién khi cu bay
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Trén so d6 khau dong hoc (V) 1a khau quy udce, day khong phai [a mot
khdu vat Iy, nhung biing todn hoc da mo t4 cdc tham s6 chuyén dong tuong
doi giira d6i tuong quan sdt va khi cu bay trong khong gian. Trong bo toa do
(I, cdc thdu kinth 1am nhiém vy hoi ty tin hiéu quang bic xa tir d6i tugng
quan sét, dia dicu ché s€ bién déi tin hiéu quang nay thinh tin hiéu mang cic
thong tin vé toa do d6i twong quan sét (1). Quang tr& (2) s& thu nang lugng
quang da dugc dieu ché va bién né thanh tin hiéu dien tuong fng véi loai
diéu ch& da duge lya chon. Bo loc (3) va khuéch dai cong suat (4) ¢6 nhiém
vu loc va khuéch dai tin higu tir quang trd. Bién do ca tin hiéu nay ty 1& véi
do sai l¢ch cha déi tugng quan sit so véi tryc hé quang, pha clia né phan dnh
anh d6t tugng quan s&t ndm trén dia diéu ché so vdi cdc truc oy va oz cua dia
diéu che (mat phing tiéu cy). Tin hidu & d4u ra ciia tng khuéch dai cong
sudt (4) duge dua vé diéu khién bo ddn dong con quay, quay hé quang va dia
di€u che luon hudng vao d6i trgng quan sat. Day 12 vong diéu khién trong
d€ bdm doi twong quan sat trong qud trinh tr dAn.

- Kho6i 1ap lénh diéu khién I nhan cdc théng tin sau:

+ Thong tin v toa d¢ chudn duge chon dé€ lam chudn cho viéc tao
lénh diéu khién.

+ Thong tin vé sai léch cla d6i trgng quan sét so voi bo toa do.
+ Tin hi¢u tuyén tinh d€ tuyén tinh hod dic tuyén cia hé thong didu
khién trén khi cy bay .
+ Thong tin phdn héi vé t6c do géc diéu khién khi cu bay, dé gidm
dao ddng cia khi cu bay trong qué trinh didu khién.
Trén co s& cde thong tin nay khéi 14p lénh diéu khién s& tao ra tin hiéu
di€u khién dudi dang ham s6 dau, khuéch dai va dua sang méy L4i.
- May 14i III 12am viéc & ché do role tao ra géc tech canh ldi khong déi
va lat theo ddu cla lnh diée khién.
- Khi cy bay 1a d6i tugng diéu khi€n. Géc lech canh 1di (1) theo luat
ham sd ddu cha 1¢nh diéu khién ciing sy quay ciia khi cu bay quanh truc doc
s¢ tao ra mé men diéu khién khi cy bay, trén so dé dugc mo phong bing
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khau diéu khi€n IV. D4u ra cia khau ndy s& I3 cdc géc ciia vecto téc d6 khi
cu bay: @(f) va A1) thay déi theo quy dao bay cla doi tuong quan sét trong
khong gian.

6.2. MO PHONG KHAO SAT VONG BIEU KHIEN KHi CU BAY
PIEU KHIEN MOT KENH

Theo so d6 tdng quat vang diéu khién khi cu bay (hinh 6.1), tién hanh
mo6 phong, khdo st timg hé théng, sau dé khao st toan bd hé thong diéu
khién khi chua bim d6i tugng quan sit. Cudi ciing mo phong, khao st qué
trinh diéu khién khi cu bay trong khong gian bim theo d6i twong quan sit &
mot s6 truong hop dién hinh.

6.2.1. M6 phong, khéo sit bo toa do déi twong quan sat

Nhur di trinh bay, chifc ning ciia bo toa do doi tugng quan sat 1a ludn
xdc dinh toa d¢ tic thdi clia d6i tugng quan sdt so véi khi cu bay tai moi thoi
diém, titc 1a luon bdm d6i trong quan st thong qua mdi lién hé rang bude
nao 6. PGi véi loai khi cy bay ty din héng ngoai duge nghién citu & day,
moi lién hé ndy 1a géc sai lech gifta dudng khi cy bay - d6i tugng quan sat
trong khong gian véi 2 truc Oy, va Oz, clia bo toa do do cdc tia bitc xa héng
ngoai phét ra tir d6i trong quan sat. Vi vay ddu vio ctia bo toa do d6i tugng
quan sat 1a cdc géc sai léch, ddu ra [a tin hiéu dien mang ddy di cde thong
tin vé vi tri d6i tugng quan sit so véi khi ¢ bay. Cic phuong trinh todn hoc
mo ta hoat d9ng clia bg 10a d6 theo {5] nhur sau:

Ag=g-g5= u.AY,,
Av=v-y=u.AZ, (6.1)
trong d6:
£ - hé 56 diéu ché;

& v - céc géc bi€u dién trang thdi cla vecto cu ly khi cu bay - dét
tugng quan sat;
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&, V, - cdc géc biéu dién vecto trang thdi cla truc b toa do;
Ag, Av - sai léch ddi tugng quan sat trong mit phing ding va ngang;
AY, , AZ, - x4c dinh toa do anh d6i tegng quan sat so véi khi cu bay.

Do dia diéu ché cing hé quang dugc gan trén roto con quay vi quay
véi toc do goc o, nén anh cla d6i tugng quan sdt trén dia diéu ché€ qua
quang tr& bién thanh tin hi¢u dién ¢ dang:

U, = Au.Sin (wt - @), 6.2)
trong daé:

Au = IfAY} + AZ, - bién do tin hiéu sai léch;

=arct A\i =
@ =arcig >

gdc léch pha.
Sau khi qua bo khuéch dai, nhan duoc tin hiéu:

U,=K. Ausin (@t - @), (6.3)
K - he 56 khuéch dai.

Tin hiéu & d4u ra bo khuéch dai (6.3) dugc dua t6i bo xir 1y tin hieu dé
tao iénh diéu khién, déng th¥i né ciing duge dua t6i cdc cudn bdm dé dua hé
thdng quang hoc va réto con quay ludn bdm theo déi twgng quan sat. Cic
thanh phdn cua tin hiéu trén cac cudn bdm cé dang:

Upy = KAu. sin (er). sin (), (6.4)

Uy = KAu. sin (wt). cos (@), (6.5
trong dé:
Uy, Uy, - cdc thanh phan tin hiéu bam theo cic kénh ngang va dimg.

Do ¢é su twong tac giita tir trudng cia cdc cudn bam va tir trudng clia
r6to con quay, nén cdc géc biéu dién trang théi clia tryc bo toa do (truc roto
con quay) duge xdc dinh bing cédc cong thifc:

150



& = KUy, (6.6)
Vi =Ky Upy. (6.7
trong d6: K,, - hé 56 bién dbi co - dién.

Trén co s céc phuong trinh todn hoc mo ta hoat dong clia b toa do
d6i tong quan sat (6.1) + (6.7) va cc thong s§ cha bo toa do loai khi cu bay
gia dinh khao sat, mo hinh hod bo toa do doi tugng quan sat bang cic mé
dun va cdc ham trong MATLAB-SIMULINK. M6 hinh m6 phong bo toa do
d6i tuong quan sat duge thé hién nhu hinh 6.2.

ched kanh 2 ;K';

—

T.0.% ton quity

T hsiilech

MATLAB Fusdudi Pisdud )
T & Ham 422 £ o
K
+

Fiodugkd oS

Hinh 6.2. So d& md phdng bd toa dd

Do bo toa d6 d6i tugng quan sat 1a mot hé bam nén md phong, ta khao
sét sir hoat dong 6n dinh va bam d6i tugng quan sdt clia nd véi cdc tin hiéu
ddu vao 12 céc gid tri sai s6 diéu khién, ddu ra 1a d4p ng ctia he thong. Trén
co s& cdc thong s6 cuia bo toa do di nghién cifu Khéo st d6i v6i mot loai
KCBDKMK gia dinh, khi khao sit theo mo hinh & trén v&i dau vao 1a mot
kich thich dang xung don vi, nhan dwoc do thi biéu dién qud trinh hoat dong
cla bo toa d6 nhu hinh 6.3.
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Hinh 6.3, Bidu dién qué trinh hoat dong clia bd toa do

Tir d6 thi cho thy sai s6 qud trinh bim d6i tuong quan sat gidm ddn va
triét tidu sau mot thoi gian khong 16n phit hop véi dap tng thire té.

6.2. 2. Mo phong, khao sat b xiv 1y tin hi¢u

Trong chuong IV di trinh bay, b6 xif 1§ tin hi¢u cla KCBDKMK c¢6
chc ning xi 1y, bi¢n déi tin hiéu mang théng tin vé d6i tugng quan sat (tin
hiéu sai 1éch vé doi tugng quan s4t) & dang toa do cuc cé 1an s6 bing tn s6
quay cla roto con quay (e ) thanh tin hié¢u didu khién c6 tan s6 bang tin s0
quay clia khi cu bay quanh truc doc (o, ) va bien do ty 1& vdi sai léch doi
tuong quan sat. Pau vao clia bo xUr 1y tin hiéu la tin hiéu sai léch vé déi
trgng quan sdt, tin higu chudn vi nhiéu.

Mo hinh mé phong hoat dong bo xir 1y tin hi¢u clia he thong diéu
khién KCBDKMK dugc thé hién nhu hinh 6.4.

Khao sdt hoat dong clia bo xr Iy tin hiéu v6i ddu vao 12 nhiéu tap va
tin hiéu sai léch v& doi tuong quan sdt, ching ta nhan dugc céc dé thi biéu

dién céc tin hiéu nay (xem hinh 4.11). Diu ra & day 1a tin hiéu dang sin co
tin s6 bang tén sd quay cia khi cu bay quanh truc doc.
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Band-Limit#d
vhite Maise

it wandom Hinh 6.4. So 38 mo phong hoat dong
clia bd x{r iy tin hiéu

6.2.3. Mo phong, khio sat thiét bi 1ap ¥énh diéu khi¢n khi cuy bay
diéu khién mot kénh

Nhu di nghién ctru & trén, thiét bi tao 1¢nh didu khién c6 chiic nang
téng hop céc thanh phdn tin higuw: tin higu sai lech vé doi tugng guan st di
xit 1y, tin hiéu tuyén tinh, tin hiéu phan hoi toc d goc dao dong quanh thm
khoi, sau dd khuéch dai va han ché tao ra cdc xung diéu khién c6 do rong
thay déi phy thuge vdo bién do tin hieu sai s6 diéu khién. Cic xung nay
duge dua t6i mdy l4i d& diéu Kkhién cic thdi didm 1at cénh 1ai trong mdi chu
ky quay cta khi cu bay. Do mdy 14i cua céc loai KCBDKMK thutng la may
l4i dién - khi, nén qud trinh [am viée c6 tré, duge thé hien bing Khau qudn
tinh va &, Tir céc bidu thitc todn bicu dién qué trinh 1ap lenh diéu khién ctia
KCBDKMK (3.78), ta xay dyng dugc mo hinh mo phong thigt bi tao 1¢énh
didu khién nhu hinh 6.5.
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Ham dau KD Han che Khay Q7T Giy cham

T.h daodeng

Hinh 6.5. S 48 mo phong thiét bi tac 1&nh didu khién
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Theo mo hinh hinh 6.5, ta mé phdng, khéo sat qui trinh lap lénh diéu
khién KCBDKMK vdi cdc tin hiéu ddu vao nhu da gidi thi¢u. Tin hi¢u dau
ra 12 cdc xung diéu khién lat canh 14i.

20 1 ; .
5 05 1 15 s]

Hinh 6.6. Dang tin hiu vao va ra ctia thiét bj tao 1énh diéu khién

a- c&c 1in hidu thanh phén, b- tin hidu téng, ¢- xung diéu khién.

Qua khdo sdt véi cdc gia tri tin hiéu sai 1¢ch d6i tugng quan sat Khac
nhau, nhan dugc céc xung diéu khién c¢6 do rong khéc nhau theo ludt diéu
khién phil hop véi két qua nghién ciu 1y thuyét da trinh bay & phén rén va
thir nghiém thyc t& trén thidt bi tao lénh diéu khién clia KCBDKMK. Hinh
6.6 1a chudi xung d4u ra cia thiét bi tao lénh diéu khién ( & day U, = 30V,
U, =20V, Uy, =0.25V),

6.2.4. Mo phong, khao sat qua trinh tao momen diéu khién

Chuong III d3 nghién citu, lyc vi momen diéu khién KCBPKMK duoce
tao ra do c4nh l4i lién tyc 1at tir vi tri cue dai nay sang vi trf cye dai kia trong
khi khi cu bay vita chuyén dong tinh tién vira quay quanh truc doc. Tur bidu
thitc todn hoc biéu dién lyc v moémen diéu khién trung binh (3.54), ta xay
dung duge mo hinh khao sdt dai lugng nay nhir hinh 6.7.
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Hinh 6.7. So d8 md phong qua trinh tao mémen diéu khién

Chiing ta khdo sit mé men diéu khién trung binh trén mo hinh 6.7, véi
cdc tham s6 khi dong di tinh todn véi mot loai KCBDKMK gia dinh. Dai
lugng ddu vao 1a tin hiéu sai léch, con tin hi¢u tuyé€n tinh ¢é gid tri khong
déi (U, = 20V), ta nhan duge dd thi bi€u dién cic trudng hop dic trung cua
moémen diéu khién trung binh nhu hinh 6.8.

Tir cdc d8 thi, thdy ring:

- Khi tin hiéu sai léch bing khong thi moémen diéu khién trung binh
dao dong xung quanh gid tri khong nhu hinh 6.8a.

- Khi tin hiéu sai léch c6 gid tri khdc khong (U, = 20V) thi momen
diéu khién trung binh ¢é gid tri khde khong nhu d6 thi hinh 6.8b.

- Khi tfn hiéu sai léch c6 gid tri bing 2 n gid tri tin hiéu tuyén tinh
(U, =40V) titc U, dat t6i gid tri bio hod, mdomen diéu khién trung binh dat
gid tri cuc dai nhu d6 thi hinh 6.8¢.

- Khi tin hi¢u sai léch cé gia tri 16n hon 2 14n gid tri tin hi¢u tuy€n tinh
( U, = 50V ), moémen diéu khién trung binh vAn dat gid tri cyc dai nhu d6
thi hinh 6.8d.
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Hinh 6.8. Biéu didn mémen diéu khién
a - mbmen dibu khién khi tin hiéu sai léch bang khén;
b - mémen diéu khién khi tin hiéu sai téch béng 20V,
¢ — mdmen diéu khién khi tin hiGu sai l&ch béng 40 V;
d - mémen diéu khién khi tin hiéu sai léch béng 50 V;
e — mémen diéu khién khi tin hidu sai iéch bang -20 V;
f - mémen didu khin khi tin hiéu sai léch bang -40 V.

- Khi tin hiéu sai léch ddi ddu thi ddu clia mémen diéu khién trung
binh ciing ddi. D6 thi trén hinh 6.8 e,f 1a momen diéu khién trung binh
twong tng véi cdce gid tri U= -20V va U = - 40V.

[i

Qua céc trudng hop khio sdt & trén, ching ta thdy lyc vd momen diéu
khién trung binh cia KCBDKMK thay d6i phy thuge vao tin hidu sai sd cd

156



vé gid tri v ddu. Piéu nay hoan toan phi hgp vdi thyce t€ clia qué trinh dién
khién khi cu bay, ching to tinh ding dén cha cdc vdn dé nghién citu 1y
thuyét va md hinh.

6.2.5. Mo phong, khao sat vong diéu khién khi cu bay diéu khién
mét kénh khi chura bam doi tuong quan sat

Trén co s& cic mé hinh mo6 phdng qud trinh hoat dong cua ting hé
théng, ta ti€n hanh mo6 hinh hod va khdo sét téng thé dong hoc KCBDKMK
khi chua bdm d6i tugng quan sdt. Mé hinh gém toan bg cic h¢ thong trén
khi cu bay nhu: toa do d6i tugng quan sat, b xit Iy tin hiéu, thiét bi lap lenh
didu khién cdnh 141 tac momen diéu khién vd khau dong hoc biéu dién
chuyén dong quanh tam khoi cha khi cu bay. Pai lugng dau vao la cdc géc
sai lech déi tuong quan sdt trong khong gian v va e, dai lugng ddu ra 1a cc
gée tan o, gdc trugt B, géc tAm 6, gée huéng ¢. Trén hinh 6.10 1a md hinh
dong hoc vong diéu khién hd KCBDKMK  tv dan.

W uay
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Th.52i Weh [ Ui | {1 H Wl
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Foui BO T0A DO ZULYTH LAF LEWH DIEU RHIER  TAQ MOMEN Dikt P TL
pinon

i 0 KHAL DIEL KHIEN

Fhi TL

Phi_fewa TL

Hinh 6.9. Md phong vong diéu khién hd

Tit mé hinh 6.9, ta khao sat hé théng vdi cdc dai lugng ddu vio dd néu
va nhan dugc d6 thi bidu dién cdc tham s6 chuyén dong clia khif cu bay &
mot s6 trudng hop dién hinh sau day:
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a - Khi sai léch clia d6i tugng quan sét trong khong gian so véi khi cu
bay bang khong (e =ORad, v = 0 Rad), va trang thdi ban dau ctia khi cu bay
8, = 0, ¢, =0, nhan dugc d6 thi biéu dién cdc tham s6 chuyén dong chia khi
cu bay nhu hinh 6.10.

om
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Hinh 6.10. Tham s6 chuyén déng clia khi cu bay
trong khdng gian khi goc & va v déu bang 0 :
a- goc tdn a; b- goc trugt B ; c- géc ta 6; d- goc hudng ¢;
e- tin hiéu phan héi dao déng ctia khi cu bay.
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Tir cac d6 thi trén, thdy ring khi géc sai lech doi tugng quan sdt trong
khong gian biing khong va trang thdi ban dau khi cu bay 0, = 0, 9,=0), khi
cu bay gan nhu bay théng va luén dao dong véi bien do rat nho quanh truc
doc ca né. Diéu d6 chi ra khi dai lugng dau vao biing khong, dai lugng dau
ra cling bang khong.

b - Khao sat véi truong hop khi khi cu bay chi chuyén dong trong mat

phéing diing (¢ thay déi, v = 0) ta nhan dugc d6 thi biéu dién céc tham s6 a,
B; 6, @; nhu hinh 6.11.
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x10 BETA [Rad]
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Hinh 6.11. Tham s& chuyén ddng khi cu bay khi
d8i tuong quan sat bay trong mat phang th&ng ding :

a- goc tdn a; b-goctrugt f; c-gocta o, d- goc huong ¢;
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Tir cdc d6 thi trén ching ta thay rang khi c6 sai léch cia doi tugng
quan sdt trong mat phang ding ( géc sai léch ddi tugng quan sat € thay déi)
thi cdc géc tan o. géc tim O cha khi cy bay ciing thay déi theo (hinh
6.12a,b) con cdc goc truot B, gée hudng ¢ gdn nhu khong déi vi c6 gid tri
O ¢hinh 6.12¢, d). Diéu niy c6 nghia 1a khi cy bay ciing chi chuyén dong
trong mit phing ding.

- Khio sdt véi chuyén dong clia khi cu bay chi trong mat phiing ngang,
ta cling nhin duge két qua tuong ty.

¢ - Trudng hop gbc sai léch doi tugng quan sat xuat hién trong ca hai
mat phing ngang va ddmg tifc v va g déu khic khong. Khao st vdi céc dai
lugng ddu vao (e thay d6i dén 0,17 Rad, v thay doi dén 0,15 Rad), 6, = 0,
@, = 0, ta nhan dugc cdc tham 56 chuyén ddng cha khi cu bay nhu hinh 6.12.
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001 ALFA [Rad] no4 . FETAR ;
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Hinh 6.12. . Tham s chuyén déng cla khi cu bay
trong khéng gian khi géc v va e khac 0 :

a8- goc tdn o, b- goc Irugt B; o- goc ta 0; d- goc huong
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Tir d6 thi biéu dién cdc tham sé chuyén dong chia khi cu bay nhu hinh
6.12, ta thiy ring, Khi xudt hi¢n sy sai kéch ddi tuong quan sét trong khong
gian & c4 hai mat phing, cdc géc tin va géc trugt diéu thay ddi (hinh 6.12a,
b). Gée tam © vi goc hudng ¢ cling tang dan (hinh 6.12¢, d).

Nhur vay qua phan tich, khéo sdt mot s6 truong hop dién hinh d6i véi
mé hinh dong hoc khi chua bam déi tuong quan sdt & trén, chiing ta thiy céc
tham s& chuyén dong clia khi cu bay déu phan tng phit hop véi thuc 1¢ cla
qué trinh diéu Khién.

6.2.6. Mo phong, khao sat vong dieu khién kin khi cu bay diéu
khién mot kénh tr dan

D& danh gid, kiém tra kha nang bdm d6i tuong quan sat ciing nhu kiém
nghiém céc ket qua nghién ciu va tinh dling dén ctia mé hinh téng the xay
ding & trén, ta xdy dung vong diéu khién mach kin dé khdo sdt qua trinh
bam doi tuong quan sat cha KCBDKMK tuf dan.

Vong didu khién mach kin bao gém mo hinh tdng thé (hinh 6.9) va
khau dong hoc chuyén dong tuong dGi gida khi cu bay va d&i tugng quan
sdt. Khau nay duoc xay dung tir cdc phuong trinh vi phan mo ta chuyén dong
tuong doi gifta kKhi cu bay vi d6i tugng quan st trong khong gian da trinh
bay trong chuong 1I:

D =V, |cos8, cosgcos(@, —v,) +sing, sing] - V{cosBcoszcos(p —v) +sindsin £

. V. .
£= %— [sinem cosg —cosf, sin£cos(@,, — v)]— —5[sm fcosg —cosfsingcos(p — v)]

1
Dcosg

V=

[V, cos8, sin(g,, — v) — ¥ cosBsin(@ - v)] (6.8)

Theo h¢ phuong trinh (6.8}, md hinh ho4 mo phong khau déng hoc
nhu hinh 6.13 dudi day:
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Hinh 6.13. So dd md phéng khau dong hoc

Tir mo hinh téng thé hinh 6.9 v mo hinh 6.13, xay dyng duge mo hinh
khio sét qué trinh bim d6i tugng quan sit clia KCBDKMK khi tr ddn nhu
m6 hinh 6.14.

Bing m6 hinh 6.14, ta khdo sit qud trinh bim d6i tugng quan st &
mot s6 trudng hop dién hinh. Dai lugng ddu vao fa cu ly khi cu bay - d6i
nrgng quan sit va quy dao bay bdt ky cha doi tugng quan sdt trong khong
gian dugc dic trung boi vecto van t6¢c chia nd. Nhu chiing ta di bigt, vectd
van 16¢c déi tugng quan sat 7 dugc dic trung boi 3 thanh phan la: modun
V.. géc tim G, va géc huong @, ctia vecto toc d6. Pai luong ddu ra 1a vecto
van toc clia khi cy bay ¥ (V, 6, @) va vecto c¥ iy D(D, g v).

a - Khao sdt trong trudng hop khi d6i tuong quan sit bay thing, khi cu
bay bam theo véi céc tham s6 diu vao: D = 1200m; V,, = 200 m/s; &, =0
Rad; ¢,, = ORad; céc gid tri tham s& ban dau ciia khi cu bay : V = 400 m/s;
g, = 0 Rad; @, = ORad; & =0 Rad; v = 0 Rad, ta nhan dugc do thi biéu
didn cdc tham s6 chuyén dong clia khi cu bay bdm theo d6i trong quan sat
nhu hinh 6.135.
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Hinh 6.15. Tham s6 chuyén ddng khi cu bay dang bam sat dai tugng
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Trén d6 thi hinh 6.15 1an luot biéu dién cdc tham $6: géc tin o, gbc
trugt 3, cdc gbc quy daoeta 9, xi y, géc tdm 6, géc hudng ¢ ciia khi cu bay
vit cy ly giita khi cu bay - d6i twong quan sit. Ta thdy riing, gia tri cla cic
goc nay gan nhu khéng déi va bing 0, khi cy bay giir huéng bay thing dudi
theo ddi tugng quan sat, dudng bi€u dién cy ly khi cu bay - déi 1rong quan
sat giam vé O sau 6 giay (khi cu bay gap d6i tugng quan sit sau 6 giay). Diéu
nay hoan toan phi hgp vdi thuc &

b - Khdo sit trong trudng hop khi d6i tugng quan sit bay théng
ti€n vao vdi cdc tham s6 ddu vao: D = 1200m; V,, =200 m/s; 6, =0 Rad;
¢, =0 Rad va khi cy bay bim theo trong mat phing thing dimg véi cic gia
tri tham $6 ban ddu: V =400 m/s; 6, = 0,5 Rad; ¢, = 0 Rad; & = O Rad;
v,= 0 Rad, ta nhan dugc dé thi biéu dién cdc tham s6 chuyén dong ciia khi
cu bay nhu hinh 6.16.
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Hinh 6.16. Biéu dién tham s6 chuyén dong khi cu bay
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Trén d6 thi hinh 6.16 1a cdc géc thé hien qud trinh chuyén dong cua
khi cy bay bdm theo d6i tugng quan sét. Vi d6i twong quan sét bay thing
ti€n vao nén géc tdm O cta khi cu bay tang dan tir gid tri ban ddu (géc phéng
0,5 Rad) t6i gid tri ti€p can d6i tuong quan sit, g6c huéng ¢ hau nhu khong
thay déi. Piéu d6 ching to khi cu bay gilr nguyén huéng chi co dong trong
mat phing ding bdm theo d6i tuong quan st, cu ly gita khi cu bay - doi-
tuong quan sat gidam dan vé khong (khif cu bay gap d6i tugng quan sat ) sau
4,2 giay. Cdc két qua mo phong trén 16 gich véi diéu kién bai toan bin va
hoan toan phit hop véi qué trinh bam dudi trong thuc té.

¢ - Khéo sdt trong trudng hop khi d6i tuong quan sét bay thing
hudng ra véi cdc tham s6 ddu vao: D = 1200m: Vi =200m/s; 6, =0Rad:
@n = 0 Rad va khi cu bay bdm  theo trong mat phing thing diing v6i cdc gid
tri tham s6 ban ddu: V =400 m/s; 6, = - 0,5 Rad: ¢, =0 Rad; g =0 Rad;
¥ = 0 Rad, ta nhan dugc d6 thi biéu dién céc tham s6 chuyén dong clia khi
cu bay nhu hinh 6.17.
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Hinh 6.17. Biéu dién tham s& chuyén déng khi cu bay
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Trén d6 thi hinh 6.17 1a cdc gée thé hién qué trinh chuyén dong cla
khi cy bay bim theo d6i trong quan s4t. Vi d6i twong quan st bay thing
hudng ra nén géc tam 6 clia khi cy bay gidm dén tlr gia eri ban ddu (géc
phong 0,5 Rad theo hudng bay ra clia d6i tugng quan sdt) t6i gid tri tiép can
doi tugng quan sit, géc huéng ¢ hdu nhu khong thay déi. Diéu d6 ching to
- khi cy bay giit nguyén hudng chi co dong trong mat phing ditng bam theo
doi tugng quan sét, cy ly gitta khi cu bay - déi tugng quan sat giam dan vé
khong (khi cu bay gdp d6i tugng quan sat) sau 6,8 5. Cac két qud mo phong
trén 16 gich véi diéu kién bai todn bén va hoan toan phl hgp véi qué trinh
bédm dudi trong thuc té.

d - Khao sit trong trudmg hop khi déi tuong quan sat co dong
trong khong gian va khi cu bay bdm theo vdi cac tham s6 ddu vao:
D = 1200m; V,, =200 m/s; €, =0.4 Rad, ¢, =0,25 Rad, cdc gia trj tham s&
ban dau cla khf cu bay: V =400 m/s; §,= 0,5 Rad; ¢, =0 Rad; g =0 Rad:
v,= 0 Rad. Ta nhan duge d6 thi biéu dién cdc tham s& chuyén dong ciia khi
cu bay nhu hinh 6.18.
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Hinh 6.18, Bidu dién tham s chuyén dong khi cu bay
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Hinh 6.18 thé hién cac tham sd: géc tdn o, géc truot B,  cdc gbe quy
dao eta 9, xi y, gbc tam 6, géc huéng ¢ cba khi cn bay va cu ly giifa khi cu
bay - d6i tugng quan sat. Ching ta thiy, khi d&i tugng quan sét co dong
trong khong gian tit ca cdc géc bi€u dien qud trinh chuyén dong ciia khi cy
bay déu thay ddi theo va cuy ly giita khi cu bay - 461 tugng quan st gidm vé
khong. Ching to, khi cu bay co dong trong khong gian va bam theo do1
twong quan st (khi cu bay gip doi tugng quan sat sau 4,6 giay).

Nhdn xét: Ké qua khdo sit cdc trudng hop trén day chi ra rang cdc
tham s6 chuyén dong cia KCBDKMK khi bdm theo céc qu¥y dao bay khic
nhau clia d6i tugng quan sat déu phi hop véi thyc t€. Trong moi trudong hop
bai to4n luon hoi tu, khi cu bay va doi tugng quan sat déu gap nhau (cy ly D
giam din vé khong). Dicu d6 khing dinh tinh ding din clia cdc ket qua
nghién ctu dat duge.

6.2.7. M6 hinh hoa, khao sat qua trinh bam sat doi twgng quan sit
ciia khi cu bay mét kénh khi diéu khién tir xa

Nhu da trinh bay trong chuong II1, khi dén khi cu bay dén doéi tugng
quan sét bing phuong phdp dién khién tir xa, dai didu khién dugc dat bén
ngoai khi cy bay va cd sy tham gia didu khién truc tié€p cha con ngudi. Vi
vay mo hinh m6 phong qué trinh diéu khién khi cu bay mot kénh khi diéu
Khién tit xa hoin toan khdc véi mo hinh khi ty dan. G day coi con ngudi nhur
mot may do toa do giita khi cu bay va d6i tugng quan sét, nhung phai dua
thém vio khau tré. M6 hinh dong hinh hoc chuyén dong twong doi khi cy
bay- d6i tugng quan sdt duge xay dung ti cdc phuong trinh vi phan mé ta
chuyén dong giita khi cu bay- d6i wrong quan st khi diéu khién tir xa (3.35),
(3.36), (3.37), (3.41), (3.42), (3.43). M6 hinh mo phong luc via momen diéun
khién khf cu bay dugc xdy dung tir céc phuong trinh trang thdi diéu khién
khi cu bay theo mot kénh trong khéng gian véi cdc hé sO tinh todn doi vai
mot loai khi cu bay gia dinh. Hinh 6.19 duéi day 12 mo6 hinh mé phong qud
trinh d&n khi cu bay dén d&i tugng quan sét co dong khi diéu khién tir xa.
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Hinh 6.19. So d8 md phdng qua trinh bam sat déi tuang khi diéu khién tif xa

Ta khao st qué trinh dén khi cu bay dén d6i tugng quan sét khi diéu
khién tir xa trén mé hinh (hinh 6.20) cho mét s6 trudng hop dién hinh.

- Trudng hop dai diéu khién, khi cu bay va déi tugng quan sdt cling
nim trén mot dudng thang:

Gia sir toc do doi tugng quan sit V., = 10m/s; t6c do khi cu bay
Vi = 260m/s; cu ly tir dai diéu khién dén khi cu bay tai thoi diém phéng
Dy, = Om; cu ly tir dai diéu khién dén doi tuong quan sét tai thoi diém phéng
D,y =1500m. Ta nhan dugc cdc dudng biéu dién nhimg tham s6 co ban vé
quy dao bay cilia khi cu bay trong qué trinh diéu khién dén ddi tugng quan
sdt nhu hinh 6.20.
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Hinh 6.20. Tham s6 chuy8n dong khi cy bay khi didu khién tu xa
a - cu'ly gilfa khi cu bay va déi tugng quan sat,
b - toc d6 d6i fuong quan sat, ¢ - t6c d khi cu bay,
d - goc chuc ngée cla khi cu bay, e - goc hudng cda khi cu bay.

Ching ta thdy rang khi v0i cdc diéu kién ban diu: khi cu bay, déi
tugng quan sdt va dai didu khién cing ndm trén mot dudng thing (tite sai
J¢ch ban ddu bang khong) thi khi cy bay git nguyén huéng va bay thing (i
d6i tugng quan sét, gée chiic ngée va géc hudng clia khi cy bay hdu nhu
khéng thay déi (hinh 6.204, e). Khi cu bay gap d6i tiugng quan s4t sau 6 gidy
(hinh 6.20a). Diéu nay hoan toan phu hgp véi thyc té.
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_Trudng hop d6i tugng quan sat co dong ngang qua dai dicu khién

Toc do d6i tuong quan sdt V,, =50m/s; t6c 30 khf cy bay V. =260m/s;
tai thosi diém khi cu bay bét ddu xuat phét: cu ly tir dai diéu khién dén khi cu
bay Dy..= Om; cy ly tir dai diéu khién dén d6i twong quan sat D, =1500m;
g6c sai lech theo huéng v = 90°. Ta nhan duge cdc dudng bi€u dién nhimg
tham s6 co ban vé quy dao bay cha khi cu bay trong qua trinh diéu khién dén
doi twong quan sdt nhu hinh 6.21.
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Hinh 6.21. Tham s& chuyén ddng khi cy bay khi diéu khién tir xa
a - cut ly giita khi cu bay va doi tugngnguan sat,
b - t6c 40 ddi tugngnquan sét, ¢ - 8¢ 4 khi cu bay,
d - goc chic ngoc cda khi cy bay, e - goc huong cia khi cu bay

Khi d6i tugng quan sét co déng ngang qua dai diéu khién tifc 13 gbe
sai lech gifta huéng co dong cla ddi tuong quan st so v6i dudng ngim "dai
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didu khién- d6i tuong quan sat" v = 90", Tir d6 thi thdy ring, khi cu bay déi
huéng bam theo ddi tugng quan sat (géc ¢ ting nhanh tir 0 dén 0,23 Rad,
géc chiic ngéce © thay déi rdt it, hinh 6.214, e). Cu ly gilfa khi cy bay va doi
tuong quan sat giam ddn vé€ 0 sau 7 gidy (hinh 6.21a).

- Truong hop d6i tugng quan sit co dong trong ca 2 mat phing ngang
va ding: Gia slt t6¢c do d6i twong quan sat V,, = 50m/s; t6c d9 khi cu bay
V = 260m/s; cu ly tir dai diéu khién dén khi cu bay D, .= Om; cuy ly tr dai
diéu khién dén d&i tuong quan sat D, = 1500m; géc co dong cha d6i tugng
quan sat theo 2 mit phing: €, = IRad; g¢,, = 1Rad. Dudng d6 thi biéu dién
nhitng tham s6 co ban vé qu§ dao bay clia khi cu bay trong qud trinh diéu
khién dén doi twgng quan sat nhu hinh 6.22.
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Hinh 6.22
a - cy ly gifta khi cu bay va ddi tugng quan sdt,
b - t6c do doi tuong quan sdt, ¢ - téc do khi cu bay,
d - gbc chiic ngéc chia khi cy bay, e - géc hudng cia khi cy bay.
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Cic dudmg d6 thi chi ra ring khi d6i tugng quan sat co dong trong cd 2
mat phing thi khi cu bay ciing ca dong theo (cd goe chiic ngdc va gée hudng
diéu thay déi, hinh 6.22d, ). Khi cu bay va d6i tugng quan sit gip nhau sau
khoang 7.4 giay ( hinh 6.22a).

Qua mé phong, khio sat mot s6 trudng hop dién hinh trén day déi véi
khi cu bay mot kénh khi diéu khién tir xa, chiing ta thay quy dao chuyén
dong cha khi cy bay bam theo qu§ dao co dong cia d6i tugng quan sat [
phil hop vai thue t€. Trong moi trudng hgp khi cu bay déu duge diéu khién
161 d6i tugng quan sat. Diéu niy chimg to tinh ding din clla mo hinh ciing
nhu cic két qua nghién cttu thu duge.

6.3. KET LUAN

Qua mé phong, khio sit mot s6 trudng dién hinh d6i v6i timg he théng
rieng 18 va téng thé cha khi cu bay diéu khién mot kénh, ching ta thdy riing
cac két qua dat duge déu phit hop véi logic va ban chét vat 1y cla qud trinh
diéu khién. Diéu d6 chiing to nhitng van dé di trinh bay & trong cdc chuong
ciia cudn sach ciing nhu cidc mo hinh dé xay dung duge c6 thé ing dung cho
nghién ciu, khdo sdt thir nghiém cac tham s khi nghién citu chuyén sau va
cong tac giang day vé khi cu bay diéu khién mét kénh.
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Cho bien: TO VAN DUC
NGUYEN VAN SON, PHAM VU UY

PONG HOC BAY
VA NGUYEN LY DAN KHI CU BAY
PIEU KHIEN MOT KENH

Chiu trdch nhiém xudt bdn : PGS. TS. TO DANG HAI

Bién tdp va stea bai : ThS. NGUYEN HUY TIEN
NGOQC LINH

Trinh bay bia : HUONG LAN

Hiéu dinh : PHAM DANH HAN

NHA XUAT BAN KHOA HOC VA KY THUAT -
70 Tran hung Dao - Ha Noi



In 500 cudn, khd 16 x 24, in tai Nha in Khoa hoc va cong nghe
Quyét dinh xu4t ban: 136-2006/CXB/46-06/KHKT-12/4/2006
In xong va nop luu chiéu thing 4 nam 2006.
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