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BANG KE CAC CHU VIET TAT VA MOQT SO KY HIEU CHINH
KCB — Khi cu bay

KCBTD — Khi cu bay tu dong

UAV — May bay khong nguoi lai

v - Goc hudng bay

Y - Goc chuc ngoc (con goi la goc chice ngirng)

v - G6c nghiéng (goc Cren)

o - Goc tan

B - Goc truot canh

0 - Goc nghiéng quy dao

Y - G6c hudng quy dao

Yy - Goc hudng gi6

g - Gia tdc trong trudng

S — Dién tich dic trung cia UAV ( thudng 1a dién tich canh c6 tinh ca phan than hoic
tiét dién ngang 16n nhat ciia than)

H — Do cao bay

Ty — Nhiét do khong khi ( & do cao H)

pH — Ap suit khong khi ( & do cao H)

V — D9§ nhét dong hoc ctia moi trudong khi

p , pu — Khbi lugng riéng cta khong khi (& do cao H)

V — Téc d6 bay so v6i mdi truong khong khi khi chwa c6 nhiéu (khong téc)
Vi — Tbc d6 bay so véi mat dat (dia tdc)

My, — Momen khi dong téng hop

Cgr — Hé s6 khi dong tong hop

D — Buong kinh than cia UAV

| — Chiéu dai dic trung ciia UAV

My, — Hé s6 momen khi dong hoc téng hop

m — Khdi lugng cuia UAV

Jxidy,d; — Cac momen quan tinh cua UAV trong hé toa do lién két

M — S& Mach, dic trung cho tinh chiu nén cua chét khi

My , My, M, — Cac momen khi dong hoc tic dung 1én UAV trong hé toa do lién két
my, my, m, — Cac hé s6 md men M, My, M,

a— Tdc d6 am thanh

P — Lyc day dong co

W, W0, Wy0,W,o — Toc d6 gi6 va cac thanh phan clia gi6 trong hé toa do mit dat



0 - Goc canh 141 noi chung

0¢,01,0n — GOc canh 14i d0 cao, 1ai liéng va 1ai hudng

Y,Y, — lyc nang trong hé toa do lién két va hé toa do tdc do

Z, Z, — Lyc dat suon trong hé toa do lién két va hé toa do tde do
X, Xa — Luc can trong h¢ toa do lién két va hé toa do6 tdc do

Cx, Cxa Cy, Cya, C;, Cpa — Cac hé sb cua cac lue X, X, Y, Ya, Z, Z,

m'f,, mf,' : m?/'* - dao ham cua hé sb ctia mé men hudng theo B, 3,3y

0y, Oy, 0 —Cac tdc do gboc cua UAV trong hé toa dg lién két



CHUONG 1: MO PAU
1. Ly do chon d@ tai

May bay khong nguoi 1ai (UAV) 1a mot trong nhitng loai khi cu bay khong
ngudi l4i ¢6 diéu khién. Tir khi ra doi dén nay UAV ngay cang duoc str dung phd bién
trong nhiéu linh vire: chup anh trén khong, giam sat trén bo, trén bién, chéng budn lau,
kiém soat moi truong, bao vé rung, tham do dia chét, dich vu nong — ngu nghi¢p. Tuy
nhién UAV dugc st dung nhiéu nhat trong linh vuc an ninh qudc phong. Trong quan
su UAV duogc st dung dé thuc hién nhiém vu trinh sat, chup anh, giam sat chién
truong, chi thi muc ti€u... Hon nita do dac diém c6 kich thuéc nho, kho bi phat hién
nén UAV dé dang xam nhéap khong phan ddi tugng dé trinh sat va gai anh vé trung
tam tao diéu kién cho luc luong tién cong co thé co duge nhirng hinh anh chinh xac vé
muc tiéu trong thoi gian thuc.

Vé mit k¥ thuat, UAV c6 nhicu diém giong v6i may bay co ngudi 1ai. Tuy
nhién chiing c6 nhiing diém khac biét nhu:

Chi phi cho nghién ctru phat trién, ché tao, van hanh, dam bao k¥ thuat thap.

Khong bi ton that phi cong trong chién dau, khong tén kém cho huan luyén phi
cong.

Khong bi han ché bai cac yéu tb tim 1y cta phi cong.

Véi cac wu diém trén, ciing véi sy tién bo nhanh chong ciia khoa hoc va cong
nghé, trong khoang 10 nam trd lai diy dang dién ra sy bung nd vé UAV.

Ciing nhu cac nudc trén thé gidi, d6i voi Viét Nam nhu cau sir dung UAV trong
thoi diém hién nay rat da dang:

Lam muc tiéu cho may bay, tén lira, phao phong khong... ban tap.

St dung cho cac muc dich trinh sat quan su: chup anh, tuan tiéu bién gi6i, hai
d4o0... va cac nhiém vu an ninh qudc phong va kinh té xa hoi khac.

Do d6 viéc nghién ctru tong hop hé thong ty dong diéu khién UAV trong diéu
kién c6 tac dong cua gio, nhiéu dong khi quyén,c6 kha ning dap ung dugc cac yéu cu
chién thuat vé kha ning co dong nhanh trong cac nhiém vu cu thé hoic cac tinh hudng

phirc tap 1a rat can thiét.



2. Poi twong va pham vi nghién ctru ciia d6 4n

Do khoi lugng va thoi gian han ché cua do 4n, hon nita chuyén dong doc cua
UAV la mét chuyén dong phuc tap, lién quan truc tiép dén didu khién UAV theo quy
dao hanh trinh, vi vy d6 4n s& di sdu vao khao sat, nghién ctru, mé phong chuyén
dong ciia UAV va tong hop b diéu khién 6n dinh thong s cta chuyén dong khi co
nhiéu gié dung.

Dé danh gia chat lugng hé thdng diéu khién chuyén dong doc duge tong hop,
d an sé& sir dung mé hinh toan hoc cia may bay MiG — 21Bis.
3. Phuwong phap nghién cau

Phan tich, m6 phong chuyén dong doc cia UAV khi ¢ anh huéng cia nhiéu
gi6 ding.

Nghién ctru, tong hop hé thong diéu khién 6n dinh thong sb cua chuyén dong
doc khi c6 nhiéu gi6 dung.

Pénh gia chat lwong hé thong bang phan mém Matlab.
4. Muc tiéu

Mo phong chuyén dong doc ctia UAV.

Tong hop hé théng diéu khién 6n dinh thong s cua chuyén dong doc - On dinh
g6c chuc ngoc.

Khao sat cht luong hé thong.



CHUONG 2: TONG QUAN VE UAV
2.1. Khai quat lich sir phat trién va &wng dung cia UAV

2.1.1. Lich si# phat trién ciia UAV

Phuong tién bay khong nguoi 1ai (UAV) la thuat nglr chi nhitng phuong tién
bay duoc diéu khién tu dong theo chuong trinh dinh trude, hoic dugc diéu khién tir xa
boi tram mit dat hodc mdy bay c6 ngudi lai, co thé thu hdi hodc ty hiy sau khi hoan
thanh nhiém vy ma khong can phi cong diéu khién tryc tiép.

Tir khi ra doi dén nay UAV di duogc sir dung phd bién trong quan su, chung
duoc sir dung cho cic nhiém vu huan luyén, trinh sat, thong tin, tic chién dién ti, va
tham chi tryc tiép tham gia chién ddu. Con trong cac linh vuc khic, UAV dugc sir
dung trong cac nhiém vu nhu giam sat bo bién, chong buon 1au, kiém soat mdi truong,
hay danh gia san lugng ndng san.

Phuong tién bay khong nguoi lai duoc nghién ciru, phat trién tir thé chién lan
thi nhat, thiét bi dau tién dugc biét dén 1a Aerial Torpedoes. Tiép do, ngay 12/09/1916
may bay ty dong Hewitt-Sperry, con dugc goi l1a “Flying Bomb” dugc thir nghiém
thanh cong. Nam 1917 cac may bay ty dong di dugc quan doi My phat trién va sir
dung, ddy chinh 14 tién d& mo ra nhirng huéng nghién ctru va phat trién cac mo hinh
may bay tu dong sau nay.

Trong nhimg nim 1930, quin d6i Anh véi kha ning vé khoa hoc k§ thuat vuot
troi da cha trong nghién ctru va phat trién cac phuong tién bay tu dong. Trudc hét 1a
nhitng may bay diéu khién bang vo tuyén dé hiéu chinh sing phao phong khong, dién
hinh trong sd d6 1a muyc tiéu bay “Fairey Queen” phat hién tir thuy phi co “Fairey
[HHIF”. Buse phat hién tiép theo 1a muc tiéu bay “DH82 Queen Bee” ra doi nim
1935.

Thoi gian nay, quan doi My ciing phat trién hang loat cac loai may bay diéu
khién vo tuyén. Noi bat nhit 1a cac san pham cua Reginal Denny - mot ngudi Anh di
cu - nhu RP-1, RP-2, RP-3, RP-4, va dic biét nhat 1a may bay diéu khién vo tuyén
0Q-2 dugc quan doi My dit hang 15000 chiéc vao nim 1940.

Budgc dot pha didn ra trong chién tranh thé gisi 1an tht 1 khi quan doi My su
dung nhiing chiéc may bay diéu khién vo tuyén TDR-1 mang theo bom va ngu 16i tan

cong cac tau cua hai quan Nhat dang roi khoi quan dao Solomon. Ciing trong cudc



chién nay khong quan My (USAAF - the US Army Air Forces) dé st dung hang trim

muc tiéu bay loai PQ-8, hang ngan loai PQ-14 va rat nhiéu mdy bay B-7, B-24... Thoi
gian nay cling danh dau sy ra doi cua cic loai UAV st dung dong co phan luc
Pulsejet, dién hinh 13 loai myc tiéu T2D-1 Katydid dugc st dung trong Hai quan My.

Trai qua mot qué trinh phat trién 1au dai, ngay nay vi tri cia UAV trong linh
vuc quén sy 1 khong thé thay thé. Nhiing buéc tién vé cong nghé trong moi linh vuc
d3 gop phan hoan thién cong nghé ché tao UAV, gitp chiing dong vai trd ngdy cang
quan trong hon va tham gia tich cyc vao cac nhiém vy ma trudc day khong mot
phuong tién nao khac cé thé dam trach duoc.

2.1.2. Vai tro va khd ndng wng dung ciua UAV

Nhitng UAV dau tién dugc phat trién véi muc dich huan luyén truyén phat
thong tin, 1am moi biy va lam muc tiéu bay, phuc vu viéc hiéu chinh céc thiét bi phong
khong. Tuy nhién ngay nay nhi¢ém vu cia UAV ngay cang dugc mo rong, cd duoc
diéu @6 1a do nhitng wu diém vuot troi cia UAV so Véi cac phuong tién bay khéc.

Nhitng wu diém d6 c6 thé dugc tom tit nhu sau:

- Khéng can phi cong diéu khién tryc tiép, do d6 giam thiéu thuong vong, chi phi
dao tao, co thé bay lién tuc trong nhiéu gio va trong cac trong cac truong hop khan
cap.

- UAV dé dang thay doi dudng bay do d6 kho bi danh chin hon céc tén Itra hanh
trinh, d6ng thoi c6 thé hoat dong & cac dia hinh phirc tap.

- Véi vu thé nho, kho bi phat hién, UAV c6 thé hoat dong ¢ nhitng ving nguy
hiém, xAm nhéap vao khong phan dé trinh sat va theo ddi d6i phuong, tham chi co thé
tryc tiép tin cong cac muc tiéu khi can thiét.

Hién nay, vai trd quan trong nhat caa UAV 1a trinh sat, giam sat chién truong,
chuyén tiép thong tin, tac chién dién tir va chi thi muc tiéu. Puoc trang bj cac thiét bi
hién dai nhu: Camera quang dién ttr, hdng ngoai, rada, cac thiét bi vo tuyén, cac sensor
va cac phuong tién dién tir khac..., dir lidu thu duoc tir UAV d3 tao ra mot loi thé dang
ké dé xac dinh thong tin vé muc tiéu tan cong cho céc loai vii khi.

Ngoai ra hién nay cac UAV con duoc st dung 1am phuong tién tin cong va co
thé thuc hién cac nhiém vu twong duong may bay c6 ngudi 1ai. Chuyén bay thanh cong

cua UAV chién dau (UCAV - Unmanned Combat Aeriel Vehicle) loai X-45 vao thang



5/2002 tai My, d3 m& ra mot ky nguyén méi cho UCAV. Diéu nay haa hen trong mot
tuong lai gan cac UCAV s& din thay thé cac may bay chién ddu c6 nguoi 1ai.

Trong khi chd doi nhitng UCAV thé hé méi nhu X-45, quan doi My d3 trang bi
vii khi cho cac UAV lam nhiém vu trinh sat, bién ching thanh cac phuong tién tin
cong. UAV Predator RQ1 duoc trang bi hai tén lira chong tang Hellfire trén canh da
tiéu diét mot s6 thanh vién Al-Qaeda trong cudc chién tai Afganistan.

Trong cac hoat dong dan sy, UAV ciling ching t6 dugc vai tro cua minh trong
cac nhiém vu chuyén tiép thong tin, quan sat bd bién, giam sat méi truong, chong
budn 1au, ctu hd ctu nan... Pac biét trong nhiém vu gidam sat bién gidi va chdng budn
lau, bién phong va hai quan My sir dung UAV Predator MQ-9 Reapers dé giam sat
bién gi¢i My va Mexico. Két qua, trong 6 thang UAV nay phat hién hon 2000 nguoi
nhap cu trai phép va hon 4 tan can sa.

2.2. Tinh hinh nghién ctru phat trién UAYV trén thé giéi
2.2.1. Phdt trién UAV ciia mgt sé nwdc trén thé gidi

Do nhitng uu diém va loi ich ma UAV mang lai, trén thé gigi da c6 rat nhiéu
qudc gia nghién ciru phét trién UAV, trong d6 chu yéu dé phuc vu cho cac muc dich
quan sy va sau d6 1a mot s6 ang dung dan sy. Cac qubc gia di dau trong linh vuc nay
gom co Israel, My, Nga, Trung Quéc, Iran...

a. UAV Israel

Hién nay, Israel dugc coi 1a nude di tién phong va din dau thé gidi trong linh
vuc UAV. Chinh cudc xung dot kéo dai nhiéu nam voi nguoi Palestin da dan téi qua
trinh m& rong vai trd cia UAV ciing nhu phét trién cac hoc thuyét tac chién véi
phuong tién nay. Khong quan Israel (LAF - Israel Aerial Force) 1a co quan chiu trach
nhiém van hanh toan bd s6 UAV trong toan bd luc lugng qudc phong Israel (IDF -
Israel Defence Forces).

Dé dap ung nhu ciu ngdy cang ting va vai trd ngdy cang mo rong cua UAV,
|AF bt dau hién dai hod toan bd s6 UAV vao nam 2005. Trudc tién la cic UAV lam
nhiém vu trinh sat, IAF da dat mua mot vai UAV MALE Mahatz 1 do cong ty IAI phat
trién. Mahatz 1 14 UAV hoat d6ng & do cao trung binh, c6 kha ning mang theo 200kg
tai trong, va bay lién tuc trong 52 gid. Mahatz 1 s& dan thay thé cac miu may bay

Searcher tro thanh phuong tién trinh sat khong nguoi 1ai chua lyc cua IAF.

10



Bén canh phuong tién UAV lam nhiém vu trinh sat, IAF dua ra chuong trinh
Eitan nham phat trién UCAV. Noi bat trong sé nay 1a UAV Heron II ¢6 chuyén bay
dau tién nam 2006. Cac UAV ¢& nhé dung cho cac luc luong mat dat cling duoc IDF
quan tAim. Chuong trinh phat trién cac UAV loai nay di dwgc IDF khéi xuéng cudi
nam 2006.

Hién nay, nganh cong nghiép UAV cua Israel dang dat trong tim vao thi truong
qudc té. Ngoai My, noi UAV cuia Israel da thanh cong trong viéc xam nhap thi trudng,
nhitng ndm gan day da danh dau nhitng budc ting truéng dang ghi nhan trong linh vuc
phan phdi UAV cua Israel di khap thé gioi. Cac cong ty cua Israel da danh duogc cac
hop dong phat trién UAV tai nhiéu quéc gia, noi bat trong sé do 1a viéc cong ty Elbit
lién doanh véi Thales cia Anh di danh duoc hop dong phat trién hé thong
Watchkeeper cia Anh, hay viéc cong ty IAI lién két véi EADS va Dassault dé phat
trién may bay EuroMALE. Cac cong ty cua Israel ciing di chiém linh duoc thi truong
UAV tai An D¢ va nhit 1a tai Chau Phi noi dang ndi 1én 1a mét thi trudng tiém ning.

b. UAV My

Cong nghé chinh 1a van dé then chét ddi trén con dudng ma My du kién cho viéc
phat trién va tng dung UAV. Nguoi My da dua ra thuat ngit “hé théng phuong tién bay
khong nguoi 1ai ” (UAS - Unmanned Aircraft System) dé nhan manh rang d6 1a mot he
thong bao gém ca may bay va hang thiét bi bao dam cho no.

My dic biét quan tim dén viéc phat trién cac phuong tién bay ti hon (MAV -
Micro Aerial Vehicle) do nhu cau phai trang bi cac UAV xudng dén cip trung doi. Dé
thuc hién, nguoi ta nghién ciru tng dung cong nghé nano, mat khac ciing nghién ctiu thé
gidi con trung va mo phong theo cac hoat dong bay cuia chiing.

T ndm 1997, cuc cac du an qudc phong tién tién (DARPA - Defense Advanced
Research Projects Agency ) di bt dau chuong trinh nghién citu MAV trong nhiéu nam.
Nhitng MAV duogc nghién ctru ¢6 kich thudc tdi da chi khoang 15 cm, ching c¢6 thé duoc
hang bi may anh hozc kinh nhin dém, thoi gian bay c6 thé 1én dén 2 gio, voi gid thanh rat
thap. Chung c6 thé duoc st dung cho cac nhiém vu trinh sat, do tham trong cac toan nha,
khu dan cu, tham gia cac hoat dong chéng khung bd, tham chi co thé truc tiép tan cong
muc tiéu khi can thiét. Tuy nhién, hién nay do han ché vé cong nghé, MAV van chu yéu &

giai doan thir nghiém. Do d6 cac UAV loai HALE, va MALE s& van 1a hudng phat trién
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cha yéu cia UAV My trong diéu kién hién nay. Trong d6 mot s6 UAV s& duoc trang bi
vii khi, 1am nhiém vy cua may bay chién dau khong nguoi 1ai. Pay 1a mot xu thé tat yéu
va sé 1a tvong lai khong xa nita, dic biét 1a sau sy thanh cong ctia chuyén bay thir nghiém
loai UCAV X-45 thang 5/2005.

Véi nhiéu du an dang duoc thyc hién va chuan bi duge ap dung rong rai vao nim
2010, quan doi My s& c¢6 mét luc lugng UAV hing hau. D6 1a co sé dé dua ra nhitng
phuong phap tac chién méi dya nhiéu vao cc phuong tién nay.

c. UAV Chdu Au

Chau Au duoc danh gia la dang tht 3 sau Israel va My trong linh vuc nghién cau
va tng dung UAV.Hang loat quoc gia Chau Au da bat dau trién khai cac chuong trinh
nghién ctru va phat trién cac UAV thé hé mai dic biét 1a UCAV. Piéu nay thé hién nd hyc
rat 1on cua Chau Au nham thuc hién mong muén st dung UAV thay thé cho méy bay co
ngudi 1ai. Du an phat trién UAV Watchkeeper caa bo quéc phong Anh 13 mét vi du. Nude
Anh d3 chon di chon cong ty Elbit cua Israel két hop v6i Thales UK dé thyc hién duy an.
UAV nay theo md ta c6 kha niang giam sat lién tuc hang tuan I&, thoi han dua vao hoat
dong la vao khoang nam 2009-2010.

O Italia, cong ty Alenia Aeronasutica Italia ciing tién hanh chuong trinh phat trién
may bay UCAV goi 1a Sky-X, bay thu thanh cong vao thang 5/2005. Cong ty Galileo
Avionics Italia ciing da dat duoc nhing thanh céng nhat dinh trong linh virc thuong mai
véi nhitng bién thé cia UAV cat, ha canh thang dimg Camcopter.Cac UAV loai nay da
duoc trang bi cho luc lwong qudc phong Ao, Ai Cap, Ptic, Anh va My.

Tai Puc, hai cong ty Rheinmetall va EMT, ciing da thiét ké va phat trién cac
UAV va khach hang chinh cta ho 1a luc quan Pirc. Trong d6 ndi bat 1a UAV tam gan
Luna cia EMT, hé thong nay da duoc sir dung trong tic chién trén chién truong
Coxovo va Apganixtan. Ngoai ra con c6 dy an phat trién UAV Barrakuda cia cong ty
EADS. Barrakuda c6 chuyén bay thir dau tién vao thang 2/2006, day 1a mot UCAV
tién tién c6 kha nang tang hinh.

Véi nhiéu chuong trinh nghién ctru dang duoc trién khai tich cuc di cho thiy
cac qudc gia Chau Au hét suc coi trong nén cong nghiép UAV.Véi toe do phat trién
manh mé& nhu hién nay UAV Chau Au s& nhanh chéng dap tmg dugc nhu cau trang bi

cta cac qudc gia va hudng téi xuat khau.
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d. UAV Nga

Nga 1a mét nudc 16n Véi co so cong nghiép hang khong vil tru phat trién. Tuy
nhién, cic cong trinh nghién cru cua Nga trong linh vuc UAV da thut lui kha nhiéu so
V6i tat ca cac nude tich cuc phat trién trong linh vuc nay.Tuy nhién cudc chién tai
Chechnya, ciing nhu nd luc 13y lai vi thé vén c6 vé quan sy di thic day viéc nghién
ctru va sir dung UAV tai Nga. Nhitng nim 1960, UAV cua Nga chi yéu duoc phong
nghién ctru Tupolev phat trién, dién hinh nhu loai Tu-123, Tu-143, Tu-243... Pay la
luc luong UAV nong ct cua khong quan Nga dén tan nhitng ndm 1990.Tuy nhién, d6
1a nhitng UAV hang ning, cong kénh, phirc tap, khong linh hoat vé mat chién thuat va
can mot co so ha tang bao dam to Ién. Khac phuc diém yéu trong hé thong UAV cua
Nga, tir nhitng ndm 1980 phong thiét ké Yakovlev - Vién nghién ctru Kulon di bat dau
cong trinh phat trién UAV céap chién thuat mang tén Pchela. DPLA-60 Pchela 1a mot
budc tién 16n trong thuc tién ché tao UAV tai Nga, né duoc sir dung ¢ cip dai doi
nham bao dam chi vién cho nhitng cum quén nho trén chién truong.Phién ban tién tién
hon 14 DPLA-61 Shmel-1 da duoc sir dung trén quy mo nhé vao cudi nhitng nim
1980.

Tir thoi diém nam 1995 toan bd hoat dong nghién cttu UAV cua Nga bj dinh lai
do thiéu kinh phi. Tuy nhién, hién nay dang ndi 1én mot s6 dy an phat trién méi nhiéu
trién vong IRKUT Corporation, cong ty tiép nhan phong thiét ké Yakovlev nim 2004
d3 c6 nhitng du an phat trién UAV rat dang chti y. IRKUT chu truong sir dung nhiing
phuong tién bay c6 sin, dit tap trung nghién ctru cac cong nghé sensor va ndi mang
cuc Ky quan trong, dugc coi 13 van dé cot 16i cua UAV hién dai. N6i bat 13 du an ché
tao UAV Irkut 850 dya hén tau luon c¢6 dong co Stremme S10-VT, hay du an lién
doanh véi cong ty Aermacchi cua Italia, phat trién UCAV dua trén mau may bay huan
luyén tién tién Yak130.

Bén canh IRKUT, SUKHOI ciing ndi 1én 1a mot hang phat trien UAV tiém
nang. Nam 2003 SUKHOI cho ra doi mot ho UAV méi, dugc trién 1dm cong khai o ca
Nga va Trung Qudc, gdbm 3 mau thudc ho Zond. Py 1a nhitng mau UAV c6 thiét ké
rat tién tién, tuy nhién chi c6 Zond-3, mét mau UAV cung 16p véi UAV Predator cua
MY 1a c6 kha ning hién thyc hon ca. Véi cac du 4an mé&i duge danh gia cao trong thoi

gian gan day, hi vong nén cong nghiép ché tao UAV cia Nga sé danh duoc chd ding
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tuong xung.
e . UAV Trung Quac

La nude di sau, tuy nhién hién nay hoat dong nghién ciru va phat trién UAV tai
Trung Qudéc, theo ca chiéu rong 1an chiéu sau, déu c6 quy md dang ké. Toan bd nganh
cong nghiép hang khong, cac vién nghién cru hang khong vii tru 1an cac truong dai
hoc nuée ndy déu dang tién hanh nghién ctru ché tao UAV.

Nhitng chiéc UAV dau tién duoc sir dung tai Trung Quéc 1a nhitng mau thiét ké
sao chép lai cuia My va Lién X6 (cii), dugc sir dung theo nhitng muc dich khac vaéi
thiét ké ban dau. Tuy nhién, Trung Qudc nhanh chong nhan ra tiém ning to 16n cua
UAV trong ca hai linh vuc quan sy va dan sy, tir @6 Trung Qudc da tién hanh nhiéu
cong trinh nghién ctru ché tao UAV.

Giira nhitng ndm 1990, Trung Qudc d3 thanh cong trong viéc ché tao nhiing
UAV 1am nhiém vy giam sat chién thuat dau tién.Dén nim 2002, su ra doi cia UAV
ASN-207 di cho thiy su 16n manh nhanh chéng cia UAV Trung Qudc. Cac truong
dai hoc cuia Trung Qudc tham gia rat tich cuc vao cac nghién cttu vé UAV, san pham
cua cac truong dai hoc chi yéu 13 cac UAV Ién thang c¢& nho nhu Soar Bird cua
Trudng dai hoc Nam Kinh, M-22 cta Truong dai hoc Bac Kinh.

Gan day, Trung Qudc bat dau xuc tién nhitng nghién ctru dau tién vé UCAV.
Noi bat 1a chuong trinh nghién citu WZ-2000 cia tap doan doan Hang khong Vil tru
Quy Chau (QAIG), day 1a mot UAV cao tdc, 1a co sé dé phat trién cac UCAV.

2.2.2. Phin logi UAV

C6 nhiéu cach phan loai UAV. Theo phuong phap bay ciia UAV, c6 cac loai:
tryc thang, canh bang, dia bay. Phan loai theo loai dong co st dung: dong co phan lyc,
dong co pit-tong, dong co dién... Theo nhién liéu st dung: xang, dau, con, ic quy...
Tuy nhién theo pham vi va thoi gian hoat dong, UAV duoc gidi quan sy My chia lam
cac loai chinh sau:

a. UAV bay ldu - d¢ cao lon (HALE- Hight Altitude Long Endurance)

Day 1a loai UAV c6 tran bay trén 4000m.Mot trong nhitng UAV loai nay phai
ké dén 1a Global Hawk RQ4 (hinh 1.1) do hing Northop Grumman(M¥) ché tao.Day a
UAV hién dai nhat hién nay, st dung lan dau trong chién tranh Afganistan vao cudi
nam 2001.
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Sai canh 354 m

Chiéu dai 13.5m

Chiéu cao 4.6 m

Trong lugng rong | 2850 kg

Trong lwong mang

i 10400 kg
Tdc d6 hanh trinh | 650 km/h
Tran bay 20000 m
Thoi gian bay toi 34 gio

da

Hinh 2.1 Global Hawk RQ4 (Northrop Grumman)

Pugc trang bi camera quang, hdng ngoai va rada, RQ4 co thé giri anh vé trung
tam, cung cap cho chi huy chién trudng nhing hinh anh gan thyuc véi do phan giai cao
qua kénh v¢ tinh. Gia cta Global Hawk udc tinh khoang 15 triéu USD.

b. UAV bay lau - d6 cao trung binh (MALEMedium Altitude Long Endurance)

UAV loai MALE c6 tran bay duéi tir 2000m - 4000m. Dién hinh phai ké téi 1a

Predator RQ1 (hinh 1.2) do hing General Atomic (M§) ché tao. Ré va nhé hon nhiéu

so véi Global Hawk RQ4, Predator RQ1 c¢6 thé cung cap video thoi gian gan thuc ca

ngay 1an dém qua kénh vé tinh.

Sai canh 12.7m

Chiéu dai 8.14 m

Trong luong mang tai 686 kg

Tbc d6 hanh trinh 130 km/h

Tran bay 7600 m

Thoi gian bay ti da 24 gioy

Hinh 2.2 Predator MQ-1 trang b; tén lua
chong tang Hellfire
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Predator dugc quin doi My st dung 1an dau tién & chién truong Bosnia nim
1995, dé trinh sat, canh gidi, gidm sat chién truong. Predator co thé duoc trang bi tén

lira chong ting AGM-114 Hellfire va chuyén thanh may bay tin cong khi can thiét,

. UAV bay siéu lau (ULE - Ultra Long Endurance)

Hinh 2.3 UAV bay siéu lau Helios

Hinh 2.4 UAV Aerosonde
Hai UAV tiéu biéu cho loai nay phai ké dén 1a Helios (hinh 1.3) va Aerosonde

(hinh 1.4). Thang 8/2001, Helios di thyc hién chuyén bay thanh cong dau tién, bay &
d6 cao 30000m, str dung pin mat troi, thoi gian hoat dong 1én dén 6 thang, cé tinh
nang tuwong duong vai cac vé tinh dia tinh. Con Aerosonde c6 kha nang bay vuot Dai
Tay Duong, dugc ung dung trong nghién ctru khi tuong.
d. UAV cdt ha cdnh thang dirg (VTOL - Vertical Take-Off and Landing)

UAV loai VTOL duoc phat trién cho cac hoat dong cap chién thuat.Cam-Copter S-
100 (hinh 1.5) 1a loai UAV VTOL dién hinh.
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Hinh 2.5 UAV Cam-Copter S-100

Duong kinh canh quat 3,09 m
hinl

dDJg‘)ing kinh canh quat 0.5m
Chiéu cao 0,8 m
Trong lugng réng 43 Kg
Trong luong cét canh 68 Kg
Tdc do hanh trinh t6i da (90 km/h
Ban kinh hoat dong 10 km
Thoi gian bay téi da. 6 gid

Cam-Copter S-100 duoc cong ty Galileo Avionics Italia nghién ctru phat trién,

dugc sir dung cho ca quén sy va ca dan sy, c6 thé cat canh va ha canh thang ding mot

cach tu dong. Cam-Copter S-100 da duoc luc quan va bo tu 1énh thong tin dién tdr My

str dung.

Hinh 2.6 UAV Cypher
Tuy nhién, Cypher (hinh 1.6) 14 UAV loai VTOL dugc biét dén nhiéu nhit, cha

Duong kinh 1,89 m
D0 dai than 0,55 m
Trong luong rong 75 Kg
Trong lugng cét canh ti da[113 Kg
Tdc do hanh trinh 130 km/h
Tran bay 2440 m
Ban kinh hoat dong 30 km
Thoi gian bay 2,5 Qio

yéu duoc sir dung trong cac hoat dong nhu canh giéi an ninh ndi dia, chong lai nhiing

nhom ngudi khong vii trang. Pay 1a UAV hoan toan ty dong, tu cat canh theo phuong

thang dtimg. Cypher duogc trang bi camera thi tan, hdng ngoai, cac cam bién ho4 hoc,

cam bién tir tinh, 4m thanh va ca vii khi phi sat thuong.

e. UAV mini
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Viéc str dung UAV mini duoc chinh thic cong bd lan dau tién dau nim 2003
khi cac phi d6i bao vé luc lwong vién chinh cia khong quan My trién khai phuong tién
bay canh gidi trén khong bao vé luc luong ¢ Afganistan va Iraq. Mot trong nhitng loai
UAV mini dugc quéan doi My sir dung o hai chién truong nay 1a Pointer (hinh 1.7-trai)
cta hang Aero Vironment. Loai UAV nay c6 trong luong 4kg, co thé dugce phong bang
tay, duoc trang bi camera hong ngoai hoic quang hoc.

Mot UAV mini khéc ciing hay dugc nhac toi 1a Skylite B (hinh 1.7-phai) ¢6 sai
canh 240cm, thoi gian bay 90 phut va c6 do cao hoat dong 300-2000 feet,n6 duogc thiét
ké hoat dong trong diéu kién thoi tiét xau, ké ca trong diéu kién gié manh. Skylite B
chi nang 650g, van téc bay 35 - 70 km/h

Hinh 2.7 UAV Pointer va UAV Skylite B
f. UAV ti hon (MAV - Micro Aerial Vihicles)

Hinh 2.8 UAV Black Widow va UAV Micro Bat
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Sy tién bo cua cong nghé nano da cho phép nguoi ta ché tao nhiing MAV c¢6
kich thudc chi 5 cm, c6 trang bj camera, tham chi ca thiét bi phan biét mui. Mot s6
MAV c¢6 thé mang theo mdi ga nho dé chuyén sang tién cong khi can thiét. Hién nay
do han ché vé cong nghé, cac MAV chu yéu trong giai doan thir nghiém. Tiéu biéu cho
loai nay la: Black Widow, Kolibri, Micro Star, Micro Bat...

Ngoai cach phan loai theo pham vi va thoi gian hoat dong nhu trén thi phdn
logi theo muc dich sir dung ciing 1 mot cach thic phd bién. Theo cach phan chia nay
UAYV duoc chia thanh cac loai:

« UAV lam nhiém vu trinh sdt va chi thi myuc tiéu: trong xu huéng chién tranh tur
xa, khong tiép xuc truc tiép, UAV sé& 1a mot trong nhitng phuong tién chi yéu dé phat
hién va xac dinh chinh xac tinh chét ciia cac muc tiéu ciia doi phwong ma khong can
tryc tiép str dung con nguoi.

« UAV lam nhiém vu sdt thuong: UAV duoc trang bi vii khi, c6 thé phat hién va
tryc tiép tin cong cac muc tiéu, thuc hién cac nhiém vu twong dwong véi may bay co
nguoi lai.

« UAV thuc hién tic chién dién tir: trong thoi dai chién tranh thong tin, UAV
dugc xem 1a phuong tién vo ciing hiéu qua trong tham gia ché ap dién tir va gay nhiéu
cho ddi phuong.UAV con c6 thé thuc hién cac nhiém vu phat hién va dinh vi cac muc tiéu
birc xa vo tuyén cta déi phuong rdi thong bao vé cho cac luc lwong hoa lyc tin cong.

« UAV trong doi phé véi hé thong phong khéng: véi nhitng tran dia ma hé thong
phong khéng ctia d6i phuwong bé tri theo nhiéu tang, nhiéu 16p, nhd wu diém kich
thudc nho, kho phat hién, UAV s€ 1a phuong tién vo cung lgi hai so véi cac may bay
cO nguoi lai.

2.3. Tinh hinh nghién ctru va phat trién UAV & nwéc ta
2.3.1. Phdt trién mdy bay mé hinh 6 Vigt Nam

Viéc nghién ctu UAV & nudc ta Xuit phat tir cac loai may bay mé hinh trong
cac cau lac bo hang khong, phan 16n trong s6 nay dugc mua tir nudc ngoai va 1a nhiing
may bay thé thao ¢& nho, diéu khién bang vo tuyén. Do yéu cau dit ra véi cac don vi
phong khong, Quéan ching Phong khong (nay 1a Quan ching PKKQ) da dat van dé
nghién ctru cai tién, dan di téi san xuit cac may bay mé hinh, lam muc tiéu phuc vu

huan luyén va ban dan that cho cac loai phdo va tén lira phong khong.
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Ban dau 1a loai muc tiéu bay M94 (hinh 2.9). Py 1a loai muc tiéu nhé dya trén
mo hinh cic may bay dung trong thé thao, khung dugc ché tao bang loai gb nhe va bén
ngoai dugce dan phu bang mot loai gidy nilong dé tao do phang vé khi dong. Nay ki
thuat phat trién, trong lugng caa M94 da giam di déng ké.

Sai canh 1,5m
Chiéu dai 1,4m
;giong lugng mang A kg

Toc do bay 70 km/h
Tran bay 300-400 m
Cu ly hoat dong 2000 m

Hinh 2.9 Muc tiéu bay M94

Trudc yéu cau nang cao chat luong huan luyén cho bd doi, tir nim 1994 Bo Tu
Lénh Quin Chung PKKQ dit yéu cau 1a phai tao ra dugc cac loai muc tiéu cé kich
thudc 16n hon, tdc d6 nhanh hon, twong ng Vvéi tinh ning cua cac loai phdo phong
khong, tén lira vac vai va tim trung. Nhom nghién ctru thugc Ban nghién ciru myc tiéu
ctia Quén ching da phdi hop voi Trung tdm Polime trudng dai hoc Bach khoa Ha Ni,
tap trung nghién ciru va tng dung cong nghé vat liéu tong hop Composite vao linh vuc
ché tao than vé. Nam 1996, muc tiéu M96-A (hinh 2.10) dugc dua vao st dung.

Sai canh 22m
Chiéu dai 155m
Trong lugng

. 8kg
mang tal
Toc do bay 90 km/h
Tran bay 500-700 m
Cu ly hoat dong 2000 m

Hinh 2.10 Muc tiéu bay M96-A
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Sau do, dé phuc vu huén luyén va béan dan that cho céc loai tén lira tim trung, tor nam
1996 dén 1998, Quan chung PKKQ di ché tao va thir nghiém thanh cong muc tiéu M-100
(hinh 2.11).Day 1a loai myc ti€u c6 tdc do bay nhanh hon, ¢ d§ cao 16n hon, bay duoc ¢ cu
ly xa hon cac muc tiéu trude déy, c6 thé bay duge mot duong bay dai va thang...

Sai canh 2,8m

Chiéu dai 21m

Trong luong mang tai 22 kg

Toc do bay 160 km/h
Tran bay 1200 m
Cu ly hoat dong 10000 m

Hinh 2.11 Muc tiéu bay M100

Cac loai myc tiéu bay M-94, M-96, M-100 da néu ¢ trén, mac du da dap Gng
dugc co ban cac tinh nang k¥ chién thuat cua cac loai vii khi, khi tai phong khong,
song déu c6 dic diém chung 1a dugc dan dudng nho quan sat (bang mat thudong hoic
thiét bi quang hoc), nén han ché co ban la:

"Chi bay dwoc & cu ly gan, trong tam mdt ciia phi cong diéu khién mat ddt, phu
thudc nhiéu vao diéu kién thoi tiét, khi hau, ngay, dem.

- Kho diéu khién theo cac dudng bay mong mudn, khong dong nhat gitra cac
chuyén bay va dac biét 1a phu thudc nhidu vao kha nang va kinh nghiém cta phi cong
mat dat.

- Chua quan 1y dwoc trang thai, vi tri va cac tham s6 cuia may bay... nén rai ro
trong khi bay 1a khé kiém soat va thuong xuyén xay ra.

2.3.2 Nghién civu va phdt trién UAV

Dé khic phuc nhirng nhuoc diém cua cac loai UAV néi trén va co thé phat trién
ting dung trong céac linh vuc khac, vao dau nhitng nim 90, nhitng ¥ tudéng ban dau vé
viéc xay dung cac chuong trinh nghién ciru UAV duoc nhiéu co quan Nha nuéc, nhat
12 B6 Qudc phong 4p u.

Nam 1993, Quan chung PKKQ d3 dau tu mua mot sé té6 hop UAV DF- 16
(Dragon Fly - 16) cua Israel. Nam 2001, du an “Thiét ké, ché tao muc tiéu bay khong
ngudi 1ai cho may bay va tén lira ban tap” bat dau duoc trién khai.
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Hinh 2.12 Muc tiéu bay M100-CT

Sai canh

3,0m
Chiéu dai 2,3m
Trong luong mang tai 32 kg
Toc do bay 180 km/h
Tran bay 2000 m
Cu ly hoat dong 30 km

Pén nam 2004, Ban Nghién ciru muc tiéu (Vién KT QKKQ) da cong bé muc
tiéu bay khong nguoi 1ai M100-CT (hinh 1.12) bay theo chuong trinh dinh trudc. Sau

d6, do nhu cau huan luyén cia khong quan, mét loai myc tiéu khong nguoi lai c6 tran

bay cao hon, tdc dd nhanh hon, thoi gian bay lau hon da dat ra. Cubi nam 2005, M400-

CT (hinh 1.13) d3 thuc hién nhitng chuyén bay dau tién thanh cong, thoi gian bay toi

da khoang 90 pht, cac tinh nang khong thua kém loai DF-16 da mua cua Israel trudc

day

Sai canh 3,2m
Chiéu dai 2,8m
Trong lwong mang tai (90 kg
Toc do bay 320 km/h
Tran bay 3000 m
Cu ly hoat dong 90 km

Hinh 2.13 Muc tiéu bay M400-CT
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Vi yéu cau dit ra cua cac loai muc tiéu bay phuc vu cong tac huin luyén thi
nhitng két qua dat duoc trén day 13 nhitng tin hiéu dang ming. Tuy nhién, tiéu chi dua
ra véi cac loai Muc tiéu bay khéng nguwoi ldi nay 1a chi cAn xay dung & mtc d6 don
gian, gon nhe nhat va gia thanh thap nhat. Do vy, dé cac UAV nay c6 thé phat trién
va mé rong ¢ng dung trong nhiéu linh virc khac khi nhitng ddu tu nghién ctru, phat
trién va hoan thién mét cach co ban 1a hét sac can thiét. Vai nim gan déy, rat nhiéu co
s& nghién ctu, ca trong va ngoai quan ddi nhu: Vién KHCNQS/B6 Quéc phong, Quan
chang Hai quéan, hay mot s6 nha trudng nhu Hoc vién K¥ thuat Quan su, Pai hoc BK

Ha Noi... ciing bit ddu c6 nhitng dau tu nghién ctu theo ca hudng ché tao
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CHUONG 3: CAC VAN PE CO BAN VE CO HQC BAY CUA UAV
3.1. Cac hé toa d¢ thwong dung
Khi xem xét bt ¢ mot chuyén dong ndo bao gid chung ta cling phai xem xét
trong moQt hé truc toa do nhét dinh. Viéc chon hé truc toa do phu hop s€ gitp ching ta
dé dang hon khi phén tich, tinh toan chuyén dong ciia UAV trong mit phang ciing nhu
trong khong gian.
Trong dong luc hoc bay, ngudi ta st dung 4 hé truc toa do sau:
- Hé truc toa 06 mat dat.
- Heé truc toa do téc do.
- Heé truc toa d0 lién két.
- Heé tryc toa do téc do théng ding.
3.1.1. Hé toa dé mdt ddt OgXoYoZo.
- Géc toa d0 Og: 1a mdt diém nim trén mat dat (thuong chon diém bét dau chay da).
- Truc OgXo: nam trén mit phang ngang, c6 hudng tuy chon.
- Truc Ogyo: vudng goc véi mit phang ngang, ¢6 chiéu hudéng 1én trén.
- Truc Opzp: vudng goc voi mat phéng OoXoYo, €O chiéu tao v&i Oxy, Oy, mot hé
toa do thuan.
Y nghia: H¢ toa do tbc d0 mat dat 1a hé toa do cd dinh duoc su dung khi can
xac dinh d§ cao va quang duong bay cia UAV.
3.1.2. Hé truc toa dp téc dp OXyyczZc.
- Goc toa d6 O: tring véi trong tim UAV.
- Truc OX.: huéng theo véc to toc do bay V
- Truc Oy, vudng goc voi Ox, va nim trong mit phing ddi ximg ctia UAV.
- Truc Oz;: vudng goc véi mat phflng OxcYcZe tao voi cac truc Ox, Oy, thanh h¢ toa
do thuan (Truc Oz, hudng sang canh phai)
Y nghia: H¢ toa do toc do 1a hé toa do di dong gén vo1 UAV, duoc st dung khi
xem xét cac thanh phan cua lyc khi dong.
3.1.3. Hé truc tog dp téc dp thang dieng Oxyz
- Gbe toa d6 O: trung voi trong tam UAV.
- Truc Ox: hudng theo véc to toc do bay V
- Truc Oy: vudng goc véi Ox va nam trong mit phang thing dimg, chira truc doc ctia UAV.
- Truc Oz: vudng goc voi mat phéng Oxyz tao véi céc truc Ox, Oy thanh hé toa do
thudn (Truc Oz hudng sang canh phai)
Y nghia: H¢ toa do toc do théng ding 1a hé toa do di dong g'fm vo1 UAV, duoc
stt dung xdy dyng hé phuong trinh chuyén dong cia trong tim UAV, danh gia trang
thai cua UAV va quy dao bay.
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3.1.4. Hé truc toa dp lién két Ox,y,2,

- Géc toa d6 O: trung voi trong tam UAV.

- Truc Ox;: trung voi truc doc cua UAV.

- Truc Oy;: vudng goc véi Ox; va nim trong mét phang dbi xtmg cua UAV.

- Truc Oz;: vudng gbc véi mit phang Ox,Y12; tao véi cac truc Oxy, Oy; thanh hé
toa do thuan (Truc Oz; hudng sang canh phai)

Y nghia: H¢ toa dg lién két cling 1a hé toa do di dong ga“'ln vol UAV, duoc sur
dung khi nghién ctru chuyén dong quay ciia UAV, xac dinh cac mo men khi dong cia
UAV.

Yo A

Oo

Hinh 3.1 Cac hé truc toa do
3.2. Cac géc xac dinh trang thai va quy dao bay

Dé x4c dinh trang thai cia UAV véi dong khi va quy dao bay, ta can biét mot
s6 goc nhit dinh: Goc tin, goc truot canh, goc nghiéng quy dao, goc xoay quy dao,

gdc chic ngoc, goc ddi hudng bay, goc nghiéng UAV.
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3.2.1. Géc tin a

La goc gitra truc doc cua UAV va yi

hinh chiéu cua véc to toc do UAV lén

/
ROy
/
R PSRRIy
// //4/1/.//
7 7 o
/7. 7 Mpddixing "/,
//// :,z/r//
RSP IATN
IRy
//////// {
ey

mit phiang ddi xtng cira UAV.

Géc tan o > 0 khi véc to V nam dudi

mit phing ddi ximg

Hinh 3.2 Géc tan a

3.2.2. Goc truwot canh
La goc gitta véc to toc d0 UAV va mit phang d6i xtimg ciia UAV.

Goc B> 0 khi véc to V nam ¢ bén phai mit phang d6i xtng.

Y1

////'Mp d6i xting /////
////
2

/
/,

Hinh 3.3 Goc truot canh
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3.2.3. Goc nghiéng quy dao 0
La goc gitta véc to toc 40 UAV va mit phang ngang (mit phing Ox,Z,).

Goc 6> 0 khi V nam & trén mit phang ngang.
Yo

X,V

Z
6>0

) ”

~
.

Hinh 3.4 Goc nghiéng quy daol

3.2.4. Goc xoay quy dao ¢
La goc giita hinh chiéu ctia véc to tbe @ UAV 1én mat phing ngang vdi truc Oxo.

Goc @> 0 khi hinh chiéu ndm bén trai truc OX,.

Yo
X,V
y4
\/‘\)(P<O Xo
Zy .

Hinh 3.5 Goc xoay quy dao
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3.2.5. Goc chuc ngoc 9
La goc gitta truc doc UAV Ox; va mit phiang ngang (mit phang Ox,Z).

Goc 9> 0 khi véc to Ox; nam ¢ trén mit phiang ngang.

Yo

\ 4

\\*!\ é) Xo

Zy AN

Hinh 3.6 Goc chuc ngoc
3.2.6. Géc doi hwong bay w
La goc gifta hinh chiéu cta truc doc UAV Ox; trén mit phing ngang vai truc Ox,.

Goc y > 0 khi hinh chiéu ndm bén trai truc Ox,.

Yo
X1
1
Zq
4. )p<0 Xo
Zy \\*\\

Hinh 3.7 Géc doi hudng bay v
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3.2.7. Goc nghiéng UAV y
La goc gitra mit phang d6i xing va mit phang thiang dung chira truc doc cua
UAV.G6c y> 0 khi canh phai cia UAV nghiéng xudng dudi.

v>0

Hinh 3.8 Goc nghiéng UAV y
3.3. Cac dang chuyén dong chinh cia UAV

Khac véi cac loai may bay khong diéu khién thuong chi xét chuyén dong tinh tién
ctia tim khéi, chuyén dong ciia UAV ngoai chuyén dong tinh tién ctia tdm khéi con
phai xét chuyén dong quay ciia UAV so voi cac hé toa dd noi trén. Dé co thé phan tich
dinh tinh va dinh luong so bd, ngudi ta thuong phan biét mot sé dang chuyén dong
duoi day:

- Chuyén dong nén (con goi la chuyén dong dinh trude) 1a chuyén dong theo quy
dao dinh trudc véi cac tham sé chuyén dong cho trudc.

- Chuyén dong on lap (con goi 1a chuyén dong xac 1ap hoac thiét lap) 1a chuyén
dong c6 cac tham s6 dong hinh hoc, trudc tién 13 téc do bay khong thay d6i hay thay
d6i khong dang ke.

- Chuyén dong can on lap 1a chuyén dong co thé coi 1a 6n 1ap véi mot sai s6 nhat
dinh.

- Chuyén dong khong 6n lap 1a chuyén dong c6 cac tham s dong hinh hoc thay
d6i twong ddi nhanh, nhat 1a tbc do bay va do cao bay.

Khi phén tich dinh tinh va dinh lugng so b ngudi ta thuong lay chuyén dong nén
1am co s& dé tuyén tinh hoa va “dong cimg” cac dic trung dong hoc cua chuyén dong
thue cua UAV xung quanh chuyén dong nén dugc coi nhu chuyén dong can 6n lap.

Tuy nhién, ngdy nay véi su phat trién manh mé cia cong nghé thong tin va cac
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phuong phap sb, co thé giai truc tiép bai toan chuyén dong cuia UAV ma khong nhat
thiét phai st dung phuong phap gan dung ndi trén.
O déy can nhic lai mot s kién thic co ban cua co so 1y thuyét:

Diéu kién dé duy tri chuyén dong thang cua mot vat rin 1a téng véc to hinh chiéu
tat ca cac ngoai lyc xubng mit phang phap tuyén vai quy dao bang 0.

Diéu kién dé tao ra chuyén dong cong (v6i ban kinh cong tic thoi R) nhat thiét

my2

phéi ¢ luc phap tuyén theo phuong quy dao F, = dé tao ra gia toc phap tuyén.

W, = o= (1)

m R
Gia toc nay thuong tinh theo hé s6 qua tai phap tuyén n, = % trong d6 g= 9,81 m/s”.

* *

Tu (1) co: ny= TZ’;Z FG—" , trong d6 G 1a trong lugng cua vat chuyén dong, F,; 1a tong

tat ca cac ngoai luc phap tuyén khong ké trong luc. Nhu vay, vi du néu néi mot tén lira
c6 m = 10kg (G~100N) khi bay cong trong mat phang ngang véi qua tai phap tuyén 1a
10 thi phai hiéu 13 tong véc to tit ca cac luc phap tuyén tac dung lén tén lta bang
1000N.

Tir cong thire (1) ¢6 nhan xét 1a mudn tao ra cing mot do cong cua quy dao (ban
kinh R) thi khi bay véi toc d6 16n gap d6i can phai co qua tai phap tuyén Ién gap bon
lan.

3.4. Cac lyc va mémen khi dong hoc
3.4.1. Cac lyc tac dung lén UAV

Ciing nhu cac vat khac, UAV chuyén dong trong khong gian ciing chiu tac dung
ctia Luc mit va Luc khéi.

- Lyc mat: Luc khi dong toan phan R , lyc day cua dong co P
- Luc khdi: trong luc G

a. Luc khi dpng toan phin R .
- Diém dit: tai trong tam O cua UAV.

-Dolon: R = %pVZ.CR S
Trong do:  Cg- hé s6 luc khi dong toan phén.
p- mat do khong khi.
S: dién tich canh UAV.
Khi chiéu R 18n hé truc toa do téc d6 Oxcy.z. ta duge cac thanh phan.
+ Luc nang Y (=Ryc): 1a thanh phan cua Iyc khi dong toan phan chiéu lén truc
Oy, dit tai trong tim UAV, c6 chiéu huéng 1én trén. Do 16n:
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Hinh 3.9 quan h¢ giita Cy va goc a

+ Luc can X (=R,c): 14 thanh phan cua luc khi dong toan phan chiéu Ién truc
OX., dat tai trong tam UAV, nguoc chiéu véi toc do bay.

2
bo lc'm:X:CX.pV

S=C,.0S

Vi cac goc tan o nho, ta co:

C,=C,+C,=C,_ +AC:
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oy

CXO A A A

S

Hinh 3.10 Quan hé giira C, ,Cyo Vo1 aava M

+ Luc canh Z (=Ry): 1a thanh phan cua lyc khi dong toan phan chiéu 1én truc
pV*

z=c,P* s=c,gs

Khi goc truoc canh p = 0, R ndm trong mit phing dbi xtmg. Khi d6 R,=0 hay
luc canh Z=0. Thong thuong khi tinh todn goc  nho nguoi ta cling bo qua sy tac dung
cua luc canh.

b. Lwc ddy ciia dpng co P

- Diém dat: tai trong tam O cua UAV.

- Phuong trung véi truc doc cua UAV, chiéu hudng theo chiéu chuyén dong cua
UAV.

- Do 16n: Bé xac dinh d6 16n cta luc déy P nguoi ta dua vao cac dd thi dic tinh

cua dong co:
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+ Dic tinh tiét luu,
+ Pic tinh téc d6- do cao.
c. Trong luc G.

- Piém dit: tai trong tam O cua UAV.
- Phuong vudng goc v6i mit phiang ngang, chidu hudng xudng dudi.
- b6 16n: G=mg.

Trong d6:  m- khdi lugng ciia UAV.

g: gia tdc trong trudng.

Trong qua trinh bay, trong luc giam dan do c6 sy tiéu hao nhién li¢u.

dG
i -0.C,
Trong d6: Cs- suét tiéu hao nhién liéu theo gidy [kg/s].
A yC
ATTTTAY 1
S P
R
X, > >
: /V \Y Xc
Ve
G

Hinh 3.11 Cac lyc tac dung lén UAV

3.4.2. Cac momen tdac dung lén UAV
a. M6 men doc M,

- Khéi niém: M6 men doc M, 1a mé men lam UAV quay quanh truc Oz;.

Dau ciia M, duoc xac dinh theo quy tic kim dong ho: nhin tir dau truc Oz;, néu
may bay quay quanh truc Oz, theo chiéu kim déng ho thi M,> 0.

Taec 1a M,> 0 néu n6 lam UAV ngdc 1én.
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- Cong thtrc xac dinh:

pV*

M,=m,.2>_sh, (1)

Trong do: m,- Hé s6 mo6 men doc.
ba- chiéu dai day cung khi dong trung binh cua canh.
- Nguyén nhan hinh thanh: M6 men doc M; sinh ra do
+ Tiéu diém khi dong khong tring véi tim ap
+ Nghiéng canh la1 d6 cao
+ Cac luc nang, lyc can va luc déy khong di qua trong tam UAV.
Néu xét trong truong hop don gian, M, dugc xac dinh theo cong thirc:
M;= Mo+ Myy+ M5 2)
Trong d6:  Myo- M6 men doc khi lyc nang bang 0.
M_y- M6 men doc do luc ning sinh ra.
M,s5- M6 men doc do nghiéng canh lai do cao.

N
IR
|

MZ5B sz Xp bA

Hinh 3.12 Momen doc M,

Tt hinh vé ta ¢co:

M, =My +Y(Xt =Xg)+ Y5 X5 3)
m, =m,q +C, (Xg —X7)+m®.3 4)
- z — "Mz0 y\AF T z OB
Trong do:
X1, Xg- Vi1 tri cua trong tam, ti€u diém KD so véi mép trude prophin cénh.
- X+ _ X
ba ba

Op- goc 1éch cua céanh lai do cao.

34



mEB - dao ham cua hé s6 cua md men theo dg.
b. M6 men ngang M,
- Khai niém: M6 men ngang My 1a md men lam UAV quay quanh truc Ox;.
Dau cua M, duoc xac dinh theo quy tic kim dong hd: nhin tir dau truc Oxy, néu
UAV quay quanh truc Ox; theo chiéu kim dong hé thi M,> 0.
Ttc 1a M,> 0 néu nd lam UAV nghiéng sang phai.
- Cong thirc xac dinh:

M, :mx.p—\/2.8.| (5)
2
Trong do: my- Hé s6 md men ngang.
I- Sai canh cua UAV.
- Nguyén nhan hinh thanh: M6 men ngang My sinh ra do:
+ UAYV bi truot canh.

+ UAV nghiéng canh lai li¢ng .
+ UAV nghiéng canh l4i hudng.
Tuc 1a My duoc xac dinh theo cong thirc:

M, :MXB+MX6| +Mx8H (6)
Trong d6: ~ Myg- M6 men ngang do trugt canh.
MxS, - M6 men ngang do nghiéng canh lai liéng.

Mx6H - M6 men ngang do nghiéng canh 1ai hudng.
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X1

- Myp v
st il
-~ \MYSI V4!
MX8 KT\
B [\MXSI
Mxﬁ

AXT AXF
Lsu
OH
Hinh 3.13 Momen ngang My
—  m,=mlB+md . +md 5, @)
Trong do:

B,8,0y - Goc truot canh, goc nghiéng canh lai liéng, canh lai huéng
m?,, mi’,' : m?,” - dao ham ctia hé s cia mo men ngang theo B,5,,5

¢. Mo men huwong M,
- Khai niém: M6 men hudéng M 1a mé men lam UAV quay quanh truc Oy;.
Dau cla M, dugc xac dinh theo quy tac kim ddng hd: nhin tir dau truc Oyy, néu
UAV quay quanh tryc Oy, theo chiéu kim dong ho thi M,> 0.
Tuc 1a My> 0 néu n6 lam UAV quay dau sang phai.
- Cong thirc xac dinh:
2
My:my.%.s.l (5)
Trong do: my- Heé s6 m6 men hudng.
I- Sai canh cua UAV.
- Nguyén nhan hinh thanh: M6 men huéng My sinh ra do:
+ UAYV bi truot canh.
+ UAV nghiéng canh lai li¢ng .
+ UAYV nghiéng canh 141 hudng.
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Tic 1a My duoc xéac dinh theo cong thirc:
Mx:MxB+Mx6, +Mx8H (6)

Trong do: M xp - M6 men hudng do truot canh.

MX5| - M6 men hudng do nghiéng canh 14i liéng.

MXSH - M6 men hudéng do nghiéng canh lai hudng.

) )

- my=mpB+my.d +my Sy (7)
Trong do:
B,8,,0y - Goc truot canh, goc nghiéng canh 141 liéng, canh lai hudng

mg, mi’,‘ : mi),“ - dao ham cua hé s ciia moé men huéng theo B, 0y,0H

Thong thuong, su chénh léch luc canh la khong 16n khi nghiéng cénh lai liéng,
nén khi xac dinh mo men hudng co6 thé bo qua thanh phan nay.
3.5. Khi quyén va nhiéu ddng ciia khi quyén

Khi quyén 1a 16p khi bao quanh trai dat. Khéi luong riéng py ctia khi quyén giam
rat nhanh theo do cao va khi H > 40Km c6 thé bo qua anh hudng ctia khong khi. Nhiét
d6 cua khi quyén Ty giam khoang 6,5°C khi ting do cao 1000m. Theo khi quyén
chuén quéc té thi 1én dén H = 11000m thi Ty = 216,6°K va 4p suit Py nho hon 4 14n so
véi P & mat dat.

Theo cac tai li€u khi tugng thi thong thuong gradient cua py, py va Ty theo mat
phang nam ngang (Ox4Zg) khong dang ké so voi gradient theo chiéu cao Oy,. Vay tai
sao trong “doi thudng” nguoi ta van hay noi co “6 ga” trén khong? D6 thuc ra 1 do
nhidu dong cua khi quyén gy ra. Vi vdy, khi xét chuyén dong ctia UAV trong khi
quyén nhét thiét phai xét dén nhidu dong nay.

Nhiéu dong ctia khi quyén thuc chat 1a chuyén dong cua cac khéi khong khi, tirc
1a gi6. Trong truong hop tong quat véc to toc dd gido W 1a mot ham rat phic tap theo
khong gian va thoi gian:

W=W ,(xo, Yo, Zo, 1) q q

Vecto toc do gio trong truong hop tong quat co thé cd hudng tuy y trong khong
gian, vi vay co thé phan tich ra cac thanh phﬁn Wio, Wyo, Wy, (theo hé toa do mat dat
O0XoY0Zo). Ban than cac thanh phﬁn nay cling phu thudc theo khong gian va thoi gian.

Wio = Wyo (Xo, Yor Zo, 1)

Wyo = Wyo (Xo, Yor Zo, 1)

W, = W6 (Xo, Yoy Zoy 1)

Goc hudng gio vy, 1a goc gitta truc Ox, véi hinh chi€u ctua véc to toc do gid
nguoc (-W) xudng mit phing Ox,Z.. Goc nghiéng cua gi6 0,, 13 goc giira véc to W véi
mit phang nam ngang OxZ.
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CHUONG 4: HE PHUONG TRINH CHUYEN PONG CUA UAV
4.1. Bai toan chuyén déng cia UAV

4.1.1. Cdc gid thiét co ban

Trong pham vi do 4n ta khong xét dén nhitng van dé vé do bén, bién dang va dao
dong cua két ciu UAV. Van dé ching ta quan tdm 1a chuyén dong cua tam khéi UAV
va chuyén dong quay cua né quanh tam khéi. Vi vay, cé thé gii han bai toan trong
pham vi chuyén dong cua vat ran c6 6 bac ty do (3 chuyén dong tinh tién va 3 chuyén
dong quay). Gia thiét nay phu hop vai thuc tién trong phan 16n cac trudng hop va ngay
ca trong cac tai liéu m&i nhat van st dung. Tuy nhién, trong mot s6 truong hop, nhat 1a
khi xét cac dang UAV c¢6 do cung viing khong cao (canh dai, than dai...) hoac khi xét
bai toan bd tri vi tri lap ddt cac cam bién quan tinh (dé khar anh huéng cua dao dong
riéng cua két cau dan hoi dén vong diéu khién chuyén dong caa UAV) nhat thiét phai
xét md hinh UAV nhu mét hé co dan hoi. Bai toan dé vuot ra ngoai pham vi nghién
ctu Clia d6 an.

Moi trudong khong khi co thé c6 nhiéu dong, tuy nhién, quy méd cua cic nhidu dong
thong thuong co kich thudc Ién hon nhiéu lan so véi kich thuéc cia UAV, c6 nghia 13
& ting thoi diém nhat dinh c6 thé xét anh huong cua nhidu dong khi quyén nhu mot
truong gi6 dong déu tac dong 1én tat ca cac phan cia UAV. Ngoai ra, khi ¢6 gié manh
hodc bdo cac UAV khéng duoc sir dung.Vi vay, co thé gia thiét 1a bién d6 W, cua
truong gié nhoé hon nhiéu so véi tée do chuyén dong cua UAV, tic 1a C/—:<<1. Ta cling

khong xét chuyén dong ciia UAV trong méi trudng 2 pha (bay khi c6 mua).

Do cong cua bé mit trai dat, tbec do quay cua trai dat va thay doi gia toc trong
truong g, rat dang ké khi xét UAV véi cu ly hoat dong 16n khoang vai tram km trd 1én.
Trong pham vi d6 4n nay chi xét véi UAV hoat dong trong khi quyén véi cu ly khong
qua vai trim km, vi vay co thé coi bé mat trai dat 1a mat phang c¢é dinh, gia téc g =
const, hé toa d6 mat dat OgXoYoZo 13 hé toa do quan tinh va phuong thiang ding cuc bo
Oy, gin véi tim khoi caa UAV song song véi phuong thing ding Oy, ¢ diém xuat
phat. Gia thiét nay dan dén sai s6 dang ké khi xét do cao dang bay so v4i mat dat (sai
s6 c6 thé dén hang trim mét khi bay xa vai chuc km). Tuy nhién, riéng & kénh diéu
khién d¢ cao cia UAV khi bay ¢ ché do 6toném quéa vai chuc km ngudi ta bat buoc
phai hiéu chinh d6 cao quan tinh (so v&i hé toa do OgXeYoeZo) bang cac ngudn thong tin
bén ngoai (thiét bi do cao vo tuyén, do cao khi 4p hoac thiét bi dinh vi thong tin tir
GPS). Do d6 gia thiét nay khong dan dén sai s6 dang ké. Dé bai toan xac dinh ta s dt
hé toa do OXg // OpX, c6 nghia la cé ba truc twong g song song véi hé toa do mat dat
OoXoYoZo-
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Trén UAV thuong c6 hé théng dong luc. Hé théng nay ngoai luc diy co tac dong
I6n dén chuyén dong ciia UAV con c6 nhitng tac dong phu lién quan dén chuyén dong
quay cua UAV nhu:

- Momen con quay cua canh quat, momen con quay cua réto dong co tuabin khi
(xuat hién khi c6 chuyén dong quay caa UAV quanh truc khac véi truc quay cia canh
quat hoac roto).

- Nhién liéu 16ng & trén UAV c6 thé bi dao dong (gdy ra momen Cériolis).

- Momen Cériolis do ludng phut gdy ra khi UAV c¢6 chuyén dong quay quanh
truc khac vai truc doc.

Trong pham vi d6 an nay khong xét dén cac tac dong cia cdc momen nodi trén dén
chuyén dong cua UAV. Gia thiét nay c6 thé chap nhan dugc vi cac UAV thong thudng
c6 toe do goc wy, W, tuong d6i nho (khong qua vai chuc do/s).

Céc lyc va momen diéu khién trong pham vi mé hinh khao sat chi dé cap dén cac
luc va momen khi dong hoc do céac canh lai tao ra.

Phan bb khéi lugng UAV noi chung 14 ddi xtmg va momen quén tinh Jy, Jy, J;
quanh cac truc cua hé toa do lién két o thé coi 1a4 momen quanh cac tryc quan tinh
chinh cua UAV va bo qua cac momen quan tinh Jyy, Jy,, Jy; .

4.1.2. Bai todn chuyén dpng ciia UAV nhw mét doi twong diéu khién

Véi cac gia thiét néi trén bai toan chuyén dong cua UAV nhu mot ddi tuong diéu
khién duoc dit ra nhu sau:

Cho trude cac yéu té sau:

- Moi truong khi quyén:

+ Cac ham khéi lugng riéng, nhiét do, tbc d6 4m thanh va d6 nhét dong hinh hoc
phu thude vao d6 cao p(H), T(H), a(H), v(H).

+ Nhi&u dong cua khi quyén dudi dang cac tham sé cua trudng gio thay di theo
khong gian va thoi gian.

- UAV nhu mét vat rin 6 bac ty do:

+ C6 cac dic trung khi dong luc hoc da biét cho duéi dang bang hoic d6 thi

+ C6 cac dic trung clia dong co da biét

+ C6 phan bd khdi lugng cho trude va phan bd nay co thé bién doi theo luong
nhién liéu con lai trén UAV, tir d6 tai mdi thoi diém c6 thé tinh ra khéi luong m, vj tri
tam khoi X, momen quén tinh J x, Jy Jz

- Cac canh lai dg cao d, canh lai hudng oy, canh liéng 6, duoc Chuyén dong theo
cac ham cho trudc

- Céc diéu kién dau V,(0), H(0), x¢(0), zo(0), 6(0), w(0), x(0), 1,(0), ®,(0), a(0),
B(0), v(0), v(0)
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Nhiém vu cua bai toan la:

- Xac dinh chuyén dong cua tam khdi trong hé toa d6 mat dat: dia toc Vy, do cao
bay yo = H, toa d0 Xo, Zg, gboc nghiéng quy dao 6, goc hudng cua quy dao v

- Xéc dinh chuyén dong ciia UAV quanh tim khéi: cac tbe do goc o, ©y, O, CaC
gdc tan a, goc truot B, cac goc nghiéng v, va, goc chiic ngde, goe hudng y
4.2.H¢ phuong trinh chuyén dong ciia trong taim UAV
4.2.1. Cac phwong trinh dopng luc hoc.

Trong Vat 1y ta da nghién ctru cac dinh luat Newton vé chuyén dong, biéu thtrc cta

dinh luat I Newton c6 dang:

F=ma
— n — ”
Trong do: F = Z F : tong céc luc tac dung 1én vat.
i=1

m: Khoi lugng vat thé
d: Gia toc chuyén dong cua vat thé.
Trong PLHB, d¢ tranh tring v6i ky hidu tbc do 4m thanh a, nguoi ta ky hiéu gia toc

la ] = Cclj_\t/ . Ttrc 12 d6i v6i UAV ta c6 phuong trinh:

my =YF (1)

Cong thuc (1) la biéu thtrc cta dinh luat I Newton véi may bay xét trong hé toa do
mat dat (cé dinh) OgXqYoZo. Pé don gian hon trong qua trinh tinh toan cac thong )
chuyén dong ctia may bay, nguoi ta thuong st dung hé toa do toc do thang ding Oxyz.

Theo co hoc ly thuyét, ta co cong thirc d6i hé toa dd nhu sau:

dv dv . -
—=—+0AV
dt dt
Trong d6:  ®- 1 tbe d6 goc quay cuia hé toa d6 Oxyz so v6i hé toa OgXoYoZo

(cling chinh 14 téc d6 goc quay ciia UAV).
dav . . . N A
T gia toc cua may bay trong hé toa d§ Oxyz

Luc do phuong trinh (1) s€ 1a:

>

m %—\t/mM\? Y- @

Phén tich cac thanh phan ctia phuong trinh (2) 18n cac truc cta hé Oxyz.
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yo A y ’V
ui dao
0 Qui dg
do ' do
dt Lt
LA :
NAY 7
: X
O\ 0 ! >
Sy ) o :

Hinh 4. 1 Hinh chiéu cua V va @ lén hé truc toa do Oxyz

* Hinh chiéu cua V :

V,=V;V,=0;V,=0.
* Hinh chiéu cta @

Trong hinh hoc phang ta da biét van toc goc quay & duoc xac dinh thong qua
da
dt
Véi chuyén dong cua UAV vén tée goc quay & duogc xac dinh thong qua dao

gbc cua chuyén dong: @ =

ham cua cac goc quay quy dao ¢ va géc nghiéng quy dao 6.
do d¢  do
do _ d¢ , do

dt  dt dt
Ta thay:

. , d .
- Goc @ nam trén mat phang OgXyZg nén d_(f nam trén truc OgYy

- G6cOnam trong mit phang Ogxt. Ma mp (Opxt) va mp(Oxy) déu chira Ox va 1a

mat phang thang ding nén chung trung nhau do d6 goc 6 nam trong mit phang Oxy.

0 .
Do d6 a nam trén truc Oz.
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Vay ta co:

mx—d—q)sine
dt
wy:d—@cose
dt
_de
© T dt
* Hinh chiéu ctia & AV :
i J k
dAV=D, &, ®,
Ve 'V, V,

Trién khai theo céc truc ta co:
(cT) /\\7)X = (a)yVZ AS )T =0

(* /\\7)y =(wV, -0V, =0V,
(6?) /\\7)Z = (a)XVy —oN, )lz =-oN,

oo dv, _dv
S
dv
> j,=—>+0,V, d—ev
dt dt
J, = v, _ 'S —d—q)cosev
dt t

* Hinh chiéu cua cac luc:

+ Trong lyc G:

Hinh 4.2 Trong luc G
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G,=-G.sinBO
G, =-G.cos0 4)
G,=0

+ Hinh chiéu cua luc diy P va lyc khi dong toan phan R :

Trén hé truc toa do toc dod OxcYcZc ta co:

Hinh 4. 3 Hinh chiéu cua lyc ddy P va lwc khi ddng toan phan R trén hé truc tog do
toc dé OXeyoZe.

(P_=Pcosa

<P, =Psina
ch =0

(Rxc =-X
R, =Y
R,=0

Trén hé truc toa do tdc do théng dimg Oxyz ta co:

P, =P, =Pcosa
P, =P,.cosy = Psin a.cos y 5)
P, =P,.siny
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R =R, =-X
R, =Y.cosy (6)
R, =Ysin y
Tt (3), (4), (5), (6) ta co biéu thirc ctia phuong trinh (2) chiéu 1én cac truc cua
hé toa d6 tdc do th:flng dimg Oxyz:

m?j—\t/zPCOSa—X—Gsine (a)
dé .
mVE: Psin a.cosy +Y cosy —Gcosé (b)
do . . .
-mV cos@az Psin a.sin ¥ +Y sin y (c)

4.2.2. Cac phwong trinh dong hinh hoc.

Céac phuong trinh (a), (b), (c) cho phép ta xac dinh cac tinh chat ciia chuyén
dong V(t), 8(t), p(t) con dé xac dinh vi tri ciia trong tim UAV trong khong gian ta phai
st dung cac phuong trinh dong hinh hoc.

Thong thuong nguoi ta xac dinh vi tri trong tdm UAV trong khong gian qua do
cao bay H, quang duong bay L hodc qua toa do ciia UAV trong hé toa do mat dat.

yo A V

dL

\ 4

s}

Hinh 4. 4 Quan hé cua toa do trong tam voi do cao H va quang duong bay L
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dH= dS.sin0

dL=dS.cosO
Suy ra:
dH :d—S.sin 0; dL =§.cose
dt dt dt d
dH =Vsino (d)
dt
L =V.cos0 (e)
dt
Mait khac, ta cling co:
dyo: dH
dxo= dL.cos¢
dzy= dL.sing
Do do:
dy, :
—=Vsing
& (9)
dx,
— =V cosé.cos g (h)
dt
dz, : :
— =V cosé.sin I
ot @ (i)

Ngoai ra trong qua trinh bay, do c6 su ti€u hao nhién li€u nén trong lugng UAV
s& giam dan, do d6 dé tinh toan cac tham sb bay chiing ta can phai quan tam dén mot

phuong trinh nira la:

.9 (f)
Cs: 1a sudt tiéu hao nhién liéu theo gidy, [kg/s]
4.2.3. Hé phwong trinh chuyén dong cua trong tdim UAV trong khéng gian.
Tu cac phuong trinh dong luc hoc va dong hinh hoc ta c6 hé phuong trinh
chuyén dong cua trong tam UAV trong khong gian sau:
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mdd—\t/:PCOSa—X—Gsine (a)
déo :
mVE: Psin a.cosy +Y cosy —Gcosd (b
do . . .

—-mV COSQE =Psina.sin y+Ysin y (c)
dH .

—=Vsind d
m (d)
d—L:V.cose (e)
dt

dG

—=-C.. f

Trong mot sd truong hop ngudi ta st dung 3 phuong trinh dau dudi dang qua tai.
Chia ca hai vé ciia 3 phuong trinh dau cho m va thay m= G/g ta ¢6 hé phuong trinh ¢
dang qua tai:

dv Pcosa—X . .
a): — =g ————-sin@ |=gln, —sin 8 a'
@ & o P |-sln,-sino) @)

dé g(Psina+Y g \
b): — == —————c0osy—cosd |==(n,.cosy —cosd b
O 5= 3P cosy -coso |- 8 n.cosycos0) ®)

de g Psina+Y . g . ,
C): — =— siny =— .n,.sin c
(©) dt V cosé G 4 Vcosd ’ 4 (©)

Hé phuong trinh ¢ dang toa do: thay 2 phuong trinh (d) va (e) bang cac phuong

trinh (g), (h), (1).
4.3. Hoan chinh hé phwong trinh chuyén dong cia UAV

Ta c6 hé phuong trinh chuyén dong ciia UAV nhu sau:
1) m (Z—‘:): P cosa — X — G sind

2) mv(%): P sina cosy + Ycosy — G cosf

3) —mv(%)cose = P sina siny + Ysiny
dwy

4) 3(%25)= =My - (3 3,) oo,

dw
5) Jy(S2)= IMy — (3, 1) oy,

6) J(22)= =M, - (3~ I) ooy

7) %: V cosO cosy

8) ==V sind
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dZo_ .
9) —=V cosB siny
10) %= (wy cosy — w, siny) / cosV

a9 :
11) —= mny +
)dt ©y siny + o, cosy

12) %= oy - 199 (oy cosy — o, siny)

13) Sin6 = sinY cosa cosp - oS cosy sina cosP — COSY siny sinf
14) Siny cosB = siny cosd cosa cosP + cosy siny sina cosf
+ siny sindcosy sina cosP — cosy cosy sinf + siny sind siny sinf}

15) Siny, cos® = sinVY cosa sinf — c0SY cosy sina sinf} + cosV siny cosf

16) L= 2O
dt Je
Nhan xét:

- Hé phuong trinh bao gom 13 phuong trinh vi phan va 3 phuong trinh dai s6
siéu viét.

- 13 phuong trinh vi phan c6 thé d& dang chuyén vé dang Cosy va giai bang cac
phuong phap s6, vi du phuong phap Runge-Kutte.

- 3 phuong trinh dai 6 siéu viét noi trén ciling c6 thé giai bang phuong phap dai
s6, vi du phuong phap 1ap
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CHUONG 5: TONG HQP, TOI UU BQ PIEU KHIEN ON PINH
GOC CHUC NGOC KHI CO NHIEU GIO PUNG
5.1 Pit van dé

Heé théng diéu khién UAV bay rat phirc tap, bao gdm 3 kénh co ban 1a: kénh chiic
ngdc, kénh 14i liéng va kénh 14i huéng — chiing c6 quan hé qua lai tac dong 1an nhau.
Viéc nghién ctru phdi hop cac kénh diéu khién s& nang cao hiéu qua diéu khién. Trong
qua trinh diéu khién ngoai viéc chiu anh hudng cia nhidu ndi bd. UAV ludn chiu anh
hudng cua nhiu bén ngoai, chu yéu 1a gié, do d6 sai sé ha canh xudng dudng bing
hodc 1éch khoi quy dao bay 1a rat 16n.

Khi thyc hién chuyén bay, dé diéu khién chuyén dong ciia may bay theo mot quy
dao nhat dinh can tac dong lén cac kénh diéu khién ctia UAV. Dé dat dugc muc tiéu 1a
xem xét cac tac dong qua lai ciia cac kénh diéu khién nay, nhat 1a trong truong hop ¢6
nhiéu ngoai tac dong ( nhu gié canh , nhiu diéu khién..) ndi dung ciia chuong nay sé
tap trung vao viéc khao sat chuyén dong doc ctia may bay.

5.2 Khi quyén va nhiéu dong khi quyén

Khi quyén 14 16p khi bao quanh trai dat. Khi do cao thay doi thi khoi luong
riéngpy va nhiét d6 khi quyén Ty s& thay doi: py giam rat nhanh theo d6 cao con nhiét
d6 Ty giam khoang 6,5°C khi ting d6 cao 1000m. Thong thuong thanh phan gradient
clia py va Ty theo mit phang nam ngang (Ox4Z4 ) khong dang ké so véi gradient theo
chiéu cao Oyg.Tuy nhién, trong thuc té van xay ra hién tuong “6 ga” trén khong.
Nguyén nhan trong truong hop nay 1 do nhidu dong cta khi quyén gay ra. Vi vay, khi
xét dén chuyén dong ciia UAV trong khi quyén nhat thiét phai xét dén cac nhiéu dong
nay.

Nhiéu dong ciia khi quyén thuc chat 1a chuyén dong cua cac khodi khong khi, tirc
la gi6. Trong truong hop tong quét vecto toc do gio W 1a mot ham phire tap [2] theo
khong gian va thoi gian: W=W(X, Yo, Zo, t)

Vécto toc do gio trong truong hop tong quat cd thé co hudng tiy y trong khong
gian. Vi vay, co thé phan tich ra cac thanh phﬁn Wio, Wyo, Wy, (theo hé toa do mat dat
OoXoYoZo):

WX, = WX, (Xo, Yor Zo, 1), WYo = WY, (Xo, Yor Zo, 1), Wz, = W2z, (X0, Yo, Zo 1) (2.6)

Goc huong gio W, 1a goc gitra truc Ox, véi hinh chiéu cua vecto toc do gid
nguoc (-W) xudéng mit phang ngang Ox,Z, . Géc nghiéng cua gié 0,, 1a goc giira vecto
W véi mat phang nam ngang Ox,Z, . Khi trudong gié ngang déu thdi theo hudéng ¥, =

const va 0,, = 0, W=W,=const. Cac hinh chiéu cua vecto toc d gi6 xuéng mit phang
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ngang c6 dang:

Wx,= W, cos6,, cos¥\, , Wy,= W, sin6,, =0 , Wz,= W, cos6,, sin'¥,

Khi truong gié bién ddi diéu hoa theo thoi gian va khéng gian ¢6 bién d6 Wo =
const. Cac hinh chiéu cua vecto toc d6 gié xudng mit phang ngang c6 dang:

W, = Wosm(znxo)sm(zny 0)sm(znzo)sm(ﬂ)

Wy = Wosm(— + (pxy)sm( yy)SIn(_ + (sz)Sln( 4+ gy)

Wy = Wosm(— + (sz)sm( + (Pyz)sm( + (Pzz)sm( + (Ptz)

Véi Wy — bién do gio, thong thuong tur vai m/s dén vai chuc m/s, Ly, Ly, L, — quy
md cia nhidu dong théng thudong vao khoang 10 dén 10° m tiy theo dia hinh bay , d6
cao bay va thoi tiét, Qxy.Qyy — d0 léch pha tuong Ung theo cac chiéu , Ty, — chu ky thay
d6i cua gi6 thong thuong Ty, = 10 ... 10° gidy tiy thudc theo dja hinh, dd cao bay va
thoi tiét.

Truong hop bién ddi ngiu nhién ta c6 thé téng hop tir 2 trudng gid trén va cho
cac tham s6 Wo,Ly,Ly,L;, @y, @yy ... thay d61 ngau nhi€n theo mot ham phan bo nao do,
thong thuong d6 1a ham phan bo Gauss.

Thong thudng quy mé L cua nhiéu dong c6 kich thudce 16n hon rat nhicu so véi
kich thudc cia ban than UAV, ¢ nghia 13 & ting thoi diém nhat dinh ta c6 thé xét anh
huong cua nhiéu dong khi quyén nhu mot trudng gié dong déu tac dong 1én tat ca cac
phan tir cia UAV. Déi véi UAV, c6 thé loai trir trudng hop ¢6 gié bio 16n hodc mua
con trong cac truong hop khac co thé gia tiét 1a bién d6 W, ciia trudng gié nhé hon
nhiéu so véi tbe do chuyén dong ciia UAV tuc 1a %>>1.

5.3. Ham truyén tir canh ldi dé cao dén cdc géc diéu khién

25%¢(p)
A()

A;‘Sc(p) dugc xac dinh tir 3 phuong trinh ddu trong hé phuong trinh (I) khi ta thay

Ham truyén d6i véi goc chuc ngoc duoce xac dinh boi: W_SC( )=

ve€ phai vao cdt Aa(p) cia ve trai:

p aj 0
=6 — — 6c
Ay “P)=1 0 am, agfz = A, (p - ay)
-1 -1 0
—6c( ) _ A;‘Sc(p) B amz(p a§f)

A(p) (p?+2eqwap+wd)p
4. 66‘ —_ 8(: 2
bat: a,; =k, wg
1

To=-—
ay
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KSe

Suy ra hé s truyén tir canh 1ai 8, dén goc chiic ngoc 9 1a: kgc ==
0

Khi d6 ta s& duoc ham truyén tir canh 1ai 8, dén goc chiic ngdc 9 nhu sau:

koS (Top+Dwd

(p?2+2eqwap+w3)p

-5
W, “(p) =
Thuc hién tuong tu, ta ciing duoc ham truyén tir §; dén goc tan a, ham truyén

doivoi goc nghiéng quy dao 0, doi1 voi d§ cao H nhu sau:

S
-8 koCw?
W c = a
a (p) (p2+2eqwap+w?)
Aa A9
Ap =22 =
Top Top+1
\%4
AH = m AO

Ttr cac két qua ndy ta c6 thé dé dang 1ap so do cau triic tir canh 14i 1én xudng dén
dd cao thong qua cac goc chlic ngdc hodc goc tan.

S
kgcwé(TepH)

2

> s€ cho tin hi¢u ra 1a o,, tiép tuc cho
pPet2eqwoptwy

Tin hi¢u —A . dua qua khau

qua khau tich phan % s& duoc AU, tin hidu A9 tiép tuc cho qua khau quan tinh ; ;H s
0

duoc A9, tin hidu nay qua khau tich phan g s& cho ra tin hiéu AH.

5.4. Bd tw dong diéu chinh diéu khién — co' ciu tro din

Cac dic tinh 6n dinh va diéu khién chuyén dong ciia UAV ludn thay doi theo do
cao va toc do bay. Qua thiét ké va thyc nghiém cho thay: néu chi thay doi két cau khi
dong cia UAYV thi khong thé tao dugc UAV vuogt 4m c6 dic tinh 6n dinh va diéu khién
t6t cho cac ché do bay khac nhau. Su ra doi ciia cac thiét bi tu dong va hé thong diéu
khién tu dong gép phan dam bao duoc cac dic tinh on dinh va diéu khién nhu mong
muén, d@)ng thoi don gian hoa k¥ thuat 1ai & moi ché d6 bay, nang cao dugc do an toan
bay, cho phép phat huy hét tinh nang k¥ thuat va chién thuat cia UAV. Thong thuong
nguoi ta ding b tw dong diéu khién diéu chinh, bo ty dong 6n dinh dé thuc hién muc
tiéu do.
5.4.1. Bé tw déng diéu chinh diéu khién

Cong dung ctia bo ty dong diéu chinh diéu khién 1a duy tri ti sb gitta gia s6 cta
qua tai dimg va gia s ctia luc tac dong vao can 1ai bang hang s6 & moi do cao va toc
do

An
KF =—2=const
y AF
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Dé diéu khién UAV, nguoi ta sit dung phuong phép truyén tac dong diéu khién
tir can 14i dén canh 14i.C6 thé diéu khién truc tiép khong qua co ciu trg dan hodc gian
tiép qua co céu tro dan.

Dé giit hé sb truyén khong ddi, ngudi ta stir dung co cAu diéu chinh diéu khién lap
tir cn 1ai dén xilanh. Co cdu diéu chinh diéu khién thay d6i hé s truyén theo quy luat:

- Vung I &ng véi ché do cat ha canh, Ky, = const va c6 gia tri 16n.

- Vung II khi dong ap ting, K4 giam dan.

- Vung III tng véi dong ap tac dong Ién, chi can dich chuyén can 1ai nhé ciing
lam thay d6i qua tai dang I6n nén Ky, = const va nho.
5.4.2. Co cdu tror ddn

Co ciu trg din 13 co cau chip hanh cua hé thong diéu khién ty dong c6 cac chuc
nang: cong cac tin hiéu diéu khién (tin hiéu diéu khién va tin hiéu phan hoi) va khuéch
dai tin hiéu dé c6 cong suat du 1on dé diéu khién canh 1ai.

Co cau tro dan gom 3 phan: cac bo khuéch dai, may 1ai va mach phan hoi.

Bo khuéch dai gom co ting khuéch dai tir ( vira khuéch dai vira cong céc tin hiéu)
va tang khuéch dai cong suit (c6 nhiém vu khuéch dai cong suét va tao chiéu quay cua
dong co may 1ai, co thé khuéch dai bang role).

Mach phan hdi thong thuong 1a mach phan hdi nguoc cimg, dé khir tin hiéu dau
vao, nghia 14 vi trf ctia canh 14i s& ding lai & vj tri twong wng véi tin hiéu dau vao.

Phan hdi ngugc cung c6 tin hiéu phan hdi ti 18 vai tin hiéu dau ra.Phan hoi nguoc
tbc do ldy dao ham tin hiéu dau ra 1am tin hiéu phan hdi. Phan hdi nguoc c6 ham

Tp
Tp+1

truyén cua tin hiéu phan héi nhu sau: Won(p) =

KTp
(Trpp+1p

Ham truyén cia co cau tro din dién cé khau phan hdi nguoc cing cé dang:

Co cau tro dan dién c6 ham truyén: Wrp(p) =

1

K .
) = (e Voi Ky = ————
P (p) (T'II"D)ZPZ"'Z(ETDT’I"D)Z?"'l D Kphan hoi

Vi hang s6 thoi gian Ty, thong thuong khad nhé va néu Kppanno; = 1 thi ham
truyén cta co cau trg din dién c6 phan hdi nguoc ctng s& 1a @y (p) = 1.
5.5. Mach vong on dinh géc chiic ngéc

Mach vong dung dé on dinh vi tri va diéu chinh goc UAV duoc goi 1a mach vong
6n dinh goc.Nhiém vu cta mach vong 6n dinh goc 1a nham dam bao chit luong dong
hoc ctia qué trinh diéu khién quy dao bay (qua trinh, s lan dao dong, sai s tinh, sai sd
dong).
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Viéc 6n dinh va diéu khién vi tri goc c6 thé 1a goc nghiéng, gbc chiic ngoc, goc
léch huéng. Thong thudng kénh 14i huéng chi dung dé khir goc truot canh B vé gia tri
khong, mach vong twong (ng goi 13 mach vong 6n dinh goc truot p.

Trong pham vi db 4n nay, mach vong diéu chinh goc chuc ngoc s& dugce trinh bay
chi tiét.

5.5.1. Xdy dung mach vong diéu khién én dinh géc chiic ngéc

Dé xay dung so d6 cu tric mach vong diéu khién on dinh goc chiic ngoc, ta sir

dung cac ham truyén cia cac khau trong mach vong diéu khién la:
- Ham truyén cua co cau tro dan c6 phan hdi nguoc ciang: @, (p) = 1
- Ham truyén cua may bay tir canh lai 8, dén goc chuc ngoc 9:
kg (To+D w3
(P?+2eqwaptwl)p

W, % (p) =

So dd cau trac 6n dinh goc chic ngdc cho trude duoc thé hién nhu hinh vé& sau:

Oa K¢ (Top + 1w 9
O7p () o 0 .

v

=2
=
r

] (pz + 2eqwip + wozc)p

Hinh 5. 3 So' d6 Cdu triic mach vong diéu khién on dinh géc chiic ngéc
Ham truyén hé ho:

)
_ -8 _ kg (Top+1wg
FO (p) a (Z)TD (p) . Wﬁ (p) =1 (p2+2£awap+w‘21)p
koS (Top+1)wd
- (p2+2eqwap+w3)p

5.5.2. Lwa chon, tinh todn cdc thong sé ciia ham truyén va bg diéu khién
Bo thong sb dugc lya chon va tra bang:

S =23 m? m% = — 0,05
J, = 62000 Nm? mo¢ = —0,0055

I=7,1m m;’z =24

Cy¢ = 0,017 P =30000 N
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m = 5600 kg p = 0,315 kg /m?

H=11000 m a=295m/s
M= 0,8 V = M.a =0,8.295 = 236 m/s
C& = 0,056
a. Khi chwea cé nhiéu tac dong
pv?
.,  Y—Pcosa G SHP
b = mV B mV
* 2*
0.056 =222 4 30000
- 5600 * 236
=-0.031
pV?2 0.315%2362%%23%7.1
48 =_Mg=_m§‘TSl=_—0.05 > _ 1158
™ms 7, 7, 62000 '
My 0 LoVE gy _pg ZLOISSEE, 93,9
0 = — _ _ ) _ _ 236 2 — 1.668
z ], ], 62000
2 2362
5 MPe  mpZ-SI —0.0055 222 42347
¢ = _Z —_ =— =0.127
Im; = =7 ], 62000

26,0, = au? —al = 1.668 + 0.031 = 1.699

my

wi = af, —afa,’ =1.155+ 0.031 * 1.668 = 1.207

a,? —a% 1.699
£, = z__ Y — Newio i 0.773
) \/a% as.a 2.41.207
1
Tg=——=— =32.258
°7 a2 -0.031
S5
5. @y 0127
; Z =~ =0.015
« T w2 1.207
k3 0.015
koo =% = =236x%1073
9 =T, " 32258 i
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Ham truyén cua h¢ ho la:

)
ko (Top+1Dws _ 2.36x1073(32.258p+1)*1.207
(p2+2eqwoqp+wi)p (p2+1.699p+1,207)p

Fo(p) =

_2.85%1073(32.258p+1) _  0.092p+0.0029
(p%2+1.699p+1.207)p (p%+1.699p+1.207)p

Str dung phwong phap cho truée diém cuc, ta gan ba nghiém cuc cho hé théng:
p1=-5.94, p,=-0.019, p5=-0.371
Phwong trinh dic tinh mong mudn:
(P-P1)-(P-P2)-(P-ps)=0
& (p+5.94).(p+0.019).(p+0.371)=0
& p3+6.324p+2.318p+0.04=0
<1.451p%+9.183p?+3.368p+0.061=0 *)
Phuong trinh dac tinh hé kin: 1+G¢(p).G(p)=0

o1+ kp+ﬁ+kD.p_ 0092p+0.0029_|_,
P p® +1.699.p+1.207

op | (PKy Tk Ky p?)(0.0029+0.002p) |
+. =
p® +1.699.p* +1.207p

[ P*+1699.p* +1.207 p-+0.0029pk, +0.092p’k, + 00029k +0.092pk, +0.0029p’k, +0.092p%%, i
p®+1.699.p° +1.207p

& p®+1.699p%+1.207p+0.0029pk,+0.092pk,+0.0029Kk;+0.092pk;+0.0029pk+0.092p°k =0

& (1+0.092Kg).p°+(1.699+0.092k,+0.0029Ky). p>+(1.207+0.0029K,+0.092k;) p+0.0029k; (**)
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Dé)ng nhat hé sb gitra (*)va (**) ta duogc:
1+0.092k, =1.451 kp =81.19
1.699 + 0.092kp +0.0029k, =9.183 = <k, =21.03
1.207 + 0.0029kp +0.092k; =3.368 kp, =4.9

Nhan xét:
- Tur viéc st dung cong cy tdi uu hoa dé tdi uu{@ théng ta thu dugc:k,=132.24,
ki=51.07, k4=22.59

- Thoi gian quéa d6 giam con khoang 2.8s

- P06 qué diéu chinh 12 18%

b. Khi ¢6 anh hwéng ciia nhiéu gié theo ham bdc thang

(0 khix <0
W= { 5 khix >0
vZiiw?
.. Y—Pcosa C;‘f%S"‘P
DT T w) m(V + W)
* 2 2 *
0.056 22222 4 30000
= - = —0.031
5600 * (236 + 5)
2 2
a%z = — = —
Iz Jz
* 2 2 * *
—0.05 0.315+(236 2+5 )¥23%7.1
T 62000
= 1.156
; wz Lp(V2+w?)
awz = —M;) _- — Z v 2 Sl
s Jz J2
" 2.e2
24 7.1 0.135%(2362+52) 23 %71
— _ 236+5 2 — 1.634

62000
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2 2
S¢ mjc p(V W ) Sl

adc — —MZ = — 2
Mz Iz Iz
" 2,2
—0.0055 0.135 (2236 +52) 23 %71
= — =0.127
62000 0

264w, = awi — a% = 1.634 + 0.031 = 1.665

2 a

wi = af, —aja,’ = 1.156 + 0.031 * 1.634 = 1.207

Ay’ — Ay 1.665 0756
ga = = = V.
2\/61%2—615'1‘61:; 2.4/1.207
1
Ty = —— = —— = 32.258
7 a2 0.031
5 ap, 0127 0015
* w2 1.207
e ko 0015 ) a6.10-3
9 T, 32258 T

Ham truyén cia hé ho la:
F,(p) = 2.36 1073%1.207+(32.258p+1) _ 2.85%1073(32.258p+1)
o\p) = (p%2+1.665p+1.207)p (p%2+1.665p+1.207)p

Str dung phuong phap cho trude diém cuc, ta gan ba nghiém cuc cho hé thong:
p12-0.02, p2:'1.824, p3:'0.657

=>Phuong trinh dic tinh mong muén:’
(P-p1)-(P-P2)-(p-p3)=0
& (p+0.02).(p + 1.824).(p+0.657)=0
& p3+2.4962p%+1.25p+0.0243=0
<2.933p%+7.337p+3.6545p+0.0719=0 (1)
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Phuong trinh déc tinh hé kin: 1+G¢(p).G(p)=0
s kp+5+kD_p [_0092p-+0.0020
p p® +1.665.p +1.207
k. +k +k,.p?)(0.0029+0.092
o[ (ks K+, D)(0002000929) ]
p”+1.665.p° +1.207 p

| P +1665.p7 +1.207p +0.0029pk, +0.092p%k, +0.0020k +0.092pk, +0.0029p°k, +0.092p°k, |
p®+1.665.p° +1.207p

& p*+1.665p+1.207p+0.0029pk,+0.092pk,,+0.0029Kk;+0.092pk;+0.0029pk4+0.092p°k4=0
& (1+0.092Kg).p*+(1.665+0.092k,+0.092K4).p*+(1.207+0.0029k,+0.092k;)p+0.0029ki=0 (2)

Pong nhat hé s6 giita (1)va (2) ta duoc:

1+0.092.k, =2.933 k, =60.99
1.665+0.092k ; +0.0029k, =7.337 =<k =24.79
1.207 +0.0029k , +0.092k; = 3.36645 kp =21.01
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Nhén xét :
- Khi c6 bo diéu khién, goc chuc ngoc duoc 6n dinh tai gia tri dit.
- Thoi gian qua d6 khoang 5s.
- Do qua diéu chinh nho.
Tur dac tinh qua do trén ta st dung cong cu Check Step Response Characteristics
trong Simulink dé téi vu hod hé théng.
Nhén xét:
- Tu viée st dung cong cu t6i wu hoa dé tdi wu hé théng ta thu duoc: K,=77.22,
ki=52.72, kq=29.17
- Thoi gian qua do giam dudi 2s.
- P9 qua diéu chinh rat nho.

- Tin hi€u ra dap ung tot so véi yéu cau.
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KET LUAN VA KIEN NGHI

Sau mot thot gian nghién ciu va thyc hién dd 4n, ching em da thu duoc rat

nhiéu kién thirc vé lich sir phat trién, img dung ciia UAV trén cac linh vuc & trong

nude va trén thé gidi cling nhu kién thire vé co hoc bay, cac yéu to anh huong dén qua
trinh bay va viéc tong hop bo didu khién cho UAV. Cu thé:

Tim hiéu vé lich st phat trién cua UAV.

Ung dung va cach phan loai UAV.

Céc hé phuong trinh chuyén dong caa UAV.

Céc yéu t6 anh huong dén qua trinh bay.

Mo hinh hoa va mé phong chuyén dong va cac yéu té anh hudng dén chuyén

dong cua UAV.

Tong hop va téi wu dugc bo diéu khién 6n dinh goc chiic ngoc.

Do thoi gian va kién thirc con han hep nén trong qua trinh thyc hién con nhiing

mit han ché nhu:

Khong di sau duoc vao tat ca cac chuyén dong nén chi nghién ciru dugc mot

phan nhoé trong cac chuyén dong (chuyén dong doc).

Chi tong hop duogc bo diéu khién ciing nhu cac thuét toan diéu khién khi tuyén

tinh héa cac phuong trinh chuyén dong.
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PHU LUC
Bang P1: Cdc tham sé khi dong ciia mdy bay MiG-21Bis

Luc | Khéi | Dién Day cung | Sai | Mo men | M6 men | M6 men | Hé s6 dao

day |luong | tich | khidong |canh| quan quan quan ham luc

P,N | mKkg | canh trung L,m tinh tinh theo | tinh theo | nang theo

S,m* | binh canh theo truc | truc x trucy | goc canh
b, m zJz,Nm | Jx,Nm | Jy,Nm lai C,*
30000 | 5600 23 4 7,1 | 62000 4500 62000 0.017
Bang P2 : Cdc tham sé ngi suy theo sé6 M

SoM -005 | 0.6 0.8 0.93 | 1.05 1.3 1.7 2.0 2.2
Hé s6 tinh lyc can 0.23 023 | 0.235 | 0.241 | 0.249 | 0.263 | 0.279 | 0.58 0.9
cam ung A
Hé s6 luc can Cyo 0.017 |0.017 |0.0185 |0.0225 |0.0397 |0.036 |0.0352 |0.32 0.032
Paohim ciahés6 |0.053 [0.053 [0.056 |0.06 0.06 0.055 |0.048 |0.04 0.038
luc nang theo goc
tan Cy*
Paohamcuahésd |-0.05 [-0.05 [-0.05 [-055 [-0.06 [-0.14 |-0.25 [-0.25 [-0.25
mod men chiic ngoc
theo goc tAn m,”
Paohdm ciahésé6  |-2.2 -2.3 -2.4 -2.9 -35 -3.2 -2.8 -2.7 -2.6
mo men chiic ngde
theo wzm™,
DPao ham ciahé sb |- - - - - - - - -
md men chac ngéc  |0.005 |0.0052 |0.0055 [0.0045 [0.0033 [0.0029 |0.0025 |0.0020 |0.0015
theo goc canh lai 1én
xubng m;"™
Paoham ciahésd  |-0.2 -0.23 |-0.26 |-0.3 -0.32  |-0.25 |-0.2 -0.18 |-0.17
mo men doc theo
X My
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Pao ham cuta hé so
mo men doc theo

oy M

-0.12

-0,123

-0.134

-0.15

-0.16

-0.18

-0.13

-0.12

-0.115

Pao ham cia hé so

mo men doc theo

canh 1ai huéng mXSH

.00045

.00045

.0005

.0004

.00035

.0003

.00025

.0002

.0002

Pao ham cuia hé so
mo men doc theo

canh l4i liéng m,>-

.0014

.0014

.00145

.00135

.0012

.001

.0007

.0006

.0005

Pao ham cia hé so
mo men doc theo

goc trugt canh my

-.0008

-.0008

-.0009

-.0011

-.0012

-.0015

-.0014

-.0009

-.0008

Pao ham cuia hé so
mo men hudng theo

oy
Wy My

-.055

-0.45

Pao ham cuia hé so
momen hudng theo

goc trugt canh myB

-.0025

-.0026

-.0027

-.0032

-.0035

-.0037

-.002

-.0017

-.0015

Pao ham cta hé s6
moomen hudng
theo goc canh lai

. SH
hudng my

-.0015

-.0015

-.0015

-.0016

-.0019

-.0015

-.0008

-.0007

-.0006

Pao ham cuta hé so
luc canh theo goc

canh 1ai hudng C,

-.002

-.002

-.002

-.0019

-.0018

-.0015

-.0008

-.0006

-.0005

Dao ham cua hé sb
luc canh theo goc

truot canh cF

-.012

-.013

-.014

-.015

-.016

-.017

-.016

-.015

-.014

61




Bdng P3: Cdc tham sé néi suy theo dg cao H

D0 cao H ,mét Mat do khong khi (kg/m®) py | Téc dd am thanh (m/s) ay

100 1.22 340
1000 1.11 336
2000 1.01 332
3000 0,908 328
4000 0.818 325
5000 0.736 321
6500 0.623 314
8000 0.525 308
9500 0.439 302
11000 0.365 295
13000 0.265 295
15000 0.194 295
17000 0.142 295
20000 0.094 295
25000 0.040 295
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