JL.4. AnHagi3 cTidKkocTi MojeJIi JTiTaka, KOJICHOIO eKinaa, KOJiCHOI napu

BaroHa; aHaJi3
CTIKOCTI HAWNPOCTIINX HEABTOHOMHUX CHCTEM

Exampbe 6.5 Adrcrafl altilude dy namica

Figure 6.4 ; Dynamic charactecistics of an aircraft

A sehematic diagram of the dyoamics of an giveradi (in dwe Jongindinal plane) 3% shown in Figure
B, The sumn of the iR Forces applied to the aircrall wings and body s equivalent 103 single Lt
foane I.w,apfdini A 1hes “cemter of lifi™ ':'L' The center of Tift does: nof pecessanlby coincide with
the center of mass Cp, (with a positive d meaning thal the center of mags is ahead of the center of
lift). The mass of the airceal 15 denoied by wmi and s momnent of inentin about O s depobed by
J. We asswme that all angles are soll etough @ Justify linear approzimaiins, and (hal the
forward velocety of the pircrof mmaims essemially Constan.

The aircraft is initially cruising ar a constant altinade b= k. "o affect is vemcal morion. the
elevamr {a small swiace kocared ar the aircrafi 1ail) is rotate] by anoangle £, This gemerates a
small acrodynamsc foro: Lp on he clevator, and thes a toogue abour O This omue creses &
rotanion af the ssrcrafi about € measured by an angle o, The lift foree Loy applied i (he wings
i proportienal fo 40 | fe. Lyem Copetx . Similarly, L i proportional o the angle Between the
bowizontad and the clevator, fe, Lg=COgp{E @), Farthepmore, vanous acrodynamic forces
creats friction gorques proportional o &, of the form &4, In sumamary, a singrified ansdz| of the
aimecaft vertkeal meolhon can be wablon

FE+b+ (U T pdte = Cupl E {640}
.I'I':IK = tl:'-:llh.+l:'.m‘..a_{;-f-}.#. tllli.Athﬁ

wihere the first equaiion represents the halance of moments snd the second the bularce of fomes.



Remark thai the open-loog stability of the ficid equation. which defines the dynamics of the
angle w, depends on the sign of the coefficient (Ol + Capd ). In particular, the aquatkon is
open=lep slabbe i1 &= 0 e iF the center of mass is ahead of the cester oF 1 (this allows us 1o
undersiand the shape of a jumbo je1, or the fact that on gmall iccraft passengers are frsd s&ued an
the froml rows)

Ta sunplify mocations, let noa

F=1 m=1 bh=4 Oop=1 Oap=3 (=2 d=01

> CTIMKICTh NPSAMOJIIHIHOTO PYyXy HEroJIOHOMHOI cucTeMu (canu Yamiurina)

cauu Yaruipiruaa

[TonoxxeHue cucTemsbl 3a/1a€TCsl KOOPAMHATAMU TOUKU KOHTAKTa OCTpUs X, Y U
KYPCOBBIM yrioM Y , ONpeAeIsIIoIIMM MOJ0KEHHE MPpoAoJbHON ocH. LlenTp macc
CUCTEMBI JISKUT Ha MPOAOJIbHONW OCH HA PACCTOSHUM & OT TOYKH KOHTAKTA JIC3BUS.
B nanHOM cilyyae CKOpOCTh TOYKH JIE3BHS, KOHTAKTUPYIOLIEH C MOBEPXHOCTHIO,
JIOJKHA JIEKATh BIOJb TJIOCKOCTH Jie3BHUs (OOKOBasi COCTABJISIONIAS TOXKICCTBEHHO
paBHa HYJII0), U, CJIEJA0BATEIbHO, HMEET MECTO COOTHolleHue dy=tg¥-dx wiu

y=tg¥ X, KOTOpOE€ Ha3bIBACTC HEHUHTEIPUPYEMON KHUHEMATHYECKOU CBA3BIO

(HEroJIOHOMHOM CBSI3bIO).
JIBa nuddepeHmanbHbIX ypaBHEHUS ABUKCHUSI OTHOCUTEIBLHO MEPEMEHHBIX
V, o



V =aw’;
(J+ma*)o =—-amVeo.

[TocnenHue nomycKaroT HHTErpall IHEPTruu (YMHOXKHUB JIEBYIO U MIPaBYIO YacTH
ypaBHEHUI COOTBETCTBEHHO HA MV U @, CIOXUM MEXAY COO0M)

MWV +(J +ma®)ow =0 =3[mV’ +(J + ma®)w’] = const.

Tak kak mpomonbpHasi cocrapisitomas ckopoctu [IM V moHoTOHHO pacTeT (
V>0 mnpu w#0), a KUHETMYECKAas OHEPIUS CHCTEMBI IOCTOAHHA, TO
COCTaBIISOIIAsT KUHETHUECKON SHEPTrUU BPAIATEIBHOTO JBIDKEHUS C TEUYCHHUEM
BPEMEHU CTPEMUTCA K HYJIO, a NPOJOJibHAs cocTaBisitomas ckopoctu LIM V
CTPEMHUTCSI K MAKCUMaJIbHOMY 3HAUCHUIO

V2 = [mV,? + (3 +ma’)w, ]/ m,

rac Vo,a)0 —HaYaJIbHbIC 3HAYCHU IICPCMCHHBIX. Takum 06p2130M, IIPpUXOJUM K

BBIBOAY — TPACKTOPUS CAaHEW C TCUCHUEM BPEMEHU CTPEMUTCS K MPSIMOITUHEMHOMY
JIBMDKEHUIO BJIOJIb IPOIOJIBHOM ocH (@(t) — 0, u(t) > 0).

> restart:

> a:=1;k:=1;KOL := 0.5

>

> with (plots):

> F:=dsolve ({diff (u(t),h t)=omega(t)*2,diff (omega(t),h t)=-

omega (t) *u(t) /k*2,diff (psi(t),t)=omega(t) ,diff (xr(t),t)=(u(t)+KO
L*omega (t) /2) *cos (psi(t)) -

a*omega (t) *sin(psi(t)) ,diff (yr(t),t)=(u(t)+KOL*omega (t)/2)*sin(p
si(t))+a*omega (t)*cos(psi(t)) ,diff(x1(t), t)=(u(t)-
KOL*omega (t) /2) *cos (psi(t)) -

a*omega (t) *sin(psi(t)) ,diff(yl(t),t)=(u(t)-

KOL*omega (t) /2) *sin (psi(t) ) +a*omega (t) *cos (psi(t)) ,diff (x(t), t)=
u(t) *cos (psi(t)) ,diff(y(t),t)=u(t)*sin(psi(t)) ,u(0)=-

2. ,omega(0)=0.01,psi(0)=0,xr(0)=0,yr(0)=-
KOL/2,x1(0)=0,y1(0)=KOL/2,x(0)=-

a,y(0)=0}, [u(t) ,omega(t) ,psi(t),xr(t),yr(t),x1(t),yl(t),x(t),y(t
)] ,numeric,relerr=0.0001,abserr=0.0001,ocutput=listprocedure) ;

> X:=subs (F, (x) (t));

> Y:=subs (F, (y) (t));



> for i from 0 by 1 to 120 do

L (i) :=PLOT (POLYGONS ([ [rhs (F[5] (0.05*i)) ,rhs(F[6] (0.05*1i)) ], [rhs(
F[7] (0.05*%i)) ,rhs(F[8] (0.05*1))], [rhs(F[9] (0.05*1)) ,rhs(F[10] (O.
05*i))]]1)) end do:

>

plot([X,Y,0..6],style=LINE, linestyle=SOLID,color=RED,scaling=con
strained) ;

> with (plots):

> with (plottools):

>
display([seq(L(i),i=1..120)],insequence=true,scaling=constrained

)

> with (plots):

> with (plottools):

>

display([seq(L(i) ,i=1..120)],insequence=true,scaling=constrained

);

Lo
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AUTONOMOUS SYSTEMS
INTRODUCTION

Harry G. Kwatny

Department of Mechanical Engineering & Mechanics
Drexel University

BASic CONFIGURATION

» Truck Traxxis E-Maxx/Tamiya TXT-1.
Possible modifications:
» Springs & tires
» steering servo(s)
» motor drive

» Computing
» Low level, Parallax Propeller
(on-board)/servo controller
» High level, laptop (remote —
communication via bluetooth (Parallax

Transceiver)

» Sensors:

» Sonar (Parallax Ping)
» Vision (CMU Cam)
» Optical encoders (US Digital)




Mojaesb IBOBICHOr0 KOJIICHOIO eKimazka.

PosrnsaemMo OQIHOMAaCOBY «BCJIIOCUIICAHY» MOICIIb eKimaxka i3 SaKpiHJ'IeHI/IM PYJIBOBUM

yrpaBiiHHAM. Po3paxyHKoBa cxema MOJIeIi eKinaxa

POSanYHKOBa cxeMa ekimaxka

PiBHsIHHS pyXy MO/I€Ni MAlOTh BUTJIA;

MU +Ve) =Y,(5,) +Y,(3,);
Jo=a-Y,(5,)—-b-Y,(5,).

He Y1, Yo - HeniH1iHI XapaKTEPUCTUKU CUJT BIJIBEICHHS,
KyTu BiiBeIeHHS Ha OCAX BU3HAYAIOTHCS CITIBBITHOIICHHSIMHU:

V
52=—u+ba)_
Vv

Jam st moJieTIeHHsT HeOOX1THMX TEePEeTBOPEHb 3HAT00UTHCSI BBEICHHS
BEJINYHWH :

Cucrema, 1110 BU3HaYa€ MHOYKHUHY CTaIllOHAPHHUX CTAaHIB MOJIEIT eKimaka

Vo

Vo _gb.y2
g I I

0€3p0o3MiIpHUX



Y,-Y,=0

MOXKE 6}/TI/I 3BCJCHA JO OAHOI'O BU3HAYAJIbHOI'O piBHSIHHH.

JliificHO, BBEZICMO HOBHI HE3AJIC)KHUM apTyMEHT

Y=Y, =Y

yepe3 SKWM OyayTh BH3HA4YaTHCS KYTH BIJIBEICHHS Ha OCHX: 0, =G,(Y), 8, =G,(Y), ne
5, =G.(Y)- dynxuii obepreni 10 dynkuii Y_, :Y_l(é'l) BpaxoByrouu CHiBBiIHOIICHHS, IO

BUILJIMBAE 13 BUBHAYCHHSI KYTIiB BiJIBEICHHS

_V(6’+52 —0,)
B I

@

OTpUMAEMO OJJHC BU3HAYAJIbHC piBHﬂHHHI

G(Y)=gl/V?.Y -9,

ne pyukuis G(Y)=G,(Y)-G,(Y).
Bynemo BBaxkaTH, 1110 CHJIM BiJIBE/I€HHS BU3HAUAIOTHCS CIIBBITHOLIEHHAMH, Jie K. —
0e3po3MipHI KoeDIIIEHTH BiBEICHHS

Y=k S 1A+ (K -5, 19)7) .



Auto at Constant Speed
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Nonautonomous Systems

Examples

Example 1
&= —(1+ g(t))z*

where = € B2, g is C7 (continuous) and g(t) = 0,Vt = 0.

Consider

|
V = =x2
2

and so, )
V=—(1+g(t)z? < —x*

Then, Wi (x) = Wa(x) = V(x) and Wi(x) = =?, thus £ = 0 is GUAS.



Example 2

JI:] = —IM g(t}j?:d
Fo = X — T2

where g is C'1, 0 < g(t) < k and g(t) < g(t)
Consider
Vit,x) = i + (1 + g(t))x3
Mote that,
- R . 2 .
x] +axz < Vit,x) < xy + (1 + k)x3
Thus V(t,x) is positive definite and radially unbounded.

V(t,x) = 2eyd + 22201 + g(t))i2 + gl
—E:r.'f — 2gz1T9 + 22T — EIE + 2zagr) — Eﬂ:%g + _If.r:!-'ﬁ
= —22} + 2xaxy — [2+ 29 — §]=5

= L-':J:;% } e o ‘E.':::%

__[1.'1 IE]I:—E]- _21:||:$;I—:—:I:TQI

Therefore, Wy, Wa and Wy are positive definite quadratic functions (a=2)
(Amin(P)e''z < 27 Pr < Anax(P)x" ') and so we conclude that = = 0 is GES.



