nrsaEFRuLLLasd e ueua o daunnaduiuaudngns

IETsTRITY AN
189

nogiant duaynt

\auasauRFMeNds uwianandariuaunsilia iadudauniinraanisine
ANVANGATAAINITHANGATUVITINAR A1 AT IAINTINATEING
RMATAN 2548

A1ANS LR INUINENRDATUATUNTI L3R



31 4 249

027.24¢
Nd34n
1%

nisaFeLLLTeIda uuUEME NI RBuIusdUTuAUENa1a

T8I

il Ausam?

L UBABYITURAINENGY NUTANBNADATUATLUNII TR INaWudIuniiareIn1IAnm
AIUNENGATIAANITUATRATIMILLTA A1 AEIAINTTHIATEING

RANAN 2548



oy Tand Fuayn? (2548). nrraFsuuLUIeIRRNEUATA N T A BT LR
Auenat Syniineg 9a.4.(ANITHIATEING). NEamn: Tufndnede
WAnENApATUATUN e, AnEnTTuNnzAILAN: Wiin nA.As. N3TEs Tsunda,

wuiln as.asende yostuml

v » '
Al dun708 NUULIABFMLLIL P80 HUANATNI TONALAILANNNTTENLLAS
guiaresfesnaudlilaaluntrasnuuuuasAuanasianTanis 1. gUuuL1eamsaenssa

1898DINLUN 2. AT LATANINITIIBI AN BILURIOEWATIL qAt19BY

q

Il
=

TUNTRENULLLAZAAPIEIRE AR ITNRIN. WRNITUNIAARDUTITDIRDURTAN LY

k.

nawasuasrunmdurinududnats aasanismuilaiianisafaunsesdesoous  lae
= ar dl 1 © [ a A b 1 r-;l’ =i i
7 dnwousnrsesnuuunainiilddmiu  Ruvieasnunavesdesnaunil  nireenuuul
faunraaduinguinanaasdeiimareesioin  Weanviiuynyalaunisdaauuas
AuANaInanguinaaradanalmiielfiinnisfiuanvierua dalunisiiasneiasindia

v - [y 4 o d aw < a Ao "
gaedanalnudieseiflagifannisnisedeun e linsutangiinssunisiadounaedas
sngumilefinsuvdesarunaduiiuaud naismesdeuarainisnfiadsinanianlx
wunzansasplununalininslddwiumsideasnnadutiuquinansesfesosus
e dva . 4 o d o
AaeufildannisAuumnaunsmsedouiiile  Wisudouiunisedeuiisesnaln

173 a: b7 d!‘ = 4 =i o 1 ar nil = 5 o o '.'« =l - ar
spsfaiiainauiimnindiAssiuusludneusifiatuess  vusadenalniusziinifnds
Aeun1sAadasTRiaauAINnsAIER maiisaannasElanalunalnnig

g
\ARBUT
1% ﬂi .g g [ a"d' 3 =y ot o L Ly
Fanalnfeenuuubmitiaziianudiusinuld  TusnfddsRenndeanisiiinns

wanwsadutigudnansunnafinnuieanfouas aansnadnldlngjednadiule
o o 8 d‘ kM 1 ar =II Aﬁ‘ dl <n g
Foauaznssinlduniasnainazfiesldwduiininifeazur - Anstaiisdunialu

natndsznauiuniseanuuueeedassdiodudausaniniaau



A Prototype for a Variable Diameter Vehicle Wheel

AN ABSTRACT
BY
PANUWAT SINSAMOT

Presented in partial fulfillment of the requirements
for the Master of Engineering degree in Mechanical Engineering
at Srinakharinwiroj University

Qctober 2005



Panuwat sinsamot. (2005}, A Prototype for a Variable Diameter Vehicle Wheel |
Master thesis, M.Eng. (Mechanical Engineering).Bangkok: Graduate School,
Srinakharinwirot University. Advisor Committee :  Lt.Col.Asst.Prof. Dr. Tawiwat

Veerakreaw , Lt.Col.Dr. Sanpachai Huvanandana.

This thesis deals with designing a wheel of vehicles that can be controlled the
diameter by considering 1) a structure of expansion 2) a velocity and an acceleration of
the reference on the wheel with respect to the global reference.

The designing distributes the expansion of the diameter of the each point on the
whee! equally. This is controlled from the center of the wheel. In the process, the
kinematics and kinetics of the designed wheel are used in order to find out the dynamic
equations. Once the equations of motion are obtained, the behavior of the entire motion
is known. Therefore, the structure can be modified to have a better performance. The
solutions from the mathematic model and the results from the experiment are quite
overlapped but not the same due to frictions in the model.

Finally, the prototype here in this thesis is quite difficult to have an ohvious
different in diameter due to the large amount of friction. So the energy that applied to

the system will be large in order to compensate that friction.
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Usznaveginguianiasimnimsumaadeuisssingledunnssisednquianialag
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o g 4 e - o {3)
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c Lo a . ¥ . . Y- T
uarluARFIR 8a9RelNIINANITINIZAUNIRFINITMA T lHMNAATNIRREUATIIA 47N

ANNIT ANINANAUTTDITUATBIIR0 A

[, = Ibody(yz“Lzz)dm (2.15)
‘[yy = _[bod_v(xz +22)dm (2.16)
{, = J-bod_v(xz +y2}?'m (2.17)

TaeN AT U A IIRRLS LI ATMIRBIA MUY LAD

1 v
_ _ o o - <3 1 =
I,=1,,1_=1,1,=1I,les;z¢ansomiy wusiaN@eslukaunulaaInannisil

[, = _[Mxydm (2.18)
l,= mezdm (2.19)
I, = mezdm (2.20)

o =

» L 4 1 L Y
drdrgiudanFamiundimssituiisliavednensiianasiuni 2 fuseessuiusy

iAo nesussunvdwiuguidazansossuteliluaumsdasalil

o i
aunalusuy yz Azl [, =1 =0

anRalusTwIY xz axlw /=1 _=0

auARIMIYUN xy Al [ =1 _=0
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uazA iAo e lugleasavisndaunsoda et lugplaewmindlddsaunis

I=|-1_ 1, I (2.21)

Tredisninsrasinquianiefituniwsmoiiuniininsdnfiusgunsass adai il

-
1 or o=l

anuadufudswnninazaunzamAesduniuiAdssraUns vt 8RS

I. 0 0
[=0 [, O (2.22)
0O 0 17

Funvindesalunmsiaudstasfasn Ananainifiseanying  ineazazaInlunng

2 < - o = J | “ ey cl' < '3
winazdwsrsilgunazuluszuunalnld  SepmuantiRresnisulfewmrindbunudanu

v oar

u - &
@euazaunsnasunalugileasannisiadal

[r]=[cf'lc] <lcTlc]=1 229)

dia [C Jusz fu Jilu leiunnmefiuving (Eigen Vector) uaz [4}dluleiuuag

wnFnd(Eigen Value)dmiutgymiasslaiuulg

(£ R} = Adu} (2.24)
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det([7]- A[1])=0 (2.25)

.4
2.5 YNUDIDDENANDS
ol G -« dl' a; ula :: ar
Atmslumsiansd sruunisedeuivinn  lliuszendassununuaasszuruihmén
afaziimssiannmsanldausunidsasinquianiuussuiuasiaalar@aesiaiud sy
I'd dl o] rl.,/ Ao, N =#. ar o o dt
109000Lans  TABMsyNresssasefluasldisn N sReussuuresiaguiieiniediinng

y & o
wasuszwflasdullanuunsgumuian I myuIesd TT U LN UIa9 TR

Planc defined by &, b, Line of nodes

nwilsznay 5 uasesniaanunaatesuiaad

ad = - o o 4 o o

- IatRmsniswasuynrssatnefararduacuduiusassunuiugunia 3 Tasdied
nsulasutasrean s lagasibiAsssudada uesdlafinruldeunlasarmu
w van la avibiiaaudadauldlaed wvidndnisfeuudasresdinimuees aa

&
IRETAe

cg —s¢ O

{at=|-s¢ ¢4 0lla}
0 0 1 {2.26)



1 0 0
{a"}: 0 c8 -s8a} (2.27)
0 -s8 c@
[ cw sy O
{b}: —cy cy O {a"} (2.28)
0 0 1

AsTaNiuIs e nasu s lugisessvisndiuasvinWldgUassanmsnis

wasulaasati

2.6 TULLAZNRINU(Work and Energy)
dindmgiinniAdeuniiaduaInnsnssimFeussMEuaNazNs s A nulesan
naaReuRTmaIuilnaannaAdeuniilieyg 2 nduAe waNuAad (Kinetics Energy)
FURAIINNNTARBUNTOITFNANUULIUNUURSNITUNUIDY USE WEWUANY (Potential Energy)
=4 @t c‘ =, 4" d' ni e a‘ o = r-“
AaNSINiATuIINNTIAREuNTTAnU AsuL seluuurssAuvEanisiRe uAINgITeY
90 Tn1sharsindsuiiassianisninannisasnasnulilaiuliinaanduiudses
AuNFIINTTIARBUN1949Rg (Equation of Motion) 161
2.6.1 WARURAY
nasuasiliiaanmnedeuiresing uuwrrsuuvienyureulrawdau
o 1 J " of o -« :" = L4
AINSMIATTUALTUTUIATDIANTITBIRGALAARINNITN TN TBIUIN WD luue
nananlaefings nussdamisnedunuasuduiuissmasuluniiuutessunsldfail
o a'dl o - dl o <4 d’ o ] P A=lI vl
naauammiaamsrdeuitesingluwuunuhe Wedngaaeunlsanbifings

i o - i - X or H -y d' d'
wasussAuAmguarmamusaundsuBatuaniiy - wAnifsamnedeunluuw

LNL 28975 UNLATINNTae LN lAGIaNNITAS
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tran

Tr =5l [l Yo} 2.29

o rni. < d‘ ni - 4 ‘ﬂ. [ | ﬂ. :E
nRauamiinaanseisuinesinguesnmyuseuAadiednginsiafsuinduly
wuadulAuaclifinzulfeussduangalunussuiuazinidamsudaulsssesmnis
o = = -~ . L8 d' -
lunanlagiidaduanuFadanua i sl undaueaiseinIsuyusa LA N0 s LNE

1luaunisssalyil

T, =%{w}r 75 Ko} (2.30

2.6.2 wiwudnel
d. ar P! d' d' A:ll e d s o a
Wadnginnmdeuilunisuffauutlasaugalunussduasm Wi andsanuees
ms Wasurzdudandsndinzruium@aenuiiienin nnedeuRizesinguTandsnuaniEs

AUNINATUNTODTUNHAINFNAUTIBINAINUANTAB
v, =m,gh (2.31)

( -

2.7 ANN19U8981N52491 (Lagrange ‘s Equation)

lumsaFrsunismsiaaauirasimguisiniaziinngaisld 2 dnenuzds aieaan

= P P o v o A e 4 3 9 o 2

aun1snisiafeuitelionuy  wiannfefisetraiicfuaeasiinedeauiGasnisainguny
NuGeRasE(Free Body Diagram)uaznisiimrnusailusiaiannisnismaouil Jeazeng
ar 4:'.!I d.‘ rﬂil 1 7 ar nlln. d' all - v LY
fuannIsnsipdauiTesansedniindanuiiiaann  nanedeuindusaiearnduiud
PBIANNITNTARDUNRATUIINEUBNANINTZRIAUTILLUNNSARDUY  193nalnfazdiaed

- ~ a -
mmmsnaﬁmﬂmm@’uwuﬂmmdu
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d{ oL alL T T
MESRER! +{} la]={0..} (2.32)

@e L Apansaduasu (Lagrangian) aziiuANaf1aszmd mndsanuastifiundsudng 9
- g T . J
anunsnesunsluplaesennisie L=T-V e {1} [a]ﬁammﬁuwuﬁmmum Mauann

o o T - o 4
HTNAUNITIAGDUNTBITEUL) WAL {an} ADLIINHINTENTIADISVUNITIARBUN

al P . = ' . . .
2.8 STULMSLARDUNADITURINNNAMNE ALY (Dynamics of Flexible Bodies)
o o 5 T V- s oA = - 5
TgRausndmidavasalihuiiefininafeuiazinnuldsugliunuusavzariwin
RunnszinasiunisAuanudeesszuuRsiilusemsuiipnuduiuduianisnlaeu
uiasneaTudoui)
2.8.1 pnsausznminddsuulag
v ]
huilsssugainisiassiuiuaiuniiatiuena (L) Tussuuiiu XYZ Asgazuand
nmlsznaw 6 aessunRnante luukuautaruanaliduitaumiiees A Aouaaninas

IINVTARA LAY BBIATL

AmUeznay 6 wamsmnuuanisineresweiuaiu

as

{refuUsraaumnuInszn vt aa s iunanue 6 daudsdenwdszney 7
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Q. axis

ar

nvlsznau 7 Wustwanesruuuselusadngsinasine

fanmsidfeuglasauiuandiazinnasuuyacThiunidwelasandeaudiius

Tpauuaadasdoulunlismnudriusrawsunsléfe 0, (x,2),0, (x,1),0,(x,?)
srunffnIadudumuniFaiinsaalAsanisinaessavagiumsiaeuyneeszuy

unuuazAuaredulAslaeinisldsunlasassutiureantsdinldsaintraasune lug

ga3A9TNANNUTI89aN17 IAA 91l

L de, (
—=—" 2.33)
p, ds

d
R dgy (2.34)
p. s

Tnefimuduiussesrzuuussuazmuwruluingidy  asAdsznaunldlunisdtase
ns wasuiuazAuGasssuusNifauansaluntsidereresingidszneuson lu

nalnldlnganduluniungsean(Hook's Law) Faarnsnesunalaiugiiatannisaany

ar ae o oas

HAWUDE AU
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o _=F¢ (2.35)

2. 8.2 HAIIURALLALHAITWANE1B9sSLY

NANIUARTIBITEVLAINITONIUBATU LN NI INYUIDLTBITUTAQUATAINANAUS

! |
& A e =

- = . a A - o o ¥
a9 luUAANIR R TR IO FUNTAQLAANITABANY N U AN e luaziusasinug

2 L]

a o VS = o & ar - d sy
ﬂﬁ?tﬂﬁﬂ‘u‘ﬂ‘ﬂﬂi‘l'}FIL:IU‘L!"]“N@Nﬂ')‘J'“Vl?ﬂN’l?ﬂ?ZL!FIQ‘HJﬁuwuﬁ“ﬂﬂﬂ‘ﬂﬂdd'\uqaum'ﬂﬁﬂ’]?Lﬂﬁﬂu‘Vl.Lﬂ

=]

T :% (o} [l Jo)ax (236)

o o < o - =2 o s s 2 o ¢ﬂl
NRWUANE 1T TUL I.ﬂﬂ‘i”lﬂﬂﬁ?ﬂﬂtﬂdﬁﬂdﬂ"luq\'mqlﬂmG]I.Li‘\‘]ﬂ']ﬂ“ﬂﬂﬁﬂ’]tﬂu'ﬁGII.]‘NQ:

wWiulddnnsimceuisnnsatiasasinisinefaresingasiusy fuas uudeussaiuiuAIuvEe

! 2
ar =l & o

] 1 1 L
Jagnldimssininafeunlanannisiliasunsauduiusiussavatiusianuuiaes

au

Tagidiuuan

V= % _[Jxxsnd(vol) (2.37)
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%% % % % %o Yo Yo %o Yo %% %o %o % % %o % Yo % % % % % % %o
%L1=3,L2=18 Q3=1,Q4=1.5%

%% %% % % %o %o % % %o % % %o %o %o % % % % % % % % % Yo
clear all

close all

%% % %% Yo Yo %o %o %o % % % %o % % % % % % % % % % % %
t0=0;

tf=0.001;

q0={0.001:0.0001,0;0];

%% Y% Yo % % Yo %o %o %o %o Yo %o % %o Y6 % % % % %% % % %

tspan={10 tf},
[t,0)=0de45('eqgz’ tspan,ql)
figure(1)

plot(t,q(:,1),'r")

figure(2)

plot(t,q(:,2}.'k’)

figure(2)

plot(t,a(:,3).'b")

figure(4)

plot(t,q(:,4).'g’}
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0 0% ¥ ¥ U % % Vo Yo %o % % % %o %o %o % %o Yo % % %o % % % %o
%L1=3,L2=18%
0,0/ 0/ 0/, O, OF OF O O/, 04, 04 0 0 %0 U0 % % Ve Y0 %0 % % % % % %o

function da=eqz(t,q)

(((0.03+(0.18/cos(q(2)))*(1+sin(g(1)))+0.18*sin{a(2))"(2"pi+cos(a( 1)))/cos(al2)) ~ 2)*(0.18"si
n(q(2))*q{4)*(2*pi+cos(q(1)))cos(a(2)) " 2+(0.03+(0.18/cos(a(2)*(1 +sin(g(1))}+({(0.03+(0.
18/cos(q(2))*(2*pit+cos(q(1)))+(0.18*sin{q(2))*(1+sin(g(1)))/cos(a(2)}~2))*((0.18"sin(a(2))*
q(a)*(1+sin{a({1)))/cos(q(2))"2+(0.03+(0. 18/cos(q(2)N)*(2*pi+cos(a(1))))+2*(0.03+(0.18/co
s(q(2)))~2)*(sin(t)-

((((0.18"sin(q(2))"a(4){1+sin(a(1)))cos(q(2))~2+(0.03+(0. 18/cos(a(2))))*cos(a(1))"a3)+q
(3)+q(4))*(0.03+(0.18/cos(q(2))))*(2*pi+cos(aq(1))*((0.18"sin(a(2))*cos(a(1))*a(4)/cos(a(2))
~2)-(0.03+(0.18/cos(q(2)))*sin(q(1))*a(3)+(2*sin(a(2))*a(4)* (2" pi+cos(a(1)))/cos(a(2))-
2*((0.03+(0.18/cos(q(2)))*sin{g(1))*a(3)))+((0.18*sin(q(2))*q(4)"(2*pi+cos(a(3)))cos(a(2))
~o.

(0.03+(0.18/cos(q(2))))*sin(a{1))*aq(3)+(q(3)+q(4))*(0.03+(0.18/cos(q(2)))* (1 +sin(a(1)))*(-
(0.18"sin(q(2))sin{q(1))*g(4)/cos{a(2))~ 2)-
(0.03+(0.18/cos(q(2))))*cos(g(1))*a(3)+(2"sin(q(2))*q(4)*(1+sin(a(1)))/cos(a(2)))+2((0.03+(
0.18/cos(q(2))))*cos(g(1))*q(3)))+({0.03+(0.18/cos(q(2))))*cos(q(1))+2*(0.03+(0.1 B/cos(q(2)
N)Y*(2*pi+cos(al 1)) ((2+0.18*sin(q(2))~ 2* (1 +sin(g(1))) *a(4) ~ 2/cos(q(2)) ~2)+(0.18*a(4) " 2*(
1+sin(q(1)))/cos(a(@)N+(2*0.18"sin(q(2))*a(4)*a(3)*cos(a(1))/cos(a(2}) " 2)-
(0.03+(0.18/cos{q(2)N)*sin{q(1))*a(3)~ 2+(q(3)+q(4))*0.18*sin(a(2))*a(4)* (2*pi-+cos(a(1)))/c
os(a(2))*2-(a(3)+a(4))*(0.03+(0.18/cos(q(2)))) sin(aq(1))"q(3))+(-

{0.03+(0.18/cos{q(2NN sin(g(1))+2*(0.03+(0.18/cos{q(2))))*(1+sin(q(1))))* ((2*0.18"sin(a(2))
~2*(2*pi+cos{q(1)))*a(4) "~ 2/cos(a(2))~2)+(0.18*q{4) "~ 27(2”pi+cos(g(1)))/cos(g(4)))-
(2*0.18*sin{a(2))"a(4)"q(3) sin(a(1))/cos(a(2)) " 2)-



N

(0.03+(0.18/cos(g(2)))*cos(a(1))*a(3) " 2+(q(3)+q(4))*0.18"sin(q(2))*q(4) (1 +sin(q(1)))/cos
a(2))~2+(q(3)+a(4))*(0.03+(0.18/cos(q(2))))*cos(a{ 1)) a(3)}+2*(a(3)}+q(4))*(0.03+(0. 18/cos(
G(2)))"0.18sin(q(2))* a(4)cos(g(2))~ 2-(((0.18*sin{a(2) ) q(4)*(2*pi+cos(g(1)))/cos(a(2)) " 2)-
(0.03+(0.18/cos(q(2))))*sin(q(1))*a(3)+(q(3)+q(4))*(0.03+(0.18/cos(q(2)))*(1+sin(a(1))M)* (-
0.18%sin(q(2)))*sin(q(1))*q(4)/cos(a(2)}" 2)- _
(0.03+(0.18/cos(a(2))))*cos(q( 1)) a(3)+(a(3)+q(4))* (0.03+(0.18/cos{a(2)))) *cos(q(1MNN+((
0.03+(0.18/cos(q(2))N*(2*pi+cos(g(1)N+0.18"sin(q(2)}*(1 +sin(a(1)))/cos(q(2)) ~ 2)*((0.03+(0.
18/cos(a(2))))*cos{q(1))+2*(0.03+(0.18/cos(q(2N))* (2*pi+cos(a( 1)) +((0.03+(0. 18/cos(q(2))
N*(1+sin(a(1)))+0.18*sin(q(2))*(2"pi+cos{a(1)))cos(a(2)) " 2)*(-
(0.03+(0.18/cos{q(2)))) sin(a{1))+...
2*(0.03+(0.18/cos(q(2N))*(1+sin(q(1)))+2%(0.03+(0.18/cos(q(2)))) ~ 2y (sin(t)-
(((0.18"sin(q(2))*a(4)*(2*pi+cos(q(1))cos(a(2)) " 2-
(0.03+(0.18/cos(q(2))))*sin(a{ 1)) *q(3)+(q(3)+q(4))*(0.03+(0.18/cos(q(2)))*(1+sin(a(1h))*((2
*0.18sin{q(4)) "~ 2*(2*pi+cos(qg(1)))/cos{q(2) " 3))+(0.18*q(4)* (2*pi+cos(al1)))/cos(a(2)))-
(0.18*sin{q(2))*sin{q(1))*q(3)/cos(q(2)) " 2)+(0.18*sin(q(2))*g(4)* (1 +sin(q(1)))/cos(q(2)) ~ 2)+(
0.03+(0.18/cos(q(2)}))*cos(g( 1)) a(3)+(0.18*sin(q(2))*g(4)*(1 +sin{q(1)))cos(a(2))~ 2+(0.03
+(0.18/cos{q(2))))*cos(q(1))*a(3)+{a(3)+q(4))*(0.03+(0.18/cos(g(2)))*(2*pi+cos(g(1)N)™((2*
0.18*sin(q(4))”~ 2*(1+sin{q(1)))/cos(q(2) " 3))+(0.18* a4y (1+sin(a(1)))/cos(q(2)))+(0.18"sin(a(
2))*cos(g(1))*q(3)cos(q(2))* 2)+0.18*sin({a(2)) a(4)*(2*pi+cos(a{1)))/cos(a(2)) " 2)-
(0.03+(0.18/cos(q(2))))*sin(g(1))*q(3))+(0.18"sin{q(2))*a(4)*(2*pi+cos(q(1))V/cos(q(2)) " 2+(0
.03+(0.18/cos(a(2))*(1+sin(q(1))))*((2*0.18*sin(q(2)) ~ 2*q(4)~ 2*(2*pi+cos(a(1)))/cos(a(2))”
3)+(0.18*qg(4)" 2*(2*pi+cos(a(1)))cos(al2)))-
2*(0.18*sin(q(1))*sin{q(2))*q(3)*qg(4)/cos(q(2)) " 2)-
(0.03+(0.18/cos(g(2)))) cos(a(1))*q(3) " 2+((q3)+q(4))*0.18"sin(q(2})*a(4)* (1 +sin(g(1)))/cos(
a(2)"2)+(q(3)+q(4))*(0.03+(0.18/cos(q(2))))*cos(a(1))*a(3))+{(0.18sin(a(2))"q(4)*(1 +sin(q
(1)¥cos(g(2))~2+(0.03+(0.18/cos(q(2))))*(2*pi+cos(q(1)))*((2*0.18"sin(a(2)) " 2"q(4) " 2*(1
+sin{q(1))¥cos(q(2))~ 3)+(0.18*q{4)}~ 2*(1+sin(g(1))M/cos(q(2)))+2*(0.18*cos{q(1))*sin(q(2))*

a(3) al4)cos(q(2))~2)-
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(0.03+(0.18/cos(q(2)))*sin(a( 1))*q(3)~ 2+({q(3)+a(4))*0.18"sin(q(2))"q(4y(2"pit+cos(a(1)))c
o0s(a(2))~2)-(a(3)+q(4))*(0.03+(0.18/cos(q(2)))) sin(a(1))"a(3))+...
(4*(q(3)+q(4))*(0.03+(0.18/cos(q(2))))*(0.18*sin(a(2))*a(4)/cos(a(2)) " 2))-
(((0.18*sin(a(2))*a(4)*(2*pi+cos(g(1)))/cos(al2))"2)-
(0.03+(0.18/cos(q(2))))*sin(a(1))*a(3)+(q(3)+a(4))*(0.03+(0.18/cos(q(2)))* (1 +sin(a(1))* (2
*0.18"sin(q(2)) " 2*q(4)*(2*pi+cos(q(1)))cos(q(2))~ 3)+0.18"q(4)*(2*pi+cos(q(1)))/cos(al2))-
(0.18*sin(q(2))*sin(g(1))*q(3)/cos(a(2))~ 2)+(a(3)+a(4))*(0.18*sin{a(2))*(1+sin{q(1)))/cos(al2
) 2)+H2H(q(3)+q(4)) 2*(0.03+(0.18/cos(q(2))))*(0.18*sin(q(4))/cos(q(2))) " 2-
9.8*0.18"sin(q(2))/cos(q(2)) ~2)M/(-
((0.03+(0.18/cos(q(2)) *((2*pi+cos(g(1)))*((0.03+(0.18/cos(ql2))) *cos(q(1})+2*(0.03+(0.18/
cos(q(2M))(2*pi+cos(a{INN+(-
(0.03+(0.18/cos{q(2))))*sin{q(1))+2*(0.03+(0.18/cos{a(@)H)) (1 +sin{q(1)M)+...

2*(0.03+(0.18/cos(q(2)))) "~ 2)*(((0.03+(0.18/cos(q(2))))*(1+sin{g(1)))-+0.18*sin(q(2))*(2*pi+co
s{q(1)))/cos(q(2))"2)*(0.18*sin(q(2))*q(4)* (2*pi+cos(q(1)))/cos(a(2)) "~ 2+(0.03+(0.1 8/cos(q(2
IN(1+sin(q(1))))+((0.03+(0. 18/cos(a(2))*(2*pi+cos(q(1))) +(0.18sin(a(2))*(1 +sin(a(1))/co
5(q(2))"2))*((0.18*sin(q(2))*q(4)*(1+sin(q(1)))/cos(q(2))~ 2+(0.03+(0.18/cos(a(2))))) (2 pi+c
os(g(1)))+2*(0.03+(0.18/cos(q(2)))) ~2)+(((0.03+(0.18/cos(q(2))))*(2*pi+cos(g(1)}))+0.18"sin
(qQ(2))*(1+sin{g(1))}cos(q(2))~ 2)*((0.03+(0.18/cos(q(2))) cos(q(1))+2"(0.03+(0.18/cos(q(2))
N*(2*pi+cos(g(1)))+((0.03+(0.18/cos{q(2)))*(1+sin(g(1)))+0.18*sin(g(2))*(2*pi+cos(a(1}))/c
os{a(2))~2)*(-

(0.03+(0.18/cos{q(2))))*sin{q(1))+2*(0.03+(0.18/cos(g(2)))*(1+sin(g{ 1 }))}+2*(0.03+(0.18/co
s(q(2)))~2)*((0.03+(0.18/cos(a(2)))* (2" pi+cos(a(1))*((0.18"sin(a(2))*q(4)*(1 +sin(a(1)))/co
s(q(2)) "~ 2+(0.03+(0.18/cos{g(2))* (2*pi+cos{a(1)))+(0.18sin(q(2))"g(4)* (2 pi+cos(al1)))/c
0s(qf2))"2+(0.03+(0.18/cos(q(2)))*(1+sin(q(1N)+2*(0.03+(0.18/cos(a(2)))) " 2));

(((0.03+(0.18/cos(q(2)))*{((2*pi+cos(q(1)))*((0.18sin(q(2))*a(4)*(1 +sin{g(1))cos(a(2)) " 2+(
0.03-+(0.18/cos(q(2N)* (2*pi+cos{a(1))))+(0.18*sin{g(2))*q(4)*(2*pi+cos{q{1))/cos{al(2))" 2
+(0.03+(0.18/cos(q(2))*(1 +sin(q(1))))+2*(0.03+(0.18/cos(q(2))) ~ 2)*(sin(t)-
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((((0.18*sin(q(2))*a(4)*(1+sin(a(1))))/cos(q(2)) ~2+(0.03+(0. 18/cos(a(2)))) cos(a(1))*a(3)+(a
(3)+q(4))*(0.03+(0. 18/cos(a(2))))*(2*pi+cos(a(1)))* ((0.18*sin(q(2))*cos(a(1))*a(4)/cos(al2))
~2)-(0.03+(0.18/cos(q(2))))*sin(a(1))*a(3)+(2*sin(a(2))*af4) (2 pi+cos(q(1)))/cos(al2))-
2*((0.03+(0.18/cos(q(2))))*sin{a(1)*q(3))+((0. 18*sin(a(2))*q(4)*(2*pi+cos(a(3)))cos(a(2))
~p.
{0.03+(0.18/cos(a(2)N)*sin(g(1))*a(3)+(a(3)+a(4))*(0.03+(0. 18/cos(a( Ny (1+sin(a(1N)*(-
(0.18*sin(q(2))"sin(q(1))*a(4)/cos(a(2))" 2)-
(0.03+(0.18/cos(a(2))) cos(a( 1)) a(3)+(2*sin(a(2))*a(4) (1+sin(al1)))/cos(a(2)))+2*{(0.03+
0.18/cos(q(2))))*cos(q(1)*q(3)))+({0.03+(0.18/cos{a(2))))*cos(q(1))+2*(0.03+(0.18/cos(a(2)
))*(2*pi+cos(g(1N)*((2+0.18*sin(q(2)) ~2*(1+sin(a(1)))*a(4) ~2/cos(q(2)) ~ 2)+(0.18%q(4) " 2*(
1+sin(g(1)))/cos(a(4))+(2*0.18*sin(q(2))*a(4)"a(3)*cos(a(1))/cos(a(2))"2)-
(0.03+(0.18/cos(a(2)))*sin(g(1))*a(3)" 2+(q(3)+q(4))*0.18"sin{q(2))"q(4)" (2" pi+cos(gl{1)))/c
0s(q(2))"2-(q(3)+q(4))*(0.03+(0.18/cos(a(2)))) sin(q(1))*a(3)+(-
(0.03+(0.18/cos(q(2)))*sin(a{ 1))+2*(0.03+(0.18/cos(q(2))))* (1 +sin(g(1H))*((270.1 8*sin{q(2))
~2*(2*pitcos(q(1)))*g(4) "~ 2/cos(q(2))~ 2)+(0.18*q(4) ~2*(2*pi+cos(g(1))¥cos(al4))-
(2*0.18"sin(a(2))*a(4)"q(3)*sin(a(1)Ycos(a(2)) " 2)-
(0.03+(0.18/cos(q(2)))*cos(a(1)}q(3) " 2+(a(3)+q(4))*0.18"sin{g(2)) q(4) (1 +sin(q(1)))/cos(
q(2)) "~ 2+(q(3)+a(4))*(0.03+(0.18/cos(q(2))))*cos(q( 1)) a(3)}+2*(q(3)+q(4)}*(0.03+(0.18/cos(
q(2))))*0.18*sin(q(2))*a(4)/cos(q(2)) ~ 2-{((0.18"sin{q(2))*a(4)*(2*pi+cos(g(1)))/cos(a(2)) " 2)-
(0.03+(0.18/cos(q(2))))*sin(a(1))*a(3)+(a(3)+a(4))"(0.03+(0.18/cos(q(2)))* (1 +sin(al 1NN (-
0.18”sin(q(2)))*sin(q(1))*a(4)/cos(a(2))" 2)-
(0.03+(0.18/cos(q(2))))*cos{a( 1)) a(3)+(a(3)+a(4))*(0.03+(0.18/cos(a(2))) *costal )M
((0.03+(0.18/cos(g(2)))*((2*pi+cos(q(1)))*((0.03+(0.18/cos(q(2))))*cos(q(1))+27(0.03+(0.18/
cos(q(2))*(2*pi+cos(a(1))+(-
(0.03+(0.18/cos{q(2)N)*sin(q(1))+2*(0.03+(0.18/cos(q(2))))* (1 +sin(q(1)))))+2*(0.03+(0.18/c
0s(a(2)))) " 2)*(sin(1)-(((0.18"sin(q(2))*q(4)*(2"pi+cos(a{1))}/cos(g(2)) " 2-
(0.03+(0.18/cos(q(2))))*sin(q(1))*a(3)+(a(3)+a(4))*(0.03+(0.18/cos(q(2)))*(1+sin(a(1)))"((2
*0.18*sin(q{4))}~ 2*(2*pi+cos(q(1)N/cos(q(2)~ 3))+...

(0.18*q{4)*(2*pi+cos(q(1)))/cos(al2)))-...



(0.18*sin(q(2))*sin(g(1))*a(3)cos(q(2)) " 2)+(0.18*sin(q(2))*a(4)* (1+sin{g(1)N/cos(a(2)) ~ 2)+(
0.03+(0.18/cos(q(2))))*cos(a(1))*a(3))+(0.18*sin(a(2))"a(4)"(1+sin{q(1 Nicos(a(2))~2+(0.03
+(0.18/cos(q(2))))*cos(q(1))*a(3)+(a(3)+a(4))*(0.03+(0.18/cos(a(2))) (2" pi+cos(a(1N) ((2*
0.18*sin(qf4)) " 2*(1+sin{g{1})¥cos(q(2)~3)}+(0.18*q(4) (1 +sin(a(1 N)cos{q(2))+(0.18"sin{g(
2))*cos(q1))"a(3Vcos(a(2))~2)+0.18"sin(q(2)) a(4)*(2* pi+cos(q(1)))/cos(a(2)) " 2)-
(0.03+(0.18/cos(a(2))))*sin(a{1))*q(3)}+(0.18"sin{a(2))*q(4)* (2" pi+cos(q(1 W/cos(q{2))~2+(0
03+(0.18/cos{q(2))* (1+sin{g(1)N)*{((2*0.18*sin(g(2)) ~2*q(4) "~ 2*(2*pi+cos(q(1)))/cos(q(2)) "
3)+(0.18*q(4) " 2*(2"pi+cos(g(1))¥cos{q(2)))-

2*(0.18"sin(q(1))"sin(a(2))*a(3)*q(4)/cos(g(2))" 2)-

(0.03+(0.18/cos(q(2)))) cos(a(1))*a(3) " 2+((a(3)+q(4))*0.18"sin(q(2))*a(4)"(1+sin(a(1)))cos(
q(2)" 2)Ha(3)+a{4))*(0.03+(0.18/cos(q(2))))*cos{g(1))*a(3))+((0.18"sin(q(2))*q(4)*(1+sin{q
(1)))cos(q(2))~2+(0.03+(0.18/cos(a(2))) (2" pi+cos(a( 1))))*((270.18"sin(a(2)) " 2*q(4) " 2*(1
+sin{q(1)))/cos(a(2))~ 3)+(0.18*q(4)" 2*(1+sin(g(1))l/cos(q(2)))+2*(0.18cos(a( 1)) sin(a(2))*
q(3)*al4)/cos(a(2))"2)-

(0.03+(0.18/cos(q(2)))) sin(a(1))*a(3)~ 2+((q(3)+a(4))*0.18"sin(q(2})*a(4)*(2"pi+cos(a(1)))/c
os(a(2)"2)-

(Q(3)+q(4))*(0.03+(0.18/cos(a(2)))) sin(g(1))*a(3))+(4*(q(3)+q(4))*(0.03-+(0.18/cos(a(2)N)"(
0.18*sin(q(2))*q(4)/cos(a(2)) " 2))-({(0.18sin(q(2))"a(4)"(2"pi+cos(a(1))/cos(a(2)) " 2)-
(0.03+(0.18/cos(g(2))))*sin(q(1))*a(3)+(q(3)+q(4))*(0.03+(0. 18/cos(a(2))))"(1+sin(q(1))))*((2
*0.18%sin(q(2))~ 2" q(4)*(2*pi+cos(q(1)))cos(q(2))~ 3)+0.18*q(4)" (2" pi+cos(a(1))}cos(al2))-

(0.18*sin(q(2))*sin(q(1)}*a(3Ycos(al2)) 2)+(a(3)+q(4))*(0.18"sin(q(2))*(1+sin(q{1)))/cos(al2
N 2)+2*(Q(3)+q(4))" 2*(0.03+(0.18/cos(q(2))))*(0.18"sin(q(4))/cos(a(2)) " 2-
9.8*0.18"sin(g(2))/cos(q(2)) " 20NN~

({0.03-+(0.18/cos(q(2))))*((2*pi+cos{q 1)))*((0.03-+(0.18/cos(q(2))))*cos(q(1)}+2*(0.03+(0.18/
cos{q(2))*(2*pi+cos(al1)))+(-
(0.03+(0.18/cos(q(2))))*sin{q(1))+2+(0.03+(0.18/cos(q(2))))* (1 +sin{q(1))))+2*(0.03+(0.18/c
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0s(q(2))))~ 2)*(((0.03+(0. 18/cos(aq(2))))*(1+sin(q(1)))+0.18"sin(a(2))*(2*pi+cos(g(1)))/cos(al

21~ 2)*(0.18*sin(q(2))* a(4)*(2* pi+cos(q(1)))cos(q(2)) " 2+(0.03+(0.18/cos(q(2)y (1 +sin(q(1
M)+({(0.03+(0.18/cos(q(2)))*(2*pi+cos(q(1)))+(0.18%sin(q(2)) (1+sin(q(1)))cos(al2)) ~2))*((

0.18*sin(q(2))*q(4)*(1+sin(q(1)))/cos(q(2)) "~ 2+(0.03+(0.18/cos(q(2))))* (2*pi+cos(a 1 IH+27(
0.03+(0.18/cos(q(2))))~ 2)+{((0.03+(0.18/cos(q(2))))*(2* pi+cos(a(1)))+0.18"sin{q(2))*(1 +sin(
q(1)))cos{q(2))~2)*((0.03+(0.18/cos(g(2)))) "cos{q(1))+2*(0.03+(0.1 8/cos(q(2)))) (2*pi+cos(
q(1)N)+((0.03+(0.18/cos(q(2))))*(1+sin(a(1)))+0.18"sin(a(2))"(2*pi+cos(q(1))Mcos(al2)) " 2)™(

(0.03+(0.18/cos(q(2)))) sin(g(1)}+2*(0.03-+(0.18/cos(q(2))))*(1+sin(q(1 WH+27(0.03+(0.18/co
s(Q(2))) " 2)*((0.03+(0.18/cos(q(2))))((2* pi+cos(q(1))*((0.18"sin(g(2) ) a(4)(1 +sin(a(1)))/co
s(q(2))~2+(0.03+(0.18/cos(a(2)))*(2*pi+cos(a(1))))+(0.18"sin(q(2))"a(4)*(2*pi+cos(a(1)))/c
0s(q(2))"~2+(0.03+(0.18/cos{q(2)))*(1+sin(a(1)))))+2*(0.03+(0.18/cos(a(2))) ~ 2))];



%o % % %o %o % % Yo % %o Yo % %a % Yo %o %o % Yo %o % Yo % % %o Yo
%L1=19,L.2=3 Q3=1,Q4=1.5%

%% % %o % % %6 % % % %o % Yo %o Yo %o Yo % % %o % Yo %o % % %o
clear all

close all

0% % % % Y Yo % % Yo % Yo Yo %o % % %o % % % % %0 % % % %
t0=0;

tf=0.001;

q0={0.001;0.15;0;0%;

%% % % % Yo % %o % %0 % %o %o % % % % % Yo %0 %o % % % %o

tspan={t0 tf};
[t,g]=oded5('eqz2' tspan.q0)
figure(1)

plot(t,g(:,1).'r)

figure(2)

plot(t,.a(:,2),'k")

figure(3)

plot(t,q(:,3).'0")

figure(4)

plot{t.a(:.4).'g'}
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%% % %% % %o % % % % %o %6 %% % % % % % % % %6 % % %o
%L1=19,L2=3%
%% %% %o Yo % % Yo % %% % % %o % % % % % % % % % % Yo
function dg=eqz2(t,q)
dg={a(3);

q(4),

(-
({{0.19+(0.03/cos(q(2)))*(1+sin{q(1)))+0.03*sin{q(2))*(2*pi+cos{g(1 Nicos(q(2))~2)*(0.03"si
n(q(2))*q(4)*(2*pi+cos(g(1)))/cos(q(2)) " 2+(0.19+(0.03/cos(q(2)))*(1+sin(a(1))))+((0.19+(0.
03/cos(a{2)))*(2*pi+cos(a(1)))+{0.03*sin(q(2)) (1+sin(a(1)}¥cos(q(2))~ 2))*((0.03"sin(q(2))”
g4y (1+sin{g(1)))/cos(g(2))~2+(0.1 9+(0.03/cos(g(2)N)N)*(2*pi+cos(q(1))))+2*(0.19+(0.03/co
s(q(2))" 2)*(sin(t)/20-
((((0.03*sin(q(2))*a(4)*(1+sin(g(1)))/cos{a(2)) ~2+(0.19+(0.03/cos(a(2)))) cos(a(1))"a(3) +(q
(3)+Q(4))*(0.19+(0.03/cos(a(2))))*(2*pi+cos(g(1)))*((0.03"sin(g(2))*cos(a(1)) al4)/cos(q(2))
~2)-(0.19+(0.03/cos(q(2))))*sin{a(1))*q(3)+(2*sin(a(2))*a(4)"(2*pi+cos(a(1)))/cos(al2)))-
2*((0.19+(0.03/cos(q(2))))*sin(a(1))*a(3))+((0.03*sin(a())"al4)*(2"pi+cos(a(1))cos(al2))
~
(0.19+(0.03/cos(q(2)))*sin(g(1))*a(3)+(a(3)+a(4))*(0.18+(0.03/cos(a(2))))*(t+sinlal M-
(0.03*sin(q(2))*sin{a(1))"a(4)/cos(a(2))" 2)-
(0.19+(0.03/cos(q(2)))) cos(a(1))*a(3)+(2*sin(q(2))"q(4)*(1+sin(g(1)))/cos(a(2)))+2*((0.19+{
0.03/cos{a(2))))*cos(q(1))*a(3)))+((0. 19+(0.03/cos(g(2))))*cos(a(1))+2*(0.19+(0.03/cos(q(2)
)))*(2*pi+cos(q(1)))*((2*0.03*sin(q(2)) " 2*(1+sin(q(1)))"q(4)~ 2/cos(q(2)) ~ 2)+(0.03*q(4) " 2*(
1+sin(g(1)))/cos(a(2)))+(2*0.03*sin(q(2))"a(4)*a(3)*cos(q(1))/cos(q(2)) " 2)-
(0.19+(0.03/cos(q(2))*sin(a(1))*a(3)~ 2+(a(3)+q(4))"0.03"sin(a(2))*q(4)*(2*pi+cos(a(1)))/c
os(a(2))~2-(a(3)+a(4))*(0.19+(0.03/cos(a(2))))*sin(a(1))"a(3)) +(-
(0.19+(0.03/cos{g(2M)*sin{q(1))+2*(0.19-+{0.03/cos(g(2))))* (1 +sin(g(1)))})*{{2*0.03*sin{a(2))
~2*(2*pi+cos(a{ 1)) a(4)~ 2/cos(a(2))~ 2)+(0.03"g(4) " 2*(2*pi+cos(g(1}))/cos(a(2))-
(2*0.03*sin{q(2))"q(4)*q(3)sin(a(1))/cos(a(2)) " 2)-
(0.19+(0.03/cos(a(2))))*cos(g(1))a(3)~ 2+{a(3)+a(4))*0.03*sin(q(2))*q(4)*(1+sin(q(1)))/cos(
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a(2))~ 2+(q(3)+a(4))*(0.19+(0.03/cos(q(2))))"cos(a(1))*a(3))+4*(a(3)+a(4))*(0.19+(0.03/cos(
q(2))))*0.03*sin{a(2))*q(4)/cos(g(2))~ 2-(((0.03*sin(q(2))"a(4)*(2"pi+cos(a(1))/cos(a(2)) " 2)-
(0.19+(0.03/cos(a(2)))) sin(a(1))"a(3)+(a(3)+a(4))*(0. 19+(0.03/cos(q(2)))*(1 +sin(a(1M) (-
0.03*sin(q(2)))*sin(q(1))*a(4)coes(a(2))" 2)-
(0.19+(0.03/cos(@(2))))*cos(a( 1)) a(3)+(q(3)+a(4))*(0.19+(0.03/cos(q(2)))) *cos(a(INMMNN +{((
0.19+(0.03/cos(q(2))))*(2*pi+cos(q(1))+0.03*sin(q(2))*(1 +sin(q(1)))/cos(q(2))~2)*((0.19+(0.
03/cos{g(2))))*cos(g{1))+2*(0.19+(0.03/cos(a(2)))* (2 pi+cos(q(l YN+((0.19+(0.03/cos(a(2))
N (1+sin{q(1)))+0.03*sin(q(2))*(2*pi+cos(q(1)))cos(q(2)) " 2)*(-
(0.19+(0.03/cos{g(2N))"sin(q(1)+...
24(0.19+(0.03/cos(q(2))))*(1+sin(q(1))))+2*(0.19+(0.03/cos(q(2)))) " 2)* (sin(t)/10-
(((0.03 sin(a(2))*a(4)*(2*pi+cos(q(1)))/cos(al2)) " 2-
(0.19+0.03/cos(q(2))))*sin(a(1))*a(3)+(a(3)+a(4)*(0.19+(0.03/cos(al2) ) (1 +sin(q(1)))"((2
*0.03*sin(g(2))~2*(2 pi+cos(a(1)))/cos(a(2) " 3))+0.03"a(4)*(2*pi+cos(a(1)))/cos(al2)))-
(0.03*sin(q(2))*sin(a(1))*a(3)/cos(a(2))"2)+(0.03*sin(a(2))"at4)*(1+sin(q(1))M/cos(q(2))* 2)+(
0.19+(0.03/cos(q(2))))*cos(q(1))*q(3)+(0.03*sin{q(2))*q{4)*(1+sin(al1 Wcos{g(2))~2+(0.19
+(0.03/cos(a(2)))) cos(q( 1)) al3)+a(3)+a(4))*(0.19+(0.03/cos(q(2))))*(2*pi+cos(a( 1)) (2"
0.03*sin(q(2))*2*(1+sin{q(1)))/cos(g(2)" 3)}+(0.03*a(4)*(1+sin{q(1 )Y cos(q{2)+(0.03*sin(a(
2))*cos(q(1))*q(3)/cos(a(2))~2)+(0.03*sin(q(2))*q(4)*(2*pi+cos(al1))Vcos(a(2)) " 2)-
(0.19+(0.03/cos(q(2))))*sin(q(1))*a(3))+(0.03"sin(a(2))"a(4)* (2" pi+cos(a(1)))/cos(q(2) ~2+(0
19+(0.03/cos(a(2))))(1+sin(q(1)))*((2*0.03*sin(q(2)) ~ 2*q(4) ~ 2*(2*pi+cos(q(1)))/cos(a(2))”
3)+(0.03*q(4)"~2*(2"pi+cos(g(1})/cos(a(2)))-
2*(0.03*sin(q(1))*sin(q(2))*q(3)"q(4)/cos(q(2)) " 2)-
(0.19+(0.03/cos(q(2)))*cos(q(1)) a(3) ~2+((a(3)+q(4))*0.03"sin(a(2))*q(4) (1 +sin(a(1)})/cos(
q(2))" 2)+(q(3)+q(4))*(0.19+(0.03/cos(q(2)))) *cos(a(1))*q(3))+((0.03*sin{a(2))*g(4)*(1 +sin(q
(1))cos(g(2))" 2+(0.19-+(0.03/cos(q(2))N*(2*pi+cos(a(? N ((2*0.03*sin{q(2))~2*q(4)~2*(1
+sin(q(1)))/cos(a(2))~ 3)+(0.03*a(4)" 2*(1+sin(q(1)))/cos(a(2)))+2*(0.03 cos(q(1))"sin(a(2))*
q(3) a{4)/cos(q(2)"2)-
(0.19+(0.03/cos(g(2)))) sin(a{1))*a(3)" 2+((q(3)+a(4))"0.03 sin(a(2))"a(4)*(2"pi+cos(q(1))c
0s(a(2))” 2-a(3)+q{4))*(0.19+(0.03/cos(q(2))) sin(a{1))"al3))+...
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(4*(a(3)+q(4))*(0.19+(0.03/cos(a(2))))*(0.03"sin(q(2))"a{4)/cos(al2)) " 2))-
({(0.03*sin{q(2)y"a(4)* (2 pi+cos(q(1)))/cos(a(2))"2)-
(0.19+(0.03/cos(a(2)))) sin(a(1))*a(3)+(a(3)+a(4))*(0.19+(0.03/cos(a(2)N) (1 +sin(a(1N)*((2
*0.03*sin(q(2)) "~ 2*q(4)*(2*pi+cos(q(1)))/cos(q(2)) " 3)+0.03"q(4)*(2*pi+cos(q(1 MW/cos(a(2))-
(0.03*sin(q(2))"sin(g(1))*q(3)cos(q(2))" 2)+(a(3)+q(4))*(0.03"sin(q(2))*(1 +sin(a(1)))/cos(a(2
N 2N)+(25q(3)+q(4))~ 24(0.19+(0.03/cos(ql2))))*(0.03*sin(a(2))/cos(q(2)}) " 2-
9.8*0.03*sin{q(2))/cos(q(2)) ~ 2y~
((0.19+(0.03/cos(a(2))))*((2*pi+cos(q(1))*((0.19+(0.03/cos(q(2))))* cos(q(1))+27(0.19+(0.03/
cos(a(2)))*(2*pi+cos(a(H)N)+(-
(0.19+(0.03/cos(q(2))))*sin(q(1)+2*(0.19+(0.03/cos(a(2)))* (1 +sin(q(I NN+

2*(0.19+(0.03/cos(q(2)))) "~ 2)*(((0.19+(0.03/cos(a(2)))) (1 +sin{a(1)))+0.03"sin(q(2))"(2*pi+co
s{g(1)M/cos{q(2))~2)*(0.03*sin{g(2))*q(4)*(2*pi+cos(a(1)))/cos(q(2))"2+(0.1 9+(0.03/cos(g(2
M (1+sin(g(1)))+((0.19+(0.03/cos(q(2))))*(2* pi+cos(a( 1)) +(0.03*sin(a(2))*(1 +sin(g(1)))/co
s(q(2))~2))*((0.03 sin(a(2))*a(4)"(1 +sin{q(1)))/cas(q(2)) ~2+(0.19+(0.03/cos(a(2)))" (2" pi+c

os(q(I)))+2*(0.19+(0.03/cos(g(2)))) " 2)+(((0.19+(0.03/cos(q(2)))* (2" pi+cos(g(1))}+0.03"sin
(Q@))*(1+sin(g(1)))/cos{q(2))~2)*((0.19+(0.03/cos(q(2))})*cos(g(1}}+2*(0.1 9+(0.03/cos(q(2))
))*(2*pi+cos(a(1)))+{(0.19+(0.03/cos(q(2))))*(1+sin(a(1)))+0.03*sin(q(2))(2"pi+cos(q(1)))/c
os(a(2))~2)(-

(0.19+(0.03/cos(g(2)))*sin(q(1))+2*(0.19+(0.03/cos{q(2)))* (1+sin{q(1))))+27(0.19+(0.03/co

s(Q(2))))"2)*((0.19+(0.03/cos(g(2)))*((2* pi+cos(q(1)}((0.03"sin(a(2))*a(4)"(1+sin(q(1)))/co
s((2))~2+(0.19+(0.03/cos(q(N))*(2* pi+cos(g(1)))+(0.03"sin(a(2))*a(4)"(2*pi+cos(a(1hiic
0s{q(2))" 2+(0.19+(0.03/cos(a(2)))" (1 +sin{g(1)))))+2*(0.19+(0.03/cos(q(2)})) " 2));

(((0.19+(0.03/cos(q(2))))* ((2*pi+cos(a(1))*((0.03"sin(a(2))*a(4)*(1+sin(g(1))cos(al2)) " 2+(
0.19+(0.03/cos(q(2)))*(2*pi+cos(a(1))))+(0.03*sin(q(2)) q(4)*(2* pi+cos(a(1)))/cos(q(2)) " 2
+(0.19+(0.03/cos(q{2)))*(1+sin{g(1))))+2*(0.19+(0.03/cos(q(2)))) ~ 2)*(sin(t}/20-

((((0.03*sin{q(2))*g(4)*(1+sin(a{1)N)cos(a(2))~2+(0.19-+(0.03/cos(q(2)))) *cos{a( 1)) q(3)+(q
(3)+q(4))*(0.19+(0.03/cos{q(2))))*(2*pi+cos(a(1)*{(0.03 sin(q(2))cos(q(1))"al4)/cos(g(2))
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~2)(0.19+(0.03/cos(q(2))))"sin(a(1))"a(3) +(2*sin(q(2))"q(4)"(2*pi+cos(a(1))/cos(al2)))-
2*((0.19+(0.03/cos(a(2)))*sin(a( 1))*q(3)))+((0.03*sin(a(2))*q(4)"(2*pi+cos(a(1)))cos(al2))
~.
(0.19+(0.03/cos(g(2)))*sin(g(1))*a(3)+(q(3)+a(4))"(0.19+(0.03/cos(a(2)N) (1 +sin(al 1N -
(0.03*sin(a(2))*sin(g{1))*a(4)/cos(q(2))" 2)-
(0.19+(0.03/cos(a(2)))*cos(a(1))*a(3)+(2*sin(a(2))*q(4) (1 +sin(a(1)))/cos(al2)))+2"((0.19-+(
0.03/cos(q(2))))*cos(a( 1)) a(3)))+((0.19+(0.03/cos(a(2)))) “cos{q{1))+27(0.1 9+(0.03/cos(q(2)
1)*(2*pi+cos(a(1))) (2*0.03%sin(q(2)) ~ 2*(1 +sinfa(1)))"q(4) ~ 2/cos(a(2)) " 2)+(0.03"q(4) " 2*(
1+sin(g(1)))/cos(q(2)))+(2*0.03*sin(a(2))*a(4)*q(3) cos(q(1))/cos(a(2)) " 2)-
(0.19+(0.03/cos(q(2)))"sin(a(1))*a(3)~2+(a(3)+q(4))"0.03"sin(q(2)) ‘a(4)* (2 pi+cos(ali)))/c
0s(q(2))~2-(q(3)+a(4))*(0.19+(0.03/cos(q(2)))) *sin(a(1))"a(3))+(-
(0.19-+(0.03/cos{q(2))))*sin(q(1))+2*(0.19+(0.03/cos(a(2))))* (1 +sin(a( INH((2*0.03*sin(q(2))
~2*(2*pi+cos(q(1)))*q(4)~2/cos(a(2))~ 2)+(0.03*q(4)~2*(2*pi+cos(a(1)))/cos(a(2)))-
(2*0.03*sin{q(2))*q(4)*a(3)*sin(g(1))/cos(a(2)) " 2)-
(0.19+(0.03/cos(a(2M)))*cos{a( 1) a(3)" 2+(q(3)+q(4))*0.03*sin(q(2))"al4) (1 +sin(g(1)))/cos(
a(2))~ 2+(q(3)+a(4))*(0.19+(0.03/cos(a(2))))*cos(a( 1))"a(3))+4(a(3)+q(4))"(0.18+(0.03/cos(
a(2))))*0.03*sin(a(2))*a(4)/cos(q(2))~ 2-({(0.03*sin(a(2))*a(4) (2" pi+cos(a(1)))/cos(a(2)) " 2)-
(0.19+(0.03/cos(q(2))))*sin(a(1))*q(3)+(q(3)+a(4))*(0.19+(0.03/cos(q2)N)*(1+sin(g(1))N)"((-
0.03*sin(g(2)))'sin(@(1)*a(4)/cos(q(2))" 2)-
(0.19+(0.03/cos{a(2)))) cos(a(1))*a(3)+(g(3)+q(4))*(0.19+(0.03/cos(q(2))))"cos(a(1)N)-
((0.19+(0.03/cos(q(2))y*{(2*pi+cos(g(1)))*((0.19+(0.03/cos(a(2))))"cos(q(t 1)+2*(0.19+(0.03/
cos{g(2))) (2*pi+cos{a(1)M+(-
(0.19+(0.03/cos(q(2))))*sin{q(1))+2*(0.19+(0.03/cos{g(2)) (1 +sin(q(1))))+2*(0.1 9+(0.03/c
0s{q(2))))~2)*(sin(t)/10-({(0.03*sin(q(2)) q(4)*(2*pi+cos(q(1)))/cos(q(2)) " 2-
(0.19+(0.03/cos(q(2)))*sin(a( 1)) *a(3) +a(3)+q(4))*(0.19+(0.03/cos(a(2)N)* (1 +sin(al N2
*0.03%sin(q(2))~2*(2 pi+cos(q(1)))cos(a(2)~ 3N +...

(0.03*q(4)*(2*pi+cos(a(1hcos(a(2)))-...

(0.03*sin(g(2))"sin(g(1))"a(3)/cos(q(2))~2)+(0.03*sin(a(2))*q(4)*(1+sin(a(1)))/cos(a(2)) " 2)+(
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0.19+(0.03/cos(a(2))))* cos(a(1))*q(3))+(0.03*sin(q(2))*q(4)*(1+sin{q(1)))/cos(a(2)) " 2+(0.19
+(0.03/cos(q(2))))*cos(q(1))*al3)+(a(3)+q(4))"(0.19+(0.03/cos(q(2))) (2*pi+cos(a(1H* (2"
0.03*sin(q(2))~2*(1+sin(q(1))cos(a(2)~ 3))+(0.03*g(4)*(1+sin(a(1})¥cos(q(2)))+(0.03*sin(a(
2)y*cos(q(1))*a(3)/cos(al(2))2)+(0.03*sin(q(2))*a(4)* (2 pi+cos(q(1))cos(al2)) " 2)-
(0.19+(0.03/cos(q(2))))*sin{a{1))*a(3))+(0.03"sin{g(2))*q(4)* (2 pi+cos(q{1)})/cos(a(2)) " 2+(0
19+(0.03/cos(q(2))*(1+sin(q(1))))*((270.03*sin{q(2)) " 2*q(4) " 2*(2* pi+cos(a(1)))/cos(al2)}”
3)+(0.03"q(4)"~2*(2"pi+cos(a(1))/cos(a(2)))-
2*(0.03*sin(q(1))*sin(g(2))*q(3)*q(4)/cos(a(2))" 2)-

(0.19+(0.03/cos(a(2))) cos(a(1))*q(3)" 2+((a(3)+a(4))*0.03"sin(a(2)) a(4)*(1 +sin(a(1)))/cos(
q(2))"~2)+(a(3)+q(4))*(0.19+(0.03/cos(q(2)))) *cos(a(1))*q(3)}+((0.03"sin(q(2))"q(4)* (1 +sin(q
(1)))cos(q(2))~2+(0.19+(0.03/cas(q(2)))))*(2*pi+cos(q(1))))*((2*0.03"sin(q(2)) ~ 2*q(4) " 2*(1
+sin(q(1))}cos(a(2))" 3)+(0.03*g(4)~ 2*(1+sin(q(1)))/cos(q(2)))+2*(0.03*cos(a(1))"sin(q(2))*
a(3ya(@)cos(a(2)"2)-
(0.19+(0.03/cos(a(2)))*sin{g(1))*q(3) " 2+((a(3)+q(4))*0.03*sin(a(2))*a(4)*(2* pi+cos(a(1)))/c
os(a(2))"2)-

(q(3)+q(4))*(0.19+(0.03/cos(al(2))))*sin(a(1))"q(3))+(4*(q(3) +q(4)y*(0.19+(0.03/cos(a(2)))*(
0.03*sin(g(2))*a(4)/cos(a(2))~2))-(((0.03"sin(a(2))*a(4)* (2 pi+cos(g(1))cos(al2) " 2)-
(0.19+(0.03/cos(q(2))))*sin(a(1))*a(3)+(a(3)+q(4))*(0.19+(0.03/cos(q(2)N Y (1+sin{q(1HM*((2
*0.03*sin{q(2)) "~ 2*q(4*(2*pi+cos(q(1)))/cos(q(2))~ 3)+0.03*q(4)* (2*pi+cos(q(1)))/cos{al(2})-

(0.03*sin(q(2))*sin(q( 1)) *q(3)/cos(q(2)) " 2)+(a(3)+a(4))*(0.03*sin(a{2))*(1+sin(g(1)))/cos(al2
N~ 2)+(27(a(3)+q(4))" 27(0.19+(0.03/cos(q(2))))*(0.03 sin{g(2))/cos(a(2))) " 2-
9.8'0.03"sin{q(2))/cos(a(2)) " 2N
((0.19+(0.03/cos(a(2)))*((2*pi+cos(a(1))*((0.19+(0.03/cos{q(2))))*cos(q(1))+2*(0.19+(0.03/
cos(a(2))))*(2"pi+tcos{a(1))))+(-
(0.19+(0.03/cos(q(2)))*sin{q{1))+2*(0.19+(0.03/cos(q(2)))* (1 -+sin(q{ 1)) 1+2*(0.19+{0.03/c
0s(q(2)))) " 2)*({{0.18+(0.03/cos(q(2))))*(1+sin{q(1)))+0.03"sin(q(2))*(2*pi+cos(g(1)))/cos(al
20} 2)*(0.03*sin(g{2))*a{4)*(2*pi+cos{a( 1)))cos(a(2)) ~2+(0.19-+{0.03/cos{q(2)))* (1 +sin(g(1
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)+((0.19+(0.03/cos(a(2)))) (2 pi+cos(q(1)))+(0.03*sin(q(2))*(1+sin(g(1)))/cos(a(2) ~2))*({

0.03*sin(a(2))*a(4)*(1+sin{q(1)})/cos(a(2))" 2+(0.19+(0.03/cos(q(2)))))*(2* pi+ces(a(1))+27(
0.19+(0.03/cos(q(2))))* 2)+{((0.19+(0.03/cos(q(2)))*(2* pi+cas{a(1)))+0.03*sin(a(2))*(1+sin(
g(1))cos(q(2))" 2)*({0.19+(0.03/cos(g(2)))) cos(a(1))+2"(0.1 9+(0.03/cos(q{2)))" (2" pi+cos(
a(1))+((0.19+(0.03/cos(a(2))))* (1+sinfg(1)))+0.03*sin(q(2))*(2*pi-+cos(a(1)))/cos(q(2)) " 2)*(

(0.19+(0.03/cos(q(2))))sin(q(1))+2(0.19+(0.03/cos(q(2))))*(1+sin(g(1))))+27(0.18+(0.03/co
s(Q(2))))~2)*((0.19+(0.03/cos(q(2))))*((2*pi+cos{q( 1)))*((0.03*sin(q(2))*g(4)*(1+sin{q(1)))/co
$(q(2))"2+(0.19+(0.03/cos{a(2)))))*(2"pi+cos(a( 1)) +(0.03"sin(a(2))"a(4)"(2’ pi+cos(a(1))ic
0s(a(2))"2+(0.19+(0.03/cos(q(2)))*(1+sin(q(1)))))+2*(0.19+(0.03/cos(a(2)))) “2))];



% % % % % % % % % Y% %o %o % % % % % % % % % % % % % %
%L1=19,12=3Q3=1,Q4=3%

%% % %% % % %o %o % % % Yo Y% %o Yo %o % % % % % % % % %
clear all

close alt

Yo% % %% % % ¥ % %o % % %o % Yo % % % % % % % % % % Y
t0=0;

tf=0.001;

q0=[1;3:;0:0);

% %% Yo ¥ % % %o % Yo %o % % % Y6 %6 %o % %0 %o Y6 % % % Y% %

tspan=[t0 tf];
[t.gql=ode4d5('eqz?' tspan,ql)
figure(1)

plot(t,q(:,1),'r")

figure(2)

plot{t,g(:.2},'k")

figure(3)

plok(t,g(:,3).'b")

figure(4)

plot(t,a{:.4),'g’)
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U % Vo %o %o %o U %o %o % %o % % %o % % Yo %6 % % % %o Y0 % % %o
%L1=19,L2=3 Q3=1.Q4=1%

%% %% %6 % % % % Yo % % %o % % % % % % % % % % % % Yo
clear all

close all

%% Y% % %o Y% % %o % Y % Yo % %o %o % %6 % % % % % % % % Yo
t0=0;

t=0.001;

q0=[1:1:0;0%;

% % %o % % ¥ Yo %o %6 %6 %o Yo % % % % % %o % %o % %o % Yo

tspan=[t0 tf];
[t.g)=0ded5('eqz2’ lspan,q0)
figure(1)

plot(t,g(:.1),'r")

figure(2)

plot{t,ag(:,2).'k")

figure{3)

plot(t.q(:,3),'db")

figure(4)

plot(t,al:.4).'g")
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% % % %% % %o % Yo % %o % Yo Y% % Yo %o % Yo %o % %o %o % % Yo % %0 % % %o % %05
%% % % % % Y %o %o %o % ¥ ¥ Yo Yo Yo %o % %o % Yo % % %o % Yo Yo Yo % % % Y% %
a=t(:.1):

b=q(:,1);

%% Y% Yo % % Yo % Yo %o Y% % % Yo Yo %o % %o Yo % % Yo %o % % % % % % % % % %o
x=rot90(a,1);

y=rot80(b, 1)

Yo% % %% Y% % % % % %o % Yo %o % % % % % %6 % % % % % % % % % % Y% %o %
p=polyfit(xy.6);

%% % % % % %o % % %o %o % % % % Yo %o % %o Yo % % % %6 % %o Yo % % % %o Yo Vo

%%%%Angutar% % Velocity% %% %% % %% %% % % %
%v=radius x anguiar velo%%%%%%%%%
xp=[0:0.0001:0.001]:yp=polyval(pxp);ui=1./yp;

plot{xp,ui,'b');
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