oblem #46:  Car with rear brakes (ocled
When T solved) Has, +he guastion

g L’XQJ ‘S%QQYMJ‘ “ not
shaight foed sleacg Tha | will - psadt Jhe G=Go #0
cae and then  subshiute G=0.

"TYS‘L of all , we wake He C@.Suwphol/?/ somp / r‘%‘@u%m Lt each Loy
of whaely  Con be  sub shiuted] )oﬂ one vl b the é@gg,ﬁ@/m&(
ax's of  the cav

y En V Et

d;dg +§F : car’s 'wMQ.Qbagg
Fu vormal force o vol Wj wheo (
Py: == frichon ferce o
(DYUUY)j (vear) wheed along &
Rr: frchon foree aﬂwﬂ o
R: | Fo‘mﬂ voar whee {
C: (pomt) fvont whee ¢

e S =He > RO +BrO | (-db B n) = |
- Taexme - T8C [ @

T—QY’W)S OVle_, ‘D:j OY\Q;
.Y

=~ A — -
o= ~de- e, W=k —>



df VT J]LL\/G//{' 1L\/ ) df‘<®\(i};—/c T'K://C_> s

VA v A 2 2
Ve = Voée V.0, - Vertos & e \LamCe) &, —>

t\/(, = \/c; : COS@ é\t - \/L SlV?(%» é\,ﬂ ) ., ﬁéca//-‘

,.__>

5&« B—— «—(@L Vé/c L ((,VSCF@C Sm?@O ‘ é\n

(6 (- J%) rd (Vs \smgd,) o

er = [(@!:’( (’d>é\t # Q{: X (’dp)étj £
F[\}C,%%ét T'\/C(,quﬁét _N\'/Cgﬂr;q)é‘:/] -~ \/6/5”’7(‘—3 é"l‘] _
e A . A ;g
[‘90} En +OLX(0R)88 | +

Vsl Vo658 Vo &y

“Vesing o ét>? s

B Ve sng 8 ) &
< @Jr +l 005@9 \/ SIY)&(J> €n




Pock b0 MR (O =

A A
. A Cpxly sunes

pe — =l
_dPk ;—AF%xmg_g f TOE —>

_AQNL = /m@é; L +m\/¢w5<{)ef<~3g:>l< “I"mclir\r;:\(\n(@lz r T7OL =>

G(I%dem) = mde\ke B - Ve e G - den =>
B | I ¢=0 ond En=O
mdp(«b\/@fws@ \/>mfp> d2n i de o

T &F I_G_f—'md{;z

o8
Fa

SkfF we dou't vow et V. RN Tws de s of He form
S); cey , oo (for NV \e>o).
0. e thrs ONSTARLE, a5
QF(‘DS&J[ o +he ove in “The leckuwe,  The veuson s hat :[ow%%e
COM 1'% ot /1 fmwf of He voll g wheaﬂ, bk behundk ¢

Thes shble for Ne<o L as will be Somonshaded  n simulobons

LMB: ST - M- de => {QM@, 2rbe T ot €t Fising ec} -

/Yﬂa@

' e o Mm”,,ﬂw'; | ‘/{/,,««’”M> ij
ey B N I S (IS e
i’”&"wf/owgﬁ’ ?>"Q N | +F’\]»(j)§q:—:m (4 ,@ ‘Q,F*, \{{(@5@@ MM\/ 9/34“}2& / \:; :Zz:o i



PYRRE O Ve e
{ f‘nv;us

YhSMGEssG = na VZ

(st f) e COS? t N@S@GS:’/)@ﬁ +

6k G~ \/ COSQ:s(MQH +V sin’e ) N

——
——

(:f -/m [ EN vm? fQTu,s@] (@ @»Fuﬁ@ (jdpgmj

?

L—D _L‘E o FY-JC{")OV] 1’ {Q O) LIY]J CF: Q‘g

ovmad fo |, \/ = @ d{: (QJ[*Q n lecue )mdi ORﬁOS'\”‘Q 5{?”)
/-ﬂ\

fﬂg— 2> Lcesg +

MF;QH r\TQ/V)(F PI\)COSCQCUS? F\; SING S'WC‘LM

SN

-

,_ /m <é2()ip S(V\qo -+ \/C (LSQS\V)(P \/ giV)(fS'V)_(( 6 +

E:[;) = _ Q—rﬁ%‘iﬁ)@ *EN COS? +mM [\/L@ v éip SMCF - édfi @s@j{
L}%r =0 (no Fﬁ%ovﬂ and ¢=0O:

E\) = ") [\/L@ “‘df @j (6!@ w Ledunve , \&m‘i @N)OM‘LQ
Sign for §)



Now , lat's  subshkede G=0 {wsg=4, S G=0)

é ¢ WU?\/@ CJQ.N
l&f'dﬁ

@ | ﬁ . fYY)I:\/;,é~ G’eé}" 2

o "‘\7;
Frockion > _ M —=
2 (Vall
=Neg= d‘ M and
where  he (04, 1) ond | N-Ne Seon V
\Jﬁ- \e éﬁ = (6!4)’(@/&; \/c,ét +<®l¢>><°’o]é€ =2
w}'f* - \[5, é(: t (;“d@> ér\
32
T v
- A \g_:j/ﬁ “___> - _ M _,\._{f:_
QT"‘[Z £ o= —{ANHKM\ €k [f—r b (%“




(D) >eap ywumerol  spudotbion
: )
><C, = \[:, ) COS@

SC = \/.sinB

Eﬂawx@\‘eﬁ used i smdlabons

AR : _—&'_

L T L, go4, he©L.0) J-1 06 dpod
i /’IC( / c@m/ 1 -HOMS :

- p 0"T

2[00 307

) [M_ +0,1:(T — plos others

C%ﬂ@v\ amg ‘%‘guf% aﬂuc%@a/ - s



Contents
« Initialization
« ODE Solver
o Plots

e Animation

-4
o

3355555955520 55 555500222 LLLLTLTTLVLLTILLLLLLIVIVIIRBBRLLERY

MAE 5735: Intermediate Dynamics & Vibrations
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Problem Set #5: Problem 16 - Braking stability (Car with locked brakes)
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% This simulation is for locked REAR brakes and fixed front steering!

Initialization

close all; clear all; clc

global p % Instead of passing 'p' to function
p-m = 1; % mass

p-Ig = 1; % inertia

p-g = 1; % gravity

p-mu = 0.5; % friction coefficient

p.d = 1; % wheelbase d = df + dr

p.df = 0.6*%p.d; % distance of G from front wheels
p.dr = 0.4*p.d; &  =//= -//-  rear wheels
tfinal = 10;

n = 2;

timestep = 10~ (-n); % NOT the timestep of ode23()
timespan = O:timestep:tfinal;

g0 = [0 0 pi/61': % (x, v, theta)

u0 = [+1 +0.1]"'; % (V, omega)

z0 = [g0; u0]; % initial state vector

disp('My "Car with REAR brakes blocked" code is now running!');

disp(' ')
ODE Solver
tStart = tic;

% I only want the "stop" event if there is friction, otherwise continue:
if p.mu > le-5;
options = odeset('reltol’', le-8, ‘abstol', le-8, 'events’, @event_stop);



enlarge = pixelsize*img size;
axis([min(x)-enlarge(l) max(x)+enlarge(l) min(y)-enlarge(2) max(y)+enlarge(2)1])

% pause(l)
for t = l:5:1length(time)

car_ now 255 - imrotate(255-car_img, -180/pi*(theta(t))):;
cura imrotate(imA, -180/pi*(theta(t))); % Rotat
img _size = size(car_now);

]

nx = (Ozpixelsize:(pixelsize*(img_size(z)—1)))—(img_size(z)—1)*pixelsize/2;
ny = (0:pixelsize:(pixelsize*(img size(1)-1)))-(img_size(l)-1)*pixelsize/2;
car = image(’'CData',car now, '¥Data', nx+x(t),'YData', ny+y(t), ‘AlphaData’, curA); % Displ
pause(eps) % Pause
delete(car) % Delet

end
car = image('CData’',car now,'XData’,nx + X(t), ¥Data',ny + y(t), 'ARlphabata’, curh);
hold off

disp('Execution terminated.'); disp(’ ')

% END
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function zdot = car_rear brakes(t, z)
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% This simulation is for locked REAR brakes and fixed front steering!

global p

g x=2z(1);

5y = z(2);

theta = z(3);

v = z(4);

omega = z(5);

N = p.m*p.g*p.df/(p.d);
VR = [V -p.d*omegal';

% RT = p.mu*N*sign(V);

% RN = p.mu*N*sign(-omega);

R = -p.mu*N*VR/norm(VR);
= R(1); RN = R(2);

xdot = V*cos(theta);

ydot = V*sin(theta);

th_dot = omega;

vdot = ~-p.df*omega”2 +(1/p.m)*RT;

wdot = (1/(p.Ig + p.df*2*p.m))*(p.m*p.df*V*omega - p.d*RN);
zdot = [xdot ydot th_dot vdot Wdot]';

end

function [value, done, dir] = event_stop(t, z)

% Stop simulation when Vc <= 107(-3)
value = abs(z(4)) -le-2; done = 1; dir = -1;

end
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Car REAR brakes locked
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