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i case e il consides 8 - dimensional bl vher he pencdl o

teind 1 o0 i the et s hsBgars below. For thi systemy

B ol ot e the R Lkt v hecart Bty and te ot

a7 the angule position o the ped 8 s th hoizontal psiion o the

s
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N = o) - i in) @

1 s et i cqation o the s, cqution, 3 g one of the v
i cations o i .

(M + (54 1+ b+ o)~ miliin® = F (3)

To et the second cqaton of motion for his systen, sum the orcs perpen
diclar 10 the peadolu. Solving the s, along his axis greatl splifes
e mathematics. You should et the following equation.

Pain(s) - Neos(®)  mgsin(8) =l - iscos(5) @

Tt i of the P and N erms i the qation sbove, s the moments shovt
the enta o the pendulurst0 et the ollowing equation.

—Plrin(s) - Nieas(0) = 1{8) o)
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Sines the snalyss and contrl design tochniques we will b xploying i this
spsinns, this st of cqations eeds (o be I

e the cqations shont the wecaly wpward

e hat the system tays sithin &

“This sssumption shonild be reeonbly

e that. the ped. ot deviate more than

2 oot el pmerd s, Lt et e diion o

v, that 5,6 = = 6. A pre

b, e o s the folowi Sl nsle

approimations of the nonlinear unctions in ou sysem equaions:
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Afeesubsitting the abose approximations into our solineas ovcrin i

ons, we aerive . the two linearie equations of motion. Not 1 has been
subsituted for the input F-
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2 Transfer function

To obtan the transer unctios of the Enearioed system oquations, we st
itk the Laplce trfor, of the system equtions stning sero il
conditons. The sesuling Laplac teansorms . e bl

(1= m)0(0)* — mglo(s) =

(O )X+ (0 X (o)s = KX(5) ~ mid(a) = U(e)  (15)
Fecal that  transfr foncton represnts the eatonship btvoen i
.  single oatpat .t To i o et ranaer octon for the ontprt.

B(s) i ot of ) we ncd o climinate X(a) o the above citions.
Solv the frt qtion for X(s).

X (12)

X = |’”"‘ - Lot (10
T sbstitate B4 o the Fa 1.
[ e R e A TRV R
Rearranging, the transfer function to find the following; "
S, )

Second, the teusfe function with the cat poition X(s) a the antput can be
decived i imilar masnes to arriveat. the fllowing.

a7

3 state-space
The inearizd cquations of moton from above canalsobe represeated i state-
space o f they are rearrange ino st of s onds diflcental equaions.
Since the cqutions are e, s ca then b put i the sandard matrx
v shown below, (Fint: s quition (10, 3 (11))

a8
a9

()

2)a(a)-mia (st = U(s)
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4 Matlab representation

tons deve above for th inverted pen

o coe i thecommand windon 0 oo the outpt similae to CTS
bt

Convert the state-pace modl to transer function form employing the
command. Comersly, the transte onction model can b converld o state
pace o ing the s comnand.

o (00 s of the cart 05 k.

o () s ofthe pemd 02

o (b) cocfcent of icton for cart 0.1 N/ e
o (1) et o e cnter of s 03 .

o (1) mass smoment of inti o th pend

0008 kg
o (F) fore sppiid to the crt

o (8) cartposition coordinate

o (1) spring constont O or phie |

o (6)viscous damping constant 0 for e |

For this problen the autputs ae the car’s diplacement (s in metes) and the
pendulum angl (3in adias) where ¢ represens th diation of the pedulu's
position fom e b, 5 = + . We will reduce the probler. to the
provide cxsmple in phase o the project witch has 20 % o the toal
e, Tn a2 we il add the on

s on phase 1 The dsign crtrin
car pestion # aee s ollons:

ontion o the spring and dumper. Lot 15
b sy o .0 sp i o

o Seuting te for = theta of e thar 5 sl
o Tie i for 2 of ks than 0.5 seconds

« Pend
verical

sl 0 never more than 20 degres (055 radias) from the

o Steady-stae eror of s than 25 for 2 and 0
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0 . play with positive values of the visoons daper .
Db how changing the spring daemper il ot the sysers. Con you
rocommend a st of valus for k e €2 Do you secommend adding o sping?
Do you recommend adding & damper? what bout & combination of botk?
Whes e shonld sk dompe andor sprng o the syser? Support sour
fnding by including the esuls fn you report.

9 Matlab code

Plesse inlude your Maslh code i o report.

10 Optimization for extra credit

e Mot biin funcions o tune the spring constant e daenping co
eliciet. . Yo can abo sld Q(11) and Q(3,3) 3 deign varable o your
optimisation coe
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5 Discrete state-space

Oue it stp i deignin  digital controle i 0 comvet the v continions
st space cauation o  discree form. Wo willaccomplish this impleying the
MATLAB funcion c2d. This oncton requies that we speciy hre argents:
 continmous system mode, the sanpling time (T4 in sec/sample) and the
“mrhod?. You should lseady be il with how to contruct & sate spece
e from A, B, C. ond D mrics.

Inchocsing a sampletime,note that i i desied that the sumpling feuency
e ft compared o the dynamin of the ssten. O messuee of & system's
epoc s cosc oo bsdwidth. A o rleof th s tht the spliv.
ime b smaller than 150 of the s Joop basebvidth reqsency which can
e determined from the cosed-loop Bode plot,

Assuming that the losod-Joop bodwidth frocencion e acound 1 ra e
o bt the cartand the penduli, ot thessmpling e b 1/100 e sl
The discetzation method we will e i the se-onder had (ok). For urther
et rfe 1o the Ttsoduction: Digital Controler Design pge. Now we e
Fady o use €24 function. Follow th exaenple in CTMS welaie and add con.

cands o an .. i, tis .l 1 he MATLAB comman window
s o o matices epresnting the discrete e tate-space el

6 Controllability and observability

Now we check the contollabity e the observalily of the systn. Plesse
llow the CTMS it and s th reied Matlb commands to your code.
Now check whether or ot the contllbsly o observability of the systrn
Chang i you conside o270 valus for both spring constant & and damping
coeicient o Note that both k ad ¢ are o gt

7 Control design via pole placement

llowing the schematc ofth full state odback cotrolgiven n CTVS website
ad design the control g matrix K. Note that there i o e reid

e code providd for this step. Runthe code with k — ¢ 0 yo should g4 the
sl providd in CTAIS whie. T the previousstep you lded G — € C to
Compute he statceet matrix Q. Change the vaben of the Q(1,1) 3nd Q.5
ementa. o changing these vaics affc the systm esponse?

8  The added spring damper effects

pring o the syater by considering positive
Constant with o daper ¢ — 0. Fow the spring corstant
gl snc psiton” provid some exaspes 1o iy
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