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(Design and Construction of Inverted Pendulum)
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Abstract

This project aims to design and construction controls system of Inverted Pendulum which
be the system that have not the stability and have the quickly reaction with disturbance by use the
principle like supporting wood on a hand for stabilization of the wood. This project try to
stability preservation don't give the pendulum falls because pendulum will has free in the
movement but it will has one equilibriums point only that is perpendicular with horizontal.If
have no the control when have signal comes to disturb system the pendulum will fall. The aim of
This project is controls pendulum for stabilization by will control a position x of the cart give
run to a position in the middle a rack and in the same time will control a degree @ of the
pendulum perpendicularly always, This project modifying nonlinear system to linear system and
use State space conirol come to control system, At the first stage get test by add a input signal
kind Unit step function into system will get reaction graph of the system which has value of
Percent overshoot of a cart and of the pendulum is equal to 8.35 % and both of the graph will
reach the stability when the time passes by about 1 second. Then test the system by disturbance
kind Impulse function which get reaction graph of the system have value of overshoot of a car
and of the pendulum happen during first and reach the stability when the time passes by about 1
second. From response graph means the controls system that us designs by use the supervision
kind State space control can control a position of a cart move to the position wants together and in
the same time can control a degree of the pendulum perpendicularly always and can durable with

outside disturbance that disturb the system.
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2.3 DC Servo motor
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2.3.4 Pulse Width Modulation
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24 ﬁgﬁmﬂn (State space)
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aumseasie il
X (f) & ﬁ(xl‘xZ""xn’ul’MZ'ur'lr)
X2 ()= folx,, X5 X, 0,0 1) 2.1)

X3 () = [y, Xy X, U, 15,0, 8)

»
-t

uazdi m 11NN y, (1), ¥, ),-.., y,. (1) vouszuow 14Reil

x,(6) S Xy X3ty Uy et 5E)
x,(t b S JUN 1 I T A T Iy
2-() ; f(x,u,t)= -fZ( | ERas ] n. | 2 LR 2 )

x, () F /8 T SO 3 TR I TIY )

x(f) =



»® 81Xy, Xy 50 X 50y, Uy, 1,5 8)

! X3 Xyseees X3y, Uys U3
YO = J’2:() . gnuf) = £,(x;,x, A ) ,
ym(t) gm(xl’xZ""’xn;ul’uZ;'"’ur;t)
uy (1)
u,(r
|0
u, ()

P o
PINAUMSN (2.1) uazaunisn 2.2) 1=1d

() = f(5u0)
() = g(x,u,t)

L5

(2.2)

2.3)
(2.4)

Tauniauns¥l (2.3) Aeeunsama (State equation) HAZAVNISA (2.4) ADAUNTS

o . Y o o o A Ae a ' o
l.ﬂ'IVI'Y!YI (Outpul equatlon) ﬂ'IWQﬂ‘liul’.lﬂlﬁﬂ‘if L@ZHI0 g HONTHOABMT § YILaAIoonin

» v [ [ ]
BUNFRITY AniuzGunszuiinessuuin)douaniiai(Time-varying system) S1aun1sh

r ¥
(2.3) uazaumsn (2.4) 1ﬂuﬂun1sm;ﬁu ﬁ‘iﬁulﬂﬁ'm‘l?ﬂl‘!mllﬁﬂﬂ'ﬁf’ﬂﬂﬂ tazaunis

@i 136
x(1) = A@)x(r) + BQu(t)
W) = C(Ox() + D{u(t)

MIBONUVUTULAILAUAILIT State space TuTidoRdail
LlsnldfuszuumaisBuynuasimoomiyn
2, awseldtvszuuilémseeamnnilu Tanuvesmnad g
3. o3 ldiuszuun19iuans Non linear system 7l Backlash Saturation (1ag

Deadzone

2.5)
(2.6)
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Taohi A(r) fAemainaan (State matrix) B(Y) ABIIATNBUWN(nput matrix) C(¢) Ao
ma?mm‘ﬁun (Output matrix) ag D(f) ABINATNASOY (Transmission matrix) NTUANTT
d' { I [l a9 e
# (2.5) uazaunish (2.6) mmmﬁmﬁuuunumwuaanmsmq1wa~muumamﬂiguﬁmﬂ

o P
Auaaaluzili 2.9
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C———— n . fd _r-‘b Cen @——b

N ——

31l 2.10 ununMuABnYessTULmIURIINTRseg gL S gilama

ar esr o dor ar y
2.4.1 ANNTUNUSIEHNITInTualen uaun1sUTgHamn (Correlation between
Transfer function and State space equation)
w dv o Lo o o
hiirdeiissimisdnnmsmiladdudwTsuvesssin vinaumsdipliman 15
oy é o -’-;; ] ar c!y
mﬁmwzuumuﬂmwmuiau 2007

Y _

Us) G(s)

~ ] 3 o ;
uazszuverviounaalugliuuvenlSyiiman 18dai

,;: = Ax + Bu 2.7
y=Cx+Du (2.8)

Taufi x o nawedaen « fioBumn uae y AeweviyN ileis W Laplace transform FuM1sH
@.7) wazaunsi (2.8) 0214
sX(5) —x(0) = AX(s)+ BU(s) (2.9)
Y(s) = CX(s) + DU(s) 2.10)



wazife Iidou luSudumiiugud 14
sX(s)— AX(s) = BU(s)
win (s — A)X(s) = BU(s)

Tavnir (s7 — 4) qaudhlifereathe Fusres
X(s) = (sl - A 'BU(s)

UNUAT X (s) a9eun13(2.10)
Y(s)=C(sl - A BU(s)+ DU(s)

¥
Yar ~

SagtlaunisTv 18dail
r(s)=|c(s1- 4y B+ D (s

@ e o ' dar ¢ P 1 o a
ezgnnIomanuduiussznheilsddudioTow AuaaseglugilveniTpliman 14

Y(s)

e C(sI - A)™ B+ D =G(s)
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(2.11)
(2.12)

(2.13)

(2.14)

(2.15)

¥

or oo
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317 3.2 Free body diagram ¥93gnduHnfiu

10 Free body diagram ¥83@230uazndoH 2 voaiizdues 14

S F=ma; u-N=Mx

Mx+N=u (3.1)

1A Free body diagram 84 Pendulum vinnusaluniunu x uag y 9214

L 1] .2

(ag), = x=LO sinf+LBcosd

(1] .2 -
(ag), = L0 sin@+LLO cosd

¥ A o o ¢
nnnglen 2 vesirdus I3
2

Z:F:(=majr 5y D+ N= m;—mLé sin@ + mL:9'c059
LL ) .2 as
N=(M+m)x—mL@ sin@ + mLOcosf - D (3.2)

(1) .2
ZFy=may 5 mg-p=mLO sin@ + mLO cosl
2

p = mg—mLasinB—mLé cost (3.3)
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>Tp=1,6 ; NLcos6-PLsin@~DLcos6 =8 (.4)

HeanINTuNIIN 3.2),(3.3)uaz (3.4) (i Nonlinear differential equation Wodw
' o Y Y ' v o1y
ﬂﬂﬂ'l'l'ﬂ'lu'Jﬂlllﬁzlﬂﬂﬂﬁﬂ'ﬂli'lﬂf)\?ﬂ'l‘iﬂ')ﬂﬂllllﬂi Pendulum 111?1\191'5‘1(341! o uanioug)

SerhintsLincarization 1o W szuwdu linear differential equation Taold @ fhums
d d y I2 as
nlasumnlasgudng 0218 sind~8, cosfx~1, 6 ~0, 08~0

» T .
ANTUNINAUMIN (3.2) ,(3.3) Hazaun15N (3.4) Y 9Linearization 1214

N = mx+mLO-D (.5)
P = mg (3.6)
NL —PLO-DL =19 6.7

vnaumsi 3.1) uazaun1si (3.5) annsadazaling gl

M+ m)x + mLO = u+D (3.8)

wInauMsh (3.5), (3.6) uazrumi 3.7) aunsadaglimi1diu

(I -~ mL2) 6+ mgLd = mL x—2DL (39)

AN (3.8) uazaumsi (3.9) aunsadag 18 lmidnade 18y
v m’gl20 + (I —mI*Yu + (I = mL* +2mI?)D

3.10
(M + m)(I —mL*) + m*I? 610

"9' _ —mgl(M +m)8 + mLu + (~mL - 2ML)D

3.11
(M +mY(I —mL?Y+m*I? G-1D
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NATUNITN (3.10) taz 3.11) Audontmuaduals State (thy
X =X

x,=0
X, =X
L]

x, =8

uazdagyImidiy

X =Xy
L ]

Xy =Xy

Ll m*gL’x, + (I —mL* Ju+ (I + mL?*)D
! (M +m)I—mL?)+m*L})

Y e mgl{M + m)x, + mLu + (—mL - 2ML)D
¢ M +m)( ~mL2y+ m* [

9214 State space vp33zIIgNAUHAFUBEALTIY

rx.l T FO 0 1 0— |" 0 -
|0 0 0 1f% 0
x? - O ngLZ 0 0 xz / ([+mL2) D
: (M +m) —mL’ )+ m* [’ X, (M +m)(I —mi?)+m*I?
2o —mgL(M +m) —1P —mL+2ML
_"‘4_ | M +m)I —mL)+m’ L s (M +m)(I —mI)+m’ L |
[ 0 1
0
(I -mLl?)
+ 2 12 4
M +m)(I —mL”)+m"L
mL
| (M +m)([ ~mL* )+ m*L* |

X

w1t oo o] p
= 1o =
[yj [0100x3 N=x )

Xy

i
o)
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a'l T o o 9/ a’
M1919n 3.1 Hﬁﬂiﬂ'ﬂ’ﬂi'llllﬂi]i‘lJﬂQQﬂﬂlJHﬂHH

wWisiiwes Mot Aaafi
M NIAVDIAIIO 0.25 kg.
m UYL Pendulum 0.08 kg.
L szoznmlaelitligac.c 0.5 m.
g usalinaag 9.81 m/s
I Tunudanudon 0.0067 kg.m

derhr s iiiaesianie lhonuasly Stae space U9z 14

(".' 0 0 1 0]x 0 0

% 0 0 0 1{x 5 0 0

x‘3 0 -56278 0 0Ofx, -9.5733 4.7689

] 0 464295 0O 0 x, 103.9799 —14.3420
Xy

(n]_1 000
»l o1 00

910 State space #1149z aw15a11 Transfer function éauﬁwamﬂu 4 NIUAH
X(s) - 9.5733S% —140.6945

S

¢ ~46.42955?

103.9799S?

D(s) S*-46.4295S>

X(s) 4.7687S% -140.6944

nIeEn 1 =
D(s)
sl 2 () _
AT 3 =
U(s)
n3tin 4 () _

S4

-1

—46.42958?

4.3428°

U(s) 8*'-46.42955

4
we y, =x g y,=60

ot
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3.2 MIVONUVUTZUUAIVNYLIGNGUANEUMA State space

TumssenuuUsEUUAMURINA State space VBIgNUHAA NN OLETATTA

mugilh 3.3
; X
ro & £ u — Y
‘)& J' X, X X =AX4Do R -ox y
K
K,
%
K,
= ¥ ar
317 3.3 521URNALNA State space YBIGARIHAR
Tauf
u = dyauaIugudnpur)
y = @I Output
& = doyannt Out put N19BAVINAD Integrator
r = Reference input

v
dunorusn laoisiee 1Aanse D uasimun

0 0 10 0
0 0 01 0
_ B= C=[t 0 0 0]
0 -5.6278 0 0 4.7689
0 464295 0 0 ~14.3420
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9110 Block diagram CACEY

x=Ax+Bu (.12)
y=Cx (3.13)
u=—kx+k¢& (3.14)
s;=r—y=r—Cx (3.15)

VINAMIH (3.12) 4 G.15) annsainuerauily Tate space iy

%(t) A o 0) B o
l J_LC 0]L‘(f) +[C}u(r)+[l]r(t) (3.16)

&)

uazeeIdnssevauesvessyuyluaniizasgusiy

J:c(oo) | A 0][%w)] [B 0
o ek e

(=)

M () Wiy Unit step input 182192181 #(e0)=r(r) = 1t §nhuiiorhauniss 3.16) 1l

AUvBNIINTUMIN (3.17) udaez il

£(1) - () [a g:l[f(f)—f(w)]+lf(f)—f(w)}_‘_[?:lr(oo)_r(oo) (3.18)
. . -C —&(o t)—g(eo
o E0)-&)| |60 -&)

dimualdy
x(1) = x() = x,(5)
§(@O) -&(0)=¢&,()
u(t) —u(w) = u, (1)



 YasaymanizAaanssusans dvanenduusang] ’s

5200054 | 5073 6)1.
o & 4 o & SO F ¢ s
gaiuiionh Tlimuaslueumsi (.16) udz'1 N3219.
X, (1) =[A OJ x,(f) +[B}u,(t) 1550, (3.19)
‘ol € Ulen] Lo

A

Taufi
ue(t) = _k-fe(t) + kife(’)

— 4 T
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A={0 0 1 0:0 0 0 1:0 -5.6278 0 0:
B=[0:0;-9.5733;75.2958] ; ‘

|>> A=(0 0 1 0;0 0 0 1;0 -5.6278 O 0;0 46,4295 0 0] ;
>» B={0;0;9.7687;-14.3420) ;
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. > D={0];
c=(1000): . [|>> Auac=fr zecesi4,1):-¢ 01:
p=(0]: * ||>> phat=[B;0);
Ahat=(A zeros(4,1):-C 0); ¢ W>s Jw[-6,391748.08861 -6.3917-8.08861 -30 30 -1Q) ;
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(S +60)’[S —(~6.3917 +8.0886i)][S — (—6.3917 — 8.08861)] = 0
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