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ABSTRACT

The models of overhead crane system had been studied in many regulation methods;
hence bring about the variation parameter. However, there are have the similar conjecture of
angular velocity (¢) in the mathematies models of pendulum system. The angular velocity can be
deduced to be zero to perform the simply system as the linear equation form. In this thesis, the
different direction of mathematical analysis of an overhead crane model was studied what the
angular velocity () was set as in the same value of natural angular velocity (g, ) instead of
neglected to return this values. These equations are still having the linear equation properties for
the state space equation. The purpose of this study is to reduce the error of controller design to give
the equation to be closed to the real system. The linear quadratic (1.Q) 1s applied to control the system.
The controller; which fix gain condition and charge mass load, is presented to improve the stabilities.
The results show the over shoot value was diminished. And, the extended gain values have less
than the previous values of calculations. Whereas, the period of time of the system descended to
the steady state have the same value. ‘Which give the adyantage to obviate the problem of over

feed extended gain to the system.
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Vi = = pixri=r
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I2 - . - - . -
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.2 -
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2_-. —
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. - . l2
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. e . . .2
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x=Ax+Bu
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; o >
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g o o
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L4 4
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a o 5 wa " { A o
A = nNINFILUY (system matrix: n x n) fmUﬁm'Nmumwmaqﬁlﬁmi’fmnmwu
" = (‘-ﬁy
vilsingeg lumasnai
a o a . 3 a dd < w
B = 1um3nd iy duNaA (input matrix: nx 1) Wuwasoamisentsdnuuzias
ORI L RULRE GBI )
a oo e . a da &8 w
C = 1MINFAYYIUDINYA (output matrix: m x n) Whiwasndiuendadnyuziaz
IUIUYDDINYUYINVI0DN
a dae a  Jdd
D = winadyautlow TJd1ami (feed forward matrix) (Humasnaniavents

@ w d v a d
ANUTUNUT lAoATITEH TNOUNNHAZIDINNN

a wa a d ay " = " = n,:
TumalfiGnsng D 11 sxlsingoglunareszuuisinssy udlumanguiiiu
= G‘ﬂ’ o 9 = d a 3 i = = 1
wasndtaiunnududoulumsinged dniuiievmsAnumangui Tavnneziou s

v v " v
D=0 9uiteasaiina i D=0 wudu wmsizszuuidmsieiiduiiesvuauyy

tlounduTaelifinmsfloudoya ldhanyh
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i’faﬁvmmsaanuuuhu?iﬂ?qﬁﬁmm‘iﬂmmzﬂmﬁ"aszuwmmﬁmmzjqrnn
adududeu AefiduduvesdumaiFeyiutiisigs nieoniivawduynuaznavieinn
MIMO) Suriiosninszuuluandfoduuny nilsduna aouening suhudamnzauiez
PONIVVIZUUAIVANAILITYT gl cian

fnfuninaumsi 2.37 uazaumsi 2.39 e liorenmsTinneisedaaunis

[] ¥
asnanldeglugivesaumsmananly (state-space) dun15# 2.40 Asil

-é— AT AFVD IR Y
- |5 AT U ave UG
g - ANITIVDI30TON
: ATMITIWDITNTBN
i 0 10 0
~ (M +2m)g 5/,
™ Ml
0 0.0 1
=2mg 0 0 0
[ T
DT M
C_'l 0 0.0
00 1.0
D=q (2.41)

= 4 I J A o o d"
Tao ownsamouannin 2.41 Wheiuaemsaow'lae il

= R = B
S o O B

D=0 (2.42)
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3.2 1INUNATIVHANTIOUL (Minimize the performance index)
ALINIIBYDINTDONIVUIZVVAIVANU VA ABMIRIUIUNIAIIAT IV
g o z FIE
YOIAINIVAVHANIY 9109zAINIAIMI B Is¥umnedimiiaasauihmunevesmseoniuy

' ¥ " ¥ ¥ "
szuvaruguiie Ifszuuauguihauaigamuuiamsildas 19 wasmsdndaan

] "
e e

nonlluniseonuuudInIuAUNANGA (optimal  control) 1300791 “ATT¥HANIITOUY

v 9 '
A =

(performance index)” Feazifuasswiinignszuuiidosnsarauhouiiuesielsthe 1
Taauthmnoiida PBuie i AvIN1IAUAUMIMIIIUYEszuY TaeTATins dndsanu
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‘Huﬁﬂﬂﬂﬁﬂﬁﬂ5ﬂﬁiyiy’linH‘NQE)H?!‘V]ﬁﬂQLB'WIY!YI(Smgle Input Two Output : SITO) A9UY Nﬂl‘ﬁ

NQUBINMSAIVAUHUDA YRR Iz eBnHAWH YRy 0 (Multi Input Multi Output : MIMO) 1

¥
o =4

= < 4
N3 AUNTIEH cmuﬁm'lﬁmu

u=-Kx (3.1)

1 o o

o K =Moas1veudynin(Gain)

as =

: =/
u = dypausuynideuliunszoy

x =aunlsanny

y ¥
a A A L

Aassyiaussauziuoulifognaronuy Tavaisosuiiidenaisaveiy
ar o 4 a a o ra
a1 Hinuaias 5yl aussouz(Performance Index Criteria) HULBUTNTAVDIAAANAIA
[ o . — & { a 4 U
1 30iYUAI0170 (Integral Time Multiplied Absolute Error: ITAE) #uiluiiivnldiiiossini
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1 o aa ' y " it o E
(Over Shoot) TisnninuIaidumsaevausaiininnia (Oscillating) NHFNVULAITHUIIN

=S4 A ' W oA o dl’
A WUADNAATUANITOUE AU
J= I(xTQx+uTRu)dt (3.2)
0

Taom J =MAssriansiouy
1 o : o . g
0= Anlamosimn (Weighting Factor)
R

t

¥
ﬂ'mﬂﬂlﬂﬂ‘;’,ﬁ‘mﬁﬂ (Weighting Factor)

Aulsmana

s anng
o - d‘ ) 1
u = dyausuynndouliunszuy
1 1 =) é = 1 : Ny . Y . .
M O HANFIINNIToNUFIUNMNIY (positive definite or positive semi-definite)
uaz IUNATNANNIAT  (real symmetric’ matrix), AR iuuaSnauuasFiwan luns
o' s 1o [ 1 1 ' o
Uszgna l¥numdagapandifissdyanaidon a1 R Sadduaiainaar » sl aunsoud
o' a a = 4 5 = .
TonodlayminuismsuAgumMsNsAtinvo5ANA (Algebraic Riccati Equation)
o - '
NMIDBNILUIZVUAIUANUUNFATIN(K ) ioApans IRssuulianuve udu
A o’ g a s = 9 d o Q’I, Y a o
FONIAQUYIY Wag AT AT UYL InguuIn Tnudiindgud Aaludisanvne K fim
S Jﬂ' L) 4 3 "3 o i ar 1
Timassil J fianfevihga uadidnsives K Rdfigativuegiud O uas R dsaunisi

4 ! 3 4 Ayl e 2 :
3.2 Feffoonuuuiugimualuilanduasssiiausious Sl imuan 0 nor R Taw

¥
-t e a

L4 ¥
dauuniz 1435 quanay wie Il uilu 1 sianua adiviitaverhiausdinisie 14
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3.3 auMSNTANNIAMA (Algebraic Riccati Equation)

Taymidaeunisi 2.37 aunisi 2.38 nazaumsh 3.2 eglugiveseyiusiFudu

L
ar o

AUU
= = J Y o 9 ' .5' =) « = = o
YoIaumianmIa sxgaeInanneiilymldalasiw Rugrumsigniszuudaduionny

= - .f.’f ' a { i - y, a
Tt msadiamansvugadioudilym Enduidonfudilymiriiaiife 35ms
9 ar 1:’.’
nala vesszyvaumsaananly v 18 il

x(t) = Al )x(e)+ Bu(),x(t,) = x, (3.3)

f(xo,x(-),u(-»=’;;(;8]}(1{1?

)dt rt- .x(t)T F,x(T) (3.4)

)= FF {;’f ((?) = "'((:))J 44

o a o = - a A -4 a o o7 a =
mmsaniledisuisea ﬂ'ﬂﬂﬁiiﬂ?ﬂl“ﬂllﬂﬂmﬁ'l ALUYT-AIDAAIIAN (Linear

Quadratic) WU 92 1A auNs

“P=A"P+PA+E,~(PB+F, ) (B"P+E,)

P(T)=F; (3.6)
llﬂxﬂg]ilﬂﬂﬂ'l'iﬂ')ﬂﬂﬂﬁﬂ

Uy =K, (()x=F'(B"P+F, G.7)
Sfumn
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A"P+PA-PBr'B"P+Q=0 (3.8)

Wo P = asnauunagigagin

Taun

v
0= aunlamo1imin (Weighting Factor)

1 o :’ W
r =amanes1imiin (Weighting Factor)
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a - e ' { o o
A = 1NTNFTLU (system matrix : n x n) FUTANINONINANNGITOINY

' a (ﬂy
sruuslsngeglumasngil

oy o = g _ a da 2 o
B =tum3nerdoyqiaudung (input matrix : n %x) HumaInanuenddnyme

LAY IHEBINOIN YDV

8211 frO\ 0
00
A:—.a 0
0 0 0 1
fr0= 0 W
B =0/ 5c ™0, @l
[ pt p2. p3
P=p2p5p6
p3 p6 p8
p4-pT. p9
(-0 0 0
0 000
Q'oono
(0 0 00

b

1 =ulanoi

AIVAY

s

K = Mdns19e10aya10i(Gain)

p4
pl
29
pl0

3020

L

i agludwmisassnuaanlsannziaulazdons
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U a d P 9
unuANINInad luaumsh 3.8 ﬂzvlﬂ'ﬂ

0 a O b(|pl p2 p3 p4 ptopdr g3 pA 10 1809
1 00 Olyp2 p5 pb -p? b p2 p§ p6b plljla 0 0 0
0 0 0 O||p3 p6 p8 p9 p3 p6 p8 p9|i0 0 0 1
0 01 O||p4 p7 p9 plO| |p4 p7 p9 plO||b O O O
[pl p2 p3 p4 Oj|pl P2 p3 p4
2 pS5 p6 p7 2 p5 p6 p7

_|Ps P> PO P _[0 L d]-r”'- B e o R e

p3 p6 p8 p9i 0f{|p3 p6 p8 p9

p4 p7 p9 plo d|tp4. p7 p9 plo

[ 0.0 0

L0 0 0
+ =0 (3.9)

0 01 0

[0 0 0 O

1 3 '
Taun3ndn 1A Duia 4x4 dadiSouvounnslugzilving axl moamnuazaanly

= = ar Y= ' ] = o 'l s dy
MIWoUANNT IR IHINITHIF DU T N TTu AT 190 adl
[xl A%) X, %y ] =0

vnaumsn 3.9 aasod sty Tsunsy Matlab 7.0 Teon mu luTlsunsunie

" ¥
A0 1 HUIDIAIIY

2*a*p2+2F b pd-1/c*(p2*c+pd*d)*c*p2-1/r*(p2*c+ p4*d)*d *p4 + mu
pl+a*p5+b*p7-1/r*(pS*c+p7*d)*c*p2-1/r*(p5*c+p7*d)*d*p4
a*p6+b*p9-1r*(p6*c+p9*d)*c*p2-1/r*(p6*c+p9*d)*d*p4
p3+a*p7+b*pl0-1/r*(p7*c+plO*d)*c*p2-1/r*(p7*c+pl0*d)*d *p4

plta*p5+b*p7-1/r*(p2*c+pd*d)*c*p5-1/r*(p2*c+pd*d)*d*p7
2*p2-1/r*(pS*c+p7*d)*c*p5-1/r*(p5*c+p7*d)*d*p7
p3-1/r*(p6*c+p9*d)*c*p5-1/r*(p6*c+p9*d)*d*p7
p6+pd-1/r*(p7*c+plO*d)*c*p5-1/r*(p7*c+plO*d)*d*p7
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a*p6+b*p9-1/r*(p2*c+pd*d)*c*p6-1/r*(p2*c+pd*d)*d*p9
p3-1/r*(pS*c+p7*d)*c*p6-1/r*(pS*c+p7*d)*d*p9
-1/r*(p6*c+p9*d)*c*p6-1/r*(p6*c+p9*d)*d*p9+1
p8-1/r*(p7*c+plO*d)*c*p6-1/r*(p7*c+pl0*d)*d*p9

p3+a*p7+b*plO-1/r*(p2*c+pd*d)*c*p7-1/r*(p2*c+pd*d)*d*pl0
p6+pd-1/r*(pS*c+p7*d)*c*p7-1/r*(pS*c+p7*d)*d*pl0
p8-1/r*(p6*c+p9*d)*c*p7-1/r*(p6*c+p9*d)*d*pl0
2*¥p9-1/r*(p7*c+pl0*d)*c*p7-1/r*(p7*c+pl0*d)*d*pl0

=0

(3.10)

*minome: Tsunsunmisfusardunsog 141 nanuan .

] ' ¥
xﬁammmuﬂﬂum's VIAVIHAAUNITN 3.10 ﬁaﬁw uﬂﬂ’lﬂ')lllliﬁﬂllﬂﬁ

M =2nlansu

m =1nlaniu
{ = 11a3
g = 9.81 a5 Aum’

Tao 13 Tsunsuunia 9.5 shimsAmanaunish 3.101ie IHdwaon1sduIm 39
' » ]
MMuAf =1 tag r = LINBINNAIABUYBIAUM S UNINUNA 1 20. FAd1aeums iNoA1
azaIndadaudaauiise 10 gasdluasan 3 m P Aldlavdannnneziiauiuduou
- ' d'. - a0 a ¥V d ° a
wadeu udaumsh 1Flumsinrzieglugdaumsudu Janasidon ldmniiusuouie
" & ;A Yiadny e 4 Vdn v v
miniu wazannsaquiden1dnilan1a swilewinnamn Idiamuauivinaunisdunuy
ey uamnienudInavan1sIn1oes 1w iag luveudtomfesan Avziimagy

-~ U ]
ona lny



15197 3.1 $pg1INANIIRIMIUMIAT P 91naumsh 3.8 AdeTisunsumudla 9.5

1wﬁ pl p2 p3 p4 p5 pé p7 p8 p9 plo

1 10.405 0.672 -1.159 -1.298 3.342 -1.967 -5.662 2.817 3.968 11.296

2 -8.9102 1.364 -14651 -2.699 2.282 ~T.908 -5.585 2.803 3.93 11.193

3 -979.028*] -251.761 2'2.439“[ 66,569 67.126*1 7.438 -22.247*1 -3.298%1 -5.438 15.651*1
- 519.485*1 -96.602 13.899%1 -38.162 -14.720%1 4.868 -13.079*1 - 2395%] -2.868 8.288*]
5 -519.485*1 -96.602 13.899%1 -38.163 14.720%1 4.868 13.079*1 2.395%1 -2.868 -8.288*1
6 979.028*1 -251.761 -22.439*1 66.569 -67.126*1 7.438 22.247%1 3.298%1 -5.438 -15.651*1
7 8.9103 1.364 1.651 -2.699 -2.282 ~1.931 5.585 -2.804 3.931 -11.194

8 -10.405 0.672 1,159 -1.298 -3.343 -1.968 5.662 -2.817 3.968 -11.296
9 -214.214+642.956*1 -140.183-72.791*1 -4.215+17.266*1 -13.795+47.897*1 24.725-30.0#7‘! -5.848-1.268%]1 -16.294-4.446"1 2.810+0.451*1 3.848+1.268%1 10.672+3.543*1
10 -214.214-642.956"1 -140.183+472.791*1 -4.215-17.266"1 l -13.795-47.897*1 24.725+30.087*1 -5.848+1.268*1 -16.294+4.446*1 2.810-.451°1 3.848-1.268°1 10.672-3.543*1

I€
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151-4895IN% (Routh-Hurwitz)

4.1 MIMVAVBNMHINZAN
miaammm:uumuqmmwhamfuﬁqmjwmuﬁ'aﬁ'mmﬁﬁmamn1ﬂ'1
é’l’mwvwmaaﬁamijﬂumfhifu wnumit 3 mmnsadszgnd ldmguinsnedumnisna
(Pole Placement) Tnv1#iass¥iiouiiniavessiiawaiagudanan ATAE) Famingdmiy
szuufifimsaouduesiinsinds vesaunsRedsuszvuTadeamisainnesnuuyszuy

L

muqu Tdulseanivosaunmsanumznmza i

s'#20m,5° +340%* +2.70)s + o) = (4.1)

gumin 4.1 ansolou1alnun
stva s’ + Bl vy s+, =0 (4.2)

MoUaUNTN 4.1 uasaunisn4.2 a2 1411

a=2lw,
B=3.4w]
y =2.7®;

S=w,

w, =+gll

¥ 0
auMsanyuzmmIzveszuuiudunuvasumilofs vz asawou ldaeiine

det(sI — (A - BK))
s* +(ck, +dk,)s’ +(ck, +dk, - a)s* +(bck, —adk,)s + (bck, —adk,) =0

(4.3)



Weouaumsn 4.3 lni'ldh
4 3 2
s"+0as” +Bs° +ys+6=0

¥
@

dariu nlSoumouaumsn 4.2 uazaunisn 4.4 12141

a=21w, = (ck, +dk,)
B =340} =(cky+dk, = a)
y =270} =(bck, - adk,)

5 =w, = (bck; —adk,)

e dmuam [ = 1193

, =J-E-=1/ﬂ =3.1321
! 1

" ‘!’ J "
UNUM @, VINANNITN 4.6 aaluaunish 4.5 9214

a=6.577393
B =33354

7 =82.9597

0 =96.2361

= dc{ Vo 1w A o ' o k4
ﬁl'LIﬂ"Ii')lﬂi']SHl!lﬁ11ﬂﬂ1ﬂuﬂﬂ1ﬂ'}llﬂilW‘EJTl']ﬂ'l‘SH'Iﬂ'Iﬂﬂ?'I‘UU']UMI’J

M =2dlansy
m =1nlansu
I =13%

g =981 WAsAUN

ar

o
iU

44)

(4.5)

(4.6)
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34

unumaanlsn ldsmua 3asluaumsn 4.5 sraunsomdasivesldn

y =2.70. = (bck, — adk,)

¥
k, = =16.9133 4.7)
* bc-ad
o= aJ: = (bck, — adk,)
o
k, = =19.62 (4.8)
* be-ad

a =2.1w, =(ck, +dk;)

<k
"

=-3.7585 (4.9)

f=340} = (ck, +dk, ~a)

=,B+a—dk3
¢

k, = 7.848 (4.10)

dia'ldsasivcennaunisn 4.7, 4.8, 4.9, 4.10 s launusluaunin 3.8 1218

K=k k, k Kk]=[7.848 =3.758519.62" 16.9133]
K=r'B'pP (4.11)
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; _ 6.577393*33.354-82.9507
6.577393
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(24 [#4
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>M:=2;
M:=2
>m:=1;
m:=1
> 1:=1;
=1
> g:=9.81;
g:=981

> a:=(-1*(M+(2*m))*g)/(M*1);
a =~19.62000000

> hi=((-2*m)*g)/(M);
b :=-9.810000000

> c:=1/(M*1);

¢ =L
2
>d:=1/M;
d :=l
2
> mu:=1;
m:=1
>r:=1;
r=1

>eqns:={2*a*p2+2*b*pd-(c*p2+d*pd)*r*c*p2-(c*p2+d*pd)*r*d*p4+mu=0,

pl+a*pS+b*p7-(c*pS+d*pT)*r*c*p2-(c*pS+d*pT)*r*d*pd=0,

a*p6+b*p9-(c*p6+d*p9)*r*c*p2-(c*p6+d*p9)*rrd*pd=0,
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p3+a*p7+b*pl0-(c*p7+d*p10)*r*c*p2-(c*p7+d*p10)*r*d*pd=0,
2%p2-(c*pS+d*pT)*r*c*p5-(c*pS+d*p7)*r*d*p7=0,
p3-(c*p6+d*p9)*r¥c*p5-(c*p6+d*p9)*rrd*p7=0,
p6+pd-(c*pT+d*pl 0)*r*c*p5-(c*p7+d*p10)*r*d*p7=0,
“(c*p6+d*p9)*rc*p6-(c*p6+d*p9)*rrd*p9+1=0,
p8-(c*p7+d*pl0)*r*c*p6-(c*p7+d*p10)*r*d*p9=0,

27p9-(c*p7+d*pl0)*r*c*pT-(c*pT+d*p1 0)*r*d*p10=0};

eqns = 1 -39.24000000 p2 - 19,6200000054 %(% P2 +\’-;i pej »2- -;- [ % P2+ % de pa+1=0,

Pl - 19.62000000 5 - 9.810000000 7.2 l.p.s+ip7] o IR, Y

23 - 1962000000 p7 «

-19:62000000 p6 - 9.810000000 9 - %(-;-p6+ %p?] pas -21-[_:%ﬂ$+ %p? p4=0,

g (1 1 1N\ 1f1 1 1 1
2p2- o —pStopl{pSe—| =pit 2p7 | p7=0,p3=—| 2p6+ 2potps - 2| L posd po| p7=0,
P2 2[2;: 2p]p 2(21’ 2;]1’ ? 2[2;» 2p]p 2(23’ 2;:]?

2

; L 8 1 B! 14 ) il TSl 1 by 1 o] y ;
pb+p4- — | Spresplol ey 7+ -pl0fp7=0,- = —p6+=pdiwe-"| paelp 941=0,
< 2(2’ o ]p 2[ 1] &L ]"’ 2(2’ 27 J” 2[2‘” 2‘?9}"’

ool Vi W6 P s Y o T = 4]
-~ P?+ 2010  p6- <297 42 pl0) pr=0.259+ L [ Aozt Lpiotpre X L o7 Yot0) pio=0
72 2[2’ 2% ]P 2(2’ 3% -_]pa £ 2[2” P14 JP 2{2” 2 Jpo }

>sols:=solve(eqns);
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MSVeHMTIU50n53 Matlab 1iel¥nszoimasluaumsn 3.9 Jeaii

clear variable;

clear all;

close all ;

elc;

% Uszmaaaunls luldsunsy;

syms Mm g L kl' k2 k3 k4 ab ¢ d lambda riccati pI p2 p3p4 p2 p5 p6 p7 p3 p6 p8 p9
p4 p7 p9 p10 mu R r real;

% NIMUARN;

I=[1000;0100;0010;0001];
A=[0100;(a)000;000 1;(b)000];

B=[0;c; 0; dJ;

C=[1000;0010];

D=0;

K=[k1 k2 k3 k4];

Q=[mu000;0000;0010;0000}:

P=[p1 p2 p3 p4;p2 p5 p6 p7;p3 p6 p8 p9;p4 p7 p9 p10];
R=r;

% inmmanuaas a1 3.8;

riccati=(A"*P)+(P*A)-(P*B*inv(R)*B"*P)+Q
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clear variable;
clear all;
close all ;
cle:
% Uszmesnls
syms MmgLklk2k3k4abced slambda real;
% MUUARWITIIADS
I=[1000:0100;0010:0001];
g=9.81; %n-m/sec”2
M=2; Y%kg
m=1;  %kg Awuaswalnaaldiiam 1 flansy
L=1; Yom
% IVYUAUNTTVOITLD L)
=-((M+2*m)*g)/(M*L);
b=-(2*m*g)/M;
c=1/(M*L);
d=1/M;
% AT AN TVBIT VLU UINIAY
A=[0100;a000;0001;b000];
B=[0; c; 0; d;
C=[1000;0 01 0};
D=0;
k=[k1 k2 k3 k4];
% 1 mu 71 14913 A
mu=1.685;
Q=[mu 000;
0000;
0010;
0000];
R =0.002597777757;
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% WIMSATIvIA IR LQR lﬁﬂmmﬁmswmuéﬁnﬂ?@
K = 1gr(A,B,Q,R)

Ac = [(A-B*K)];

Bc = [B];

Ce=[C];

Dc = [D];

%M UAFIIAVDINTIN
T=0:0.01:10;

% fnuAvNavo A
U=0.2*ones(size(T));

% 91909H0
[Y,X]=lIsim(Ac,Bc,Ce,De,U,T):

% TUMTAANTI YUDITZVUIU VLAY
ao=-((M+m)*g)/(M*L);
bo=-(m*g)/M;

co=1/(M*L);

do=1/M;

Ao=[0100;a0 000,000 1:bo000];
Bo=[0; co; 0; dol;

Co=[1000;001 0};

Do=0;

% MiA19A3 18018 T LOR WeMIASAs oIS 1BnA s
Kr=1gr(Ao,Bo,Q,R)

Acc = [(Ao=Bo*Kr)];

Bee = [B];

Cec=[C];

Dcc = [D];

pp=eig(Acc);
%AMUATININNVDINTIN
Tt=0:0.01:10;

% fmuaviavesmallanau

Ut=0.2*ones(size(Tt));
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% 9100IHA

[Yo,Xo]=lsim(Acc,Bec,Cec,Dee,Ut, Tt); ]

% WADANIIMHANIABUALBIVDIN IS In0IsTUVIRNLAZIU IR URY
plot(T,Y, k', Tt,Yo,'b:");

% Muanisussnenelunivnasidulauaasiaes s
legend("Pendulum’,'Cart','Pendulum1','Cart1');

% MHUANNUNLIWYDINTIN

xlabel('Time:sec');ylabel(' Amplitude');
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File Edt Text Deskiop Window Help

DEH B0 & MF

1 clear variable:;
2 clear all:

3 close all ;

4  cle;

5

6 sSyms nu k1 k2 k3 k4 R lambda riccati pl p2 p3 4 p5 ps p7 p8 p9 plD real:
7 I=[1000:;0100;0010:000 1]:;

8 g=9.81: *n-m/sec*2

9 M=2; Sky

10 m=1; wkd]

11 L=1; Sm

12 a=-((H+2*m) *g)/ (H*L) ;

13 b=-(2™m*g)/H;

14 c=1L¥NsE) ;

15 d=1/M:

16 A=[0 1 0 O;(a) O O 070"0/(0 17(b) 0 0-0);
17 FBSID; c; 0; d):

18 g€=[1 0 0 0:0-D=00]

19 D=0;

20 K=[kl k2 k3 k4)]:

21 Q=[mw0 0 0;0 DO '0:0/0-1 0;0 /0 O 0]:
22 P=[pl p2 p3 p4:p2 p5 p6 p7:p3 p6 p8 p9:p4 p? pd pi0]:
23 riccati=(A'*P)+(P"i) - [P*B*R*B' *P) 40
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[ =881/25%p2-981/50%p4-1/2 *R* (1/24p241/2%p4) 1 p2-1/2 *RE(1/2 *p2 +1/ 2% pA) 7 pd-+om, P1-981/50%p5-981/1007p7-1/8* R (1/2*p2+1/2 "
[ p1=981/507pS-981/1007p7-1/2 *R* (1/2"pS+1/2%p7) *p2=1/2*R¥ (1/2*p5+1/2 1p7) TpA, 2¥p2-1/2 R* (1/2%p5+1/2°
[ ~981/50"pE-981/ 1007 pS-1/ 2 *R*(1/2*p641/27p9) *p2-1/2 YR* (1/2 *p€+1/2959) 7p4, P3=1/2%R* (1/27p6e1/2"
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MNA v.1 158112 1951 (Raiload Crane)

http:/fen.wikipedia.org/wiki S rane

wikipedi wiki of e
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4 ¢
M v.4 15M-M0515U 1A54 (Rough Terrain Crane)

H 7
AN U5 AT0AA0T 1ATU (Crawler Crane)

://en.wikipedia.org/wiki/Types es

A V.6 UAUNT 195U (Gantry Crane)

http://en.wikipedia.org/wiki ¥
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M 4.7 Tuduuuvaosmilodsyy (Overhead Crane)

http://en.wikipedia,org/wiki/Types of cranes

i v.8 TWaiAe 1nsu (Floating Crane)

http://en, wikipedia.org/wiki/Types of cranes

NN 1.9 191500 1ATY (Aerial Crane)

http://en.wikipedia.org/wiki/T vpes_of cranes
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http://en.wikipedi wiki/Types of cranes
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NN 1.14 DAYA 1ATU(Vessel (Deck) crane)
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-
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2NN 1.15 31 15U (Jib Crane)
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Anti-sway Control for Overhead Crane

Kitichoke Prommaneewat'” ,Prapas Roengruen’ and Viriya Kongratana®

! Faculty of Science and Engineering, Kasetsart University Chalermphrakiat SakonNakhon Campus, Thailand
(Tel : +66-4273-1248; E-mail: csnkcp@ku.ac.th)
*Department of Instrumentation Engineering, King Mongkut’s Institute of Technology Ladkrabang, Bangkok, Thailand
(Tel : +66-2-739-2470; E-mail: kviriya@kmitl.ac.th)

Abstract: The models of overhead crane system have been studied in many regulation methods; hence bring about

the variation parameter. However, there are have the similar conjecture of angular velocity (4) in the mathematics
models of pendulum system. The angular velocity can be deduced to be zero to perform the simply system as the linear
equation form. In this paper, the different direction of mathematical analysis of an overhead crane model was study

what the angular velocity () was set as in the same value of natural angular velocity (@, ) instead of neglected to return

this values. These equations are still having the linear equation properties for the state space equation. The purpose of
this study is to reduce the error of controller design to give the equation to be close to the real system. A design
recommendation for optimal asymptotic linear quadratic (LQ) controllers with fixed gain and when follow to changed
mass load are present to improve the stabilities. The results show the over shoot value was diminished. And, the
extended gain values have less than the previous values of calculations. Whereas, the period of time of the system
descended to the steady state have the same value. Which give the advantage to obviate the problem of over feed
extended gain to the system.

Keywords:  Linear Quadratic (LQ) Controller, =~ Algebraic Riccati equation, Lagrangian Dynamics, Pendulum

1. INTRODUCTION Lagrangian Dynamic model is illustrated in Fig. 1. The

: : ti t foll
The pendulum dynamic system has been studied over Fayafions Srale Yiatilse of follow

the years and widely applied to the industry. In general, mi* 8- ml r cos(@)+ mglsin(@) = 0 (1)
the important variables in the analysis of the crane = L A%

system are angle, mass of cart, mass of object hang with M +m)r-=ml@+ml@ 6=0 ()
cart, mass of rope and length of rope. Length of rope is When M is mass of cart, m is mass of load, 1 is the

set as constant to make the calculation simply [1,2]. In
addition, some variables in the analysis of the crane
system are omitted due to such variables are difficult to
calculate and their effect to the system is insignificant.
As know, pendulum dynamic system has been studied
for a long time. However, the equations that can explain
the system exactly still required. Therefore, further

length of rope between cart and mass of load, r is
scattered distance that cart can move pass at the zero
time, g is the earth gravity.

Since the angular angle is of a small value, so we can
assume,  cos(d) =1 and sin(f ~ @) . To analyze
equation 2 by using the same expectation method that

studies of pendulum dynamic system ~has = been & .0 very least can be deduced to be zero. However, in
performed continuously.  The analysis of the resnltant gencral of pendulum analysis theorem, angular velocity
force was proposed in several methods. The frequently is o which is equal to - Jg/i - 1f deduce b,

used method is the Lagrangian Dynamie, which exploits
the differentiation. This method provides the similar
solutions, compared to the Newton’s method that is
more sophisticate. There are many methods to calculate
the valued of control system. Among those, Linear
Quadratic Regulator (LQR) method is widely used that Ulsin0)
is designed to generate the least capacity index function.
Weighing factors using Riccati equation has to be
selected by the designer. The purpose of this study is to
provided the equation with pendulum angle (4 ) Uleos0
adjusted by using Lagrange method [3-5]. Fixed
gain linear quadratic controller by Routh Hurwitz
stability is also used to perform in this work.

the new equation can be written as :

Ulsint

mg

2. Mathematical Model of an Overhead Crane

Figurel. :
2.1 Mathematical Model igurel. Overhead Crane Model

Mathematical model of an overhead crane by
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2.2 State Space Equation

Simple for the to simplify for arrange equations in
state space form

x = Ax + Bu
-é_ Pendulum angular velocity
i 5 Pendulum angular acceleration
5 ,.- Cart velocity
_:_ Cart acceleration
; 0 1/9/ 0]
i ——-——'(M;f"’)g 00 0
0 i A
s 7
B=|0 ﬁ 0 Ilf—] (5)

3. Design of a LQ controller

3.1 Minimize the performance index

Due to an overhead system crane is operated by
Single Input Two Output (SITO) system. Thus, the
control law type of Multi Input and Multi Output
(MIMO) system was applied to use for this study.

U= -Kx (6)
Where K is gain value, U is signal input to system by

choosing gain value by Performance Index Criteria type
Integral Time Multiplied Absolute Error (ITAE)

I= I(xTQx+ u” Ru)dt (7)
0

Where Q and R are weighting factors; Q is only a
positive definite or positive semi-definite and is a real
symmetric matrix; R is a positive definite symmetric
matrix. In this application with a single input, R; Thus R
was set by scalar (r) that can be solved by the algebraic
Riccati equation.
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3.2 Algebraic Riccati Equation
Algebraic Riccati Equation is given as
ATP+PA-PBr'B'P+Q =0 (8)
Where P is a positive symmetric matrix and K is gain
matrix.
K=r'B'"P ;K=[kl, k2,k3,k4] )

4. Fixed Gain LQ Controller By Routh
Hurwitz Stability Theorem

4.1 Fixed gain LQ controller

Pole Placement Theorem applied with Performance
index criteria type ITAE of the closed-loop system
function was used to design controller system. Find the
coefficient characteristic equation as below;

det(sI-(A-BK))

s*+(cky+dky)s™+( ek +dky-a)s*+(bek,-adky)s+( beks-adks) = 0
The re- written form that the coefficient characteristic
equation as follow;

s'tas’ +B57 + -+ 5 =0 (10)

4.2 Analyze Routh Hurwitz Stability

The method of fixed gain Controller By Routh
Hurwitz Stability Theorem was applied to study stability
analysis for find the limited of gain signal that have
two criteria as show below ;

DYB— ¥
i= % >0
@f-yy _a's
p=SZ ar U0 >0
afi-y
a
(11)

5.  Mathematical Simulation

The Riccati equation was complied by mathematical
program Maple 9.5. 8" Riccati algebraic equation can
spread the variable generate metric as Table 1.

By comparing equation 10 and equation 12, the
value Q and R can be solved from equation 7 in which
variables are given as  follows : M =2 kg.,, m= 1 kg.,
I=1m.,g=981 m/s’

Table 1 E et Fation Doty

2%a*p2+2*b*p4-R*k1"2+mu pl+a*pS+b*p7-R*kI*k2 a*p6+b*p9-R*ki*k3 p3+a*p7+b*plo-R*kl*kd
pl+a*pS+b*p7-R*kl*k2 2*p2-R*k2%2 p3-R*k2*k3 p6+pd-R*k2*k4 -
a*p6+b*p9-R*kl*k3 p3-R*Kk2*k3 -R*Kk372 +1 p8-R*k3*ké
p3+a*p7+b*pl0-R*kl*k4 P6 +pd - R * K2 * k4 p8-R*k3*k4 2*p9-R *kd"2




From equation 9, K(gain value) can be calculated as :
K = [ 7.848 -3.7585 19.62 16.9133 ]
(12) 15
In matrix Q, 4 is a variable which is in the
position of the variable of interest; &
a0 0
00
050 1
00

S O O O

By the substitution of equation 12 to equation Table
1., 4 andr can be calculated as show below.

1685 0 0 0
0 00 0

Q= 040 1D
0 00 0

r=0.0025978 (13)

The variables derived from the previous section are
replaced in MATLAB.

6. Results and Discussions

We made comparison of the Response between the
old overhead crane system and the new overhead crane
system one after we feed the step input. Gain value can
be illustrated in 2 ways.

6.1 Adjust gain follow parameter that modified

In case that the mass of load is almost equal to mass
of cart, the value position of cart and angle pendulum
between old overhead crane are quite similar as show
in Fig. 2. If the mass of load was increased repeatedly
and gain was observed at every changed of mass of load,
the values of pendulum of load would contract, the
angle would oscillate more frequently. = There were
having the same value positions of cart. The values of
position of the cart of new overhead crane system will
have a long Response period, compared to old overhead
crane system as shown in Fig. 3-6.

E] = a - =5 0 - i

Fig. 2 Response of position cart and angle pendulum
when m = 1 kg, Knew = [11.0199 -3.1082
19.6200 14.1788], Kold =[17.0617 -1.5239
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19.6200  13.6370]

3

Fig. 3 Response of position cart and angle pendulum

when m = 5 kg, Knew = [-6.4964 -13.8472
19.6200 21.0925], Kold =[0.7775 -7.6343
19.6200  16.6670]

ORI SR - et uamens e

a & + & &

Fig. 4 Response of position cart and angle pendulum

when m = 10 kg, Knew = [-11.9603 -23.0207
19.6200 28.5559], Kold =[-6.4964 -13.8472
19.6200 21.0925]

2 e . & =

Fig. 5 Response of position cart and angle pendulum

when m = 20 kg, Knew = [-154467 -35.7425
19.6200.  39.8283), Kold =[-11.9603 -23.0207
19.6200 - 28.55590925]

Fig. 6 Response of position cart and angle pendulum
when m = 40 kg, Knew = [-17.4373 -53.1517
19.6200 56.1064], Kold =[ -15.4467
-35.7425 19.6200  39.8283]

6.2 By ignoring the system parameters which have
been changed variable parameter by choosing m =
1kg.

Knew = [11.0199 -3.1082 19.6200 14.1788],
Kold =[17.0617 -1.5239 19.6200
13.6370]

The comparison of the old overhead crane system and
the new overhead crane system gave the same results as



section 6.1, when the equality of the mass of load and
the mass of cart was given as shown in Fig. 2. If the
mass of load was increased and gain was fixed at m = 1
kg. , the values of angle pendulum of load would
contract.  Then, the values of angle would less
oscillate and give the same value when a comparison of
old and new overhead crane system was considered.

Fig. 7 Response of position cart and angle pendulum
whenm = 5 kg.

Fig. 8 Response of position cart and angle pendulum
when m = 10 kg.

P ———————
———— S e
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—_— Ce

$ % % 2
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Vs w £ = 3 e ¥ i

Fig. 9 Response of position cart and angle pendulum
when m = 20 kg.

e v a0 8 3 &

E = = 5 £ = 5 - = -

Fig. 10 Response of position cart and angle pendulum
when m = 40 kg.

If the gain was chosen from the mass of load which
have more than 3 times of real mass, the Response
would be unstable for both of system as shown in
Fig. 11
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Fig. 11 Response of position cart and angle pendulum
when use gain k at m = 5 kg., but mass load is m = 1 kg.

7. Conclusions and Recommendations

The results of the comparison between method 6.1
and 6.2 in terms of fix gain by ignoring the
change of the mass of load will create more over
shooting to cart which is not useful to the new and
old overhead crane system, the consequence of this
method has shown that the new overhead crane system
has lower response than - the old one because of the
equation of mass of load of new method has double
increased of the mass of load in the old method. As
to the result, using the former system to analysis of gain
will affect less stability due to over gaining of mass of
load as shown in Fig. 11.
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