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ABSTRACT

This thesis presents controllers design scheme by coefficient diagram method for an
overhead crane system. The controllers of the overhead crane system consist of PID PD and PI
controllers, which are used to control the position of trolley, load-swing angle and rope length
respectively. Three controllers are designed independently and then operated simultaneously to
control the system. The experimental results show that the trolley position, load-swing angle
reduction and the rope length can be controlled as designed. Moreover, when the mass of load
is changed, the controllers can control the system efficiently and reduce the effect of disturbance.

The trolley position and the rope length can also track the changed reference input.
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-‘_:1 c: =" = L= :; L7 1 ar
M3AABUNYBITNATY (HIAU-WAT) D, (duty cycle) Aomdunantouliunlsesdunszua
A 24 o P | n'.l: 1 d 4 a C4 =
HRTUINADUNBINDS lABaziAmInaud 0 — +100 (Wofimud (u5IUauDIuDInDs vzl
@ V< [ 1 " W o o, =Y 9
dunus lasaseny D, As 1 D, Uaumidu 100 % i fvemesiiuselingaga uagh
2 o q ¥ & = P Y YA
wieammeves o, WuuimziIisomswadeui liemi duasesnmeves b, ifuau
° o A o 9 @ A o Ag 24 -
wildsowmswaioun ldamas) uaz K, Aeminshvewssnlslumsinfouiivessansy
.& ¥ " as [ 4 4 ar ' o @ u 4
Fazdiuagiunniveawemos K, 1azonsimsaamaiuesaieniuvesssuudunaause
4 ; 4 4 i 44
NTU upglounUM F, 91naumsn (2.13) adluaumsi (2.10) v lagunmsmsinaeuives

SOIATUAIH
K,D,—b,x=(M+m)5i+ml (écos d— & sin 9)+ ml sin @+2mifcos€  (2.14)

o o 2 A = = Aq 3 S A a =]
d sy F luaumsmsasdendds (2.12) Asusenlglunmsaadenadaaziinay

o @ a o ar
FUNUINNAUAFMTATAITUNT

F =K, =KV (2.15)

ml

'
P 1 =1

o | a & 1 a o =]
ADAIMINUDINDIVDITSUUNMTIAUYONT D T, ADANULITIVAUDIADIVDITSUUNITAY

ml

Taon K

= a = o o ~ () i a A o 2 g @ =2
wenaaa ¥, feussaudunanilouldunisesdunszumivedumaounames nldlunsas
A a = [ 1 1 4 o =2 o - v P P 9
Wenada lavsslinussdueysznang —24 Taan 9 +24 Thant uaz K, Aeminsnvedusainld

2 A a & .3’ 1 ar 1 d' o as 2 J
lunshadenads Fazinognumaeinveswemes K, 1azdoAIInNIsnAueaRtsuedszu
| a A 1 <t ¥

MIAUYONAAY  ualiounum £ 9naums (2.15) adluaunmsi (2.12) v ldaums

P a g .
N13AAFONAAL 1AL

KV, —bl =ml +misin@—ml&* — mg cos (2.16)
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Wedagdaumsmandeuiiveasamsy (2.14)  AUMITMSUNIVBINI(2.11) LAz

= =1 =) ' Yoo dﬂ
TAUNTNITANYINAAL (2.16) Tnaiaz ladati

. K.D -b,x—ml (écosﬁ— &’ sin 67) —ml sin@—2mifcos &

P 7 (2.17)
m
je —xcosé‘wiﬁl—gsm@ (2.18)
& s 12
- K,V.—b,l —mxsin @+ mlE” +mg cos& (2.19)

m

ar s o8 o o a i ' sk P
wawIn ldaumsves x,4 uaz [ udd Jamilanduves F(%) Tasunua € vinaumsh

(2.18) uazunua / MAaush (2.19) aalueunshn (2.17) 3214

| K.D,~b,%-KY,sing+bising]
f®)= (2.20)
M
aolumilsndn £(d) Taounua ¥ Mnaumsi 2.17) asluaumsi 2.18) 1214
> S K,D, —b,%— KV, sin@+bsin @
Fd)= 26! g31n¢9_( I ) )cosé? .31)
/ Ml
wazmiladdu £(7) Taounum ¥ mnaunish 2.17) adluaumsi (2.19) 114
o o
f(l-,-)zKiVj bl+ml&” +mgcosd
(2.22)

(K,D, ~b,%~KV,sin0+bjisin0)
_ sin &
M

¥
a

nnfuhaumsi (2200 aunish 2.21) wazaumsi 2.22) ki ldeglugiiFadude

3%5611@“118%1 (Lyapunov’s lincarization method) [ 5] Tawlgeaunis

Foss [gj x+[1) uF o (2H) (2.23)
ax (J‘:(),H:U) a” (x=0.n=0)



1’)

“

[l " ¥ . 0
e f,,, WNUAWMONYBY x naz u NOURDFIN ANl aunsalsuaumMInIsnasui
o ar 5 v Y o=
vossomsuTaelddandu  £(%) aumsmsundweamszlaoldiledsn £(F) nazaums
a e o ar = =) y =t 1
msasveudenadelavldfendu  £() TavRvsauiieszuumsumilefsuzegluaning

E
@uAD (equilibrium point) A9l

:f{ef(jﬂma’r(:‘:)m af(?"')ij +[5f(j") D, +5f(?f)VJ (2.24)
ox o6 0 o oD oV
(#=0.i=0) [ (0=0)
b (af@ LT, T, O ,—}
ax 00 06 ol -
(0=0,0=0,i=0)
" . (2.25)
+(8f(6’) p+Z©) V*]
oD, oy,
! ’ (9=0)
i' =(af('!) IO, oD, FD i]
ox 00~ 90 ol -
(9:0,&:0,1:0)
& .. (2.26)
+[@f(1)DJ+6f(1)V’_J
an (31/; (6=0)

[ 4 ) H ]
sazilaudaumsudinz laaumsmsnasuNvITNTY  auNIsNITUAIIVEINISS LA

Ed
]

=] a A a o o
aumsmsnutenadsiidluaumsiFudu (inear equation) MUAIAUAI]

—b K

AUAIIMIANOUNVOITDIATY = —L %+ —L D), (2.27)
M M
. . K
AUNITNITUNNVDINGE f="nj; Eg_ Zr L, (2.28)
Ml [ Ml
. s Ty K
auMInIsAuFonaa [=—2L]+ZLy (2.29)
m m

4 4 o a [
wazientlasanlaavesaunsn (2.27) (2.28) uaz (2.29) udvzladensun1o Touvesszuy
=y é o s Ll 31’ =y

wIUmileAsyEeanu Falumsulasanlamd s uaun1TnsunIueInN1sLi TR

o &2 o o ' = P y
Tdanuonidon [ Galinaniznulasasadunmsuniaveanseinnuenei 1fodnmin

A a g4 ' 2 o ! o w '
szuvlaidudshudsuunlasmunannnimiedleg lumemdvaduaes luminson

o w 1 uu.: 4 c:sv y ar T
Wensuoelowvesszuniula  andeuluil Woulasarlamudlve lanenduais Touvea
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A - a - o - o v
IEUUMIAADUNVDITUATU (BUNA A D,(s) uazioanane x(s)) Wansunelouveins
1 = o o ar '
UNNVBINTE  (BUNA AD D,(s)uaz 101ana Ao 4(s)) uazilandumolouvesnisaudend

Y
a9 (Buma flo ¥ (s) uazodnn Ao l(s) ) Al

x(s) K
G As)= g s (2.30)
m(5) D/(s) s(Ms+b,)
a(s) K.s
G §) = L L 231
() D(s)  Mis’+b,Is* + Mgs+b, g 0
it K
G,(s)= el _ . (2.32)

V(s) s(ms+bh)

nafladFunleuvesszyumsumlesyzaeaumsi (230) (231) uaz (2.32) il

K,.b

m?

= 4 A o ] TR Y
K, woz b Wumwisiiiwesvesszuuite inswa FemmsamIdannmanisnaaes
53UV11IA (open-loop system) YDITZVVAISIAABUNVITDIATULAZ TZUUMITAUTONAD
y - y 4 a a
MINATDUTEULINTAYDITTUUMTIAADUNVBITINTUWEMIAIWISTINeT K, lag
o ar a ~ 1 { & LY LY o A
b, Wldlaofloudygraduna D, Milludnsiidmidaliiuissdunszuaveswemesiiie
o g = [ o 3 @ o d = o
YuindousanIy ¥z ldnaneuaussdeglil 2.5 simfumanuduiuimandinenanives
= :u 7 o 1 A = =
HanaUAURITEUUNA (3UN 25) AuilinduniwTeumsindounvessansyluaumsi

(2.30)

ITUYSN N x
A

<“«—x,, (1#uAT9)

»
- ol

0 &Tﬁ' ¢

=1

d‘ d' ar _
3UM 2.5 namovauouiotloudynaduwanah
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et muald D,(s) luaumsh (2.30) Wluduwauundu (step input) Wazdvuiam
nu D, ae'ld
K 1

s s R ) [, | 233
x() s(Ms+b,) s i)

¥
MEIINTUNITZY x(s) 1T

KD, | 1 1 7]
x(§)=—-" —|5-T, —+—=— (2.34)
(%) b s "5 T.s+l

m

uandaudasanawndues 14

x(t) = K;;D’ ~[t ~T +Te" ] , 20 (2:35)

Taoh 7. =

i85

|

A o s ~ A 3 Y w o )
ADVFIIATFIAIVDIUDIADT VINTUNITN (2.35) e Wﬂﬂﬁﬂ'lﬂuuﬂﬁlzhlﬂ

=

m

v
=t

[l b
TUMITNIIATOUNVDITAUATY x, NADIUZDYAI (steady state) AT

-

%, =211, 2.36)

o v ¥ ¥ A 4 v ¥ wa o
vzduna ldnnaunmstsduiiintuaumadunsa Tﬂumuﬂﬂmmmamﬂn‘ummmmmu
{ { 4 1 1 = J
ﬂﬁziugﬂﬁ 2.5 uaznInauMmsh (2.34) Woni1ua1ves T, uaemuoy M nagauisavia
= o 3/ P .:'l 1 ra 1 ar
WIN0T b, 18 uazarnaumsn (2.36) Wenswmves b, MBUWA D, LazmANNYU
9/ 9 1 o o 9 o = u " = 'd
vouaulssdd azasomaIWINnNes X 18 luwiueudoany msmamaines
Q2 A a g Y ay =
K, uaz b, weaszuumsasdonadniv musamldannminaasuszuuauilavesnisaa

I = v a A & Y as A St kY
wonads laotlouussduduwa ¥, ashiamialinuisesdunszuaietuuomasnldly

¥ ¥
s s U

& ar d. o =
Msfan1sy  Feezldnanevauesndioiugli 25 dnfu duseumsmaimnines
= =1 s ) =Y o A o v o 9 1 9
K, uag b, 3amieunumMImaImsiinesvessuumsinaounuesansuaan lanain 13

LY
Tud19du



-
UNN 3

ad e L =y ‘Qd
'Jﬁ!!,N‘i-!NQﬂﬁTN‘]JﬁE’,ﬁTIﬁ

Yoyl lumsesnuuuszvuaiuguasmsidenldaniuguIiimingauiusyuy
v ¥
avguiie Ifszuuiulaussouzmudeans nauinsesnuuudInIunuzitoeniu 3
NOERMANG A NOBYMIAIWANAMIUURTY (classical control theory) NBHMIAIVAY
uuvesolyi (modem control theory) HagnguRAILANIABIREWHUIY (polynomial) W3
£
VNATUTONIMBRAYALA  AI001ITMIAIVANMUUUVRTY 15U TTMIADUAUDIN
H o ar C§ or
AIWD (frequency response method) 12235 1anau0d51n (root-locus method) F4ve I UsEUY
~ i ¢ o ' o ar ' A Ay
neglugtvesiladdudiolon  HandumsTewmihunieaiiohidiwlunsesnuuuszuunluay
1 = =) g & = = w 9 @ & o g Y 1
uavziNanIRAna Ao Iwauayd 15 Uees s ULIAAMINNANNY F¥39g I I lawnsn
1 o = a o as
AUAY (uncontrollable) 1az lia1INITUNA (unobservable) WoAMsalvaszuuld dmsy
ared1ngumInuguuuyay Iyl 1wy 33M3191wa (pole-placement) 1azITMIAIVAY
i . & 9 ar A a a
M1z NgA (optimal control)  #9v IwnUszUVNBY LT UvDNTYHMAA (state-space) FULUY
a a “y 1 o o k4 4 o ot LV
Wiglioaatl  azdianuuiudwazmmzanlumsdnnudnniosdia ABumuram
o = Q( ==t = =y é
fulszAntnse com WuiimseenuuuszuumunuuuuRivadn FszUUIzgAUNUAIY
4
a o s 1 o 1 s v @
Wi lanasanauAuiazdldiuvosilenduaisleunsneenainiy  aaiu 9z ldwa

a1 A = a w 9 @
ﬂﬂﬂﬁu@ﬂ‘l’lﬂﬂ’ﬂm’ﬂiﬂﬂLLﬂ&%Iilﬂﬂﬂﬁﬂﬂﬁ’Nﬂu

3.1 AUENTANLFIUYEIID CDM

MAATINTIYUT WUV (Shunji Manabe) IdineruomsosnuuudInILgNAILTT
cDM  dromsIFunuiamdulse@nt  (coefficient diagram) iunSeailomiouansiia
UszANEA WA AUTTOUZVDIETZUUAILAY  MIDBALDVAINIVANAITS CDM 1z ldndn
msmafiwadialaod

(1) 52UVITYANNURIAUNITHILIN

(2) ENIOBONUVVAUMIHY LN AUANEMUAZAINIUAY TdHIToNY

(3) ﬁmsﬁumuﬁqmﬁmﬂﬁzﬁwEdm”l%’iumsaammuﬁ?muau

(@) nquiiadosnimues cDM azeduuidenlvanuweifivsvesinimed (Lipatov’s

sufficient condition for stability)
(5) ATIFADYINNLINTTILVDI CDM zgnaauaannaingluunmasgiuves

Kessler



3.2 Inssad19 CDM mnsgu

D(s)

SIAUAL CDM NTEUIUMS

|
|

R(s)—» B (s) > B,() Hr—C()
|

3UN 3.1 Tnsaad1a CDM 1nsg Y8932V SISO

1A5991519 CDM 110531198955V SISO (Single-Input-Single-Output) aadld @
! 4 @ o
Wi 3.1 dadsznouddimuguinznszuaums Taeli 4,(s) uaz B (s) Aewnuiuves

] ¥
nszuIMIuazgluuusaasluaunsh (3.1) uaz 3.2)asl

A4,(s)= 2s* +p s+ 4 p, (3.3)

B,(5)=q,5" +q, 8" +..+4q, (3.2)

2 5 g, &
wag A.(s), B,(s) uaz B,(s) Fanfiownuimueadaniugy COM axiigaliudail

A(s)=1s*+1,_ s +..+] (3.3)
B.(s)=k,s* +k,_s*" +..+k, (3.4)
B,(s)=p,s*+p, s +...+ p, (3.5)

~ ) a :: o3| =} o« &4 o
lavh A<k uaz m<k dwmiv B, (s) iuiluniflamesvesssuuniugy dagvilinanoy
AUBIVDITZTUUAILAY ITMAANA N ADUZ YA (steady-state error) 81 B, (s) UAUNIAY
3
k, axiTranouaupsvesszun lulimwaiu (overshoot) UAIIANY (rise time) 33N
o "W a o o ' [ o
zmzf’ﬁB‘,(s)uﬂ"|mmumgﬁmaa%aﬂcﬁumﬂiaummmﬂwﬂu B.(s) wihlvinanouaues
a0 1. & 1 3 Y A t:awci o o 4 Y]
UATWONY 1azFNMINILUBENY  1HannsruuAIuANllsTum e TouvedanIuny
Vv

E
267 ANy T9gnSenITEUUAIANLDUABITEA U I (two-degree-of-freedom: 2DOF)

F '
Tau1A5995 1990952 VUAIVAVLDY 2DOF U et lumsaiuaunszuiumsaiee



v 4
iinneayANal  NIZIDUANAAIANTZU )
1
winlszuuauguamsafsmudyanudrdsidimuatazmnsamianansznuannda

ooy Y
sunuiu luszuula

3.3 NHHINAMANYME
wWHUWANANYMEIN InsIaseues CDM masguaegn 3.1 Tavliiiwiiames

weras &G samnsdi (3.6)
P(s) = A4,(5)4,(s)+ B.(5)B,(5)
=a,s" +a, " +..+as+a, (3.6)

L .
= Za,s’
i=0

=) a

Tavdt ay.q,,....a, foduilsAnvosmmuunadnuas  Selszneudisminiineives
nszuIuMsRmasninesvesianiuguiids lide uazmﬂﬁmﬂ{mmﬁaﬂmﬂuﬁyﬂ:
QnoONILUAI3T CDM Herz 18eF1n0de 11

TEMIBOANVVAINIVANAIY  CDM ﬂxrﬂums:e)ammumﬂsxuvmnﬂm??aﬁzw
Tavwisilinesii 14 lumsoonuuudniugy sxilsznoudomassaiadosam 7, Fazily
i muaefosnmuesszuy  sazmasinmayn ¢ Jusduddmuaanudves
HOABUTUDIVDITZUL s«'i'lwmﬁmﬂffmfhi“:ﬁmmﬁ’uﬁuﬁ‘lmmqﬁ’uwuumamﬁ'ﬂymz I
MnAEdes Wy gifluduenanuasmudemsldvulamnsiinesvesszum
Ay delianmduiuifumasssiiadosnm 7 Tavanuduiusnandiamanivos
massyiligfosnm y, Mnsnaauys rusgmidaatosnm ¥ uaeslddaunisi

(3.7) (3.8) uag (3.9) ﬁ‘qf‘f

a;

¥=— (3.7
ai+la1—l

. (3.8)
dy

i 1 1

},f =_—+_;}/D’}/n:w (39)

}/f+l 7i—|

~ ” v w  d ' =y =) — '
Tooh i=1,...n—1 PNANUTURNUTVIAIATTVTUADUTAIN 7, luaunisy (3.7) uagang

Cﬁ.’ 1 [-v3 = Qu‘ s 1 dy
amauya 7 luegumsi (3.8) sz ldmaulszant o, wansdaeumsse 1l

49410
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(3.10)

4 1 1 ar o a & { kY o
WeaunuAuwaraAvesdulszdns o, adlugumsn  (3.6) szldnyuiuaudnue P(s)

J N ¥
nuaaseglumenves a,, 7 uaz y, Asll

n i-1

P(s)=aq, Z H——}—— (rs)j +75+1 (3.11)

i=2\ j=1 K—J

é dy a ar act 1
Faoums P(s) Hazihwnlslumsesnuuudiniunuale3s CDM o'l

& =
3.4 euluadasnwues CDM
1 ¥ 1
MINNITUARDIITMNYRIITUVAgRoRNUULTAeIs DM 1u zldSeulvanu
passd s uadosnmvesawmen  Tasanmennainindsnlslunmsasideuadesaiw
v
3 1 ast @ da o . LY o o o a
YDITTUVANE 1BY IBUVOUTIN-4805ING (Routh-Hurwitz) WU LU IMSUILINIITIA
WDUTAINVBITSUUDUAL 3 WS0OUAY 4 Ua IUNEanado NN M UaD oS NVDS
@ e = T v w A Ao =Y d ru
szuveuauge  anmon ldlaued szuudusun # Al uwITRes £ @1 veulwn
= .:l 3y a i z Y 1 a g .:;q aa ¥
IADYTMWALNDTY (exact stability region) ennsaeyuuldeylugiisadount »n §d ua
VOULUAADYTNINNNOIRYY (sufficient stability region) 9211 UAIUIDIVDIVBUIVALADITAINT
3 a ar 3 = = YA = a = ] A =
uiese aaduszuulag enliedessmudndeu luadosmwinaiissns iduiumelef
) Aea ' 91 A o a ﬁ 24 ul 428 " o
My Arumatena 1189 Seu lvadosnmwvesiiwmeriiluitou lviduegiunnuneriios
ad ' da o ¥ =3 @ e
INITATINADUIADUTNINYBAUTIN-TDT NG [Qou luadesnnuessuudusy 3

Y
LEAINIT

a,a, > a,a, (3.12)
A _ T = = -}
FII0sUeY lumenuDIAs S FIEANYTNINAD

yan>1 (3.13)

¥ Vv
waziou luados MU0 ITZUUBUN 4 LEAIAIL
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az>(al/a3)a4+(az/al)ao (3.14)

Yo >1 (3.15)

VINAUNIN (3.9) (3.13) uag (3.15) musaagUidon luadesnmdmiuszuusudy 3 uaz 4

3
=

laasn
7, >y, AMIUNNIAIN0N i=2~n-2 (3.16)

' ¥
@ A =4

o a o a ar v = Vv A =t o @
dmiuszuueudy 5 wazduduigaiuly awmed ldiauoteuluweriivsdmsy
Aanuiladesnmuazany lilidosnmvesszuy Bvategduuy  Taonguiimmeaudy
¥
N1309NIUUAINIVANAIY CDM terasnsao i

& = A oA A
NauvlﬂJW'E]lWUQLWﬂﬂ‘]iﬂS'Ji]ﬁallﬂqqﬂulﬂﬂﬂiﬂﬁlwmaﬂﬁzuvﬂﬂ

a, >1.12[£a,+2+a”' a,_zJ (3.17)

i+1 i-1

7, >1.12y, dwmiunng A1ves i=2~n-2 (3.18)
A = A s A A
Llaﬁlﬂﬂunl‘UW?JLWU\HW@ﬂTj@i'mﬁﬂ‘llﬂj?ﬂbluillﬂﬂflﬁﬂ']WﬁJﬂQEz'U‘U‘ﬂf]
A 4; = 4,54, (3.19)

Yoo, <1, dmiuunawes i=l~n-2 (3.20)

3.5 sUuuvINNIgIMYEI CDM
Vo T =t = 1A vow 2 =
Kessler lafmmuamassyiliaiosnn , moaqaiiiawiny 2 ieanmsooadaan
v b v
wagAHunuYIHanUTUBINnavL luszUUAIUAUNPNIULR 0T UL ITAE (Integral
Time Absolute Error) #1831 Manabe WUIIMsimuamiassstiiaiosnin », Ay 2.5 e
U -

" o F ¥
Mmldwaneuauosdingatu nandenanouauss lifidmauiu uagiienaiuanns iy

AATsutiades NNy, WINIFIUUI CDM Ao
}/n—lz“‘zﬂ/3=}/2:2: }/{:25 (321)

' 3
' w -~ o o  da 1 kY . ~ o
HAsnmaanaaula r VEUANWAUWUTAVTIIAUIN (settling time: ) AU

(%)
2
12
~

[, =2.57~3r (3.
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MnAUMIH (3.11) ﬂznﬁuﬁwwuumﬂmﬁnym: P(s) wiznounisiing@ina
auyn 7 ungmAssyiiadesnw y, Fary 7U5NVDINAN DU AUBIVBITEU YR M UAAY
masssfiafosnm y, uaznnuivewaneUTLBIZgAMMUAdIBMIAI NIy £
Sanaauiiavessiiiuuinasgiues cOM amnsaagy 1w

(1) mFuTEVVLDFTA 1 (type 1) 32 lulimWuRutazszUUHDLSA 2(type 2) 221)

amunuszanm 40 nosidud
() MsfmuATNMALYHARBUAYBRELY  awisneenuulReinms
MMuamAIiIIMITNYa 7

(3) 315 1UDINAABUTUBININVDITTUVATUANTDONLUDAILTT CDM AT
DYNUIUAVYDITZ Y Llﬁiﬂz‘ﬁuE]g:ﬁﬂﬂ’liﬁ’l“r‘il.lﬂ?i’lﬂﬁ'i‘lfﬁmﬁﬂﬁﬂ1w 7, UazA1ng
AWIMANYR 7

@ dwmidaTnaveaszuudududnsSosduiuduase  wazdumiaInavesszuy

suAugeazognuly 49.5 An3 91NUAULTIAUAY (negative real axis) Tauilons

AIUNTNUIN (damping ratio) ¢ ¥INNI 0.65 wernanagi 3.2

\ 3
o :

l

2| o

O 4

® 5t ® 12(

s | 2

- .

3 2 t 0 1

311 3.2 Awmls InaueeszuUoUADAI99

f‘-"l = L = =
3.6 eulumsidenmassyihadusnw
Taona lludamsidenaiassyibadosamuias szt wdon lusudulums

poALDUMIMILAN e Idszuumunuietosmmiaziinanouaussmudeims  oo1als
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I ] a il " - YA qw - Y
ﬂﬂ'lfuﬂ'lﬂii‘Kl&lﬁﬂﬁiﬂ'lwuﬂﬂﬁ’lll’liﬂ‘iJi‘Ui‘lJf’lUuulﬂLWﬂcl'}’i‘i3']J‘]Jﬂ?l]ﬂlll]ﬁu'i'iﬂuzﬂnlﬂﬂﬂﬂﬁ

1 ' W
udlumslsunlasuvzdesagnioldton ludai
¥, >1.5y, (3.23)

Tunsdinifendassaiiadosnm », Widunniieldszuuniunuiinnuamude
maasunlainaifimesvesnszuaums wazanidou lunnumeiivsdmiuadsnmaes
anwmennand szuuzliafosnmdassyiiosnmmndaiamnni 15 Faldvms
wgo B luaniisvesdwimed (6] uazdassyiiadosnmiisnnnanit 4 yadazildan

=1 o = 3 Y 3 = ' i 1
vaeszuuuIINI Ui AniulaginAszional y, agszndng 1.5 04 4

e 1 as = c:
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4.1 15U T uMmIUUE1009MIn AAAAATUDITZUVIA TUIRIID T THE

- a
(Tsunsuuusana)

format short;

M=6.12; y1=1.433; y0=0.535: x1=4.5; x0=2; a=(y 1-y0)/(x1-x0); T=0.5; bm=M/T ; D=7;
kr=(a*bm)/D; g=9.81; T1=0.1; m=5; L=1; bl=m/T1; y11=0.673; y00=0.126; x11=5; x00=1;
v=20; al=(y11-y00)/(x11-x00); kl=(al *bl)/v;

A= 0 1
0 -bm/M
0 0

0 bm/(M*L) -g/L

0

0

B=[ 0

kr/M

0
-kr/(L*M)

0

0
C= 1 0
0 0
0 0
D=[ 00 ;
00 ;
00 1

states={'distance’ 'distance_dot’ 'theta' 'theta_dot' 'length' 'length_dot' }
inputs={'u_distance' 'u_length'};

outputs={'out_distance' 'out_theta' 'out_length' };

0
0

[e—

<o O O

0 0

0 0

0 1
0

0 0

0 0

0;

0;

0;

0;

0;

kl/m];

0 0

0 0

1 0

0 0
0 0
0 0
0 0
0 1 j
0 -bl/m 1;

b

sys_mimo=ss(A,B,C,D,'statename’ statcs,...

tf(sys mimo)

'Inputname’,inputs,...

'outputname’ ,outputs);

s
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a Jd s =
.2 Isunsumwiniiinesueaianiunu PID PD tazPl 42835 CDM

(TUsunsunuaisoanT)

4.2.1 MIAIVAN PID

gl=4

Bp = 0.1026;
Ap=s"2+2s;

v= Collect [ Ap * Ac +Bp * Bc , s J;

y = CoefficientList [ v, s ];

eqns={(y[[1]]*t"3)/(g2*gl"2)==y[[4]], (y[[1]]*t"2)/ gl ==y[[3]],
Lyl l21 Iy 1] ==1ly

solve [ eqns, { kp, ki, kd } ]

9.2.2 AIAIVAN PD

gl =2.5;

g2=25;

Be=kp + kd s;

Ac=1;

Bp=0.1029;

Ap=s"3+2s"2 +9.81s+19.62;
v= Collect[ Ap * Ac+Bp *Bc,s |;
y = CoefficientList [ v, s ];

equs = {(y[[1]1]1*t3)/(g2*gl"2)==y[[4]1], (y[[1]1]1*t2)/ gl ==y[[31],
{ell 2] 1Lx L] ==tk
solve [eqns, { kp,kd,t} ]



9.2.3 MINIVAN PI

Be=kp s + ki;
Ac =s;

Bp = 0.06838;

Ap=s"2+ 10s;

v= Collect[ Ap * Ac+Bp *Bc,s |;

y = CoefficientList [ v, s |;

eqns={(y[[1]]1*t"3)/(g2*g1"2)==y[[4]], (y[[111*t*2)/ gl ==y[[3]],
Wizl (gl 1)) ==tk

solve [eqns, { kp , ki, t}]



1.3 Tsunsumasdeyandneailudyans Pwm

(T51n5uAM1 Assembly U041y Tnsaeu Insaes AT89C2051)

org 0000h
start: mov a,pl ; from port printer (0x378)
clrp3.0
¢jne a,#00h,start
main: mov a,pl
mov 10,a
cjne a,#00h,stop 1 ; stop ifa =00
clr p3.0
limp main
stop_1: cjne a,#80h,next 1
clr p3.0
ljmp main
next 1: mov a,r0
anl a,#80h
¢jne a,#00h,chk_dir
mov a,r0

cjne a#7th,next Ipl

setb p3.0

ljmp main
next Ipl: clrp3.1

mov a,r0 ; backward direction
loop_dir: mov r3,a

cjne a,#7eh,lpl
mov r3,#7¢ch
mov r4,#02h
lcall pwm_out
ljmp main

Ipl: mov a,#7fh

subb a,r3



loop dir2:

chk_dir:

next lp2:

next Ip3:

pwm_out:

delay on:

delay off:

pwm_off:

delay:
dell:

del:

mov r4,a

¢jne a,#00h,loop_dir2
clrp3.0

ljmp main

lcall pwm_out

~ ljmp main

mov a,r0

cjne a,#80h,next_lp2
clr p3.1

ljmp main

cjne a#fth,next Ip3
setb p3.0

ljmp main

setb p3.1

mov a,r0

anl a,#7th

ljmp loop dir
setb p3.0

djnz r3,delay_on
clr p3.0

djnz r4,delay_off
ret

mov r3,#01h
mov r4,#7th

Icall pwm_out
ret

mov r6,#fth

mov r5 #fth

djnz r5,del

dinz r6,del1

ret

end

:forward direction



4.3 Tsunsumugumsauvesszuunsuviion sy

(Tsunsuniund)

#include <stdio.h>

#include <time.h>

#include ~ <stdlib.h>

#include <string.h>

#include <conio.h>

#include <dos.h>

#include <process.h>

#include <math.h>

#include "DA.H"

#include "GETBAR.H"

#include "i2c_x_1.h"

#include "12¢ ¥ 1.h"

#define drive_port 0x378

#define run_dat "D:W\ApicitWmatlab\\length\\final.m"

#define cls(D); { short i; for(i=l; i<25; i++) lineclr(i); }
#define Locate(x,y) printf("x1b[%d;%dH", (y)+1, (x)+1)
#define lineclr(1) printf("\x1b[s\x 1b[%d;1H\x 1b[0K\x 1b[u", I+1)
#define range DA 10V

PCI_CONFIG PciData; DASMPLCHREQ SmplChReq[2];
DABOARDSPEC BoardSpec; HANDLE OpenBoard(void);

void INITIAL_DTOA(void); void CLOSE DTOA(void);

int main(void){ HANDLE hDevice; unsigned int adr0,adrl,bus info; unsigned int IByte;

unsigned int mByte; unsigned int hByte; unsigned long dwCounter; int key;
float sam_time = 0.05; float ts = 0.00; float run_time = 0.00; int stop_ang_count =0

clock tstartend; int ret; int hexout=0; float volt=0.00; WORD DaData[1];

float Kil_length = 0.00; float Kp1_length = 0.00; float Kd1_length = 0.00; float length_ref=0.00;

float length_ftl = 0.00; float length_ft2 = 0.00;float length_ft3 = 0.00; float length_ft4 = 0.00;

float length_ft = 0.00; float length_ft_old = 1.00;float length_Kp1 = 0.00; float length Ki1=0.00;
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float length_Kd1=0.00;float con_length=0.00;float con_length_old = 0.00;float length_err = 0.00;
float length_err_old = 0.00;float length_err_old1=0.00;float rope_length=0.00;
float length_ret=0.00;float con_float = 0.00; int con = 0;float con_i = 0; float con_pos = 0;
float con_ang = 0;float vel = 0.00; float pos = 0.00; float pos_err = 0.00; float pos_err_old = 0.00;
float dif_pos_err = 0.00; float dif pos = 0.00; float pos_ref = 0.00; float pos_old = 0.00;
float con_Kp = 0.00; float con_Ki = 0.00; float con_Kd = 0.00; float pos_ft = 0.00;
float pos_ft1= 0.00; float pos_ft2= 0.00; float pos_ft3= 0.00; float pos_ft4= 0.00;
float pos_ft_old =0.00;float pos_ft_old =0.00;float pos_err_old1 = 0.00;float con_pos_old = 0.00;
float pos_length = 0.00; float ang = 0.00; float ang_err = 0.00;float ang_err_old = 0.00;
tloat dif_ang_err=0.00;float ang_ref =0.00;float Kp_pos=0;float Ki_pos=0;float Kd pos = 0;
float Kp_ang = 0; float Kd_ang = 0; FILE *run_fin; clrscr(); run_fin = fopen(run_dat,"wt+");
fprintf(run_fin,"source matrix = [");
INITIAL_DTOA(); // Set initial value of Digital to Analog PCI Card (PCI-6201E)
hDevice = OpenBoard(); DaGetDevicelnfo(hDevice, &BoardSpec); SmplChReq[0].ulChNo = 1;
SmplChReq[0].ulRange = range; / Initial Encoder PCI Card (PCI-3345A)
PciGetConfigRegEx(1, 0x1147, 6201, 0x1147, 0x0011,&bus_info, &PciData);
adrO=PciData.Base Addresses[0]&0xfffc;
adrl=PciData.Base Addresses|[1]&0xfffc;
outp(adr0+0x08,0x06); // forward direction
// initial LM629 for read data from encoder (distance and swing angle)
INIT_LM629(); INIT_LM629 y(); SET PID FILTER(I, 1, 1, 100);
do // Manual adjust rope length ( <-- for down & --> for up )
{ if(bioskey(1)!=0)
{ key = bioskey(1);
switch( bioskey(0) )
{ case 0x4b00 :
{ if(volt < 24)
{volt = volt+1;}
else
{ volt =24;} }
break;

case 0x4d00 :



{ if{volt > -24)
{volt = volt-1;}

else

-

{volt =-24;}
break;
case 0x5000 :
{ volt=0;} // for load Skg
break;
default : key =0x011b; }//end switch key
}/end if
hexout=((volt+24)/48)*4095; DaData[0] = hexout;
ret = DaOutputDA( hDevice, 1, &SmplChReq[0], &DaData[0] );
outp(adr0+0x0c,2);
IByte=inp(adr0+0x00); mByte=inp(adr0+0x00); hByte=inp(adr0+0x00);
dwCounter= IByte+((unsigned long)mByte << 8)+((unsigned long)hByte<<16);
rope_length=(dwCounter*0.000004)+0.26 ; //1 round (8000 pulse) = 3 cm
ang=READ ANGLE RADIAL();
if (rope_length > 5)
{ outp(adr0+0x0d,0x01); }
clse
{ printf(" \nrope length: %4.41f\t ",rope_length );
printf(" volt : %M\, volt);
printf(" ang : %f\t",ang); }
} while( key = 0x011b );
volt=0; hexout=((volt+24)/48)*4095; DaData[0] = hexout;
ret = DaOutputDA( hDevice, 1, &SmplChReq[0], &DaData[0] );
// Control rope length with PID controller designed by CDM
clrser();  printf("start value of rope length = %f ", rope_length);
printf("\nfinal value of rope length (0.5-1)m="); scanf("%{", &length_ref);
length_ret=rope_length; printf{"\npress anykey for clear port."); getch(); outp(drive port,0);
printf("\nEnter distance :"); scanf("%f", &pos ref); //------- data input ----------- /!

Kp_pos =38.9864; Ki pos=9.75; Kd pos=19.5; Kp _ang =-68.7315;
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Kd _ang =-37.0336: Kpl length=200; Kil length = 98;
printf("\nPress any key to start......"); sound(700); getch(); run_time = 0.00;
start = clock();
do
{ end = clock();
ts = (end - start) / CLK_TCK ;

if (ts >= sam_time)

{ pos_ftl = (Ki_pos*ts*pos_ref);
pos_ft2 = ((Kp_pos+((2*Kd_pos)/ts))*pos_ft_old);
pos_ft3 = ((Kd_pos/ts)*pos_ft old1);
pos_ft4 = (Kp_pos+(Kd pos/ts)+(Ki_pos*ts));
pos_ft =(pos_ftl + pos_ft2 - pos_ft3)/pos_ft4;
ang = READ ANGLE_RADIAL();
ang_err = ang_ref - ang;
dif ang err = (ang_err-ang_err_old)/ts;
con_ang = (Kp_ang*ang_err)+(Kd ang*dif ang err);
pos =READ REAL POS();
pos_err = (pos_ft - pos);
con_Kp = (Kp_pos*(pos_err-pos_err_old));
con Ki = (Ki_pos*pos_err*ts);
con Kd = ((Kd_pos/ts)*(pos_err-(2*pos_err_old)+pos_err_oldl));
con_pos =con_Kp+con Ki+con Kd+con pos old;
con_float =con_pos + con_ang;
outp(adr0+0x0c,2);
IByte =inp(adr0+0x00);

mByte=inp(adr0+0x00);

hByte=inp(adr0+0x00);

dwCounter= IByte+((unsigned long)mByte << 8)+((unsigned long)hByte<<16);
rope_length=(dwCounter*0.000004)+0.26 ; // rope length start at 23 cm.

length ftl = (Kil_length*ts*length ref); //prefilter

length_ft2 =(Kpl_length*length ft old);

length_ft4 = (Kpl length+(Kil length*ts));
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length_ft = (length_ftl + length ft2)/length_ft4;

length_err = (length_ft - rope_length); //control length

length Kpl = (Kpl_length*(length_err-length_err old));

length Kil = (Kil_length*length err*ts);

con_length = (length_Kpl+length Kil+con length old);

con = (int)(con_float); pos_length = (pos_ref/ 100)*90;

if (pos >= pos_length)
{ length_ref = length ret;
} if (con >=0)
{ if (con>=100)
{  con=abs((100)+128);
outp(drive port,con); }
else
{ con=abs(con+128);
outp(drive_port,con); } }
else
{if (con <=-100)
{  con=abs(-100);
outp(drive_port,con); }
else
{ con=abs(con);
outp(drive_port,con); }}
if (con_length > 24)
{ con_length=24;}
if (con_length < -24)
{ con_length=-24;}
// send Control signal to Driver motor
volt= con_length; hexout=((volt+24)/48)*4095; DaData[0] = hexout;
ret = DaOutputDA( hDevice, 1, &SmplChReq[0], &DaData[0] );
printf("time = %4.4f",run_time); printf(" ang = %4.4f" ang);
printf(" pos = %4.4f",pos); printf{(" length = %4.4f" rope_length);

printf(" con_I=%4.4f",con_length); jrun_time = run_time + ts; tart = end;
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pos_ft_oldl=pos_ft old; pos_ft old = pos_ft;pos_err_oldl = pos_err old;
pos_err_old = pos_err; ang_err_old = ang_err;
con_pos_old = con_pos; con_length old= con_length;
length_err_old1 = length_err_old; length_err_old = length_err; length ft old=length ft;
fprintf(run_fin,"\n"); fprintf(run_fin,"%4.4f\t",run_time); fprintf(run_fin,"%4.41\t" ang);
fprintf(run_fin,"%4.4f\t".con_ang); fprintf(run_fin,"%4.4A\t" pos);
fprintf{run_fin,"%4.4f\t" ,con_pos); fprintf(run_fin,"%d\t",con);
fprintf(run_fin,"%4.4f\t",con_float); fprintf(run_fin,"%4.4\t" rope length);
fprintf(run_fin,"%4.41\t" -volt); }
} while (bioskey(1) == 0);
fprintf(run_fin,"\n ];");
fclose(run_fin);
/I clear all data set
hexout=((0+24)/48)*4095;
DaData[0] = hexout; ret = DaOutputDA( hDevice, 1, &SmplChReq[0], &DaData[0] );
outp(drive_port,0); DaClose(hDevice); CLOSE DTOA(); return(0);}
// Function void OpenBoard(void)
HANDLE OpenBoard(void)
{ HANDLE hDevice;
hDevice = DaOpen(3345, 0x0001, 0);
return hDevice; }
void CLOSE_DTOA (void)
{ char *pString;
pString ="/R";
spawnl(P_WAIT,"dadrvi.exe",pString, NULL);}
void INITIAL DTOA(void)
{ char *pString;
pString = "/B=1";

spawnl(P_WAIT,"dadrvi.exe",pString, NULL);}
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Abstract: In this paper, the controller design by coetticient diagrans method (CDN) tor contolling the tolley posion, load-swing
angle and howsung rope length of the overhead erane svstem simultaneously iy proposed The overhead crane svslenn s a MIMO
svstem consisting of two nputs and three outputs, [ts mathematical model 1s nonkinear wath coupling chasactensucs This nonlinear
madel can be approximated to obtain a linear model where the Hirstinput manly affects the trolley posiion and the load-swing ungle
while the second mput mamly affects the hotsting rope length. In érder o unhze the CDM concept lor assignmy the controllers,
namely PID, PD and PI controllers separately, the model 15 approximated 10 be three transter lunctions i accordance with troliey
posttion, the load-swing angle and the hoisting rope length contiols respectively. The satisfied performances of the overhead crane
system controlled by the these controllers and Fast rejection of the disturbance effect occurred a1 the trolley position are shown by

sunulation and expersmental results,

Keywords: Coellicient dizgram method, multivanable control, overhead erane system

1. INTRODUCTION

Ovethead crane systems are widely used in mdustnal
applicatons. It 18 mainly used for loading and unloading at
whatf. The purpose of control 1s to transport loads rapidly and
salely, reduce load-swing angle and hoist the loads 10 aveid
the obstruction. It s known that the wolley position,
load-swing angle and host motion of overhead crane system
must be controlled simultaneously amd properly, otherwise the
load mught be damaged. In recent years, many control schemes
have been praposed 10 control the wolley position and load
ants sway ol the overhead crane system i order to obtain a
good respanse. Those control schemes are anti-swing control
of the contaner crane by fuzzy control [1], model reference
adapuve conrol of a gantry crane scale model [2] and gantry
crane contrel using newral network two  degres ol PID
controller [3]. However, 1t 1s quite eomplicated to design and
implement those controllers to meet the desired performances.

In this paper, the wolley posinon, load-swing angle and
hoisting rope length of the overhead crane system controlled
sunulancously by three controllers designed by CDM [4] 15
proposed. The overhead crane svstem 15 a MIMO system and
s mathemancal model 5 nonlnear with the  coupling
charactenstics: This nonhinear model can be approximated
be a limear model of nolley posinon, load-swing angle and
haisting rope length. From the lineanzed model, it can be
noticed that the fist imput manly affects the uolley position
and the load-swing angle while the second mput manly
affects the hosting rope length. Hence, this model can be
approximated 10 consist of three wansler lunctions: the
transfer function from the mput duty eycle 12 of the trolley
mator driver to the trolley position, the transfer function from
the same mput to the load-swing angle and transfer function
fiom the mput voliage [ of the hosung motor driver 10 the

rope length. In this work, the controllers, namely PID, PD and
Pl controllers are emploved 1o control the trolley posttion, the
load-swang angle and the hossting rope length respectively,
These thiee controllers are designed independently by CDM,
The parwneters of the PID, PD and PL contiollers are desizned
based on the stabiliy and speed of the closed-loop systern In
the COM, stabiliy and speed are designed from the standard
stability index and the equivalent nme constant respectnely,

The stabihty dex and the equivalem ume constant are
delined based on the coefficients of the charactenstc
polynomial of the closed-loop transfer funcuon.  These
coellicients  are  related to the  controller  parameters
algebrscally moan exphat torm. Consequently, the paramelers
ol the PID, PD and PI contsoller can be obtuned.

The simulation and expenmental resulls in controlling the
trolley posiion, load-swing angle and hotsung rope leagth of
the overhead crane syslem using the proposed controllers
whose parameters designed by CDM are shown in this paper
The coellicient diagram of the trolley movement control when
the values of the equivalent e constamt ¢ vaned for
werensing the speed o the wolley motion and the rejecuon of
snput dhsturbance elleet are also shawn

2. DYNAMICS MODEL OF OVERHEAD CRANE

The overhead crane system model s shown m Fig. |, where
A s the mass of the uollev, #7158 the mass of the load, /1s
the rope length, €15 the swing angle, v s the positon of the
uolley. and I, and /) are respectively the control Toree of the

trolley and the hoisting rope

A direenon Trodlfey
3 M

i
[O3L'S] >

o

X=direchion

Texrd

Fiz | Model of overbead erane svstem

In order o obtun the mathemaneal madel of the overhead
crane systen, the himene energy K5 and the potential energy
270 are found lirst The kinetie energy of the tolley and the
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load winch equals w the kinete energy of the nrsdel s
represented by

. . . ;
A4 PGl a0 ot 2dsd 8 By ()

K -

13 [

And the potential energy measwed relative e sty
posthien of the loadis also represented by
PR = mdcast) (2)

whete  was the gravatatonal  aceeleranon. From  the
san, Lo KL s obtiined os

e W come o caio ,
fo= M bmnddT 0T e D 2000 c0s0) 0 200 sindh)

o gt cosé 13y

By using the Euvler-Lagrange equanons of molion

LY

L), (4}

o |

drl og |y
where 18 generalized toree of system The equations of
motion associated  with the generabized coordimates

g~ [x.0.4]" can be denved as

dfeLyy &L B
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where 6 and & are the viscous domping coetficient of troliey
moton and hoisting rope respeetively, Consequently, the
equanons of motion can be written, respecuvely, as

O b b a =M ey E il (G eos - sine| 18)
sl s v 2miticosy

& . Q=i 200 Keostr v zund) e}

/ By b= ad cmisme mid® g cose (10

Since the electnieal ime constant of motors s much smaller
than  the mechameal ume constant, then the electnical
dyvnanuces 15 neglected. That s, the control foree of the trolley
I m(8) 18 approxumated to be

=K T =KD (1

i wlar

where A and 7 are the volley motor constam and 1orque,
respectively, ) (duty evele) s the mput 10 curent driver of
the trolley motor and A 15 a foree constant of monon winieh
depends on e weellev notor censtant A and  the power

transnussion (oothed-belt dove pulley ane) of the tolley
svatent The control foree of the hosting £ i (10) 18 also

.'I['.‘IIIU'\'! Hll”-’.’l! Lo bL'

h=KE. (el
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where K a7 are the hosting motor constant and kg,
sespectivelv, 3as the mput voltage 1@ curtent diver ol the
bomtmg mows and &, s o tores constant ol host which
depends on the hosting, motor constant A and the power

wansmission {gear zatio) of the host svslem By using
Lyvapunov's hnewtzaton method, the hmesar equations of
matien of (8) to (10} alter substitutngge Fo and £ can he

siven by

- (13
v/ .
h o

==y =8 —N 112)
AN ! A

g ! Ky

Joolif Dy 115)
i i

Taking Loplace tansformation 1w (13} (13), the thiee
transler functions are obtained as

. ala) X,
G {3) s e i, (1o}
INsy st )
. s K.s -
Guls)ys——= - S (i
; 1) LA™ v b is™ v Mas o )
('..-ﬁl-‘]f_""'{l\) 7"‘_'_Ll {18)

Fiisy sl v Iy

These transfer functions are emploved 10 design the
contiollers for the overhead erane system by CDM. Note thal
the valuss of K &, 8 and A, are not known and then valuss

can be found rom the expenment.
3. CONCEPT OF CDM

In this secuon, the coneept of CDM used 0 design the
parameters of a controllers so that the step response of the
control system saushes stabihty, fast response amd robustiess
requirements s descenbed [4)

Contreller Plant
Ri(s ) | sl 1 i
—P B () Bosin
- X_|.Lix RS #
2As)
Fre 2 Standard block diagrar lor CDM,

From the standard block diagram for COM llustrated m

Fre 2, the vansler funeton of the plant i the polynonual

form m each block s
A )= ps” 4 g s e v p (19)

B Ay =g ™ va, » R 17 120

of Taf=fa™ 41 g | i 211

# ’ | '

HEER .'(_:_\ bR, 1., 48 {22)
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H,05) Ky (23)

where 2 0 & and m - kB () s callad as a pre-filter and
st be assigned 1o be A so that the step response wath zeno

stemdv-state eiror s obtuned  The chanactenstie polynomial of
the closed-loap systent s then wiven as

PUY= AL BB, )

i :
S SO O S TR (24}

"
g Wy

where agery i, 2re e coefficients of the charactenstic
polynamal, The sabihty index the equvalent time

constant T and stalnbaty ot 7 are delined as follows

| (25)
d, 58,
I (26}

¥

C TR

where ¢ - Lol Inorder w0 meet the speeticatons,

™28~ 31 (28)
and
¥ | 5‘:".. 129)

are chosen. In general, the equivalent tme constant ¢ can be
obluned from ¢ =7 2.5 according to (28) and the standard
stabilaty index ;s recommended as

4

Feg Ty up, =y =258 (30)

The standard values stated m (30) can be used o design the
controlierif the lollowing condinon 1s sanslied

pfo v ) 30

where pe and pyy are the coelficients of the the plant at 4™
and (& =1 1f the above conditon 1s not sabsfied, y, 18
first merensed and then 7 . and so on, untl (31) 15 satishied.
From (25)-(27), the coefficient o, can be wrilten by

Then the charactenstue polynonual used o design the
parameters oF a controller 15 expressed as

My —a, I 133)

:
By equanmyg the charactenstie polynomeal (24 with o
controller mcluded 1o the dipactensue polvnomal (33, the
pansmetrs of the controller can be assigned

4. CONTROLLER DESIGN

The comrolier design by CDM tor the asverhend crame
swstem s deseribed in this sectuon The controllers. namely
PID, PD andd P conwrollers are desspned mdependently and
emploved o control the tralley positon, the load-swing angle
andl the hostung rope length simultancously. The  block
diagram of the multivanable control svstem is shown i Fig 3

Irstizbisice
T O iy ¥ u
— e ! Pad
tiler ) | Cuontroller | = g2 =
7l Ul « h t 7'-(..‘I|LC.\J "
fil2 | 7+ Contraolles ‘L'Jm’ o
Sy stemn
/ - il !
at Pre- Pt
filterd + Comntroller s

Fre 3 The structure of multvanable control svstem

4.1 PID controller design

The polvuenual forms of the convenuonal PID controlle
for trolley mouon control of (16) which has the standard
transler luncnon

Gz | lem—a, (34

can be expressed as

BAs ek, s ok s+ 4

u

andd
A5y =5,

where kg =K 7, &k, =K, and K =K f1, . und whee
K15 the proporuonal gam | 7718 the integral nme and 7, 15
the denvanve ume. The values of &y, A, and &, are then
designed by the followang procedutes

1) Define the stabtlizy mdex 3, #. and the equivalent nme
constant ¢

2) Denve the charactenste polynonual {24). which includes
the PID controller purameters, and equate its polvicsimal 1o the
charactenstie polynomnal obtamed trom  (33) Then the
values of iy, &, and £, are obtamed

3) Setthe pre-hilter B ()= &,

4.2 PD controller des

The standard transter function of the conventonal PD
controller for controlling the swing angle of the load (17) 1s
wiven by

Gala}= Kl =T (3%)

und 115 polynomual torms are

Bois)-k,»+4&

e i

anl

AT
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where & - K and &, =K, 7, ad where K, s the

propostonal pomn and 70 s the desvative tme ln s ease,
the equivalent tme constamt T cannot be aclieved by
spectfving the senbing te £, Therelore, the valnes of L
and &, are designed by the following procedures

1) Define the equivalent ime constant & as a vanable aller
clwosmg the proper values of the stabihiy index 7, andy, .

2) Denrve the chazactenste polviomal 124), which includes
PD contreller parameters, and equate ats polynomal to the
charactenstic polvonornal obtwned tiom (335, Thus the values

ol k. A&, and ooe obitaned

3) Set the pre-llter #,(s)= &,

4.3 PI controller design
The standard  transler funchon ol the conventional Pl
controller tor hosting rope length control ol 18)
' Y
; 5 1
Gl = Ky

cian be rewnten i the polvoomial forms as

H.(5) -*.-':I,,.\ vk,

and
Als)=s .

where kg = Kjand Ay = K f0, and where Kjis the
poporienal sain and T s the ntegral ume As the
equivalent tme constant T cannot be achieved by specifving
the seuling ume /. the values of & and &, are therefore
designed by the following procedures.

1) Define the equivalent wme constant © ns a variable alter
choosing the proper values of the stability mdex y.and ¥,
2) Denve the charactensue polynomeal (24), wiich meludes
Pl controller parameters, and equate ats polynonual to the
charactenstic polvnomisal obtmned from (33). Thus the values
ofky Ayand £ are oblaned

31 Set the pre-filter B(s)=k,

5. SIMULATION RESULT

The parameters of PID, PD and Pl controllers tor the
overhead erane system are found first. Then, simulations have
been carned out with MATLAB lor venlymy the performance
ol the proposed multvariable control system. The paramelers
used in the simulation are shown in Table 1.

The speciheation for designing the PID controller w contral

the trolley position 15 that the setthng tme 1, of the closad-
leop system s 12 seconds. Ia thes simulanon, the stability
;

mdhices =4 and p, =4 are unbezed and the equivalent nme

constant ris assigned from /3. Therefore, the equivalent

me constant ¢ becomesd seconds. The values of the
2 and ;=25 0nd p, =2

standard stability mdices .
and pp = 3 are chosen for designing the parameters of the PD
amd Pl oconnollers, respectvely  From ahe design sleps
cdesenbed mosection 4, the parameters of PID, PD and Pl
controllers are summirzed in Table 2
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Table | Parameters ol the overbead crane system

Massof trolley (M) 612 Sor
Mass el loud (1) 03k
Rope length ) oM

Gras iation accelenstion (w) U Ranisec’

Viscous damping cocilicient of moton (b_) 1252 V' secim

Viscous damping cocilcient of hoist (h,) 3 N sechn

Farce constant of niotion (A ) (LAT024

Farce constam of boist <K} 2135

Table 2 Parameters ol the controllers

Centroller | 7, 7s ] risen) K ! "
PID 40| 40 4.00 43.21 10 | 030
PD 25| 20 0.80 7010 - 0.3
Pl ‘o 20 083 703 s "

The specitication tor controlhing the overhead crane system
15 that o control the wolley moving frem ¢ m o 1 m wath
smiall load-swing angle while the hoisting rope length nwving
from imtial length of 1 m 1o 0.5 m and then retum back 1o 1 m
agam, The simulation results are shown m Fug, 4,

Its seen from Fig #a) and $(c) that the PID and Pl
controllers respecuvely  control the uolley posittion and
horsting rope length as desired. There are no overshoot P and
steady-state error It s also seen from Fig d(b) that the PD
cantioller can reduce the swing angle of the load and the angle
reaches w zero (¢ =0) rapudly
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e 4 Simulanon results of closed-loop svstem (load 0. 3hy),
() wolley position, (b) load-swing unyle,
(¢) hosung lope length.

6, EXPERIMENTAL RESULTS

The expernnents have been performed with o mumature of 2
overhemd crane system shown in Fie. 510 order o demonstiate
the effecuveness of the proposed scheme A DC senomoton
amcl i DO geaned-motor are wsed o win a dove eothed-belt o
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move the crane trolley and 1o it the load respectively. The
load angle 15 detected by a rotary encoder anached to a small
stunless rod The positon of wolley and the rope length are
also detected by rotary  encoders The controllers  are
implemented dignally using C language on PC umit equipped
with suntable YO interface. The trolley has a maximum travel
range of 1.7 m and o working length of the rope is 1 m,

The three controllers designed are implemented to control
the overhead crane svstem shown in Fig. 6 by using the sume
control speaifications stated in section 5. The sumilar results of
Fig. 4 can be obtaned and are shown m Fig 6. It is nouced
that the smail loidd-swing angle can be achieved by
expenment.
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Fig. 6 Experimental results of closed-loop system
{load 0.3kg); (a) trolley position, (b) load-swing
angle, (¢) hoisting lope length.

The speed of uolley movement can be increased by
decreasing the equivalent tume constant r from 4 seconds 1o 3
seconds and 1o 2 seconds while keeping the previous values of
stability tndices  and 7y, The experimental results of
closed-loop system are shown in Fig. 7.

It i1s seen from Fig. 7 that smaller value ol the equivalent
ttme constant 7ris the faster speed of trolley movement
becomes as shown i Fig. 7(a) However, it is seen from Fig. 7
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(b) that the small overshoot oceurs and amplitude of the load-
swing angle is larger when the speed of the response increases

The parameters of PID controller and the performance of
trolley mation control system according to the vanauon of ¢

can be sunmnanzed in Table 3

Traley Postan {m)

-3 o
28,32

Swing Ange rad)

Rope Lengh{m)

(&)

Time (sec)

Fig 7 Experiment results of closed-loop system (load 0.3kg),
(a) wolley positon, (b) load-swing angle,
(c) howsting lope length.

Table 3 PID controller parameters and system performances.

f £, [ T t 1, LA
() (wo) | faec) {3ee) i3ec) i*a)
k] 43.21 4 0500 [ 704 | 1286 | 0.00
3 76.82 3 0469 [ 533 9.42 0.00
2 172.84 2 0375 | 6.58 9.40 1.02

The coefficient diagrams of closed-loop system for trolley
movement when the values of the equivalent tme constant ¢
varied are also shown in Fig. 8 When the curve is more lefi-
end down, the system becomes fast response [4] but the
amplitude of load-swing angle i3 increased accordingly.

24
1

o i
== J=4, g, 23
B A w2

a
'
i

W'k
3

Fig. 8 Coelficient thagram ol the rolley movement control
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6.1 Effect of lond variation

Irx this subseetion, the PID, PD and PI controlless are used 1o
control the overhead crane system when the load 1s vaned
without redesigming these controlless. The mass of the load 1s
varied from 0.3 kg 1o § kg The expenmental results of the
overhead crane svstem are shown in Fig 9 Its seen that the
svstem s sull stable. It can also be observed rom the Fig. 9(b)
that when the mass of the load increased, the osaillation
amplitude of load-swing angle 1s imereased.

Twoliey Fostan m)

HE - -

=

= T
8 § 5% e
2 i ' v '

oy F - .
Eamp - - - - [ 1= = == m s - e
kS

o

Rape lengh{m)

Fig 9 Expernnmental results of closed-loop system
(load Ikg), {a) trolley position,
(b) load-swing angle, {¢) hoistng lope length,

6.2 Step input disturbance

In order 1o demonstrate the elfecuveness of the PID, PD
and Pl controllers, the controllers are implemented 10 control
the overhead crane system without redesign. The step-input
disturbance entenng 1o the system at 20 seconds 15 employed
in the expenments.  The expennmental resulls are shown in
Fiz 10

" :
£ F & 0
< [ [ ] L] "
go;.,--L._L G &l wosdan VS e
& o e
.5 f f '
2 o Y .

a 5 2 13 o = e -] 40

Swing Angle {rad}

iml

Rope Lengn

Time {sec)

Fig 10 Expernnental results of closed-loop svstem with
stepanput disturbances, {a) tolley position,
(b) load-swing angle, (¢} hasung lope lengh,
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It 1s seen from Fig 10(a) and 10(c) that the PID and Pl
contiollers can propetly control the overhead crane system
without overshoot £ and steady-state  euor The PD
contoller can suppress the load-swing angle and the effects of
step mput disturbance can be completely rejected as shown in
Frg 10(a) and 10(b)

7. CONCLUSIONS

The controllers namely PID, PD and PI controllers designed
by CDM have been proposed to the muluvanable control of
the overhead crane system, These controllers have been used
o control the trolley posibon, swing angle of the load and
bossting rope length, respectively. It has been shown that the
parameters of the PID, PD and PI controllers can be properly
designed  From the simulaton and expertmental results, the
multivariable  control  of  overhead  crane  system e
sanstactory. Furthermore, the disturbance rejection can be
achieved It has also been demonstrated the effecuveness of
the three controllers that the controllers can also be applied 10
control the overhead crane system when the mass of the load
15 vaned without adjusting thesr controller parnmeters
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