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TOM TAT

Bai bdo dua ra mo hinh todn, thiét ké va chon tham sé cia bo diéw khién PID Mo mdi dé
diéu khién hé cdu truc. Nghién ciru sw anh hitomg ciia cdc tham s6 trong bé diéu khién PID Mo
moi vei mong mudn giam dao dong cua tai va kha nang g dung vao thuc rién Viéc tinh hé so
K», Ky, Ko cia b§ diéu khién PID Mé méi dwoe xde dinh bang cong thire moi ¢6 tinh khoa hoc
va twomg minh. Qua cdc két qua mo phong mo hinh hé cdu truc cho thdy bo dicu khién PID Mo
mdi ¢6 tinh dom gian va hiéu qua trong viée diéu khién cho cdc hé phi tuyén ¢6 cac thanh phan
v nhiéu tac dong khéng xdc dinh.
Tir khoa: Pidu khién tu dong, PID ma, Piéu khién ké cau truc

ABSTRACT

The paper given mathematical model, design and selected parameters of new PID Fuzzy
controller to control crane system. Research the influence of the parameters in new PID Fuzzy
controller with the desire to oscillate of load reduction and applicability to practice. The
calculation of coefficients Kp, Ki, Kn new PID Fuzzy controller are determined by the new
Jormula is a scientific and explicit. Through the simulation results for the model crane system
shows the new PID Fuzzy controller is simple and effective to control for nonlinear systems

with components and unidentifiable disturbances impacis.
Keywords: Automatic control, PID Fuzzy, Controf crane

I. PAT VAN DE

Hé thdng cau tryc 1a thiét b cOng nghiép
dugc img dung rit rdng rii trong nhiéu [inh vue
nhu trong xay dung, trong nha may hay tai
cang bbc d& hang,.. Nhitng cau truc nay
thudmg duge vin hanh bing tay. Khi kich thudc
clia ciu tryc tré nén I6n hon va yéu cau van
chuyén nhanh hom va chinh xac thi qua trinh
diéu khién chiing s& tr& nén kho khin néu
khéng ti ddng hod qua trinh nay. Cau truc dich
chuyén theo quj dao khdng cimg nhic, n6
thudng hoat déng trong nhimg diéu kién khéc
nghiét, nhu vay mét hé thong diéu khién kin la
thich hop.

Hé théng cdu truc 12 hé phi tuyén 1on,
hon nira trong qua trinh 1am vi€c ca hé théng
chu truc khi di chuyén phai dam bao dugc yéu
chu dao ddng cia tai 1a nhé nhét. Vi thé khi
thiét k& bd didu khién cho hé cu truc phai tinh

dén cac yéu 5 nay. Trong trudng hop van hanh
doi hoi cao vé chit lugng thi ludt PID Md méi
hoan toan dap tmg dugc yiu chu dit ra. Viée
chon va tinh hé sb Ke, K, Ko cho bo diéu khién
PID M& mdi khdng chi don gian va tuong
minh ma con dé dang trong sir dung.

Trong bai bao nay, tong hop dugc hé cu
truc va thiét ké b diéu khién PID M méi cho
hé théng phi tuyén khdng xac dinh SISO. Muc
dich ta ap dung b diéu khién nay dé hé théng
dat duge su 6n dinh nhanh, giam hién tuong
rung clia tin hiéu didu khién v han ché géc dao
dong cha tai. Cac két qua md phong khi ap
dung cho viéc diéu khién hé cau true, duge
trinh bay & phan Il Két luan dugc néu ién &
phén IV.

* Dai Hoc Da Nd-'ng
** Doy Hoe Cong Nghidp Tp. Ho Chi Minh
***  Cap Dang Cong Nghiep Hué
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1Il. NQI DUNG NGHIEN C('u

1. Xiy dung mé hinh toan hoc ciia ciu true

Xét hé cAu truc nhu hinh 1:
Hinh 1: Mé hinh h¢ thong ciu tryc trong
hé tryc tpa 4.
A |

zZ

]
!
1
b

—X(1)

Dung phucong phap Largrange, ta co:
1

=—_Mi
L=5Mx

L, :%mvz +mglcos @

v, =¢+ising
v, = + icosh
v=,fv|2+v:

. 9 : 2
v =(f+isin6) +(e9€ +J'cu)59)
=8+ 2€ksin @ + i sin® 0+ §*¢* + 26¢i cos 0 + x* cos® @
L=L+1,

* DS véi xe Hin:
o
di | ax ax
%:m”{esinmmsin’9+méfms9+n¢oosze
=(M +m)x+ mtsin@ + mof cos 9
d(aL e e "
2\ :(M +'M)I+m£s‘mﬂ+m£6'cost9+nﬂt’cosl9
+fmbcost —m# {sin g

o

&
= F =(M +m)X + mésin 8+ 2m28cos 0 + mi{ cos

—mffsind
F —mitsin6—2mifcost~ micos 8.6 |(1)
+mfsin 6.6

0

'—'?f"‘(M+M)_]|:

*Ddi vai vat m: (1 thay dbi)

q2=¢
Fa=-Fn (Fm - L.uc ning vit)
diay o,

alat) o "

a—(‘:mi@m&sinﬂ

of

hY
i(ﬂ = mf + mi sin & + nal cos @
di\ ar)

Tinh:

% =mgcosO+ md* € + miicosd

= mé+ misin® - mgcos@+ méd" = -F,

™

;jf:—g—i’sin6+gcoso+£6"2 (23
m

* Doi vai vat m:
q, =8
F,=0

diaLy 8L
S -Zi=F=0
dt[é&] a8
at i
ﬁ-:mﬂfl+m£j-cosﬂ

d[aL =2 . .. . . .
P % =mAf +2mOLf+ mebxcos @+ mfxcos @ —miksin 8.8

al . .
29 =—mgfsin 8+ mitcos @ ~mrrsin g

= mit? + 2mOEE+ mEicosd + mgtsing =0

=8 ¢’[-200-xc0s6 —gsing | (3)
Vi yéu cau bai todn datra la tim F nhu

thé nao dé xe lin dugc di chuyén theo phuong

ngang vdi chidu dai day la khéng dbi, sao cho

goce dao dong tién vé O nhanh nhét. Do | khong

ddinéni =0, =0, tacé:

Tir(1)=>&=(M +m) [ F-mbtcost.+ mt§*sin@| (4)
Tir (3)= @=¢"[-icos#- gsin 0] (3)

Gia sir hé dugce kéo bai hé dong co dién
mdt chidu qua puly €6 ban kinh r.
Luc F duge biéu dién nhu sau:

F=" (6)
r

Trong d6 dong co dién mét chidu ¢o cac
thdng sb sau:

+ R - dién tr& mach phén (g cua dong co,

+ T - m6 men (ai,

+ K - 12 hiing s6 md men.
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Tir céc phuong trinh (4). (5) va (6), ta duoc:
i=(M+m) [ e nﬂ!ws9+mtﬁzsln9J (7
[(u +m) [ s mbtoosd - m(ﬂlsmﬂ]cosﬂ gsma]
[{M+m)_1m!w$2 e--z]e:

e | X —1 -
=(M +m) wsﬂk—mk+gsin9+(M +m) méd? sin Gcosd

K, cosd

G = (M+m]g+ml&zms€
[mtcos - {H+m)t]RJ

[mtous 0-(M +m)!:|

ing  (8)

Thé (5) vao (7}, ta dugc:
i=(M+m)y I:——u+m(xcoﬂ9+gsm9) cos @+ meg’ qu]

[(M+m)—m0052 B]f=%u+mtél sin@ —myg sin fcos @
K

‘= K, me&F +mg cos @ s 9)

[(M+m)—mcns’9:|R.r [(M+m)—mcob B]' ing (3
Datxi=x;x:=0; x; =% X4 =8, vd x =
[21,02,x3,x4]7, ta duge:
X=X
X, =X,
3 = f(x)+ by (6w 0o
%, = [i(x)+ B (x)u
=M rmgrmbscoszn G )

! [mi cos® x, —(M +m)l] ?
b(x) = 2K,_.cc«sx2 (11b)
[mlcos” x, —(M +m)R.r
mix; + mg.cosx, .
= ) {12a)

£(x) [(M + m)—moost x.] sin x,
by(x) = K (12b)

[(M +m)—mcos” x, |R.r

Tir céc phuong trinh trang thai (10), (11)
va(l2), lacoso dé xay dung mo hinh hé théng
cau truc trong Matlab-Simulink.

2. Thiét ké bd diéu khién PID Mo méi
cho hé théng ciu truc

X¢ét mot hé théng phi tuyén mot dau vao
-mét diura

=X,
=f(x}+ b(x)u
trong d6 x = [x1,0]" |a vector trang thai,
u la tin hiéu di¢u khién, b(x) va f(x) la cac ham
phi tuyén khong xéc dinh cia hé théng.

(13)

Gia thuyét rang:
ik i

0<hmm<_hf 4

Piéu kién 0 < b, < b nay khéng lam
mat tinh tong guat cua hé thomg.

Bai toan dt ra ta thiét ké b diéu khién
P1D sao cho hé (13) dat chat lugng mong mudn
va chat lugng nay khing anh hudng bai cac
thanh phan khong xac dinh 1'va b.

Cho qui dao mau x¢(1) v dinh nghia sai
léch bam e = xia — X1.

Chon mdt ham D nhus sau;

o=Aeté=x,,—x,+ (X)) (s

trong do x:a= Xavalll mot s xac dinh duong.

Tinh chat cia ham PD (15) 1a khi giu cho
o = 0 thi qu¥ dao thuc cua hé thing s& bam theo
qu¥ dao dat sau mdt thoi gian te. Do d6 tin hi¢u
diéu khién u dugc thi¢t k& sao cho trang thai hé
théng duoc ddy vé (rén didme 6 = 0,
Ta ¢6 luat diéu khién PID nhur sau:
-K khi

o< i

u={K,e+K,[edt+K ¢ khi -psase (16)
/]

K khi ao>¢
e . . K
voi k= KA g (AL K
@ @ 4
Nhin xét:

+ Trong bé diéu khién PID (16), tham S
A quyét dinh toc do hoi tu vé khong ciia sai léch
bam e, d6 dé quyét dih chat lugng diéu khién
clia hé théng. Viéc chon iua gia tri A thich hop
phu thudc vao yéu ciu v thai gian qua do cua
hé thng.

+ Tham s6 1 dong gép vao vie lam sai
léch bam e hoi tu vé 0. tuy nliién néu [ chon lém
s€ gay dao dong cho sai igch bam cua hé théng.
Do dé ta nén chon gia trj | nho.

+ Tham s5 ¢ € quyét dinh dd 16m cua sai
léch bam. Khi chon mdt gia tri £ nho thi tin hiéu
diéu khién u lai thay d6i nhanh gitra hai gid tri +K.


Pham Ngoc Huyen
Textbox
   13

Pham Ngoc Huyen
Textbox
TẠP CHÍ KHOA HỌC TRƯỜNG ĐẠI HỌC MỞ TP.HCM -  SỐ 6 (1) 2011


14 TAP CHi KHOA HOC TRUONG DAl HOC MO TP.HCM - SO 6 (1) 2011

Dé lam giam thiéu tac hai clia viéc thay dbi u
lién tuc, chiing ta ding bd didu khién PID m
nhu trinh bay ¢ phan tiép theo.

+Tham sb K chon theo thugt toan md trong
bé diéu khién PID md duge trinh bay & phén tiép
theo s& loai bo duge nhitng khé khin nay.

Thiét ké bj diéu khién PID My mdi:

Y tudng cua viéc dung ly thuyét diéu
khién md vao trong bd di¢u khién PID (16)
chon K theo trang thai hé thong.

+ Néu quy dao hé théng & xa dutmg & =0
tht K chon Ién dé tinh 6n dinh ctia hé thong duge
dam bao, tAng tinh bén vimg ctia hé va lam nhanh
qua trinh tién vé dudng ¢ =0 clia quy dao trang
thai hé thng.

+ Néu quy dao hé thdng & gin duomg o =0
thi K chon nhé dé giam hién tugng thay déi lién
tuc cuia tin hiéu diéu khién u.

+ Néu quy dao hé thong & trén dutmg & =0
thi K chon bang 0 dé loai bo hoan toan hién tugng
thay d6i lién tuc cnia tin hiéu diéu khién u.

Hinh 2: Quy dao pha trang thii h¢ thong
va cach hya chgn K

Té

€

4 K=0 P1:K 1én

P3 R P2:K nhd
» g>0

nho

Hinh 2 biéu dién quy dao pha trang thai
hé théng va cach lya chon K. Khi vi tri quy dao
trang thai hé théng & xa dutmg o=0 va vé phia
>0 (diém P1 nhu hinh 2), gia tri K phai chon
la duong tén. Khi quy dao trang thai hé théng
tién vé gan dirimg 6=0 va & phia o>0 (diém P2
nhu hinh 2), gid tri K phai chon 13 dvong nhé.
Khi qu§ dao trang thai hé théng vé trén dudmg

6 =0 (diém P4 nhir hinh 2) thi K=0. Trudng
hop quy dao trang thai h¢ thong tién vé gan
duong ¢ =0 va O phia 6 <0 (di€m P3 nhu hinh
2), gia tri K phai chon la duong nho. Tuopg tur
cho trudmg hop quy dao trang thai hg thong &
xa dudmg o =0 va vé phia & <0, gi4 tri K phai
chon 1a duong lon.
Tir 46 ta c6 thé thiét k& mot b didu
khién m& véi cac luat hop thanh nhu sau:
+ Ry:NEU ¢ 1a DUONG LON THI K 1
DUONG LON
+ RaNEU o 1a DUONG NHO THI K la
DUONG NHO
+ Ry: NEU o 1a KHONG THI K 1a KHONG
+ Ra: NEU o 1a AM LON THI K 1a DUONG
LON
+ R NEU s 1a AMNHO THi K 13
DUGNG NHO

Trong dé cac ham Fén thudc cho o va K
dang tam giac, ludt md SUM-MIN va giat mo
bang phuong phap diém trong tam duge chon.

Sa db khbi hé théng didu khién PID Mo
mai thé hién trén hinh 3.

Hinh 3: So 86 khdi hé thong didu khién
PID Mé& méi

i

Bo diéu khién PID M& méi duge ap
dung cho mé hinh hé théng ciu truc, cic két
qua mo phong sé& chirng minh tinh dang din
cua thudt toan dugc dua ra.

L KET QUA MO PHONG

a) Véi I, ¢ 1a hdng sb chon trudc, A
(i=1:3)lanlwgtla Ap=0.1; 2y =1; 23=2;
K duyc xdc dinh bang luit mo
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Hinh 4: Tin higu dicu khién, sai Igch bdm
va goc dao dpng ciia h¢ thong cdu triuc
fuy e; va O; twang ieng voi A; (i = 1+3)).
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* Nhdn xét. Khi A4, nho sai 1éch bam cia hé
théng cham tién v& khoéng so véi A, 16n hon.
Ting A; goc dao dong cua hé thong ting, tin
hiéu diéu khién ¢6 hién trgng rung va sai léch
bam nhanh tién vé khong. Néu A, lon sai téch
bam tién vé& khéng rét nhanh nhumg ¢é sw qua

diéu chinh, su qua diéu chinh nay 16n hay nho
thy thudc vao 4 16m .. Hay khi thay d6i . s&
lam cho sai l&ch bam, goc dao dong va tin higu
diéu khién ciing thay ddi. Tir két qua trén cho
ta chon dirge mét tham sd A t6i uu cho hé théng
dé hé dat chat lugng theo yéu ciu cho trude,
b Voil, ¢la hang s6 chan trudc, chon
A= 0,5 toi wu dwa vao muc Ill.a; K dwgc xdc
dinh bang lujt mo

Hinh 5: Tin higu diéu khién, sai léch baém va
géc dao dpng cia hé théng cdu trac fu, e va 0.
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* Nhdn xét: Khi chon tham so ti vula i = 0,5,
K dwoc xdc dinh theo ludt mé, I, ¢ la hing s6
chon trrée ta thdy: sai 1éch bam e ciia h¢ théng
nhanh tién vé& khong, tin hiéu diéu khién khong
con hién tuong rung. goéc dao dong 0 duoc
khdng ché va dao dong trong thoi gian nho.

c) Nhin xét chung

Két qua méd phéng cho thay sur tac dong
nhanh, sai léch bam, tin hiéu diéu khién va goc
dao dong ctia hé théng clu truc phu thude vao
s thay ddi cia thong sb A.

Tir két qua md phang trén va viée xéc
dinh théng s A t6i ru ciia bd didu khién ta tinh
doc cic hé sé Ky, Ki, Ko d& dang, két qua nay
¢6 duge nhé vao bd diéu khién PID Mo méi &
muc I1. Day 12 két qua mang tinh khoa hoc cao
khi ma cac hé s cia b diéu khién PID cho
mdt dbi tugng phi tuyén SISO duge xac dinh
bang cong thirc rd rang.

IV. KET LUAN

Bai bao da néu dugc phuong phap xdy
dung mé hinh toan hoc hé ciu truc, b diéu
khién PID M& méi va dp dung dé diéu khién
hé théng ciu truc nham lam giam sur dao dong
ciia vit duge nang. Cac két qua mé phong cho
hé théng ciu truc cho thdy dé chinh xac cla
quy dao va goc dao dong cla hé théng c6 thé
khéng ché.dugc theo yéu ciu cho trude. Cac
hé s6 ctia bd diéu khién PID Mo méi nay duge
xac dinh dé dang hon so vai bd diéu khién PI1D
bén vimg [1] trudc diy.
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