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XAY DUNG MO HINH CON LAC NGUQC DANG

QUAY TREN SIMULINK CUA MATLAB
Nguyén Vin Son
Truong Pai hoc Thu Dau Mét

TOM TAT

Poi tiwong con ldc ngirge ¢é tinh bat on dinh cao thuong dimg lam doi twong diéu khién
dé kiém nghiém gidi thudt diéu khién. Pé tao cong cu mé phéng con ldc nguoe trén
Simulink ciia MATLAB can xdy dung hé phirong trinh chuyén dgng con lic nguwoc, cong
viéc nay dwoc trinh bay trong bai bdo ndy va dé cé hinh dnh chuyén dong truc quan con
ldc nguwoc khi mé phéng phdi tao S function cho khéi hoat hinh. C6 nhiéu gidi thudt diéu
khién khdc nhau nhw: PID, t6i wu, thich nghi, bén viing... Trong bai bdo nay trinh bay ngdn
gon gidi thudt fuzzy nhw la mot vi du vé cach sit dung cong cu do va dé kiém chirng tinh
khoa hoc ma cong cu do dda tao ra. M6 hinh do con lic nguoc duoc tao ra lam cong cu 1ot
phuc vu cho thuc tdp trén may tinh trong mon hoc diéu khién tur dong vi thudn loi, hiéu qua
va it ton kém.

Tir khéa: mé hinh con ldc nguoe, céng cu do

D’(‘)i tugng con lic nguoc nodi chung va —Pong co.
con lac nguge dang quay ndi riéng la cac — Hai thanh: thanh ngén va thanh dai,
doi tugng co tinh bat on dinh cao, do d6  thanh ngin mot dau lién két chat voi dau
thuong duoc sir dung dé kiém nghiém cac  tryc cuia motor, thanh dai mot dau lién két
thuat toan diéu khién. Trong di€u kign chua  tyy do véi thanh ngén thong qua cam bién
thé xay dung mo hinh diéu khién thuc hodc 4o goc ¢ dat & dau con lai cua thanh ngén
trudoc khi xady dung mod hinh di€u khién
thyc thi mé hinh 4o véi thuat toan diéu . SR A S
khién trén Simulink cia MATLAB 1a hop ~ £9¢ 9dat ¢ dau truc cua dong co, cam bién
1y vi céc 1y do: thuan loi, hi¢u qua va it tén do goc ¢ dat ¢ dau cudi thanh ngan, nhu
kém. Bai bao nay gi6i thidu cic bude xay ~ danoi ¢ trén (hinh 1).

— Hai cam bién do goéc: Cam bién do

dung mo hinh con lic nguoc trén Simulink Pong co ¢c6 momen quéan tinh Io ddi
cua MATLAB va thuét toan diéu khién con  véi truc quay O, chiu momen quay Mo
lac nguoc bang gii thut fuzzy nhu 1a mot Cam bién do géc (M) dé do goc giira

vi du vé giai thuat diéu khién. Voi cac cong  thanh L1 va thanh L2 dit cudi thanh L1,c6
cu du:chtao.{a'l la‘ mo hlgh con lac; ngUeC vVa  yp4i lugng m,, OM=L,, momen quan
cac thuat giai di€u khién c6 thé duoc su ) o . 5
dung 1a bai thyc tap cho mon hoc didy  tinh doi véi truc quay O la I, =miL,.

khién tuy dong. Thanh L, c6 khi lugng khong dang ké so
1. Xay dwng md hinh con lic ngwge  voicam bién do goc M. ‘
dang quay Thanh L2 c6 khoi tam C, chieu dai
He¢ con lic nguoc duge mo ta trén hinh 2L.2, khoi lugng m,, momen quan tinh doi
(1) gdm céc phan ti: véi C la:
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Cam bién do goc M (encoder) va thanh
L, lién két tyr do khong c6 ma sat.

/7 dimg e D

Thanh o chido dai
212, khé lwcng m2

Thanh L1 gdn o dinh

vl e dhng oo .
Thanh L2 li#n ket to
do e cam bidn ohé
Carm bifn do goc, oe chacin bidn
khe locng 1, g3dn
of dinh véi hanh L1

Hinh 1: M6 hinh con ldc nguoc dang quay. MO
ta mé hinh (trén),; Phdn tich luc (duwdi).
Cac luc ngoai : Momen quay cua

motor M, tuong duong luc F dat tai M

-

F

_ Mo

ELOT\/I va

1

Trong luc P, =m, g, dit taiM

Trong luc P, =m,qg, dat tai C.

Phuwong trinh Lagrange: H¢ c6 hai
bac tu do, chon 0, ¢ lam céac toa do suy
rong

d{oT | oT

m —] 0 Q (13
00

d{oT | oT

a . _a_ = QZ (1b)
oo P

Trong d6 T: la dong nang cua toan hé.
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Q,: La lyc suy rong 1.
Q,: La luc suy rong 2.
Tinh Q, va Q,: Theo cac cong thuec:
0A, =Q,00 va dA, =Q,5¢.
Trong d6 6A,(hay SA,) la cong cla
luc khi cho 6 (hay ¢ ) thay d6i mot luong
80 (hay 6¢) gilr toa do con lai ¢ (hay
0 ) khong doi. 7
Tinh Q,: Khi cho 6 thay d6i mot
luong 80 va gitr ¢ khong ddi thi ca 3 luc

F,P.,P déu sinh cong

ds
M

50
STTTTT

Hinh 2. Khi O thay doi mot heong 86, khoi
tam C, M déu di chuyén mot doagn ds.

0A, =Fds+P.ds+P,ds

ds|=1.56
Fds=FI350
P.ds=P,|ds|cos(P,ds)

j,d?j:e—ﬁ : cos(e—szsine
2 2

P..d's = P,l, sin .56 = m,gl, sin 6.0
Do ¢ = const nén thanh tinh tién, do d6

\ g
tam C ciing di chuyén mét vector d s nhu
M

— P,.ds =P,l,sin6.50
Vay 6A, = (Fl, +P,l,sin0+P,l, sin6)d6



Tap chi Dai hoc Tha Dau Mét, sb 6 (25) — 2015

SA, =Q,50

= Q,=Fl, +Pl,sin6+P,l sin6

Tinh Q,: Cho ¢ thay d6i mot lugng
8¢, gilt © khong doi, khi d6 chi c6 P, sinh

cong
OA, :Pz.d;: P: Jscos(Pz,dgj
Js,zlz&p

——0, cos(g—(pjzsincp

7\
POl
o
o |

N—
I

YRS

ds

M

Hinh 3. Khi ¢ thay doi mét heong 8¢ chi c6
khoi tam C di chuyén mét doan ds
SA, =P,l,sinp.5¢
0A, =Q,.do
Vay Q, =Fl, +P]l sin0+P,l sin6 (2a)
Va Q, =PR,l,sine (2b)
Tinh dongnang cuahé: T=T,+T, +T,

.2
T, : dong nang cua motor, T, = > 1,0

T,: dong ndng cua sensor do goc M,

1,022 1 ,+f
T1:E|19 :Emlllzg
T,: dong nang cua thanh |I,,

1 1, *?
T,==m\V:+=I
2 =5 Ve ™5 2P
Biéu thirc trén cho thiy dong nang T,=
dong nang tinh tién cua khdi tim C

(%mzvg) + dong nang quay quanh C

1, *°
(EIZ(P )-

V, =0C = OM+MC

. 2 . 2 . . . .
V2= OT\/I] N I\/TCJ +2/oMm||mMC cos[OT\/l,l\/TCJ

2 2.2
=1°0

1,6

2 2

l, ¢ :IE(P

Xét goc | OM,MC |=a

6<O’a:(e_(p)
0<0
khi 1070 ey
0<0
a=n1—(0-0)

Do d6 trong moi truong hop

0

2|oM|[MClcos o = 21,1, 6||¢p|cosa

:2Il|2é(.pcos(9—(p)
Vay

1 , 1 ) o2 ) o2 o

EmzvC =Em2 16 +150 +2L1,0¢pcos(6—¢)
Dong ning quay quanh C:
1,2 1, B *?

|2(P zz(ng)@

1 .2
:Emzlg(l)

= dong ning toan phan T

2
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1 2 1 2 1 2 1 ) 2.2 1 , .2
TZEI 0 +2ml 0 +2m 2 0 +2m Ich +m,l 1,0 ¢ COS(O—(p)+€m2|2(p
T L emp e m 210 + 2m,e Lo o 3
——[0+m11+m21]9 +§m2 (p+m2129(pCOS(9 ?) 3

Tinh 61:, ﬂ, ﬂ ﬂ dé thay vao biéu thie (1a) va (1b)

06 O a0 _r
8—-I::[I0+mllf+m2If]é+ mzlllzcbcos(G—(p) (4a)
00
a_ ~m, L1, 8 ¢sin(6—g) (4b)
a-l: gmzlchJr m, 1,1, cos(6— ) (4c)
¢
aT

mzlllze(psm(e 0) (4d)

%{[(IO +ml?+ mzlg)é} m, L1, [pcos(e—(p)}+ m,L1, 8 osin(— )

=Fl, +Pl,sin6+P,l,sin® (5a)

;'t {; m, 12 o+ m,L1, écos(e—(p)}—mzlllz 0sin(0—¢) =P,1,sine (5b)

Khai trién phuong trinh (5a) va (5b). Phuong trinh (5a):
Xét %[(.pcos(e—(p)} — ©c03(0— ) — SiN(B — ).(0— )

Vay phuong trinh (5a) <
.2

(1 + M2 +m,12) 8+ m,L,1, 9cos(®—¢) + m, L1, ¢ sin(6 )
=Fl, +P]l,;sin0+P,l,sin6

Phuong trinh (5b): Tuwong ty nhu ¢ trén

%[écos(@—(p)} — §cos(0— @) —sin(6 —¢).(0— )

Vay phuong trinh (5b) <

(6a)

o2

%mgg o+ m, L1 6cos(0—)—m, L1, 6 sin(0—¢)=P,L,sine (6b)
Vay hé phuong trinh chuyén dong cta hé 1a:

o2

(1 + M2 +m,I2) 8+ m,L,1, cos(6 - o) o+ m,1,5in(6 - 9) ¢
(P, +P,,)sin6—Fl, =0

(72)

o2

%mzlg o+ m,L1 cos(0—)B-m, L1 sin(0—)® —P,L,sinp=0  (7b)
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e Quan hé momen quay Mo cua dong
co DC va dién ap tac dung u(t):

Hinh 4. So do tuwong duwong cua dong co mot
chiéu
Céc ky hi¢u: Mt: momen tai; B: h¢ $6
ma sat; J: momen quan tinh
Phuong trinh can bang doi véi momen
trén tryc dong co
do
MO=Mt+MM5+JE (8)
M, = Ki, 9)
M,s=Bo, o: van toc goc truc dong
CO r r 2
Lay bién doi Laplace (8) va (9) , duoc:
Mo (S) = M, (5) +Myys(S) +SJ(S) (10)
M,(S) =Kl (S) (1)
viét phuong trinh mach phan tng &
hinh (4):
U®)=E,(S)+R,I,(S)+SL,1,(S) 12)
E,(S) =Kdu(S) (13)

0=

2015

Trong md hinh diéu khiér} con lic
nguoc, dong co hoat dong ¢ ché do nhich
qua nhich lai, nén E (S)=0. Dién ap tac
dung 1a dién ap xung diéu ché do rong co
nhiéu hoa tin bdc cao, nén [SL,|>>R,.

Don gian (12) nhu sau:
U(S) =SL,1,(S) (14)
u(S)
M, (S) = Ko —— SL, (15)
ma F©) = el = F) = K258 )

~ Ham truyén tuyén tinh hod cua h¢ con
lac: Tu phuong trinh chuyén dong cua
hé(7a), (7b) dugc viet lai bang cach dat lai
cac hé so nhu sau:
(1] (1] L] 2
a0+boe+csin(0—oe)e +dsind6+eU =0(17)
)

f o+ kcos(0—¢) 0+ hsin(B— )6 +isinp=0 (18)
Véoi a=lg+ml>+m,l5; b=c=m,ll,;

2°1°2»
d=—(Pl,+PJ,); =<2
LU
4 o .
f=Imlt s k=mll, i h=-mll,;
=_P2|2
Tir (17) va (18) =

o2 1
.. eu—dsine—csin(6—g).¢> +t}hcos(6—cp)sin(9—<p).6 +|:Icos(6—q>)sin 0}

a—bfkcosz(e—cp)

(p:

—ke ck : ** bh : . 2
TUcos(e—(p)Jr;cos(e—(p)sm(e—(p).(p +?COS(9—(p)SIn(9—(p)—hSIn(e—(p)O —ising

f—bakcosz(e—(p)

Pé tién cho viéc mo phong trong Simulink, ta dat lai cac hé $6, =

o2

o2
5 elU +e2cos(0—)sin(6—¢).0 +e3cos(6—@)sin(e) +e4sin(6—q¢) e +e5sind

e6+e7c0s’(0—o)

o2

o2
_ e8Ucos(0— @) +e9cos(0—¢)sin(6—¢).¢ +el0cos(6—¢)sin(6—¢) +ellsin(0—¢)0 +el2sing

e13+e14cos?(0— o)
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Hai phuong trinh trén dugc st dung
nhu md hinh toan cta hé con lic nguoc dé
mo phong bang Simulink cia MATLAB.
Hé con lc ngugc dugc diéu khién sao cho
0~0° va ¢~0° nhu hinh sau

ST
Hinh 5. Trang thdi con ldc nguwoc muon diéu
khién 8 = 0°va ¢~ 0°.

Ta tuyén tinh héa 2 phuong  trinh
chuyén dong (17) va (18) tai diém hoat
dong 6~0°va ¢~ 0°

— aB+bp=eU (19)

va fork0=0 (20)

Tr hai phuong trinh trén =
5(a—¥) =eU (21)

va o(b —%) —eU 22)

Lay bién d6i Laplace hai phuong trinh
trén voi cac diu kién dau b'Zlng khong

= 66 _ e _Kq (23)
u(s) Sz(a—bk) 2
f
‘. e
VOl K, = (24)
@~
oS) _ e 5
= U(S)_Sz(b_ak) Sz ( )
k
véi K = f (26)
(b—*)

53

Ham truyén (23) va (24) 1a ham truyén
tuyén tinh hoéa cua hé con lic nguoc, tu
ham truyén ta biét duoc quy dao nghiém la
doan thang trén truc 4o, quy dao nghiém
ndm & giéi han 6n dinh (mién bén tréi truc
40) va khong 6n dinh (mién bén phai truc
40). Véi cac thong sé6 mo hinh ty dit phu
hop v6i cac mo hinh trong thuc té nhu sau:
hé s6 Lu =0.1H, khdi lwong thanh ngin
m, bd qua so voi khéi lwong sensor do goc
M la 0.3kg, khdi lugng thanh dai m,=
0.12kg, chiéu dai % thanh dai L,=0.25 m,
chiéu dai thanh ngan L,=0.17 m, gia toc
trong truong g=9.81 m/s®, cho ta
Ky =7348 va K, =3747.

Viét S Function tao hinh anh truc quan
con lac nguwoc. Ngoai viéc dung scope de

do va ghi lai trang thai 6, ¢, 0, ¢, S
function dugc viét co tén pndanim2 tao
hinh anh con lic nguoc va chuyén cac
thdng 6 va ¢ vao hé con lic nguoc 1a goc
trong Umg cua thanh L1, thanh L2 so voi
phuong thang dung nham tao hinh anh tryc
quan con lic chuyén dong. Khéi pndanim2
duogc st dung trén so d6 khdi hinh (6).

Kiém ching cdc phwong trinh dong
hoc con lic nguoe. Dé kiém ching cac
phuong trinh dong hoc cia con lic nguoc,
ta dung SIMULINK cua MATLAB xay
dung mé hinh mé phong con lic nguoc tir
cac phuong trinh dong hoc. Két qua chay
mo phong vo1 u=0 (dong co khdong dugc
tac dong dién 4p), Ova ¢ dat gia tri ban
dau bat ky, cho ta thay:

— Hinh anh hai thanh con lic tir tir roi
xuéng va dao dong tu do.

— Bién d6 dao dong khong céd hién
tuong suy giam ciing nhu ting dan, diéu
nay c6 nghia la nang luong dugc bao toan,
vi ma sat trong hé con lic dugc bo qua
trong qua trinh xay dung cac phuong trinh
dong hoc.
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— Hai thanh ngan va dai dao dong voi
chu ki dao dong riéng, ta thiy sau mot
khoang thoi gian vi tri hai thanh nay tré vé
lai vi tri ban dau( t=0).

Véi két qua kiém ching trén ta c6 thé
ndi cac phuong trinh dong hoc la chinh xac.

H
,
= i
weotar Double olisk
here for
o SIMULINK Help
), = 1
e
oY —

Hinh 6. So' d6 mé hinh mé phéng con ldic
nguoc bang SIMULINK

2. Thuit toan fuzzy diéu khién cho
con lic ngwogc da xAy dung mé hinh

Gidi thiéu diéu khién mo: Diéu khién
mo (Fuzzy ) hoan toan khac véi cac phuong
phap diéu khién kinh dién, diéu khién mo
dugc bicu dién bang cac quy tic néu — thi,
vi vay no gan giii véi ngdn ngir va sy bicu
dién tri thirc ctia con nguoi. Bo didu khlen
mo 13 bo diéu khién bang ngon ngir cap cao
va trinh bién dich s& chuyen cac quy tic
nay thanh giai thuat diéu khién mo. Mot
dic diém cua diéu khién mo 1a diéu khién
t6t cac d6i twong ma khong can biét mo
hinh toan, diéu nay ciing c6 nghia tham s6
cia md hinh thay doi trong mot pham vi
16n hoac mo6 hinh phi tuyen ma bo didu
khién mo van hoat dong tot.

Céc nguyén ly diéu khién “mo” tuy co
khéac vé sb cac ménh dé diéu kién song déu
cling c6 mot cau tric:

“NEU diéu kién 1 VA ... VA diéu kién
n THI

quyét dinh 1 VA...VA quyét dinh m”

B diéu khién mo bao gom khau fuzzy
hoa, thiét bi thuc hién luat hop thanh va
khau giai mo ¢6 so d6 nhu ¢ hinh 7.
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Meu b .

ﬁnl Mo thi

Hinh 7: Bé diéu khién mo can ban

— Cac ham thanh vién: Ham Trimf co
dang hinh tam giac. Ham Gbellmf c6 dang
hinh chuéng. Ham Gaussmf c6 dang hinh
Gauss. Ham Sigmf...

— Ludt giai mo: RO hod tap mo 1a bién
d6i mot dai luong mo thanh mot dai lugng
10, chinh xac tir mgt tap thanh mot tri, qua
trinh ndy goi l1a gidi mo. Sau day la céc
phuong phdp gidi mo: phuong phap do
thuoc cuc dai, phuong phap trong tam,
phuong phép trung binh c6 trong lugng,
phuong phap trung binh cua d¢ thudc cuc
dai, phuong phap trong tdm cua tong,
phuong phap trong tdm vung cd dién tich
16n nhat.

oo,

o it =

N i
—

¥

Animation
Function

¥

Guta | Pl

state
wector]

irnerted pendulum model

A

Fuzzy Logic
Gontroller
with Riulewviewsr

F

A A

[1e
=1

Saturation

Hinh 8: So doj ma phong con ldc ngueoc diéu
khién bang gidi thudgt mo
Toan khdi mo hinh con ldc ngugc bang
SIMULINK duoc tich hop trong khéi
Inverted pendulum model trén hinh 8, sir dung
dai luong phan héi 1a phi (¢ ), phiDot.

Cac ham thanh vién :

]
P

conlacouayl
Qama

XX

gamal

(matmcdanil
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Céc quy luat NEU-THI :

[ [gama ig Mb] then [uis mfl] 1]

. If [gama iz k] then [uis mf2] (1]

. IF [gama iz P then [ iz mfd] [1]

. If [gama iz PP] then [u iz me] 1]

. If [gama iz OF.] and [gamal iz MR] then [u s mf2] [1]
. If [gama iz OFK] and [gamal i PR] then [uis mfd] [1]

Mo hinh con lic nguoc voi diéu kién
dau @=+30°, 0=+20°. Diéu khién bing
giai thuat Fuzzy voi hai dai lugng phan hoi

la @ va ¢ sau khoang thoi gian 0.4s con

J  dblpend1 Animation

lic nguoc di dung thang, day 1a trang thai
con lac nguoc mudn diéu khién.

Céc nhan xét vé diéu khién fuzzy

> La phuong phap diéu khién tiém cén
chinh x4c (gan chinh x4c).

> Khong can md ta dbi tuong chinh
x4c bang ham truyén hay cac phuong phap
tuong duong.

> Dé 4p dung cho mdt 16p rong cac
d6i tuong.

> La phuong phap diéu khién theo
suy nghi nhu by 6c nguoi.

9[=1E3

File Edit Wiew Insert Tools Window Help

Close

Hinh 8. Hinh anh truc quan mé phéng con lic ngioc trén Simulink

3. Két ludn

Bai bdo da trinh bay déy da cach xay
dung h¢ phuong trinh chuyén dong va ham
truyen hé con lic nguoc, tir h¢ phuong trinh
chuyén dong di dén viéc xay dyng mo hinh
con lic nguoc trén Simulink ciia MATLAB.
V&1 mo hinh da duoc tao ra day 1a cong cu 4o

rat tot dung dé kiém nghiém céc thuat giai
diéu khién, tir day ta ¢ thé xay dung cac bai
thuc tdp cho mon hoc diéu khién tu dong.
Cac bai thuc tdp 4o trén Simulink cua
MATLAB thé hién céc wu diém: chinh xéc,
nhanh chong va it ton kém.

BUILDING A MODEL OF INVERTED PENDULUM ROTATED FORM ON
MATLAB SIMULINK SOFTWARE
Nguyen Van Son
Thu Dau Mot University

ABSTRACT

Inverted pendulum model with high instability is typically used as a controled model to
test control algorithms. To create a inverted pendulum simulation engine on MATLAB
Simulink needs to build the inverted pendulum motion equations, this work is presented in
this paper and to have a inverted pendulum animation when simulating needs to build the S
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function for animation block. There are several different control algorithms such as PID,
optimal, adaptive ... In this paper also briefly present the fuzzy algorithm as an example of
how to use virtual tools to verify the science of virtual instruments have been created.
Virtual inverted pendulum model was created to serve as a good tool for practice on
computer for automatic control course with reasons: technical advantages, efficient and
less costly.
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