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TOM TAT

Bai bdo trinh bay cdc két qua nghién ciru viéc diéu khién con lic nguoc di dong. Truoc hét,
hé phuong trinh trang thai cua hé duogc tuyen tinh héa bang phwong phap tuyén tinh héa tai
diem lam viéc va tuyen tinh hoa bang hoi tzep Sau dé, bo diéu khién gan cyec, thiét ké bang
phirong phdp dai s6, dwoc thiét ké dé diéu khién hé thong da dwoc tuyén tinh héa.Két qud mo
phong cua hai bo dzeu khién nay trén Matlab — Simulink cho thdy bé diéu khién thiét ké theo

phuong phap tuyén tinh hoa bang hoi tiép cho ddp vmg tot hon so véi bo diéu khién thiét ké
bang phwong phdp tuyén tinh héa diém lam viéc.

ABTRACT

This paper focuses on controlling a mobile inverted pendulum. Firstly, two methods of
linearization were applied to the state equation: feedback linearization and linearization
around the operating point. Then, two poles-placement controllers, designed by polynomial
method, were used to control the linearized system. Finally, the results by simulating on
Matlab — Simulink show that the feedback lineariztion controller is better than the controller
which uses the method of linearization around operating point .

1. GIOI THIEU

Con lic ngugc la mdt hé phi tuyén da
bién thuong dugc dung dé kiém tra cic giai 2.
thuat diéu khiér} tu dgf)ng do hoat dong cfla 21
n6 phy thudc rat nhiéu vao giai thuat diéu DC 8]
khién. [4], [5], [6], [7], [8].

Trong bai bao nay, trudc hét tac gia xay
dung hé phuong trinh phi tuyén moé ta hoat
dong cua hé con lac nguoc di dong trén co
sO0 phan tich cac lyc tac dung lén hé. Sau
d6, hai phuong phap tuyén tinh hoa di duoc
ap dung, tuyén tinh hoa tai diém lam viéc
va tuyén tinh héa bang hoi tiép, dé dua hé
phi tuyén vé dang tuyén tinh ddi véi goc
nghiéng ctia than con lic.

bo diéu khién hoat dong duoc, c6 kha nang
ung dung vao thuc te.

MO HINH TOAN HQC

Mé hinh tuyén tinh cia dong co

Hinh 1. M6 hinh dong co DC

Moment T, ty 1€ voi dong diéni chay
trong phan trng cua dong co:

. Tn = ki 2.1
V6i md hinh tuyén tinh vira thu dugc,

tic gia tién hanh thiét ké b diéu khién gan
cuc bang phuong phap dai s6 [3]. Két qua
mo phong trén Matlab — Simulink cho thay

bién ap Vs, sinh ra khi cudn day dong
co quay trong tur truong, dugc xap xi bang
ham tuyén tinh ctia van toc truc:
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Vemf = kea) (22)

Theo dinh luat Kirchoff, ta c6 phuong
trinh sau:
.=R.i=1 a V. =0 2.3
a e ~R Aqr emf — ¥ ( . )
Theo dinh luit vé chuyén dong cua
Newton, ta co:

Z-l"’ = I, - ;l'-'_.ﬂ-_f' = oz = Jr:['.. (24)

Tt cac phuong trinh (2.1), (2.2), (2.3) va
(2.4), b6 qua do ty cam va ma sat trén truc
dong co, ta c6 ham quan hé gitra tde do
quay, dién ap dat vao dong co va moment
tai

d Kok +-‘f"~1t-: o 2.5)
dt ~ IzR = IzR I '

2.2. M0 hinh con lic ngwoc di dong [8]
2.2.1. Banh xe
o

0

. O e
Banh -2 Banh -
trai L i phai i

o -
X% X X, Xk

Hinh 2.Cdc lyc tac dung trén banh xe cua
con lac ngwoc di dong
Ap dung dinh luat vé chuyén dong cta
Newton, ta co cac biéu thirc sau:

Tong hop luc tac dung trén banh xe theo
phuong x:

M,.& = Hyz — Hg (2.6)
Téng hop lyc tai tim banh xe:
.Ir..l- ;, = C‘.:_‘ - Hf_;_]" (2.7)
Tir (2.4), (2.6) va (2.7), ta ¢ biéu thirc
Newton cho banh phai:
. _5-...'-:5_ +*L,.i,
YSTRr WTRyG
ey g (2.8)

Thyc hién twong tu cho banh trai:

M KKy o g Ky
YTTRy TRy
)
kg gy (2.9)
¥

Gia toc dai va van toc dai cia banh xe:

1

i=4.r

o

(2.10)

l)
| e ] e

t=8r=6,= (2.11)
Tu (2.8), (2.9), (2.10) va (2.11) ta co
bicu thuc (2.12)
f_" Kk .+ -,'.‘_I _ (2.1
=/ RrZ T “Rr'E 2)
2.2.2. Thén con lic . i
Ap dung dinh ludt vé chuyén dong cua
Newton cho céac luc tdc dung theo phuong
ngang, ta co:

H: +H.=. - .‘if;.*'f*F.l.CGSE'; + ‘Fp':‘;:ls 3)

Cac lyc tic dung vao con lic theo
phuong vudng goc:

:.H_- + HF: ).cos r.'-"p + {lp; + PF: ).sin r'."p - :!qri (2
14
)

Hinh 3.Cac lyc tac dung trén than con lic
nguoc di dong

Téng moment tac dong tai trong:
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—(H, + Hz).L.cos6p — (P + Pz).L.siné; — (Cp, + Cz) = Ip. &;
(2.15)
bat lac
¢, =1+ ML k. |Hang s6 moment | 0.006123 |Nm/A
. oy 42w o K |Hangsostcdien| oches | \orad
b=l v T, dong phan khang
6, =7 + R bién t.ro danh 3 Ohm
sin( 8, ) = —sing dinh
Icas{: 6,) = —cos¢ 3.1. Tuyén tinh héa tai diém lam viéc
e 8, = ¢ 1]
\B, = ¢ Khi goc ¢— 0, sin(¢p) =sin(y;)= ¢, cos($)
= cos(yi)= 1, @ = v. = 0, hé phuong trinh
T 2.4), (2.6), (2.11), (2.12), (2.13), , 16(? » =) i h," " Patong
(2.14) va (2.15), v6i céic bién trang thai y, = (216) duoc tuyén tinh hoa nhu sau:
¢, y2=1¢,y3=x,ys= ¥, tacohé (2.16) ('1','1 =Yz :
. )r2=Faln) + 306 +g100) W, (3.1)
1 =¥2 )95 = ¥a v
[.{12 = )Fl Vi + .é':: (¥, ". } (_1;__ = _fi__f__ﬁ'.l | - _-;rai._";.-:' + Q": :J'l_"- 1::
i +,f3’1l‘1'\.1"l +|-'?1 )‘1 2 16 4 .
Vg = ¥ (2.16) Viét dudi dang ma tran:
I_’n"_f = _'."_. 1y _' + f_; 5__1_‘1&1;:-‘:'! I,!_',!. 0 1 0 0 Vs 07
- FHelyn ) + 62000 Yal_lazz 0 0 azf]y: bay v
‘ - .o ys[5l0 0 o 1|yt o "
Tu (2.16), ta thanh lap duwogc md hinh . 2. 0 0 a . b
Matlab — Simulink cta con lic nguoc di o= == T *
dong nhu trong hinh 4 (3.2)
3. THIET KE BQ PIEU KHIEN w e
Bang 3.1 Thong s6 hé thong L © Je
Thong ¢ - ... . | Don e " )
¥ Y nghia Gia tri - —1!:’ — mg:tm'” D
Gia toc trong 2 - =] k
g tmé’ng 9 ) 8 1 m/s r =phiidnt
an ki : 0.051 e I »
mLT R B
M s i 0.03 K Mo e
" banh xe £ L© r
M, Trong lu'Q‘I;Ig than 113 Kg
con lac -
Moment quan 2 < i e
I, o 0.000039 |Kg.m i ap | e
tinh banh xe o ek
Moment quan 2 s L .
I, , , 2 0.0041 |Kg.m —
tinh cua con lac w e
E(hoAéng C’éCh Hinh 4.M6 hinh phi tuyén ciia con ldc
L | gitra tam banh xe 0.07 m nguoc di dong trén Matlab - Simulink
va trong tAm con
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chi 6n dinh khi khéi lwong than con lic nho
hon 1,25 (kg).

18

Tu 3.2, ta tinh dugc ham truyén cuia hé
thong tuyén tinh hoa:

. Bls] 0.2456s =7
1G : g) = = - |:| Dq = l lJ FI f
' Als s34+ 0,097s-— 172, T
(3.3) s
Bo diéu khién gan cyc c6 dang sau: .
C . gl E:.:-lf: +~i:::5+ﬂ'3 34 Dnnl:\
T C(s) s+ gyst a5+ o (3.4) ?WZ\
e £ Ll
Phuong trinh dac trung: s\
Als) = A(s).C(s) + B(s).D(s) (3.5) . " e " "

Hinh 6. M6 phéng bg diéu khién tuyén tinh

Sau khi thu nghiém voi cac cuc khac hoa diém lam viée. d = 0,005 (rad)

nhau, ta chon dat cac cuc cua hé théng o .
cac vi tri (-1; -1; -1; -10; -20; -80) do’ th,(‘yi 217
gian dap ung va kha nang chiu sai so tot.
Phuong trinh dic trung mong mudn cé
dang nhu (3.6)

Dals) =+ Dis+1)(s +1)
(s+ 10){(s+ 20)(s + 80)

—

Contral signal (Volt

0.03
0.02

& 00 “
oLl

m '\

(3.6)

nolination (rad

Cho O(s) = Og(s), ddng nhat hai vé, ta
thu duoc d;, dy, d3 va ¢y, ¢, C3

|
T

0.03

0.04
0

5 10 15

Time (s)
.. Dis) 2245005+ 2401300s — 8096900 Hinh 7. Mé phong bo diéu khién tuyen tinh
h.E,l:st:i =T s7 4+ 11352+ 3094s — 11872 3.7) hoa diém lam viéc. ¢y = 0,01 (rad)
Tién hanh mé phong diéu khién hé thong
phi tuyén bang bd diéu khién (3.7), nhu f \\
trong hinh 5, v&i cac goc khoi dong khac g

nhau:
o Op=0,005 (rad)
o (=0,01 (rad)
e (o=0,02 (rad)

I:I ED 0z 0.4 06 [ik:] T‘m;(s) 12 1.4 ‘ 16 1.8 2
- » Hinh 8. M6 phong bo diéu khién tuyen tinh
[ = e " héa diém lam viée. ¢y = 0,05 (rad)
Transfer Font ToiF = - :Z {f\\
< > £
Hinh 5.B¢ diéu khién gan cuc cho mé hinh g ‘/ \\ / \
phi tuyén N Y,
Céc két qua mo phong trong hinh 6, 7 va =
8, cho thay bd dieu khién chi co6 thé gitr 6n omp—f)
dinh cho hé thong & nhitng goc khdi dong £ ool
$o< 0,05 (rad). P t\}r
Két qua mo phong thir nghiém kha niang e

chig tdi cua con lic ngugc V(")’i bd d’iéu
khién (3.7), hinh 9 va 10, cho thay hé thong

Inclination (rad)

kS
£l

i

20

15

0

0.025
0

15
Time ()

20



Hinh 9. M6 phéng bé diéu khién tuyén tinh
héa diém lam viéc. M, = 1,2 (kg). ¢y =
0,005 (rad)
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Hinh 10. Mophong bo c%)zéu khién tuyén tinh
héa diém lam viée. M, = 1,25 (kg). ¢y =
0,005 (rad)

3.2.  Tuyén tinh héa bang hoi tiép [1],

[9]
Véi mo hinh hé thong phi tuyén (2.16),
dat v 1a tin hiéu diéu khién méi, ap dung

(3.8)

vy, ¥2) — Flvnys)
—

Mo hinh Simul@nk cua hé théng m(fi, sau
khi thyc hién tuyén tinh héa bang hoi ti€p
duogc trinh bay trong hinh 11.

phi

[

Hinh 11.M6 hinh hé théngdwoc tuyén
tinh hoa bang hoi tiep

Ham tr}lyén cua hé théng sau khi tuyén
tinh hoa bang hoi tiép 1a [9]:
: (s) 1
{r-:'_’f, === (39)

i cl
AlS 5

L]

B9 diéu khién gan cuc c6 dang sau:
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oy Dls)  dys+da

T st 4 s +cs (3.10)
Phuong trinh dac trung:
Als) = A(s).C(s) + B(s).D(s) (3.11)

Ta s€ dat cac cuc tai céac vi tri (-20 —j, -
20 +j, -14 — j, -14 + j). Phuong trinh dic
trung mong muon:

Aas)=s+20+)(s+20—)

) (s+14+)(s+14-)) (3.12)

Cho O(s) = Dy(s), dong nhét hai vé, ta
thu duoc d;, dy, ds; va ¢y, ¢o, c3. Tir d0, ta co
ham truyén cua bo diéu khién nhu trong
biéu thirc (3.13)

... D(s) 19108s + 78997
ﬁ"I_C:5'_5"+nS'~‘+l?13 (3.13)

Véi bo diéu khién vira tinh toan dugc, ta
thuc hi¢n mdé phéng véi mo hinh cho trong
hinh 12. Két qua m6 phong duoc trinh bay
trong cac hinh 13 - 16.

Hinh 12.M6 phong bo diéu kh{én gan cuc
cho hé thong tuyén tinh hoa bang hoi tiep

nal (Volt)

Contral sig

(rad)

Inclination

Hinh 13.M6 phdng bé diéu khién tuyén tinh
hoa bang hoi tiep. ¢y = 0,005 (rad)



Control signal (valt)
[

Inclination (rach

—

0 02 0.4 06 08 1 12 14 16 18 2
Tirme ()

Hinh 14. M6 phéng bg diéu khién tuyén
tinh hoa bang hoi tiép. ¢y = 0,01 (rad)

I (volt)
.

Control sig

o0z 04 06 08 1 12 14 16 18 2
Time is)

Hinh 15. Méphong bé diéu khién tuyén tinh
héa bang hoi tiép. ¢y = 0,05 (rad)

Contral signal (valt)

.
2
AR
2
)
6
8

0

Inclination {rac)

e

5

4

3
L
1

0

1

a 02 04 0B 08 T‘m;(s) 12 14 ) 16 IB’ 2
Hinh 16.M6 phong bo diéu khién tuyen tinh
héa bang hoi tiép. M, = 1,2 (kg), ¢p =
0,005 (rad)
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Control signal (Volt)
e & = R 2 N

0

Inclination (rad)

[
5
4
il
2
1
[i]

T
o 1 2 3 4 g 13 7 El El 10
Time (s)

Hinh 17.Mé phdng bé diéu khién tuyén tinh
héa bang hoi tiép. M, = 1,5 (kg), ¢y =
0,005 (rad)

4. KET LUAN

Bai bao d3 trinh bay chi tiét cac budc
thiét ké va mo phong bo diéu khién gan cuc
két hop vé6i hai phuong phép tuyén tinh
hoa: Tuyén tinh hoa tai dlem lam viéc va
Tuyén tinh hoa bang hoi tiép. Qua cac két
qua md phong trinh bay trong muc 3.2 va
3.3, ta nhan théy:

e B diéu khién thiét ké theo phuong
phap tuyén tinh hoa bang hdi tiép cho dap
g nhanh hon phuong phép tuyén tinh hoa
diém lam viéc.

e  B{ diéu khién thiét ké theo phuong
phap tuyén tinh hoa diém lam viéc chi co
thé 6n dinh hoa hé thong khi goc nghiéng
ciia con lic nhé hon 0,05 (rad). Bo diéu
khién tuyén tinh héa bdng hoi tiép c6 kha
ning 6n dinh hoa hé thdng véi goc nghiéng
1én dén 0,05 (rad) (hinh 15).

e B0 diéu khién tuyén tinh héa bang
hdi tiép cho phép on dinh hoa con lic
nguoc khi trong lugng cua than con lic thay
ddi tot hon bd diéu khién tuyén tinh hoa
diém lam viéc.
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