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Tém tat tit

Cin bing mjt con lic nguge (IP) biing cich diéu khién chuyén djng mft chléc xe theo
phwong ngang la vin d& co bin trong linh vye digu khlén Bai toan IP I3 bai toan diéu
khién mjt h¢ khong 8n dinh, phi tuy%n bing céch tuyén tinh héa hé xung quanh vj trf
can bing. Bai bio nay s& mé ti phwrong phap dé duy tri con lic & vi tri cin bing ngwge
(vi trl ma géc lgch cia con ke theo phuong thing dlmg bing khéng). Mjt bd diéu
khién t5i wu c6 phin hdi (LQR) s& ¢ sir dung dé duy tri trang thél ciin biing. B§
didu khién téi wu la m{t bé didu k!ué:g:: djnh, dya trén mé hinh tuyén tinh héa xung
quanh vi tri ciin biing ngwgc va hléu qui khi h¢ con I§c-Xe & ghn vi tri céin bing nay.
Moi trao dbi xin lién hé: TS. Nguyén Hiru Céng - B4 mén Do lrdmg - Didu khién, Dai hoc
KTCN Thii Nguyén. DT: 0913589758, Email: huncongdkS5@yahoo.com

1. Giéi thiée

Co dién tir 14 sw két hop cia ky thuat Co khi, k thuat Dién-Dién tir va k§ thut My tinh.

Van dé co ban ciia Co dién tir 12 sy t5 hop nhitng k§ thust trén thdng qua qué trinh thiét

k&. Yéu clu co ban ciia mdt K¥ su Co dién tir 1a sy can bing gifta hai nhom k¥ nang;:

¢ Xy dung m hinh (v4t Iy va toan hoc), phén tich va thiét ké hé thong diéu khién
cho hé vit Iy do.

e Tién hanh thir nghiém, m6 phong va thue hién h¢ thlet ké béng phén cimg,

Nghién ctru Co dién tir bing céc bai toan thyc té 12 rit cin thiét. Thong qua cac bai toan

ndy, c6 thé nim bit duge cac k¥ ning thiét ké cling nhu thyc hién (bao gém phan co

khi, phén mach dién tir va phan diéu khién).

Hé con lic nguoce (IP) dugc chon nhu mét hé dién hinh cho viée thiét ké hé Co dién tir,

N6 14 mot hé co ban trong linh vuc diéu khién[1], [2]. N6 duoc dung rét hiéu qua dé tim

hiéu vé& cac khai niém va thuft toan trong diéu khién hé tuyén tinh nhur didu khién bn

dinh cho mét hé khong dn dinh. Bing cach sir dung bai toan con lic nguoc, nhleu thuat

toan didu khién c6 thé duoc thyre hién va so sanh. Nhu didu khin theo mien tan so, didu

khién khéng gian trang thai, diéu khién t6i wu, didu khién thich nghi hay diéu khién md.

Boi vi hé 1a phi tuyen [31, [4], n6 cling hiéu qua trong viéc md hinh héa cac y tuong vé

diéu khién phi tuyén. Hon nira viéc ché tao mé hinh thi nghiém ciing khéng qué phirc
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tap, vi vy no co thé duoc thiét ké [5] &é dung trong cac phong thi nghiém va thyc hanh
vé hé thong diéu khlen

Hé con lic nguoc c6 rat nhidu tmg dung trong thuc té nhu viéc didu khién can bang cho
mét biple-robot, diéu khién duy tri qu§ dao clia hé thdéng tén hira-tau vii try, hay don
gian la didu khién cén bang cho mét tay mdy (Manipulator).

Trong hé nghién ciru & day, mét con lac nguoc dugc gﬁn vio mot chiée xe, chlec xe ¢cO
thé chuyén ddng theo phuong nim ngang nhd mdt motor. Cac sensors duge gin véi xe
VA truc quay cua con lic dé do vi tri cta xe (p) va goc léch cua con lac theo phuong
théng dirng () twong tng (Hinh 1). HE con l4c c6 hai diém cén bing, m6t diém 6én dinh
va mdt diém khong én dinh. Diém én dinh tuong, ing vadi vi tri tdm cua con lﬁc nim
phia duti truc quay, trang thai nay khong ¢an didu khién. Trang thai khong on dinh
twong tng vii trang thai tdm cua con l5c ndm phia trén truc quay, boi vdy yéu clu mét
lwe didu khién de didu khién trang thai nay. Bai toan dit ra la x8y dung bd didu khién dé
duy tri con lic 6n dinh & vi tri khong 6 6n dinh nay (bai toan con lic nguoc). Nhu  véy déy
14 bai toan didu khién dn dinh cho mét hé phi tuyén (xem phuong trinh), khong én dinh.

2. Mé hinh toan hoc cia h¢

So db nguyén 1y ciia hé nhu hinh v&.

a IP
Cart
77N N\
/N
—» P
Hinh 1

Phuong trinh chuyén dong ctia hé duoc biéu dién duéi dang:
2
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Trong d6: mg: khbi luong cta xe, m,: khdi lugng cta con lic, I: md men quén tinh cia
con lic, 1: chleu dai 1/2 con lic, R: dién tr& trong cua md to, r: ban kinh banh ring cda
mo to, K Hang s6 m6 men cia mb to, K ty sb truyén cta hé banh ré.ng

Dé don gian, dat;
M=m, +mp 3)
I+ mpl2
L=——— @
mpl

Chi ¥ ring mbi quan hé gitra Iyc F va dién 4p V coa Motor la:

F:K"’K szKzg :

5
Rr Rr? P ©®)
Dit vector trang théi 1a:
/9 Trong d6:
. @: Goc léch ciia con lic theo phuong thing dimg
0 - ,
X = : Vin tbc goc cia con lic quanh tryc quay
P p: Vi tri cua xe
\1‘3) p: Van tée cha xe

Cusi ciing, tuyén tinh héa h¢ quanh diém khéng can b%mg x=0000)")
Hé con lic nguge quanh vi tri can bing (6=0) biéu dién dudi dang khong gian trang thai
la:

x=Ax+ BV
: (6)
y=Cx
Trong 46: :
(0 o 0)
. !
0 - lm 1 = I§ .- gmv 1 0
M-—r R k| M- !
As L L
“lo 0o 0 1
1 KWK g 0
M L_Eljll_ er L_'m_l’]
M M )
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m,! Rr 1 0 0 0
L ; €=
B= 0 (0010}

Tinh toan cac gia tri theo thiét ké thi nghiém va céc gid tri cua Motor, nhin dugc:
/.

p| (0 1 0o oYp) [ 0
pi_|0 —1514 -304 0)p| } 339 |,
6 0 0 0 140 0
- 0 3723 '31.61 0]¢ —8.33
0) A8
(p)
,-r 00 0y p
0 01 0j¢
\0)
3. Thiét ké b$ diéu khién
x’ X y
+(2 —» B | » C (>

Hinh 2. So d0 khéi b didu khién
Bo diéu khién hdi tlep dé can bing con lic duoc thiét ké ding phuong phap didu khxen
t6i wru LQR. Trong thiét ké LQR, ma trdn K cho lujt diéu khién hdi tiép trang thai tuyén
tinh V=-Kx dugc tinh toan bing cach t&i vu héa ham [5]:

3= x0T Qx() + v TRv(t)dt ™
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Trong @6 Q va R 13 cac thong sb trong lugng. Trong bai toan nay, cac thong s6 trong
lugng duge chon (48 dam bao cac yéu ciu thiét ké nhu tde d6 dap ung, 15i trang thai
bén...) la:

10000 0 0 0
0 1 0 0
0 0 10000 O
0 0 .0 1

0=

R=1

Biing c4ch ding Matlab[5], nh4n dugc:
K= (— 99.0916 -64.4448 -180. 6568 -30. 5668) _ &
V6&i ma tran K va luat didu khién V = - Kx, hé duoc 6n dinh quanh diém lam viée.

4. Uéc lwgng bién trang thai

Trong tinh toan ¢ trén, gia sir tht ca céc bién trang théi déu duogc do ludmg (p; p ; 0; 6).
Tuy nhién trong thuc té, d& don gién chi hai sensors duoc sir dung dé& do vi trf cua xe va
goc 1éch cia con ldc. Vi vAy cac bién trang thai khac phai dwoc udce lugng, hay con goi
1a ding b quan sét (Observer). Ma trdn Quan sat dugc thiét ké theo phuong phép LQR
twong tu véi phuong phép thiét ké & trén, trong trudng hop nay céc théng s trong
lugng duge chon:

10000 0 0 O
0 1 0 0
Q0=
0 0 10000 O
0 0 0 1
1 0
R=
o
Bing cach diing Matlab[5], nhan dugc:
0.9999 0 0 0
L= 9)
0 —-0.0015 0.9999 0.0490

Boi vi b quan sat dua tren hé tuyén tinh hoa, n6 chi hidu qua trong viéc danh gia bién
trang thai khi h¢ con lic gn vi tri c4n béng Vi vy mét b6 loc thong thap duoc ding dé
danh gi4 hai bién trang thai durge do: van téc ctia xe va vén toc géc cua con lic. B6 loc
sau dugc chon cho phuong phap danh gid nay (dua trén béng théng, toe 49 dap {mg cla
hé thiét ké):

50s

G =
(s) s+50

(10)
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5. Két luin

Sau khi da thiét ké, budc tiép theo 12 mé phong hé trude khi tién hanh thuc hién trén
thiét bj thyc. P& md phong h¢ thong, & diy chon phdn mém Simulink/ Matlab. Vi phin
mém nay, cho phép xac dinh mt s6 thong s& cta hé nhu téc d6 dap tmg, 13i trang thai
bén...Véi cac thong sb thiét ké & trén, sau khi md phong hé dap tng duge céc yéu cau

thiét ké.

C6 nhiéu phuong phap dé thyc hién bai todn nhu ding Microprocessor, hay PC. G day,
cac tic gid str dung phuong phap diéu khién PC. Céc tin hiéu héi t1ep tir sensors dugc
dua vio mdy tinh qua cOng song song, thudt toan diéu khién duogc viét bang ngdn ngit C
chay trén mdi truong DOS (dé dam bao thdi gian thuc). Tin hiéu ra tir cong song song
dugc dung dé didu khién motor. Tuy nhién viée md ta chi tiét vuort qua khuon khé cia

bai bao nay.

/0
PC Board
| 2055

e

Digital| Mc | PWM | Motor | V| DC
—»89C51——™ Driver ™

motor

Inverted
pendulum
system

Digital Signal

Két qua thi nghiém cho théy h¢ lam vige 6n dinh (hinh 4). Didu nay cho thdy wu diém
cia phwong phap thiét k& ha dleu khién t6i wu (LQR) so véi cac phuong phap diéu
khién thong thudng khac nhu didu khién PID hay diéu khién hdi tiép khong gian trang

Encoders

conditioning [«

fSV T24V$:!:12V

DC

220V/50-60Hz Power

Hinh 3. So dd ghép néi véi mdy tinh

thai thong thudmg (Pole Placement Design).
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Hinh 4. Dé4p img véi du vao xung

Tuy nhién, vi trong qua trinh xy du’ng md hinh toan hoc cua hé chung ta dung phuong
phép tuyén tinh héa hé thong Vi véy hé tuyén tinh thu dugc c6 mot sai so nhét dinh, va
hé chi 1am viée khi con léc & xung quanh vj tri can bing. Cong viée tiép theo s& 14 bai
to4n tinh toan thiét k& hé véi cac thong sb nhidu va s& duogc d cap trong bai bao sau.
Nhom téc gid xin chén thanh cam on Prof. Dr. Manukid Parnikun, Dr. Hoang Hung
Manh d3 gilp d& trong subt qua trinh thiét ké va thir nghiém hé thdng tai phong
Mechatronic Lab - Asian Institute of Technology. Nhém tac gid cling chin thanh cam
on Khoa Di¢n - Truong Pai hoc K¥ thuat Cong nghigp Thai Nguyen da giup d& dé bai
bdo nay dugc hoan thanh trong thoi gian scrm nhét.
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