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PIEU KHIEN TOC PQ CHO HAI PONG CO XOAY CHIEU
LAM VIEC SONG SONG NOI CUNG TRUC

Lé Hong Thu*, Vii Thi Oanh, Nguyén Thi Thu Hién
Truong Pai hoc Cong nghé Thong tin va Truyén thong — Pai hoc Thdi Nguyén

TOM TAT

Trong thoi dai cong nghiép hoa hién dai hoa gin lién véi tri thirc hién nay, viéc tmg dung céc
chién lugc diéu khién nang cao trong cac hé thong diéu khién. Trong thuc té san xuat cho thdy viéc
sir dung mot dong co ¢ cong suét 16n gip nhidu kho khin trong thiét ké va van hanh. Bai bao nay
trinh bay chién lugc diéu khién thich nghi dya trén mo hinh mau nhiam diéu tdc cho 2 dong co
xoay chiéu lam viéc song song ndi cing truc c6 cong suit twong duong mot dong co cong suét 1on.
Két qua nghién ctru dugce kiém ching budc ddu thong qua két qua mo phong trén phan mém
Matlab/Simulink va tiép dén 1am co s dé trién khai hé théng trén mé hinh thuc.

Tir kKhoa: diéu khién toc @, dong co xoay chiéu, lam viéc song song, diéu khién thich nghi MRAS
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DESIGNING CONTROLLER FOR TWO MOTORS
CONNECTED BY ONE SHAFT
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ABSTRACT

In recent years, we have seen many applications of advanced control strategies in control systems.
In production line, the use of a large capacity motor has faced many problems in design and
operation. This paper presents an adaptive control strategy based on a base model, which control
two AC motors connected to a rigid shaft, which has a capacity equivalent to a large capacity
motor. The result was verified by a Matlab/Simulink simulation and can be further applied in real
models.
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1. Mé dau

Trong thoi gian gan day, cic hé truyén dong
sir dung dong co ba pha va phuong phap diéu
khién lién tuc duge phat trién. Néu st dung
nhiing dong co cong suat 16n dap tmg duogc
yéu cau cua tai thuong gip nhiéu kho khin
trong thiét ké, ché tao va van hanh. Giai phap
khic phuc cac khé khan trén 1a thay vi chi sir
dung mot dong co cong suit 1on ta sit dung
hai dong co co tong cong sudt bang cong suit
ciia dong co can thay thé, cac dong co su
dung co6 cung tdc d6 dinh mirc va cong suét
dinh mirc, ndi ctmg truc v6i nhau.

Toc 44 di

P— —

BEK toc dd |

Diageol ()2 ! <)) Déagea?

Hinh 1. Cdu triic hé thong diéu khién

2. Tong quan vé phan chia tai cho hai dong
co xoay chiéu nédi cirng truc

Ta sit dung cdu triic diéu khién hai mach vong
diéu khién, v6i mach vong tc do 1a bo didu
khién PID c6 thong s6 cb dinh chung cho ca
hai dong co, mach vong dong dién st dung 2
bd diéu khién PID riéng cho hai dong co, bd
diéu khién dong dién dong co 1 v6i thong sd
¢ dinh thong s6 cua bd diéu khién nay dugc
chon 1am mdu con théng s6 bo diéu khién
dong cua dong co 2 dugc hi€u chinh dya trén
sai léch vé dong dién giita hai dong co . Nhu
vy bo diéu khién dong cua dong co 2 1a bd
diéu khién thich nghi dugc thiét ké dwa trén
mo hinh mau dugc tao boi bo didu khién dong
dong co 1 Véi ciu triic ndy trong qué trinh

van hanh, dong dién dong co 1 dugc xem la
dong mau, dong dong co 2 luén bam dong
dién ctia dong co 1 vdi sai 1éch nhd nhét [1].
3. M6 hinh toin hoc hai dgng co xoay chiéu
lam viéc song song ndi cirng truc trén hé
truc toa do dq

3.1. Phwong trinh toan mé ta dopng co' 1

- Phuong trinh mach Stator trén hé toa do dq
clia dong co dong bo 1:
di

= Rsllsdl + Lsdl dTl a)s qullsql (1)

U, =R, +L di, L i, +
sql_ sl sql sql dt a)s sdl sdl C()Sl//p

- Phuong trinh tinh dién 4p Mtu dong co dong
bo 1.

- Rslydl o,L L

e “ Sq11+sT
)
=Ry, —olL L+a)yf
s sl ql s sd11+S-|- sT p

sdl
3.2. Phwong trinh todn mé td dong co 2

- Phuong trinlg mach Stator trén hé toa d6 dq
cua dong co dong bo 2:

+L deZ—a)L i

=R I s sq2'sq2 (3)

s2 " sd2 'sd2 dt

. di,
uqu = Rszlsqz + quz d:2 a)s Lst sd 2 + a)sl//p

- Phuong trinh tinh dién ap Mtu dong co dong

bo 02.

Yoo
s sqzl ST (4)

Va2
@ S”l+sT

sd2

52 szydz

toy,

s 2= szqu

3.3. Phwong trinh moé men cho hai dong co
noi cirng truc, chung tdi

Maeong = Marn T Mpys (5)
Trong do:

Momen cua dong co 1 trén hé¢ toa do dq:[2]

3
My = Epc [qJT isql + isdl' isql(]-‘sdl - qul)]

; Lor)] ©

zpC[LP lsql +"'sd1 lsql( sdl
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Momen cua dong co 02 trén h¢ toa do dq:
3 . ..
My = E Pe [q{r logz + lsgz- lsga (LsdQ - qu2 )]
= %pc [qJ‘p isq? + isd? . iqu (LsdQ - qu? )] (7)

4. Piéu khién thich nghi theo md hinh miu
4.1. H¢ thong diéu khién thich nghi theo mo
hinh mau

He¢ thng didu khién thich nghi m6 hinh mau,
duoc goi la MRAC (Model Reference
Adaptive Controllers) hay MRAS (Model
Reference Adaptive Systems).[3]

1 X, BDK Qui trink

- e - - * .

BDK TN x

le )

>
- : Y

MO hinh man
-

Hinh 2. Cdu triic hé thong diéu khién thich nghi
4.2. Thiét ké hé thong diéu khién thich nghi
gidn tiép dwa vio phwong phdp on dinh
Liapunov
Déi twong didu khién dugc diéu khién véi bo
diéu khién PD. C4c tham s6 ctia bd diéu khién
nay 1a Kp va Kd. Sy thay ddi trong cac tham
s6 cua dbi tuong b,va a,co thé dugc bu bang
viéc thay doi Kp va Kd. Sau do ta xay dung
luat thich nghi cho tham s cua bd diéu khién
PD. Uu diém cta phuong phap nay la don
gian, chat luong diéu khién t6t [4].

Hé thdng phan hdi cua ddi twong bac 2 duge
mo ta dudi dang ham truyén:
_ b,.K,

s”+(a, +b, K,)s+b, K,

G(s) )

Chat lugng mong muén cta hé théng dugc
mo ta boi ham truyén sau:
2
1)
T (S) T2 2 ° 2 (9)
s +28w,8 + o,

Trong do:
@ La mot tin sb ddc trung

5 1a hé s suy giam

gty +
Ve Ve b

Hinh 3. Hé thong diéu khién thich nghi gidn tiép
DAi v6i mo hinh mAu trén mién thoi gian lién
tuc dugc mo ta bdi ham truyén:
bp K,

G(s)= (10)
s*+(a, +b, K, )s+b, K,
Vi ham tdi wu duge xé4c dinh nhu sau:
J= j ()t (11)
0
Trong do: e =R —X,
Ta suy ra hé phuong trinh sau:
b. K =w?
p P o (12)
a, +b,.K, = 2§a)0
Suy ra:
2 26w, —a
sza’o ;Kdzb (13)
b b
P p

Néu w, =50;¢=0.7
Thi ta c6 cac tham s6 thich nghi cta bo diéu
khién nhu sau:

K, =@in :70 a,
bp bp

4.3. B§ diéu khién PID diéu chinh dong dién
cho 2 dpng co dong by 3 pha lam viéc song
song néi cirng truc

Xay dung bo diéu khién PID dya theo phuwong
phép thue nghiém Ziegler —Nichols.

4.4. By diéu khién PID diéu chinh toc dp
cho 2 dpng co dong by 3 pha lam vigc song
song néi cirng truc

Pé 6n dinh toc d6 ciia dong co trong qué trinh
lam viéc khi tai thay d6i, mach vong dicu
chinh toc d6 tuwong ung véi mo hinh 2 dong
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co ndi cung truc nhu duge thuc hién boi bo
diéu khién PID.

E “U m _j *' 1l .E

-—0-" - __.H
—o—€3 1 - [ &
[o—ihl — e

Hinh 4. Cau triic bé diéu lghién PID diéu chinh
dong doi voi 2 dong co dong b noi cirng truc

Hinh 5. So c?‘é mach 6n dini{ toc do véi 2 dong co
dong b 3 pha noi cung truc

Théng s6 cac bd diéu khién dong duogc tim ra
dua theo phuong phap Ziegler Nichols nhu sau:
Bo Plgy; hiég chinh mach vong dong dién igy
c6 ham truyén:

20
BO Plgg; hi€u chinh mach vong dong dién isq
c6 ham truyén:

20
Pl.;1 =10 +? (15)
B0 Plsg, hi€u chinh mach vong dong dién isa
c6 ham truyén:

20

Bo Pl hiél} chinh mach vong dong dién i
c6 ham truyén:

20
Pl.;2=10 +— (17)

Thong s6 bo dleu khién 6n dinh toc do:

5

Pligeas = 0.5 + . (18)
4.5. Bj diéu khién PI thich nghi diéu chinh
dong dién

Véi phuong phdp nay gilt nguyén céu trac
diéu khién hai mach vong diéu khién, bo diéu
khién PID mach vong toc do bén ngoai chung
cho ca 2 dong co voi thong so co dinh, hai bd

diéu khién PID mach vong dong dién bén
trong riéng cho 2 dong co, bd dleu khién dong
dién dong co ‘1 voi t}long sb ¢d dinh, tin h1~¢u
ra cia bo diéu khién nay la tin hiéu mau,
thong s6 bd dicu khién dong cua dong co thir
hai duoc hiéu chinh dua trén sai 1éch V‘é dong
dién gitra 2 dong co. Co nghia dong phén tng
cua ca hai dong co ludn bang nhau. [1].
4.6. Thiét ké by diéu khién PID thich nghi
diéu chinh dong dién I,
Dua theo cac bude xay dung bo diéu khién
thich nghi theo m6 hinh mau (MRAS), ta tién
hanh xay dung bd diéu khién PI thich nghi
doi voi dong dién Iggp.
Céc budc tién hanh thiét ké bo PID thich nghi
dua theo phuong phap Liapunov nhu sau:
- Xac dinh phuong trinh vi phan cho e cho
dong isge:
Ta c6 phuong trinh sai s
£ =€ = isqf - isq:l (19)
Suy ra, phuong trinh vi phan cia sai s6 s& la:
.o .
2= 8= E{lsqf - 15131:] (20)
- Chon ham Lyapunov déi véi dong Isqo-
Trong bai todn nay ta chon ham 6n dinh
Lyapunov c¢6 phuong trinh:
V(e)=e'Pe+a'aa+b'pb (21)
- Xdc dinh diéu kién dé dao ham cia V(e) xdc
dinh am:
Biéu thirc Kp va Ki thich nghi dugc xiy dung
nhu

Koli) = [(Pati+ Pa)e At K, 0 (22)

Ki (isqz) = ﬁij( P,.€ + pzzez)dt + Ki (0)

Trong d6: & 1a sai 1éch gitra lugng dat isg(ref)
v6i dau ra cia hé thong igg,.

P,1; Py 1a cac phﬁn tr thudc ma tran d6i xung
xac dinh duong P.

Gidi phuong trinh:

AP+PA, =-Q (23)
Pé tim ra ma tran P ta can tién hanh giai phuong
trinh trén voi Q la ma tran xac dinh duong.

Q duoc chon nhu sau:
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—800 304
Q= [ 119 43 ] o
Str dung 1énh trén phan mém Matlab:
>>lyap(Am,Q);
Suy ra ma tran P:
P=[7 ol @)
5. Mo phéng va két qua
5.1. Xdy dung doi twong trén Matlab/
Simulink
Mo hinh md phong ctia dong co dong bo

il

(24)

x I, k =1
Pt ) 2 | ——

Hinh 6. M6 hinh 1 dong co dong bo
Mb hinh mé phong cta 2 dong co dong bd
lam viéc song song ndi cung truc
O o= =}
L= g 5 >
: o) X 4_,)—0L‘ aw

o

:%‘%ﬁ_ BE

Hinh 7. M6 hinh 2 déng co dong bé néi cirng truc

Théng s6 kj thudt ciia déng co

Cong suat dinh mtrc: 45kW

bién ap pha dinh muc: 220V

Tén s6 ludi dién: SOHz

bién tré cudn day stator: 0.08 Q

Pién cam doc truc: Ly=4.09 mH

Dién cam ngang truc: Ls;=5.13 mH

M6-men quén tinh: 0.0002 kg.m?

Tu thong cuc: y,=0.951Wb

Sé doi cuc: p-=4

Téc d6 dat o* = 400 (rad/s).

5.2. Két qud mo phing b diéu khién PID
diéu chinh toc do

Sau khi dong co khéi dong khong tai dugc
0.1 giay ta s& cho déng co mang tai la mT =
20 Nm. K&t qua m6 phong nhu sau:

2f

Bn 46 |A)

Thin gian |s)
Hinh 8. Ddc tinh dong Isq cia dong co 01 va 02
trén hé toa do dq khi svr dung bo diéu khién PID

Ssi léch gilra dong lsq1 DCO1 va lsq2 DOO2

3 [ A A A A
1 12 ‘ i oe 12 14 T

Tt gian [5)
Hinh 9. Sai léch giita dong Isq1 cua dong co 1 véi
Isq2 cua dong co 2 khi st dung b diéu khién PID
Nhén xét:
- Khi hé théng lam viéc 6n dinh téc d6 dong
co ludn bam theo gia tri dat, nhu vay sai 1éch
tinh cta hé thong gan nhu bang khong.
- Khi dong co lam viéc c6 tai ¢ thoi diém 0.1
giay , toc do dong co gidm xudng nhung ngay
sau d6 lai duogc 6n dinh bam trd lai toc do dat.
- Dong dién khoi dong nam trong pham vi
cho phép.
- Trong diéu kién thyc té 2 dong co khong
hoan toan giong nhau s€ cé hién tugng dong
dién Isql va Isq2 khong hoan toan bam nhau.
5.3. Két qua mé phéng bé diéu khién PI
thich nghi
Tir biéu thirc hé s6 Kp va Ki thich nghi, cliing
cac tham s0 dugc tinh nhu ¢ trén hé thong
diéu khién thich nghi theo mo hinh miu dé
hiéu chinh dong i, dugc thuc hién trén
Matlab/Simulink dé kiém tra dap trng cua hé
thong nhu (Hinh 11) ta c6 ket qua
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]
‘
L . B

D )

- &)

Hinh 10. So' d6 mé phong bé diéu khién thich nghi
dong dién isy;isq ctia dong co 02 trén
Matlab/Simulink

Déc tinh ddng dién Isgl va 1542 cds DCOL va DCO2

Bdn A0 (A)

Thixi gian (s)
Hinh 11. Pac tl'nﬁ ddng dién Isq; lsqp khi ap dung
bé dieu khién PI thich nghi

Sal lgch gila déng dsén Isql BC01 vot Isq2 OCO2

1A

Bitn )

Théxi gian (s)

Hinh 12. Sai {éch giita Isqr; lsqz khi dp dung bo
diéu khién PI thich nghi

D teh 85z 48 che 46 twevy

ot g

B¢ tinh MO men cis 86i twong

Hinh 14. Ddc tinh mémen ciia hé thong
6. Két luan
Qua céc két qua mod phong gitra viéc sir dung bo
diéu khién PID dicu khién toc d9 va viéc su
dung bo diéu khién PI thich nghi ta thay rang:
Tin hi¢u dong dién dau ra theo hé dq cua
dong co 02 trong (Hinh 11) bam theo tin hiéu
dong dién dau ra cia dong co 01(md hinh
mau).nhanh hon so véi (Hinh 8).
Tbc d6 dau ra (Hinh 13) luén bam theo lugng
dat ngay trong diéu kién tai thay d6i (tai thay
doi 1én 10N.m ¢ thoi diém 0.1s).
Céc hé sb thich nghi cia bo didu khién PI dbi
voi dong dién igg, Va isg hoi tu nhanh, dam
bao h¢ thong 6n dinh va cho chat lugng diéu
khién tot hon.
Tir két qua mo phong trén di ching minh
dugc nhiing uu thé ctua viéc su dung bd dicu
khién PI thich nghi theo mo6 hinh mau d6i voi
d6i twong 1a 2 dong co xoay chidu 3 pha lam
viéc song song noi cung truc. Gitp loai bo
tinh trang trong qua trinh lam viéc mot dong
co lam viéc qua tai, dong co con lai non tai.
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