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PIEU KHIEN TOC PQ CHO HAI PONG CO XOAY CHIEU
LAM VIEC PONG THOI KEO VAI CHO HE THONG NHUOM

Lé Hong Thu”, Nguyén Thi Thu Hién, Vii Thi Oanh, L& Thi Thu Huyén
Truong Dai hoc Cong nghé Thong tin va Truyén thong — DH Thai Nguyén

TOM TAT

Trong thoi dai cong nghiép hoa hién dai hoa hién nay, viéc ung dung cac thanh tyu cia ky thuét
diéu khién trong doi song san xuat ngdy cang dugc quan tim. Trong thuc te san xudt cho thdy, cac
hé thong lam viéc can sir dung nhiéu dong co dién va cac dong co nay c6 mbi lién hé nhit dinh voi
nhau trong qua trinh lam viéc. Bai bao trinh bay viéc nghién ctru qué trinh diéu khién hai truc 16
quin str dung hai dong co khong ddng bd ba pha cho hé thdng nhudém vai lam viéc ddng thoi theo
yéu cau. M6 ta toan hoc cho dong co dién khong ddng bo trén hé truc toa do dq, thiét ké didu khién
PID diéu khién tdc do cuia hai dong co dua vao mbi lién hé gitta toc do dai voi tbe do quay dé didu
khién hé thdng theo yéu cdu dd duoc trién khai. Két qua nghién ctru duoc kiém chimg théng qua
moé phong hé théng trén phan mém Matlab/ Simulink dé chimg minh tinh dung dén cta két qua
nghién ctru va 1am co s dé trién khai hé thong trén mé hinh thuec.

T khoa: Ky thudt diéu khién; diéu khién toc dg; dong co khong dong bé; lam viéc dong thoi; bé
diéu khién PID
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DESIGNING CONTROLLER FOR TWO MOTORS
DOUBLE WORKING FABRIC FOR DYEING SYSTEM
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ABSTRACT
In the era of industrialization and modernization, the application of the achievements of control
technology in production life is increasingly concerned. In fact, production shows that working
systems need to use many electric motors and these motors have a certain relationship with each
other in the working process. This article presents the investigation the process of controlling two
roller by using two three-phase asynchronous motors for the fabric dyeing system at the same time
as required. The mathematical description for the asynchronous electric motor on the DQ
coordinate system, the PID control design for speed control of two motors based on the
relationship between long speed and rotation speed to control the system as required have been
implemented. The research results were verified through system simulation on Matlab/ Simulink
software to prove the accuracy of the research results and serve as a basis for implementing the
system on real models.
Keywords: Control technology; speed control; asynchronous motor; work concurrently; PID
controller
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1. M& déiu Gy :_[i"'l_iajisu +oy, +l_o-'//;u +1_70—w'//;q +iusq
dt ol,  oT oT, o ol
Hién nay céc hé truyén dong sir dung dong co |, L 1e) 1o o .
ba pha va cac phuong phap diéu khién mai 5 :‘“’s‘w‘[ﬂj oT ]‘sa‘TWrﬂTTr‘/’NE o
ngay cang duoc quan tam. Trong cac hé théng Ay 1, 1. (0] @)
Sl TV T O - o)y

c6 thé sur dung nhiéu dong co cung lam viée a T ’
dong thoi; dan téi nhimg yéu cau vé diéu d(‘;’tm :Tiim - _Ti,,,;q

khién cac dong co {trong qua trinh lam viéc dé
dap mg cac yéu ciu cong nghé. Nhu trong hé
thong kéo 16 cudn vai nhudm ciia nha may dét
can sir dung ddng thoi hai dong co dé kéo vai
va cudn vai sau khi nhuém ma hai dong co
nay lam viéc khong cung toc d6 dé dam bao
sO vai kéo ra nhudm bang luong vai thanh
pham dugc cudn vao. Trong thuc té da ¢ nhiéu
hé théng str dung hai dong co di€n mot chiéu
nhung ndi dung bai bao trinh bay viéc nghién
ctru hé thong str dung hai dong co dién xoay
chiéu véi phuong phép sir dung mach vong diéu
khién téc d6 dé diéu khién toc d6 dong co hai
phu thudc vao tbc do cua dong co mét dya vao
mdi lién hé giita toe d6 dai va te do quay.

2. Tong quan vé diéu khién 2 dong co quén
16 vai

Hé théng st dung hai dong co ba pha lam
viéc déng thoi voi dong co mot s€ duge dat
quay v6i toc d6 ¢d dinh @, va khi 16 quan
quay thi tbc do dai cua dong co mot s¢ thay
ddi, @ dam bao sb vai toi ra va sd vai cudn
vao bang nhau thi toc d6 dai cua dong co hai
dugc dit bang toc do dai dau ra cua dong co
mot. V&i yéu cau trén, ta lya chon hai dong
dong co ba pha c6 cung thong so véi mach
vong dleu khién téc do. Ta tién hanh xay
dung mdi lién hé gitra tde do dai va tde do
quay cua hai dong co, trong d6 téc do cia
dong co mot dugc dat ¢d dinh trong qua trinh
lam viéc nho ¢6 ham tinh toan lwong dat bién
thién cho dong co hai ma téc do cua dong co
hai dugc dam bao véi sai s6 nho nhat sao cho
lugng vai dugc dong co mot kéo ra dé nhuém
s€ dugc dong co hai cudn du sau khi nhudm.
3. M6 hinh toan hgc cho dfng co khong
dodng bd trén hé truc toa dd quay dq

3.1. Phuwong trinh todn hoc mé ti dpng co
trén hé toa do dq

Phuong trinh todn hoc mo ta dong co trén hé
toa do dq nhu sau [1], [2]:

Pé thuan loi cho viéc thiét ké hé théng diéu
khién ta tuyén tinh hoa mé hinh dong co xung
quanh diém lam viéc, tai trang thai xéac lap ¢
diém 1am viéc, ta co téc d6 o, mO-men
My, va dong dién tai in. Gia st hé théng co
dao dong rat nho quanh diém lam viéc thi cac
dai lvgng nhu dién ap, dong dién, mo-men, tir
thong, toc do ciing s& c6 dao dong nho tuong
ung la:

AU, AUy, Aigy, Aig, Ay, A, Aw,

sq?

Ta viét:

Usd = l'Jsdlv +AUsd
U, =Usq,v +AUa,,
Is sdlv +AI

Iy = sqlv +A|

Ve =Wy TAV

Thay tat ca cac dai lugng trén vao hé phuong
trinh mé td dong co trén h¢ toa do dq, sau
phép bién ddi va bo qua céc gia tri vo clng bé
bac cao ta c6 hé phuong trinh sau:

daig 1 1-0 Ay, +i

s TAny, +og Al + AU

TR o L L

dai, - -
=-Daly, - o4 Aly - L —Ai 176Aa)m7176% Ay, JriAUSq

dt T, o L, o L, oL )
By Ly Ly @

a T 4 T Vi

L .
0= T A - Aoy g, - 04 AY 4
3 L, .
AmM = E P. r (A Vi Isqlv + l//rdlvAlsq) (3)

3.2. Mé hinh dgng co trén hé toa dp dq

Tiur hé phuong trinh ta 1ap dugc mo hinh déng
co trén hé toa d¢ dg nhu trong hinh 1.
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sw,

(1-0)Wraw

e

0 L

Hinh 1. M6 hinh tuyén tinh déng co trén hé toa d¢
quay dq

Néu diéu chinh mé-men dong co quay theo

quy luat tir thong khong d6i thi c6 md hinh

tuyén tinh méi c6 dang nhu trong hinh 2:

(1-0)Wrdiv

Ol

Hinh 2. M6 hinh tuyén tinh héa rit gon déng co
trén hé toa dé quay dq

4. Thiét ké hé thong diéu khién

4.1. Xay dwng mo hinh toan cia bg bién doi
d¢ rgng xung PWM [3]

B¢ nghich luu diéu bién do rong xung PWM
c6 ham truyén:

S (4)
M4 T s

Trong dé: Keg - Hé s6 khuéch dai, Tha - Hang
sb thoi gian mach nghich luu.

4.2. So d6 cdu tric diéu khién mach vong
toc dé dong co

So dd chu trac didu khién mach vong toc do
dong co nhu trong hinh 3:

Kbd

&
=)
e

148.Twa

—

Hinh 3. So' d6 mach diéu chinh toc dé
Trong do:

A= 1.

ol
B — To 'Trl//rdlv — Kb

T W + T, Lydgy + T, T, 0SS 14T, )
C= 3'l//rdlv'l:)czl‘m — &

2Lz.j.s s
D= isdlv'o-'l‘m + (1_ O-)l//rdlv
olL,

4.3. Méi lién hé giia téc dé quay va téc do
dai [4]

Gia st kich thuéc cua 16 quan tng véi dong
co mot va hai d6 day caa moi 16p vai, va do
day cua méi cudn vai dugc mod ta nhu hinh 4:

y 2\

Hinh 4. M6 ta d¢ day hai cudn vdi
r1: Ban kinh cua 16 quan mot Ging véi dong co
ba pha dong b mét (m)
r2: Bén‘kl'nh cua 16 quan hai trng véi dong co
3 pha dong bo thir hai (m) ’
D: d6 day cua tong so l6p vai quan vao 16
guan mot (m) N
AD : 1a d6 day cua moi lp vai (m)
w, - latde d6 quay cua dong co mét (rad/s)
v, : latéc do dai ciia dong co mot (m/s)
w,: latde d6 quay cua dong co hai (rad/s)
V,: latéc do dai cua dong co hai (m/s)
Bén kinh cua 16 quan mot (khi cudn vai chua
toi) la:
=R +D=R +nAD (6)
Téc d dai tng véi dong co mot va 16 quan
thar nhat khi ban kinh bién thién do kéo vai
duoc tinh nhu sau:
Ja)l.dt
AD

2r

v :a)l.rlza)l.(Rl—nl.AD):a)l. R - 7
Téc do dai Gng véi dong co hai va 16 quan
thir hai khi ban kinh bién thién do cudn vai
duoc tinh nhu sau:
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Ia)z.dt

- .AD] (8)

Vy =@y, = ,.(R, +1y,.AD) = a)z.[Rz +

Dé s6 vai 16 quan mot toi ra dugc cuon lai hét
do 16 quan hai thi tc do dai cua dong co va 16
quan mét phai bang tdc do dai cia dong co va
16 quan hai.

L.
_ _ _ _ 1
2

C6 thé biéu dién boi cong thirc sau:
Ia)l dt
AD

2

o, = —77 . 10
’ ja)z.dt “ (10)
R, o AD

DPong co mot s& duoc dat quay véi toe do cb
dinh @, va khi 16 quan quay thi téc d¢ dai
cua dong co Va 16 quan mot Se thay dol (v1),
dé dam bao s vai toi ra va sé vai cudn vao
thi téc do dai cua dong co hai duoc dat bing
tdc d6 dai dau ra cua dong co mot.
5. M6 phéng va két qua
5.1. Xdy dwung mé hinh hé thong trén
Matlab/ Simulink
Dbi tugng didu khién ¢ day 1a hai dong co
khong déng b, mot dong co truc 16 quén toi
vai va mot dong co 16 quén thu vai lai. Do do
ta lya chon thong sé cua hai dong co 1a nhu
nhau. Tir cac budc tinh toan va thiét ké bo
diéu khién mach vong téc do néu trén ta tién
hanh xay dung mé hinh diéu khién téc do hai
dong co khong dong bo ba pha trén phan
mém Matlab/ Simulink nhu hinh 5, [5]-[7].
ER=

raa®Ei e
2 U I —
1o
Hinh 5. So' @6 md phong hé thang trén phan mém
Matlab

Théng sé kj thudt ciia dpng co
Cho thong sé dong co nhu sau:

Pam = 3,7 KW, cos¢e =0,8; f =50 Hz; Ugn =
380 V; joc= 0,22 kgm?; w,,,= 148,7 rad/s; P. =
2; Lm = 0,1545 H; L = 0,1657 H; Rs = 2Q;
lsaiy = 6A.

Céc tham sb tinh todn cho hé truyen dong sir
dung dong co khong dong bo ba pha dicu
khién vecto nhu sau:

bién cam mach stato:

L, =L, +L, =0,32023H

bién cam mach réto:
L =L, +L,=0,32023H

Héng s6 thoi gian stato: T, L 0.16012(s)

R,
Hang s6 thoi gian roto: T =%_0 16012(s)
Hé sé tan tir: v, = L1, =0,927(Wh)
Hang s6 thoi gian:
o=1- L, :0.76723;i:i—1—w—10 035
T ol of,

T —s o S
Thong sé mach nghich luu diéu bién d6 rong
xung véi dién ap dicu khien Ua = 17,3 (V)
dién ap ra U = 380(V) ta cd két qua tinh toan
Kog = 380/17,3 = 22.
K 22
W, =—D =
PM14T,, s 1+0.001s
1 407019
Ols
K, _ 0,061424
1+T,.s 1+0,061424.s
Ke _12.19
S S
D= isdlv'a'l‘m +(176)l//rdlv =782
ol, '

A=

C=

Trong do:

Kb — T Tr l//rdlv
Tr 'l//rdlv +To I‘m Isdlv
T, =K, =0.061424
_ 3'l//rdlv.l:)czl‘m _ 3’4
¢ 2L, 0,22
5.2. Két quia mé phéng bj diéu khién PID
diéu chinh toc do

=0.061424

=12,19

Téc d@ dat cho dong co mot la 90 rad/s, voi
by dicu khién PID duoc tinh toan theo
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phuong phap Ziegler - Nichols thir nhat, ta c6
két qua md phong nhu sau:
Téc d6 cua dong co mot nhu trong hinh 6.

120

—— Téc d6 dat
100 - 1 1 —Téc d5 thue ||

B0~

60~

Tée dé quay (radfs)

0 1 ; ‘3 !I- 5 l; 7 ;3 9 10
Thai gian (s)
Hinh 6. Két qua mé phong dwong ddc tinh dap
ung toc do cua dong co 01
Sai s6 téc do, dién ap diéu khién, dién ap dat
vao déng co mot nhu trong hinh 7.

400 —Sai sb the 66 BC1
—Dign ap didu khién Udk 1
Dign &p dat vao BC1

w
=]
S

Bién ap (V)
" "
=]

8

=3
S

0 1 2 3 4 6 7 8 9 10

Thoi ;ian (s)
Hinh 7. Sai s6 toc dd, dién ap diéu khién, dién dp
dat vao dong co mét, toc do cua dong co hai

Téc d6 caa dong co hai nhu trong hinh 8.

e
=]
]

o
2

< 100

Tée dd (rad/s)

o
=]

0

Théi ;ar\ (s) ’ § ! ’ b
Hinh 8. Két qud mo phong dwong dac tinh dap
ung toc do cua dong co 02
Sai s6 téc do, dién ap diéu khién, dién ap dat
vao dong co hai nhu trong hinh 9.

400

=Sai sb tbc 4 DC2
200 ~—Dién &p didu knién Udk2
Dign ap dat vao DC2

bién ap (V)
o B

0 1 2 3 B 5 6 7 8 9 10
Théri gian (s)

Hinh 9. Sai s6 toc dd, dién ap diéu khién, dién dp
dat vao dong co 02

Nhan xét: Khi hé thong 1am viéc 6n dinh téc
dd dong co ludn bam theo gié tri dat, nhu vay
sai léch tinh cua hé théng gan nhu bang
khong. Téc d6 dat cho dong co mot la 90
rad/s, ta théy 1a tdc d6 thuc cua dong co mot
voi bo dicu khién PID duoc tinh toan theo
phuong phép thuc nghiém bam vai tde do dat
v6i d6 qua diéu chinh 13 7 rad/s, thoi gian thiét
lap 1a 2s va khong c6 sai léch tinh. Nho ¢6 ham
tinh toan luong dat bién thién cho dong co hai
va bo diéu khién PID duoc tinh toan theo
phuong phap thuc nghiém ma téc do thuc té
ctia dong co hai bam véi téc d6 dit duge tinh
toan va gan nhu khong co sai léch tinh.

6. Két luan

Nhu véy, dua vao két qua md phong ché do
lam viéc cua hai dong co khong ddng bd ba
pha lam viéc ddong thoi véi mach vong diéu
khién téc do va ham tinh toan luong dit bién
thién cho dong co hai, gin voi yéu cau thyc té
la diéu khién hai truc 16 quéan sir dung hai
dong co khong dong bd co cung thong sb. Do
tinh chat khéng dong dang cua hai 16 quén
dan dén toc d6 dat cua 16 quin thir hai phu
thudc vao tbe do dai cua 16 quén thtr nhét va
tdc do dai dau ra cua 16 quén thir hai.

Két qua mo phong chi ra 1a khi do day cua 16p
vai kéo ra khoi 16 quan mot thi tdc d6 dat cho
dong co hai can thay dbi theo biéu thirc lién
hé giita toc do dai cua 16 quin hai tvong dbi
voi tde do cua 16 quén mot ca hai dong co déu
6 tde do thuc bam sat véi toc do dat voi sai
léch tinh gan bang khong.

Tir két qua mo phong trén di ching minh
duogc nhitng uu thé cia viée sir dung hai dong
co xoay chiéu ba pha lam viéc dong thoi
thong qua mbi lién hé giira toc do dai va toc
dd quay. Gitp loai bd tinh trang hai dong co
lam viéc doc 1ap khong dam bao yéu cau vé
cong nghé.
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