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TOM TAT

biéu khién dong co khong dong bd ba pha dwoc &ng dung roéng rii trong cong
nghiép, va viéc kiém soat chit lwgng diéu khién chung cé thé lam gidm chi phi
nhung ciing 4nh hwéng dén hiéu suit va hiéu qua ciia may mdc. trong thuc té ring
nhitng hé thdng truyén doéng dién xoay chiéu ba pha st dung bd diéu khién PID
dwoc st dung rong rai tre¢c ddy don gian, hoat dong tin ciy nhwng chit lwong
khong cao, Do d6 can phai c6 cac phwong phap diéu khién khic b6 sung cho bd diéu
khién PID d€ bu lai nhitrng khiém khuyét cia né. Bai bdo nay dé xuit mot phwong
phép diéu khién hién dai la trng dung logic m¢& vao diéu khién. Két qua ctia nghién
ctu cho thiy b diéu truyén déng dién khi &ng dung phwong phap trén da dwoc cai
thién chit lwgng, ting d6 chinh xac ddng k€ ma khong cin khao sat dén cac yéu td
phi tuyén. Cac két qua dwgc di ki€m nghiém tinh xac thwc va hiéu qua trong mai
trweong MATLAB/Simulink.
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ABSTRACT

Control of induction motor is more important because most of the industry used the
induction motor, and control in the cost of decrease the efficiency and performance
of the machine. It is a fact that three-phase alternating current drive systems using
the classical PID controller, which were widely used in the past, are simple, reliable,
but of low quality. Since they significantly impact control quality, it is necessary to
have additional control methods to complement the PID controller to compensate
for its shortcomings. This paper proposes a modern control method that is widely
applied today, which is the application of fuzzy logic in control. The results of the
study show that the three-phase alternating current drive system, when applying
the above method, has improved quality and significantly increased control
accuracy without needing to consider nonlinear factors. Simulations were
conducted in the MATLAB/Sim environment.
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1. Gi&i thiéu

bong co xoay chiéu dwoc ng dung rong
rai trong céng nghiép va phat huy dwoc
nhiéu wu diém trong truyén dong dién xoay
chiéu do6 1a: ciu tao don gian, dé ché tao, gia
thanh ré, van hanh tin cdy, an toan va chi
phi bdo dwéng thap [1], [2], [3]- Tuy nhién
chat lwgng diéu khién, dé6 6n dinh cia hé
théng, tiét kiém nang lwong... Ia mot van dé
dang dwoc quan tdm va can c6 nhiéu giai
phap nghién ctu méi dugc dwa ra nham
khac phuc nhitng nhwoc di€ém cta ching.

Trong nhitng ndm gan day, sw phat trién
manh mé cua khoa hoc ky thuat trong cac
linh vwc cong nghé ché tao, cong nghé vit
liéu méi va cong nghé thong tin cho ra doi
cac bo vi xtr ly manh, kich c& nhé gon, tiéu
thu dién nang thap va gia thanh ha. Va sy
phat trién cta khoa hoc va céng nghé, ly
thuyét diéu khién hién dai cé vai tro hét sirc
quan trong dé giai quyét nhiéu van dé da
néu trén [4], [5], [6], [7].

bé diéu khién dong co cdm tng véi muc
tiéu chinh la duy tri hiéu suit va hiéu nang
ciia may, trong nghién ctru [8], [9] nhém tac
gid st dung bd diéu khién PI dé diéu khién
dong co cAm (rng nham gidm sai sd giita tdc
do rotor va toc d6 tham chiéu véi co ché
thay déi tin s6 ctia bd bién tin ngudn dién
(VSI) dé duy tri ty 1&é V/F khong doi.

Cac tac gia trong tai liéu [10] dé xuat mot
phwong phap diéu khién mot bd diéu khién
Volts-per-Hertz (V/f) vong h& dwoc cai tién
nham ting cuwong tir thong kich tir ctia dong
co cam &ng khi hoat dong dwéi tin sé dinh
mirc, phwong phap nay rut ra mot ty 1€ V/f
m&i tir mo hinh trang thai 6n dinh chinh xac
hon, c6 xem xét dén tén thit cling nhu sut
ap stato.

Cong bé [11], [12] néu phwong phap ki
thuat diéu ché vecto khong gian trong cac
trng dung truyén dong céng nghiép nham
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cai thién séng hai va ning cao chit lwgng
nguén DC BUS. Tai liéu [13] gi¢i thiéu ng
dung bd diéu khién PID dé diéu khién tdc do
déng co véi Bién tin ngudn Z véi co ché
kiém soat téc do tot hon.

Nhom cac tac gia cua nghién ctru [14] néu
trng dung cong cu MATLAB/Simulink trong
gidm sat va nang cao chit lwgng bd diéu
khién.

Trong thuwc té€ rang nhitng hé théng st
dung b6 diéu khién kinh dién PID dwoc st
dung rong rai truwedrc day don gian, hoat dong
tin cdy nhung chit lwong khong cao. Do dé
khi chidng tré nén c6 tac dong dang ké dén
chat lwgng diéu khién thi cin phai c6 cac
phwong phap diéu khién khac b6 xung cho
bd diéu khién PID dé bu lai nhitng khi€ém
khuyét cia bo diéu khién nay.

bé ning cao chat lwong diéu khién cho hé
truyén dong dwéi anh hwdng cua yéu to
chwa xac dinh trong mo hinh ctia hé va cac
nhiéu loan tai mang tinh chit ngiu nhién,
trong bai bao dwa ra phwong an xay dwng
do diéu khién mo lai, c6 nghia la két hgp bo
diéu khién kinh dién PID véi logic mo. Bo
diéu khién mo dwoc dwa ra 1a loai SUGENO.
Paiy 1a by diéu khién nam trong nhém no
ron - mo, két hop nguyén ly diéu khién mo
v&i mang no ron.

2. Tong hop va xay dwng mé hinh

Do tinh chat phirc tap md hinh toan cda
may dién di bd viét & hé truc co6 dinh giy
nhiéu khé khan cho qua trinh mé phong
nhw Hinh 1, cho nén ta tim cach dwa mo
hinh toan hoc ctia may dién di b6 vé mot méo
hinh méi viét & hé truc vudng goc (d, q) gan
lién véi tlr treong quay Rotor.

Hé nay goém hai truc d va q vuéng géc véi
nhau quay cung v&i téc dd quay rotor. M6
hinh mo ta toan bo tinh chat cia hé thong &
trang thai qua do va on dinh [15].
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Cudn diy

Cudn diy
PhaU

Cubn diy
PhaW

Hinh 1. M6 hinh don gian ctia dong co di b rotor
16ng sdc.

bé xay dung, thiét ké b diéu chinh hodc
lam cac phwong phap nghién ctru trén dong
co khéng déng bo can phai c6 mo6 hinh mo
ta chinh xac dén mc t6i da déng co khong
déng bo. M6 hinh toan hoc thu dwgc cin
phai thé hién r6 cac dic tinh thoi gian cda
déi twong diéu chinh. Tuy nhién mo hinh &
day chi phuc vu cho viéc xay dwng mo
phong thuit todn diéu chinh. Diéu d6 dan
dén cac diéu kién gia thiét trong khi 1ap mo
hinh [15].

Sau khi xdy dung vector khong gian cho
cac dai lwvong dong, ap, tir thong dong co va
chuyén cac vector d6 sang quan sat trén hé
toa do tir thong, ta thu dwoc quan hé don
gian sau day gitra moment quay, tlr thong va
cac thanh phan ctia vector dong stator [5].

-

L
Y = M
14T s
1
3L, _ (1)
KmM _EL_r pclPrdlsq

Trong do:

rd: phéan t& cua vécto tir thong roto.

isd, isq: phan tr d va q cua vecto tir thong
stato.

Pc: s6 dbi cuc cua dong co.

P: toan ti Laplace.
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Nhuw vay, theo phwong trinh (1) véi viéc
tdch vector dong dién stator thanh hai
thanh phan isd va isq, ta hoan toan c6 thé
diéu khién tir thdng va momen ctia may mot
cach doc 1ap nhw véi may dién mot chiéu
bang cach diéu chinh twong &ng hai thanh
phan dong dién nay. Cac dic tinh trén cho
phép ta xdy dung ciu tric diéu khién hé
thong nhw Hinh 2.

B dién Ba dien
i khién
Bo dien Ré diéu lihien
jé iy dumg g, bientw
Khien E »

khien

i tac 8o

S I

bien tan

v

Can bien
toc 4o

Hinh 2. C4u tric diéu khién dong co di bo rotor 16ng
SOC.

bé thyc hién phwong phap diéu khién
vecto, md hinh dong co di bd phai dwoc
miéu td & hé toa do tir thong rotor dq dé co
dwogc dac tinh giong dong co mot chiéu. Tuy
nhién trong hé théng thwc, nguén dién cung
cdp cho dong co 1a ngudn hinh sin ba pha.
Do d6 phai thuc hién phép chuyén doi giira
cac hé toa do.

Viéc quan sat mo hinh toan cia dong co
di b xoay chiéu ba pha dwoc thwc hién trén
cac hé toa do khac nhau bao gobm: hé toa do
c6 dinh trén stator (hé toa do af), hé toa do
twa theo tir thong rotor (hé toa do dq), hé
toa do twa theo tir thong stator, hé toa do c6
dinh trén rotor nhw Hinh 3.
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Hinh 3. Bi€u dién vecto khong gian trén hé toa do

ap, hé toa do dg. Thuc hién chuyén hé toa do, ta dé dang
xdy dwng dwoc ciu triic mé hinh mé phéng
dong co di bo xoay chiéu ba pha trén hé toa
do dq nhw Hinh 4.

Hé phwong trinh vi phén s6 2 cho dong co
khong dong bo trén hé truc toa do tir thong
rotor dwgc viét nhw sau (do truc d trung véi
truc tir thong rotor nén thanh phan tir théng
v10=0) [6], [15].
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Integrator
Hinh 4. M6 hinh mé phong dong co khong dong b0 trén hé truc (d, q).
3. Xay dwng ciu tric diéu Khién, Mo PE€ nang cao chat lwgng diéu khién cho
phong hé thong trén MATLAB/Simulink  h¢ truyén dong dudi anh hudng cta yéu té
va két qua diéu khién chwa xac dinh trong mé hinh ctia hé va cac

nhiéu loan tai mang tinh chit ngau nhién,
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trong bai bdo dwa ra phwong an xay dwng
bd diéu khién mo lai, c6 nghia la két hop bo
diéu khién kinh dién PID véi logic mo. Bo
diéu khién mo dwoc dwa ra 1a loai SUGENO
12 b diéu khién nam trong nhém no ron -
mo, két hop nguyén ly diéu khién mo voi
mang no ron [4], [6].

B6 diéu khién PID khi dwa vao déi twong
da khong cho chat lwong tot, thim chi con
c6 thé lam mait 6n dinh hé théng. Piéu do
dan dén phai dwa thém vao bod diéu khién
mo (trong treong hop nay la b diéu khién
mé& Sugeno) dé ning cao chit lwong diéu
khién. Theo [5] ta xdy dwng dwoc ciu truc
chung b6 diéu khién mo lai diéu khién toc
d6 hé truyén dong dién xoay chiéu cé dang
nhu Hinh 5.

Mhi éutai

Bo digukhién
mé Sugeno

hd
Biditugng
digy khign

Bd digukhiénpl
kinhdién

g %

Hinh 5. C4u tric cia hé mo lai.

T

O day bo ditu khién mo lai déng vai tro

nhw khau bu nhiéu, tirc 12 14y chinh nguyén
nhin giy ra sai 1éch hé thong diéu khién
dwa vé phan hoi, thong qua bd diéu khién
tac dong 1én doi twong dé bu sai 1éch do. Cac
bo diéu khién PID va Sugeno déu dwoc thiét
ké lam viéc trén thoi gian thuec.

bé xiy dung md phong, trong mé hinh
vat ly hé thong truyén dong dién gdbm mot
bd bién tin c6 nhiém vu cap ngudn cho dong
co ba pha lai tai 1a phanh dong dién xoay.
Cac bd diéu khién dwoc xdy dwng trén phan
mém Matlab-Simulink va két n6i véi thiét bi
qua card ghép néi Advantech ma hiéu PCI-
1711.

bong co thwe hién véi div liéu nhw Bang 4
cua phu luc.
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bé xiy dung bd diéu khién m& sugeno
trong phan mém matlab c6 céng cu chuyén
dung ANFIS va b diéu khién dwgc luyén
trong ché d off-line.

Cac dau vao bo diéu khién mo 13 tin hiéu
dat t6c do (ug) va mo men tai (M) do bang
thiét bi do mé men cia phanh dong dién
x0dy. Pau ra duy nhat cia b6 diéu khién mo
(U, ) tham gia tic dong l1én do6i twong nhw
Hinh 6.

Ug > B fiigu khién
| m& Sugeno U,
M

Hinh 6. B6 diéu khién m¢& véi 2 dau vao.

C4u hinh b0 diéu khién mo sugeno dwoc
chon nhu sau: Mdi dau vao (bién ngdn ngit)
c6 3 ham thudc dang hinh tam giac véi cac
gia tri ngdén ngttr Nho (N), Trung binh (T),
Lén (L) va toa do cac dinh tam giac ki hiéu
1a a, b, ¢ nhw Hinh 7.

M

1

Tl
Hinh 7. Cac ham thudc cho méi dau vao.

C4u hinh mang cua bo diéu khién c6 2
dau vao sé c6 2*¥3=6 niat & 16p thir 2, 3*3 =9
nat & 16p thi 3 va 2*3*3=18 lién két giira
16p 2 va lop 3. Lop thir 4 va 1op thir 5 cling
c6 9 nat nhw 16p 3. Cac thong s6 cua lép 5
bang cac hé s6 cta phwong trinh tuyén tinh
bic nhat cia r cac bién diu vao dang
phwong trinh s6 3.

f :bo +blul+b2U2

(3)
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C4u hinh mang cta bd diéu khién mo
sugeno trong cong cu ANFIS dwoc trinh bay
& Hinh 8.

input

inputmf

output

Logical Operations

and
@

ar
not

Hinh 8. C4u tric bd diéu khién sugeno trong ANFIS.

Dit liéu dung dé luyén bd diéu khién mo
sugeno nhan dwoc thong qua thwc nghiém
theo cach sau: Ung véi tirng gia tri cda tin
hiéu dat toc do va mé men tai thi diu ra cta
bd diéu khién phai tic dong 1én doi twong
mot lwong 1a bao nhiéu dé duy tri téc do
dong co khong doi. Qua trinh thuc nghiém
trén do6i twong thwc dwa ra bo dir liéu dung
dé luyén nhw Bang 1.

Bo dit liéu luyén cling v&i ciu tric mang
dwa ra & trén dwgc dwa vao céng cu luyén
mang ANFIS, xay dung ma tran theo Bang 1,
tao thanh mot File dit liéu cho qua trinh
luyén.

Bang 1. B6 dir liéu luyén.

Gia tri dat M6 men tai Diaura
(wd) (Mc) (Um)
0 0 0
0.84 0.10 0
0.84 0.64 0.06
0.84 2.16 0.28
0.84 3.16 0.65
1.69 0.12 0
1.69 0.71 0.08
1.69 2.07 0.30
1.69 3.70 0.90
2.53 0.12 0
2.53 0.6 0.08
2.53 2.12 0.28
2.53 4.06 0.82
3.39 0.17 0
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3.39 0.75 0.05
3.39 2.43 0.25
3.39 4.59 0.79
-} FIS Editor: Untitled2
Fil i i
Mamdani  Chrl4+M
Sugena }7
Impark L
Expork » Urititled2
—————— L]
Prink Crl+p (stgena)
Close Chrlw ottt
FIS Mame: Untitled2 FIS Type: sUgeno
Aind method prod - Current Yariable
Or method Name inoutl
probar - ]
Implication Type gt
) Flange [a1]
Aggregation
Defuzzificatior Im | Help | Close | |
|System "Untithed2™: 1 input, 1 output, and O rules |

Hinh 9. Chon mo hinh diéu khién SUGENO.
Lip mé&i bo diéu khién SUGENO, ta m&
ctra sO hop céng cu ANFIS, thwc hién cac
bwéc sau nhw Hinh 9:

e Chon md hinh diéu khién SUGENO;

e Chon s0 lwong va xac dinh mién vat ly
cho cac bién vao/ra;

e Xay dwng luit diéu khién.

M@ clra s6 ANFIS/edit/ANFIS sé
hién ctra s6 luyén, chon Workspace/ load
data, chon Grid partition/generate FIS,
Chon thuit toan kép dé luyén (hybrid) va sé
lan luyén (Epochs), sau d6 cho chay qua
trinh luyén (Train now). Hinh anh cta né
dwoc trinh bay trén Hinh 10.

Xuit

-) | Anfis Editor: tam FEX
File Edt WView
w10 Training Errar — ANFIS Infa
13
+
4
1.25 *
+ .
.12 * oy
5 *
2 * 4
W15 * 4
1.1 t *
* %
*
1.05 . .
i 5 10 15 20
Enochs
Generate FIS Tran FIS — TestFIS
o Optim. Method
S s hyibrid -] || Piat against
 Tosing s E;urTu\elam:e.
" Checking = worksp Epochs
- -
> B Sub, clustering . Checking data
LoadData. | _ClearData_| General te FIS | Train Mow | Test Now |
‘Epuch 2(renor= 1,061 be-005 || Hob | Gows | ‘

Hinh 10. Cong cu luyén mang ANFIS.
Két qua luyén thong s6 cta 16p 2 (toa db
cac ham thudc hinh tam giac) valép 5 (hé so
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cda cac phwong trinh tuyén tinh bic nhat)
dwoc dwa ra Bang 2 va Bang 3.

Bang 2. Két qua luyén théng s6 16p 2.

Uyq a b C
N -1.25 -0.0028 1.232
T 0.0073 1.248 2.494
L 1.258 2.501 3.75

M, a b C
N -1.635 -0.001 1.628
T 0.0035 1.634 3.27
L 1.636 3.27 4905
Bang 3. Két qua luyén théng s6 16p 5.

f bo o] bo
fl 2.001 0.8334 0.0002
f2 0.2082 0.7762 -0.9975
f3 -0.0777 0.604 -1.387
f4 1.867 0.5674 -2.168
f5 -0.0909 0.5144 -0.2869
f6 -0.0714 0.4727 -0.7169
f7 1.932 0.6022 -4.547
f8 -0.1776 0.4469 0.177
f9 -0.1093 0.2434 0.3076

Twr nhitng dit liéu, ciu tric thu dwoc &
trén, ta tién hanh xay dwng trong Matlab hé
mo lai diéu khién téc d6 hé truyén dong
dién xoay chiéu nhw Hinh 11. Cac kh6i hién
thi t6c d0 déu dwoc vé do thi trong ché do
thuec.

M6 hinh vét ly va so d6 két noi hé diéu
khién hé théng nhw Hinh 12 va Hinh 13.

Trén cac Hinh 14 va Hinh 15 1a cic két
qua thwc nghiém & cac ché do lam viéc khac
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nhau trén mo hinh thoi gian thwe 14y ra tir
cac do thi cia chwong trinh diéu khién rng
v&itéc do 1000v/ph va 2000v/ph.

4. Két luan

Tl cac két qua thwe nghiém ta thiy rang,
& ché d6 hé (khong c6 phan hoi) sai s6 tinh
cda hé rat 1én khi tang tai, diéu nay phu hop
véi dwong dic tinh co ctia may dién di bo. O
ché d6 lam viéc rng dung bo PID thiét ké, du
tac gia da thiét ké bo PID d€ loai trir tin hiéu
tich phan ban dau khi diéu chinh nhwng sai
s6 tinh ¢4 gidm, tuy nhién né van ton tai mot
lwgng sai s6 twong d6i do do6i twong la
thanh phin phi tuyén; & ché d6 &ng dung bo
diéu khién mo sugeno sai s6 tinh da bi triét
tiéu, toc do dong co duy tri dwoc khi thay
doi tai & cac cip téc do khac nhau.

Trong &ng dung bdé diéu khién mo
sugeno, tinh tic dong nhanh cta hé thong
khong bi suy gidm do van gitt lai bo PID, bén
canh d6 viéc dwa vao bo diéu khién mo
sugeno da lam tang d6 chinh xac hon
khoang 2% trong diéu khién ma khéng cin
khao sat dén cac yéu to phi tuyén va cac yéu
t6 khong xac dinh khac ctia doi twong.

Hwéng phat trién ti€p theo l1a dwa vao
tinh chat c6 thé luyén dwoc trong bo diéu
khién m¢ sugeno, ching ta tiép tuc nghién
ctru, lwa chon cac thong sé dé cho hé thong
hoat dong téi wu nhat, xiy dung chuwong
trinh diéu khién vao vi xt ly dé diéu khién
doi twong, tranh phu thudc vao may tinh
cobng kénh.
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Hinh 15. Két qua (rng dung véi cac ché do diéu khién véi vong quay 2000 RPM. (a) Mach hé (khong
c6 phan hdi), (b) Mach diéu khién PID, (c) U'ng dung bo diéu khién SUGENO.
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Phu luc

1. Phu luc A- Bang thong s6

Bang 4. Thong sd dong co thwce hién.

Thong s6 Gia tri b.vi
Cong suit 1.1 KW
Pién 4p 220 \%
Tén s6 50 Hz
T6c do 2820 RPM
bién tré stato 2 Q
bién tré roto 0.976292 Q
HO cam giita stato va rdto 0.17636 H
Pién cdm phia stato 0.1825148 H
bién cdm phia roto 0.1858366 H

Tuyén bd khong xung dét lgii ich va cam
két ban quyén

Téc gia tuyén bo vé sw khong xuit hién
nhitng xung dot tiém an tir nghién ctru nay,
va cam két bai bdo chwa tirng dwoc cong bo
trudc day.

Chia sé dir liéu theo yéu cau

Dt liéu sé khong dwoc dwoc cung cap
theo yéu cau.
Loi cam on

Nghién ctru nay dwoc tai tro béi Trwong

Pai hoc Hang hai Viét Nam trong Dé tai ma
s6 DT24-25.54.

1st Lé Van Tam". Khoa Dién-bién tit, Trwong Pai
hoc Hang hdi Viét Nam
*Corresponding author: lamlv.ddt@vimaru.edu.vn
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