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Tém tit. Trong bai bao nay, su ket ‘hop gilta bo dleu khién PI va b6 diéu khién md, con duogc biét dén 1a
b diéu khién PI mo duoc dé xuat dé diéu khién tdc do cho dong co khong dong bd (KDB) 3 pha. M hinh
toan hoc cua dong co dwa trén phuong phap vec-to khong gian, va phuong trinh dong luc hoc cua dong co
khong dong bd dinh hudng tir truong diéu khién gian tiép duoc dan ra va trinh bay trong nghién ctru nay.
Bo diéu khién PI md dugc thiét ké dé dam bao tinh 6n dinh ctia hé thong & téc d6 mong mudn trong diéu
kién khi c6 tai thay ddi. Cac thi nghiém duogc thuc hién v6i dong co KPB 3 pha 0.75 kW sir dung card diéu
khién NI MYRIO 1900 va phén mém LabView. Két qua thi nghiém thu dugc thé hién hiéu qua vuot troi
cua phuong phap didu khién dé xuét so v6i bd diéu khién PI va b didu khién mo thong thuong, dic biét
khi c6 tai thay doi trong qua trinh diéu khién.

Tir khéa. B diu khién PID, diéu khién mo, vector khong gian, diéu khién dong co AC, LabView.

1. GIOITHIEU

DBong co KDB 3 pha la loai dong co dugc sir dung rong réi trong cong nghiép va da thu hit duge sy quan
tdm cua cac nha nghién ctru boi ciu tric don gian, d¢ tin cdy va hiu qua cao, chi phi thip. Cung véi bo
bién tan, bai toan diéu khién toc do da va dang 1a vén dé cdt 161 va duoc xem xét dau tién trong hau hét cac
hé thong diéu khién tir dong [1-2]. Diéu nay dé hiéu 13 b&i vi cac dong co KPB 3 pha c6 mat trong hau hét
cac tmg dung cong nghiép chung, ciing nhu trong cac hé théng tw dong tir may bom, quat hit, biang tai,
robot hay cac hé truyén dong.

Céc bo diéu khién cong nghiép phé bién nhu bo diéu khién PI (Propotional-Integral), bo diéu khién PD
(Propotional-Derivative) va by diéu khién PID (Proportional-Integral-Derivative) thuong dugc sir dung aé
diéu khién toc do dong co AC, ching han nhu bd diéu khién PI duogc tng dung rat phé bién trong viéc van
hanh hé thong cac qua trinh cong nghiép, do kha nang diéu khién hi¢u qud, cau truc don gian va pham vi
img dung tuong dbi rong [3-6]. B diéu khién PID dugc sir dung trong phan 16n cac hé thong diéu khién
trén thé gidi, chiém hon 95% céc bd diéu khién trong cic hé thong tu dong trong san Xuét cong nghiép boi
kha ning hiéu chinh sai sé thip nhét c6 thé, chic ning rd rang, ting tdc do dap ung, giam do vot 16 va han
ché sy dao dong [7-9].

Bo diéu khién PID c6 kha ning dép tng duoc tinh 6n dinh va do bén viing cao cho hau hét cac hé thong
néu céac thong s6 ctia b diéu khién duoc lua chon mot cach thich hop. Tuy nhién, ddi v&i mot sb hé théng,
vi€c thyc nghi€m, phan tich va chinh dinh cac tham s6 thich hop cho bd diéu khién PID mét kha nhiéu thoi
gian [10]. Nhiéu phwong phap di¢u khién khac nhau da dugc dé xuat cho thuat toan diéu khién toc do dong
co AC. Trong d6, A. H. Jones va P. B. De Moura Oliveira d3 dé xuét sir dung giai thuét di truyén dé chinh
dinh mét cach tu dong cac thong sé cua bd diéu khién PID dwa trén md hinh duoc nhan dang béi dit liéu
do luong va giai thuat di truyén [11]. Bé dam bao do chinh xac cao vé diéu khién toc do cua dong co &
trang thai tinh, cling nhu d6 6n dinh cta bo diéu khién dudi tac dong ctia nhimg yéu td khong chic chin va
nhiéu do luong thi Guang Lei Feng va cac cong sy da dé xuit mot phuong phap méi dua trén bo diéu khién
phi tuyén ADRC (Auto-Disturbance Rejection Controller) [12]. Bén canh d6, mdt trong nhitng phuong
phap dugc ap dung nhiéu va hi¢u qua trong nhitng nam gan day dbi voi nhimg m6 hinh phi tuyén c6 thong
s6 khong chic chin d6 1a diéu khién logic md (Fuzzy Logic Controller). B didu khién logic m¢ dugc phat
trién tir 1y thuyét tap mo, dwoc gisi thidu 1an dau tién boi L.A. Zadeh vio nim
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1965 [13] va sau d6 dugc ap dung rong rii trong cac hé thong didu khién nho sy thich nghi va tinh higu
qua cao. Do d6, dbi voi dbi tuong diéu khién 1a dong co DC hodc AC, ma mé hinh toan hoc ctia chiing rat
kho xac dinh mot cach chinh xéc, thi A. A. Sadiq va cac cong su da d& xuét sir dung bd didu khién logic
mo dé didu khién téc do dong co bang cach sir dung két hop dién ap phéan tmg va cudng do dién trudng
bang cach thay doi dién 4p phan tng trong ving mé-men khong ddi va cuong do dién truong trong ving
cong suat khong dbi [14].

Tuy nhién, vé co ban thi cac bd diéu khién ‘nay khong dap tmg tbt dugc cac yéu cau didu khién bam khi
c6 tai hodc khi téc do thay d6i. Do d6, mot sb cau tric didu khién nang cao da dugc sir dung dé nang cao
tinh hi¢u qua diéu khién cua bd PID trong cac diéu kién hoat dong phtrc tap nhu tai hoac tde do6 thay doi
16n.

Su két hop giita bo diéu khién PID va bo diéu khién mo tao ra bo diéu khién PID mo (Hybrid of PID
and Fuzzy) mang lai hiéu qua diéu khién t6t hon so vdi bo diéu khién PID truyén théng véi d6 vot 16 thap
hon va kha ning kiém soat toc do t6t hon khi c6 tai thay dbi.

V& nguyén tic, ¢ hai kiéu tinh chinh bd diéu khién PID di dwoc nghién ciru va trién khai ing dung. D6
1, tinh chinh ngay trong qua trinh hoat dong ctia hé théng va tinh chinh trudc khi van hanh hé thong hoic
chi cho hé théng van hanh mot thoi gian nhat dinh. Trong do, viéc ap dung giai thuét di truyén duoc xem
1a mot phuong phép hi¢u qua dé tinh chinh trudc khi van hanh b diédu khién 3,11 ,15]. Tuy nhién, viéc tim
kiém céc gla tri t6i wu theo thoi gian thuc ciia cac thong s6 bo diéu khién trong mién xac dinh ctia ching
doi hoi rat nhidu thoi gian, cling nhu c6 thé phai can dén mo hinh toan hoc ciia ddi twong hodc dicu khién
PI mo [16,17].

Trong bai bao nay, nhom tac gia_ dé xuat giai thuat diéu khién théng minh bang viéc két hop gitra bd
diéu khién PID truyen thong vabd diéu khién mo thong qua phan mém Labview c6 tich hop sin card nhing
NI MYRIO 1900 dé diéu khién téc do dong co khong ddng bo 3 pha trong dleu kién khi c6 tai thay ddi.
Két qua diéu khién cua phuong phap dé xuit dugc phan tich va so sanh vé thoi gian qua do, do vot 16
(overshoot) va sai s6 tinh so v6i hai phuong phap diéu khién PID va diéu khién mo. B6 cuc clia bai bao
dugc trinh bay nhu sau: phan 2 giéi thiéu vé mo hinh toan hoc ciia dong co, phan 3 trinh bay vé thiét ké bo
diéu khién cho hé théng, phﬁn 4 1a két qua thuc nghiém va so sanh, phén 5 1a dua ra cac két luan.

2. MO HINH TOAN CUA PONG CO KPB 3 PHA

Dong co KPB 3 pha duoc st dung rong rii trong cac Gmg dung diéu chinh tbc d6 ma khong doi hoi dap
ung dong luc hoc nhanh. Dé c6 thé diéu khién dong co voi dap tmg dong luc hoc chét lugng thi cAn mo ta
toan hoc cho dong co. C6 nhiéu k¥ thuat khac nhau dé biéu dién mé hinh toan hoc ciia dong co KPB 3 pha,
tiy thudc vao phuong phap diéu khién dugc ap dung. Trong pham vi nghién ctru ctia bai bao nay, mé hinh
toan hoc cua dong co duoc xay dung dua trén vector khong gian, qua dé cho phép diéu khién toc do dong
co KPB 3 pha véi pham vi rong, chinh xac va dap tng dong lyc hoc nhanh [18]. Khai niém vector khong
gian, duoc phat trién dau tién boi Blaschke (1971-1973), dua trén phuong phéap diéu khién cua cac dong co
DC kich tir doc 1ap [19]. Trong k¥ thuat vector khong gian, dong dién sinh ra tir thong (is) va dong dién
tryc giao sinh ra mé-men (i,) trong dong co duoc diéu khién mot cach doc lap [18-20]. K§ thuat diéu khién
nay dugc mo ta trong hé toa do tham chiéu (d-q), gin véi tir thong ctia rotor. Mach dién tuong duong cuia
dong co trong hé toa d6 tham chiéu (d-q) duoc thé hién nhu trén Hinh 1.
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Hinh 1: Mach dién twong duong ctia dong co KPB 3 pha trong hé toa d6 (d-q).

Trong dd, ry va r, tugng trung cho dién tré cudn day pha cua stator va rotor tvong tmg; Ls va L, 1an lugt
1a dién khang tan cua cudn day stator va rotor; Ly la hd cam giita stator va rotor; o la van tdc goc cha rotor
so v{i stator; ws, 1a van tbe gdc cua tu thong rotor so voi rotor, con goi la van tde truot; Ve va Wy 1a cac
tur thong stator; Wa va W, 1 céc tir thdng rotor; iy va i, 12 cac dong dién stator; i va i,r1a cac dong dién
rotor.

Mo hinh toan hoc ctia dong co KB 3 pha trong hé toa d6 tham chiéu (d-q) dugc thé hién boi cac phuong
trinh sau day:

Phuong trinh dién ap stator trén hé toa do (d-q):

. d
uqs = rjs‘lqs + a)k\{]ds + E\Ilqs (1)
. d
uds = rjs‘lds - a)k\IIqS + E\Ilds (2)
Phuong trinh dién ap rotor dugc cho boi:
d
=0=ri,+o,¥, +E\qu (3)
: d
udr = O = rrldr - a)soLqu +_\Pdr (4)
dt
L rri s N A A r A A o A
trong d6: o, =0, —w, = L_M ‘Pq va ®r1a van toc goc dong bo cua dong co.
r dr
Va phuong trinh tir thong trén stator va rotor dugc cho boi:
Y, =Li, +Lyi, (5)
‘{Ids = L ids‘ + L ldr (6)
VY, =Li, +L,i, 7

‘{Idr = Lrldr + LM lds

®)
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Hinh 2: Cu trac tong quat hé thong diéu khién tdc d6 cua dong co KDB 3 pha.

Phuong trinh mo-men:

3n. L )
]:2 = TPL_M(Tdr qs Tquds) (9)

trong d6 n, 1a s6 doi cuc cua dong co. ) i )
Theo [18], trong hé toa do tham chiéu (d-q), tir thong ¥, = 0 va ¥y, 1a hang s6. Do vy, phuong trinh
(9) c6 thé viét lai nhu sau:
3n L
T = MY i =K,i 45 (10)

e 2 Lr drgs

» L

— ¥, 1a hang s6 mo-men.

voi K, =

CAu trac hé thong didu khién gian tiép téc do dong co KDB 3 pha trong nghién ctru nay dwoc biéu dién
nhu trong Hinh 2. Hé thong bao gdm 1 dong co day quéan 3 pha két ndi Y (0.75kW), 2 cuc, loai dong co
day quin 60-Hz, théng tir st dung dong dién 1 chiéu dugc dung lam tai cho dong co, mot bién tin PWM
va mot bo didu khién téc do dong co. Theo cac nghién ctru [21-23], phuong trinh dong luc hoc cua dong
co KPB 3 pha dinh huéng trudng didu khién gian tiép c6 thé duge moé ta nhu sau:

Jo,+Bo, +T, =T, (11
trong d6 J la mé-men quan tinh, B 1a hé s6 giam chén, w,, 14 van toc rotor, T; dai dién cho mé-men tai tac
dong Ién truc ddng co, va T, la m6-men dién tir.

Phuong trinh (11) ¢6 thé viét lai du6i dang:

B T K
@, =——to, ——L+—"0i + f(B,K,,T,,J,t)
Jy Jo 7 (12)
=Fw,+Gu+D
B K T
trongdo: F=——",G=—"L> D=—-L+ f(B,K,,T,,J,1)
JO JO JO
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Vi f{B,K7,T1,J,¢) dai dién cho cac thanh phan khong chic chin do mé-men tai thay doi va thong sb thay
d6i do nhidu khong xéc dinh.

Muc tiéu ciia nghién ctru nay 1a thiét ké bo didu khién sao cho tdc d6 quay thuc trén truc dong co (w.)
bam theo toc dd quay mong mubn (wnq) khi dong co chay khong tai hodc c6 tai. Khi do, sai sb toc do duoc
xac dinh nhu sau:

e(t)=w,,(1)- o, (1) (13)

3. THIET KE BQ PIEU KHIEN

Trong bai bao nay, b diéu khién mo dugce dua vao cau tric diéu khién PI mo dé diéu khién tée do dong co
KDBB 3 pha. So d6 khoi cua bd dicu khién PI mo dugc thé hién nhu ¢ Hinh 3. Véi bo diéu khién nay, dau
vao la {e(t):ce(t)} va dau ra ciia by dicu khién mo s€ chinh dinh cac gia tri cua thong so K, K; cho b dicu
khién PI.

NI myRIO
@ md E + e Pl u T E iqs
@ Controller ‘
5 K, K
; e(t) ;
Fuzzy
I @_t‘lce(f Controller ;
N

from Speed Detection

Hinh 3: So d6 khéi bo diéu khién tdc do dung PI mo.

3.1. B diéu khién PI

Do tinh chét phi tuyén ciia dong co khong dong bd ma cac bo diéu khién PI thong thuong khong thé
kieém soat tot khi di€u kién tai thay d6i. Khi dong co c6 tai va khong tai, cac thong so PI phai dugc thay doi
theo thoi gian thyc dé h¢ thong dam bdo chat lugng dicu khién ¢ toc do cao va thap. Tin hi¢u ngd ra cua by
diéu khién PI duoc xac dinh nhu sau:

u(t) =K e(?)+ Kije(t)dt (14)

trong do, K, va K; lan lugt 1a d6 loi ti 1¢ va do loi tich phan cia bo diéu khién, e(?) 14 gia tri sai s6 toc do
ctia hé théng duogc xac dinh nhu trong (13). Nguyén ham sai s6 duoc xac dinh boi:

ce(t)y=e(t)—e(t—-1) (15)
Vi e(t-1) 1a gié tri sai s6 trude do.

Nhiém vu thiét ké bo diéu khién PI 1a chon lya bd gia tri {K,, K;} thdéa man cac yéu cau vé chat luwong
diéu khién. Céc thong s6 do loi K, va K; anh huong truc tiép dén chat lwong diéu khién nhu d6 vot 16
(overshoot), thoi gian tang (rise time), va thoi gian xac 1ap (settling time) ctia dap ing ngd ra nhu duoc cho
trong Bang 1. Cac thong tin nay dugc xem la co so tri thire dé x4c dinh luat chinh dinh mo bo diéu khién
PI.
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Bang 1: Anh huong cua viéc thay ddi cac thong s6 cua bd diéu khién PL

D‘ap u’n'g ThO'i gian D6 vot 16 Th(,n g:an Sfll sAo
vong kin 1én v xac lap xdc lap
Kp Giam Ting Thay ddi nho Giam
Ki Giam Ting Ting Thay ddi nhé

3.2. Bj diéu khién logic mo

Bo diéu khién logic mo (Fuzzy Logic Controller), duoc dé xuat 1an dau tién boi Lotfi Zadeh vao nim
1965 [13] va dén nay da dugc (mg dung rong rii trong moi linh vuc nghién ctru va thyc tién. Vé co ban, bd
diéu khién mo dua trén kién thirc vé hé thdng cua cac chuyén gia dé 1ap luan va dua ra cac quyét dinh diéu
khién. Cac ngd vao cip cho bd diéu khién mo phai dugc xir 1y qua ba giai doan co ban 1a mo héa, suy dién
mo va giai md trude khi tao tin hiéu & ngd ra. Trong giai doan md hoa, cac bién dau vao duge chuyén thanh
cac bién ngdn ngir thich hop thong qua cac ham thanh vién. Ngd ra cua giai doan mo héa sau d6 duge ding
nhu tin hi€u ngd vao cho giai doan suy dién mo theo cac luat mo duge dinh nghia trudc dya trén tri thuc
vé dic trung ctia hé thong dén tir cac chuyén gia. Giai doan cudi cliing, ngd ra cia bd mo s& duge chuyén
ddi thanh gia tri rd dugc sir dung dé diéu khién hé thong.

Trong bai bao nay, su két hop giita bo didu khién mo va bo didu khién PI dwoc sir dung dé didu khién
toc do dong co KDB 3 pha. Vi cau tric dicu khién nay, cac ngd vao ciia bd diéu khién mo 13 {e(t):ce(t)}
va cac ngo ra clia n6 s€ chinh dinh cac gia tri cia thong $6 K,, Ki cho bo diéu khién PL

Mo héa ngo vao — ngo ra:

O giai doan nay, cac ngd vao cua bd didu khién mo {e(t):ce(t)} dugc chuyén thanh cac bién ngon ngi
thich hop. Mdi ngd vao duoc mo héa bai 7 tip md {RRN,RN,N,TB,L.RL,RRL} nhu duoc thé hién trén
Hinh 4a. Ngo ra K, dugc mo hoa boi 4 tap mo {TB,L,RL,RRL} va ngd ra K; cling dugc mo hoa boi 4 tap
mo {RRN,RN,N,TB} nhu duoc biéu dién trong Hinh 4b. Trong d6, RRN Ia tin hi¢u rat rat nho, RN la rat
nho, N 1a nhé, TB 14 trung binh, L 13 16n, RL 14 rat 1én va RRL 1 rat rit 16n. Quy luat suy dién mo cho ng
ra K, va K; dugc mo ta thong qua so d6 bé mit nhu trén Hinh 4c¢ dua trén gia tri cia cac ngd vao bo dicu
khién mo {e(t):ce(t)} va bd quy tic mo.

Ng6 vao ham lién thudc Kp

Ngo6 vao ham lién thudc Ki
RRN N i RL RRL RRN N

1

1

0.8+

0.6+

0.4-|

i i i i | " 0-

082 06 -04 02 0 02 04 0§ 08 A 0 1 2 3 4
e(t) va ce(t) € [-0,82 0,82] e(t) va ce(t) € [-4 4]
(a) Ham lién thudc cia cac ngd vao e(t) va ce(t)

Ngo6 ra ham lién thudc Ki
RL RRL RRN N TB
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(b) Ham lién thugc cua ngd ra K, va K;

M6 phong 3D cua Kp M6 phong 3D cua Ki

(c)

Hinh 4: Ham lién thudc cac ngd vao — ra cua bg dicu khién mo.

Suy dién mo:

Trong giai doan nay, trén co s& cac tri thirc lién quan dén viée xac dinh cac quy tic, dugc bicu dién dudi
dang cac ciu 1énh IE-THEN nhu trong (16), s& chi phdi cac bién ngd vao — ra theo cac ham lién thudc. Dya
vao thong tin ¢ Bang 1 thi c6 thé nhan thdy thanh phan thong s6 K, dnh huéng t6i qua trinh qua do cua hé
thong va thanh phan thong s6 K; anh huong dén qua trinh xdc 1ap (sai sO xac 1ap). Do d6, cac bién ngd vao
(e va ce) s& duoc xtr Iy boi cong cu suy dién mo gom 49 quy tic (7x7) dé dwa ra quyét dinh cho cac ngd ra
K, va K; nhu trinh bay trong Bang 2 va Bang 3. B6 quy tic mo dugc xdy dung duya trén thong tin dap tng
quéa do ¢ ngd ra cta b didu khién (Hinh 5) nhu sau:

+ Tai diém a: e >> 0 ; ce >> 0 nén K, 16n va K; nho,

+ Tai diém b: e << 0 ; ce << 0 nén K, 16n va K; nho,

+ Tai diém c: e > 0 ; ce {<0; =0; >0} nén K, nho va K; 16n,

+ Tai diém d: ¢ > 0 nho ; ce > 0 nho nén K, giam dan va K; ting dan,

+ Taidiéme: e=0;ce =0 nén K, =0 va K; 16n.

Co ché suy dién mo duge chon 1a MAX-MIN va duge xac dinh theo biéu thte:

If e= RRLand ce= RRL Then Kp:RRLandKi:TB (16)

0.1 0.15 0.2 0.25 03 0.35

Hinh 5: Dap tmg qua do ciia bd diéu khién.

Xay dung cac ham lién thudc vao-ra dé diéu khién K,,. Gidi han ngd vao/ra bo didu khién mo K, véi e(t),
ce(t) € [-0.82;0,82] va K, e [0;1].
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Béng 2: Bang luat hop thanh bo diéu khién PI mo cia K,

cef t)e(’) RRN RN N TB L RL RRL
RRN RRL RRL RRL RL L TB TB
RN RRL RRL RL L TB TB TB
N RRL RL L TB TB TB L
TB RL L TB TB TB L RL
L L TB TB TB L RL RRL
RL TB TB TB L RL RRL RRL
RRL TB TB L RL RRL RRL RRL

Xay dung ham lién thudc vao ra dé didu khién K;. Gidi han ngd vao/ra bd diéu khién mo K; véi e(t),

ce(t) e [-4;4] va K;  [20;120].

Béng 3: Bang luat hop thanh bo diéu khién PI mo cua K;

cet t)e(t) RRN RN N TB L RL RRL
RRN RRN RRN RN RN N TB TB
RN RRN RN RN N B B TB
N RN RN N B B B N
TB RN N B B B N RN
L N B B B N RN RN
RL TB TB TB N RN RN RRN
RRL TB TB N RN RN RRN RRN

Giai doan gidi mo:
Giai mo theo phuong phép trong tim, dugc xac dinh boi bicu thirc:
R
2k,
_ =l
{K,.K,}=—0
24
i=1

v6i {K,, Ki} 1a thong s6 bo diéu khién PI s& dat dugc; a; va u; 1an luot 13 hoanh d diém trung binh va gia
tri ciia ham lién thudc ngo ra xac dinh bdi luat thir i trong R luét tic dong tai thoi diém xem xét.

(17)

4. KET QUA THUC NGHIEM

Trong phan nay, thi nghiém duoc thiét 1ap dé diéu khién tdc d6 ciia mot dong co khong dong bd 3 pha
(0.75kW), dwoc két ndi théng qua mot bién tin Mitsubishi (0.75kW). So d6 khéi cua hé théng didu khién
tde do dong co KPB 3 pha dung PI m¢o dugc mo ta nhu dugce biéu dién trén Hinh 6. Tin hiéu ngo ra tir bo
didu khién trén may tinh dugc xuét ra thong qua card diéu khién NI (National Instruments) myRIO 1900
duéi dang dién ap 0 - 10V va dwa dén ngd vao cua bién tan. Bién tin nhén tin hiéu dién 4p & ngd vao (0 -
10V) va bién d6i thanh dién ap c6 tan sb thay ddi (0 - 60 Hz) dé diéu khién téc d6 dong co khong dong bo.
Téc do quay cua truc dong co duoc hdi tiép vé card didu khién NI myRIO thong qua bd Encoder (2048
xung/vong). Thoi gian 14y mau 0.05s duoc chon dé ap dung cho mot hé thong diéu khién dya trén may tinh
thong thuong. Chuong trinh diéu khién va giao dién SCADA thyc hién viéc thu thap, gidm sat

76



Tac gia: Nguyén Van Tho, Ngé Thanh Quyén

di liéu dugc thyc hién trén may tinh dya trén ph?ln mém LabView. M6 hinh thi nghiém thyc té va giao dién
di€u khién duogc trinh bay twong rng nhu trén Hinh 7 va Hinh 8.
NI MyRIO card

Pl-type < Faidiaating
Fuzzy
<:=:>I Speed

Controller Anol

o o5 CONG NGHIER THANH PHO HO CHI MINH
" KHOA CONG NGHE DIEN
4 THONG GIAM SAT VA DIEU KHIEN TOC DO DONG CO'

Hinh 7: M6 hinh thyc nghiém ctia hé théng.

TRUONG DAl HOC CONG NGHIEP THANH PHO HO CHI MINH
KHOA CONG NGHE DIEN
HE THONG GIAM SAT VA BIEU KHIEN TOC DO PONG CO

Hinh 8: Giao dién diéu khién va giam sat hé thong trén LabView (SCADA).
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Ngoai ra, dé danh gia tinh hiéu ‘qua cta bo diéu khién dugc dé xuat khi hé théng van hanh khong tai va
khi ¢6 tai thay doi thi by didu khién PID truyén thong va bd diéu khién mo ciing duge ap dung. Dya trén
md hinh toan hoc cia dong co da duge dan ra trong phéan trude, cling nhu phuong phép Ziegler-Nichols dé
lua chon tham s6 K, Ki va K4 cho b diéu khién PID. Théng sb dong co dung dé mo phong va tinh toan
cac thong s6 cho bo diéu khién duoc cho trong Bang 4. Dya trén két qua mo phong véi dap ung ciia dong
co, do loi ciia bd diéu khién PID dugc chon 1a K, =1, K; =35 va K;=0.1.

Bang 4: Thong s6 dong co KPB 3 pha

Tén théng s6 | Ky hi¢u Gia tri Pon vi
Tén s6 f 50 Hz
bién tro stator Rs 9.23 Q
bién trd rotor R: 9.23 Q
bién cam stator L 1.093 H
bién cam rotor L. 1.093 H
Hs cam L 0.96 H

S6 doi cuc P 2
Mo-men quan b
tinh J 0.01 Kg.m

4.1. Két qua thwe nghiém khi mé hinh chay khong tai

1400 T T T T T T T
Vil D P L Ao ——Desired speed
VPARRAAAAPnfrS =l
= A o= o —Fu. -
1200 > izzy
LA 0 —PIFuzy
Gl [\ A AAAS A _
§ 800 - m
o
&
a 600 =
w
400 - 5
200 [~ -~
o | | 1 | ! 1 1
0 10 20 30 40 50 60 70 80

TIME (S)

Hinh 9: Két qua thyc nghiém khi mé hinh chay khéng tai.

Bang 5: Két qua thuc nghiém cua 3 phuong phap & ché do khong tai

B diéu POT | . )| o RMSE
khién %) | ™ | RPM) | (RPM)
PID 12.47 |10.05| 7.387 | 14.612
Fuzzy 3.46 5 [25.277 | 48.091
PI Fuzzy 0.64 | 55 | 1.864 | 8.821

Theo két‘ qua thyc nghiém nhu ¢ Hinh 9 va k,ét qua tinh toan & Bang 5 cho thy khi hé thong chay khong
tai thi bg dieu khién PI mo cho d vot 10 tot nhat vai POT = 0.64% so voi 3.46% va 12.47% cia bd
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diéu khién mo va bo diéu khién PID; dén khi xac 1ap thi sai s6 xé4c 1ap dugc tinh theo RMSE (Root Mean
Square Error) cta by diéu khién PI mo ciing cho dugc két qua tét nhat so v6i hai phwong phéap diéu khién
con lai. Thoi gian qua do cta b diéu khién md va PI mo kha gin nhau (thoi gian quéa d6 khoang 5 gidy),
diéu nay cho thdy hé théng PI mo thira huéng duoc nhitng wu diém cua bo diéu khién mo.

4.2. Két qua thwe nghiém khi mé hinh chay véi tai thay ddi

1600 T T T T T T T

1400F e Desired speed | -

f ——PID
Fuzzy d
——PI Fuzzy
e -

1200

1000

g

Speed (RPM)
g

400

Time (sec)

Hinh 10: Két qua thuc nghiém khi mé hinh chay vdi tai thay dbi.

400 T T T T T T T

400

Eror (RPM)
&
8

-800 [

1000 [

1 1 1 1 1 1 1
10 20 30 40 50 60 70
Time (sec)

-1400
0

Hinh 11: Sai s ngd ra img véi cac bo didu khién khac nhau.
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Béng 6: Két qua dap ung cua 3 phuong phap & ché do co tai

A 22 .2 o exl RMSE
B¢ diéu khién | POT (%) | Tx(s) (RPM) | (RPM)
PID 11.96 9.95 8.472 | 43.160
Fuzzy 3.35 485 | 64.146 | 64.699
PI Fuzzy 2.06 4.85 4.561 | 29.615

Theo két qua thuc nghiém nhu & Hinh 10, Hinh 11 va két qua tinh toan & Bang 6 thi khi hé théng hoat
dong voi tai thay d6i trong qua trinh diéu khién thi phuong phap diéu khién md khéng con dap tng tot nhur
khi chay khong tai, cu thé 1a sai s6 xac lap (64.146) 16n hon rat nhiéu so véi hai phuong phap con lai (8.472
dbi véi bod dleu khién PID va 4.561 dbi voi PI mo) . Hé théng véi bo diéu khlen PI mo dap tng tot tat ca
céc tiéu chi vé do vot 16 POT (2.06%), thoi gian qua do Ty (4.85 gidy) va sai sd trung binh binh phuong
RMSE (29.615) ngay ca khi c6 tai hodc khong tai.

5. KET LUAN

Tur nhitng két qua va danh gia ¢ trén cho thiy b dicu khién duogc dé xuat ding PI mo cho két qua tbi
vu hon so v6i bo didu khién PID va bo didu khién mo. Bo diéu khién PI mo ké thira nhiing dic diém t6i uu
tir 2 phuong phap trén, nén viéc cho dap tmg téc do ngd ra 1a rat tot voi cac thong sd nhu do vot 16 thap,
thot gian xdc 1ap kha nhanh, sai s tinh t&i uu va dap ung t6t khi he théng thay d6i toc do hodc cap tai cho
hé thong V6i phuong phép PID thi viée diéu khién cho dap tmg kha tot sai sb x4c lap tuong dbi nhung khi
thay d6i diéu kién (téc do hodc tai) thi hé théng khong con dap img t6t nhu trude v6i d6 vot 16 cao hon,
thoi gian xac 1ap lau va sai s tinh ciing 16n hon. Ddi véi phwong phéap diéu khién mo thi thoi gian xac 1ap
& ngd ra ctia bo diéu khién tt hon so v6i hai phuwong phap con lai ¢ thoi diém bt dau khoi dong hoac khi
su thay d6i 16n & ngd vao tham chiéu. Tuy nhién, sai sb tinh cua b didu khién mo 16n hon so véi 2 phuong
phap PID va PI mo, ddc biét khi co tai thay doi.

Tom lai, bai bao trén da dé xuat dugc phuong phap diéu khién PI mo dé didu khién toe do cho dong co
KDB 3 pha. Két qua danh gia théng qua thyc nghiém trén mo hinh thyc da chimg minh tinh hiéu qua cua
phuong phap dé xut so v6i bo diéu khién PI va bd dleu khién mo thong thuong, déc bi€t khi c6 tai thay
(101 trong qué trinh diéu khién. Tuy nhién, dap tng toc do 1ngd ra van chua dugc nhanh va sai s6 con 16n.
Dong thoi, viée sir dung khéu tich phan trong bd diéu khién co thé din dén hién twong bdo hoa tich phan
khién cho ngb ra ciia bd diéu khién ting qua muc gidi han. Do vy, nhirng han ché trén cta bai bao s& duoc
céc tac gia tap trung khai thac cho huéng nghién ciru sap téi.
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EXPERIMENTAL STUDY ON A PI-TYPE FUZZY CONTROLLER FOR SPEED
CONTROL OF 3-PHASE ASYNCHRONOUS MOTOR USING LABVIEW

VAN THO NGUYEN*, THANH QUYEN NGO
Faculty of Electrical Engineering Technology, Industrial University of Ho Chi Minh City
*Coresponding: nguyenvantho@iuh.edu.vn

Abstract. In this paper, a combination of PI controller and fuzzy logic controller (FLC), also known as PI-
type Fuzzy controller, is proposed for speed control of a 3-phase induction motor. The mathematical model
which is based on the concept of vector control, and the dynamic equation of the indirect field-oriented
induction motor are derived and presented in this study. The PI-type Fuzzy controller is then developed to
ensure the stability of the system at the desired speed under variable load. The experiments are carried out
with a 0.75 kW 3-phase induction motor using the NI MYRIO 1900 control card and LabView software to
show the efficiency of the controller. The obtained experimental results demonstrate the superior
performance of the proposed controller compared to conventional PI and fuzzy controllers, especially when
there is a variable load during control.

Keywords. PID, Fuzzy Logic Control, AC motor control, vector control, LabView.
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