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ABSTRACT

This paper has provided the control model of the three-phase induction
motor using the fuzzy proportional derivative plus integral controller. The
three-phase asynchronous motor is simulated on MATLAB®/Simulink
based on the equation of state on the rotor flux coordinate system (dq
coordinate system). Simulation with different loads and disturbances
effecting on the system as well as comparison with Pl and investigation of
the influence of the fuzzy proportional derivative plus integral controller.
Simulation results showed that the proposed solution is better suited to
the controller than Pl controller, set time of reasonable system,
destructively overshoot and low output error. In addition, the controller
is stable with interference from the system.

TOM TAT

Bé diéu khién vi phin ty 1é mo cong tich phan diéu khién mé hinh dong
co khéng dong bé ba pha dwge xdy dung trong bai viét. Pong co khong
dong bé ba pha dwge mé phong trén MATLAB®/Simulink dwa theo
phuong trinh trang thai trén h¢ toa do tir thong rotor (hé toa do dq). Mo
phong véi tdi khéc nhau va c6 nhiéu tac déng vao hé thong cing nhu so
sanh voi Pl va khao sat anh huong cua cac tham $6 ciia b diéu khién vi
phan ty ¢ mo cong tich phan. Két qua mo phong cho thay gidi phap dé
xudt da ddp iing tot hon so véi bg diéu khién PI thong thuong, thot gian
xac ldp cua hé thong hop Iy, do vot 16 bi triét tiéu va sai s6 ngé ra thap.
Ngodi ra, bg diéu khién con on dinh véi nhiéu tac dong vio hé thong.

1. GIOI THIEU

Ngay nay, hau hét cac hoat dong san xuit cong
nghiép déu sir dung hé truyén dong dién, trong do,
dong co dién 1a ngudn dong niang cha dao (Aspalli
etal., 2012). Trong d6, vai thiét ké don gian, chi phi
bao tri thap va van hanh dé dang, dong co cam ting
(induction motor) hay dong co khéng dong bo
(KBB) chiém hon 80% ngudn chuyén ddi co — dién

52

trong cong nghiép (Aziri et al., 2017). Thong ké
2011 cho thay c¢6 hon 16 ty dong co dién dang hoat
dong trén thé gioi, véi toe do tang truong khoang
50% trong 5 nam (Aspalli et al., 2012; Henao,
2014).

Viéc‘ kiém soat tde do dong co KPB 3 pha lu()p
la chu dé dugc nhiéu nha khoa hoc va cac hang thiét
bi quan tdm (Kanti, 2015; Lepka & Stekl, 2005).
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Tuy nghién, ban chit dong co KDB 3 pha 1a phi
tuyén va bi tac dong bai nhidu yéu tb trong qué trinh
van hanh nhu su thay d6i cua tai, su tic dong cua
moi truong cong nghiép... cac kiéu diéu khién du
don gian, dé bao dudng nhung lai khong dap ng
that sy tét (Hartono et al., 2019). Ngoai ra, tham so
cuia d6i tugng khi bi thay d6i s& anh huong dén chat
luong diéu khién, ddi vai cac giai phap thiét ké doi
hoi mé hinh toan ctia d6i trong nhu kiéu diéu khién
PID (Proportional Integral Derivative controller)
truyén thong (Idoko et al., 2017; Hartono et al.,
2019). Viéc khong xac dinh chinh xac mé hinh toan
cua dong co s& dan dén b didu khién chi duoc chinh
dinh gan dung, lam cho kha nang vot 16 toe d6 (qua
toc) 1én dén 30% (Hartono et al., 2019). Diéu nay
anh hudéng den hé truyén dong va tudi tho ctia dong
co do qué téc 16n & giai doan khoi dong (Basu &
Yusuf, 1999).

Vi vay, diéu khién dong co KDB 3 pha hién c6
hai hudng nghién ciru dugc trién khai. Huong tha
nhét ¢6 gédng mo hinh héa dong co KB 3 pha cang
chinh xéc cang tot (Lepka & Stekl, 2005; Zeb et al.,
2017; Tuén va ctv., 2018) dé hd tro cho khau mé
phong va hiéu chinh bo didu khién, nhat 1a diéu
khién PID (Idoko et al., 2017; Hartono et al., 2019)
vbn dé trién khai & quy mé cong nghiép. Hudng thi
hai khong dat nang van dé do chinh xac cia mé hinh
toan, ma phat trién cac giai thuat diéu khién chi dua
trén tin hi¢u vao, ra nhu dung mang no-ron nhén tao
(Lftisi et al., 2016). Tuy nhién, cac hudng nghién
clru nay van ton tai mot sé han ché nhat dinh. That
vay, do diéu kién cong nghiép khic nghiét, cac dac
tinh k¥ thuat cua dong co s& thay doi, trong khi do
bo diéu khién PID cé dinh hay bo didu khién dung
mang no-ron véi co ché huan luyén off-line trén déu
khong thé tu chinh dinh lai, dan dén két qua diéu
khién bi anh huong.

Trong sb cac ky thuat didu khién théng minh,
logic m& 1a mot phuong phéap thé hién kha nang suy
dién cua bo 6¢ con ngudi va no da dugc tng dung
thanh cong trong nhiéu linh vuc (Meng & Ya, 2001).
Co ché suy dién mo dugc xem 1a mot phuong phap
don gian va hitu hi¢u dé tinh chinh cac bd diéu khién
kinh dién (Kanagaraj et al., 2008). biéu khién mo
duoc biét den rong rai vé kha nang kiém soat h¢
thong phi tuyén co cau triic phirc tap ma khong can
biét m6 hinh chinh xéc ctia ddi tuong. Tuy nhién, ky
thuat didu khién mo lai ton tai nhuoc diém vé viéc
kho triét ti€u sai s6 xac lap (Ngbn, 2011; Ngbén &
Nghiém, 2020). Do d6, viéc cai thién bo diéu khién
mo bang cach ting cuong mot khau tich phan 1a mot
giai phap kha thi dé loai trir sai s6 xac 1ap (Bong &
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Chung, 2002; Ngbén, 2011;
Ahmed et al., 2022).

Trén co s& do, giai phap tan dung wu thé cua diéu
khién Fuzzy PD + I dé kiém soat tbc do dong co
KDB ba pha, ma & d6 mé hinh toan cta dbi twong
chi dwoc s dung dé mé phong kiém chang giai
thuat, khong c6 vai tro thiét yéu trong khau thiét ké
dugc dé xuat trong nghién ctru nay.

2. PHUONG PHAP NGHIEN CUU
2.1. Pdi twong diéu khién

Singh et al., 2020;

Hinh 1 mé ta so d6 mach twrong duong ciia dong
co KPB 3 pha trong hé toa do dg véi phuong trinh
trang thai duoc biéu dién nhu sau (Duong va ctv.,
2019):
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Hinh 1. So 46 mach dién twong dwong
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Trong do, u{la dién ap cua stator; if la dong

dién cua stator; j 1a momen quan tinh; ;g la tde do
gdc ctia tir thong stator so vai rotor; @, 1a toe do goc
ctia tir thong rotor so vai stator; ! w ! 1an lugt 1a tir

thong stator va rotor; R, Ry lan luot 1a dién tré stator
va rotor; Ly 1a ho cam gitra rotor va stator; va Ls, L,
lan luot 1a dién cam stator va rotor.

Trong hé toa d6 dgq, =0 do vudng goc vai
=y, DI Vvéi dong co KDB 3

st PN il
vécto y, nén |y,

pha, trong h¢ toa do dg, tir thong va mdmen quay
dugc biéu dién theo cac phan tir cua vécto dong
stator :
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trong do, Te 1a mémen dién tir, T, 1a momen tai,
¥4 la tir thong ctia rotor trén tryuc d.

Bang viéc mo ta dong co KPB 3 pha trén hé toa
dd tur thong rotor, khong con quan tam den tung
dong dién pha riéng 1¢ nita, ma 1a toan bo vécto
khong gian dong stator cua dong co. Khi dé vécto
is S& cung Cap hai thanh phan iss dé diéu khién tir
Ve
tir d6 c6 thé diéu khién toc do cua dong co.

2.2. B diéu khién tich phan ty I¢ Pl

Bo diéu Khién PI dugc su dqng dé so sanh két
qua vei bo dieu khién duge d€ xuat trong nghién ciru
nay. Phuong trinh mé ta bo diéu khién PI duogc cho
bai (3) (Astrém & Higglund, 1995):

thong rotor , isq dé diéu khién momen quay Te,

Y(t) =K et) + Kij'e(t)dt

©)
e(t) = Xref (t) -X (t)

Trong do, Kp va K; lan luot 12 do loi ti 1& va do
loi tich cua bo diéu khién: yrer(t) va y(t) lan luot 1a
tin hiéu tham khao va dap ng cia déi twong. Nhiém
vu cua ngudi thiét ké bo diéu khién PI 1a lya chon
bo gia tri {Kp, Ki} thoa man cac yéu cau vé diéu
khién. Cac thong s6 d6 loi K, va K; anh huong dén
thoi gian tang (rise time), d6 vot 16 (overshoot), thoi
gian x4c 1ap (settling time) va sai s6 xac 1ap (steady-
state error) cua dap tmg duoc cho trong Bang 1
(Astrom & Higglund, 1995; Kanagaraj et al., 2008).
Céc thong tin nay dugc xem 1a co so dé xac dinh luat
chinh dinh mo bo diéu khién PI. Ngoai ra, bo diéu
khién PI thuong dwoc chinh dinh biang phuong phap
gan dung Ziegler-Nichols (Ziegler & Nichols, 1993;
Astrom & Higglund, 1995).

Bang 1. Anh huéng caa viéc ting cac thong sb
dd loi cia b diéu khién PI

P Thoigian D) vet Thoigian  Saisd
loi  ting 16 xac 1ap xic 1ap
Ko, Giam Tang Thay doiit Giam

Ki Giam Tang Tang Triét ti€u
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2.3. Bo diéu khién Fuzzy PD + |

Bo diéu khién md cho dong co KDB 3 pha duoc
xdy dung 1a mot cau trac MISO (muiltiple input
single output) véi 2 ngd vao, 1 ngd ra va 9 luat diéu
khién. Ngé vao cua bo didu khién mo gom sai biét e
gitra dap mg va tin hiéu tham khao (e=yre — y) va
dao ham cua e theo thoi gian, de, dugc mo hoa boi
3 tap mo {N, ZE, P}. Ngb ra cta bo diéu khién 1a
Te, dugc mo hoa bai 5 tap mo {NB, N, ZE, P, PB}.
Céc tap mo trén dugc ki hiéu nhu sau: N 1a Negative,
ZE 1a Zero, P la Positive, NB 1 Negative Big va PB
1a Positive Big. Mién xac dinh cac bién ngd vao cua
bo diéu khién mo duoc xéc dinh dua trén viéc khao
sat dap tmg vong hé cua ddi twong va xac dinh gdm:
ee[-100,100], d,e[-11] va T, €[-100,100].
Ham lién thudc cia cac tap mo ngd vao dugC S
dung 1a ham Gauss va ham lién thudc cua cac tap
mo ngd ra duoc st dung dang tam giac, duge mo ta
trén Hinh 2. Luat diéu khién mo duoc xay dung trén
Bang 2, dua theo kinh nghiém thiét ké.

T
-1 08 06 04 0.2 0 02 04 06 08 1

T T T T T
1 NB zE 3 P8 |
) Ds\ A
I T T T T
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Hinh 2. Mé héa ngé vao/ra cia b didu khién

Bang 2. Luat diéu khién mo

de
Te N ZE P
N NB N ZE
e ZE N ZE P
P ZE P PB

Ky thuat didu khién Fuzzy PD + I, con goi la diéu
khién vi phan ty 16 md cong tich phan (Fuzzy PD
plus Integral controller) bé sung khau tich phan nhu
Hinh 3, nhdm rat ngin thoi gian ting va triéu tiéu
sai s6 xac lap (Ngon & Nghiém, 2020). Viéc lya
chon céac khau khuéch dai GE, GCE, GIE va GU
cling can théa man quan hé (4) (Chhabra et al., 2020;
Ahmed et al., 2022), voi K, 1a @6 loi ty 1€ va T; 1a
thoi hang tich phan. Ngoai ra, gia tri khau khuéch
dai GE va GCE can duoc chon lva sao cho tin hiéu
e va de di qua 2 khau nay phai c6 bién d6 nam trong
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gi6i han hoat dong cua 2 ngd vao cua bo diéu khién Bo diéu khién Fuzzy PD + I cho dong co KPB 3
mo. pha véi GE=15, GCE=0,001, GIE=0,8 va GU=20
GE*GU =K dugc xay dung nhu Hinh 4. M6 hinh md phong k§

P thuat diéu khién nay trén MATLAB®/Simulink

% =T dugc trinh bay trén Hinh 5. Trong d6, cac khdi chirc

GE ° 4 ning chinh gom c6: Khi diéu khién PI/Fuzzy PD +

GIE 1 I ding dé tao tin hiéu diéu khién Te; khéi PWM

GE T, generator dung dé chuyén tin hiéu Te thanh tin hiéu

xung PWM diéu khién mo-men; khdi ngudn va dong
co KDB ba pha. Trong so dd mé phong Hinh 5, mé
hinh d6ng co KPB 3 pha dugc thuc hién dya trén
thu vién Simulink c6 san cia MATLAB (Blanchette
and Dessaint, 2021). Ngoai ra, b diéu khién PI ciing
dugc gitr gia tri mac dinh cua (Blanchette and
Dessaint, 2021) dé so sanh hiéu qua cua hai kiéu
diéu khién.

‘"IXXX“‘

Fuzzy Controller
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Discrete e la bCL
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e | )
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Pl controller

-3 - —
Fuzzy Controller Cpac c c Te >
460VI60Hz 3-phase IGBT 50HP 3-phase
Diode rectifier convertor Induction Motor
Wref
Hinh 5. Mé hinh md phéng diéu khién Fuzzy PD + I dong co KPB 3 pha
3. KET QUA VA THAO LUAN bo diéu khién PI cua Blanchette & Dessaint (2021)

Két qua didu khién Fuzzy PD + I dong co KDB cling duoc st dung dé so sanh hiéu qua diéu khién.

3 pha dugc trinh bay trén Hinh 6. G mé phong nay,
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Comparison of Pl and FuzzyPD+| control on 3-phase IM
T T T T T
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Hinh 6. Két qua mé phéng bj diéu khién PI va Fuzzy PD + |

Comparison of Pland FuzzyPD+l control on 3-phase IM
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Hinh 7. Két qua mé phéng khi thay déi tai

Tir két qua Hinh 6 ta thay, b diéu khién Fuzzy
PD + I cho dap rng véi thoi gian xac 1ap 0,38 gidy,
khong xuét hién vot 16 va sai s6 xac lap khong dang
ké. Trong khi do, bo diéu khién Pl mic dinh cua
MATLAB cho géy ra vot 15 1én dén 28,6%. Cac tiéu
chuan chét luong cua hai kiéu diéu khién dugc trinh
bay ¢ Bang 3.

Bang 3. So sanh diéu khién PI va Fuzzy PD + 1

Théng sd PI Fuzzy PD+I
Do vot 16 (%) 28,6 0

Thoi gian xac 1ap (s) 0,55 0,38

Sai s6 xéc lap (rad/s) +0,5 +0,3

Ngoai ra, khi tai thay doi, bo diéu khién Fuzzy
PD + I ciing t6 ra hiéu qua hon véi két qua diéu
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khién duwoc minh hoa trén Hinh 7 va cac chi tiéu chét
lugng dugc so sanh ¢ Bang 4.

Bang 4. So sanh PI va Fuzzy PD+I khi tii thay

doi
Théng s6 Pl FUZZY PD+I
Do vot 16 (%) 29,2 0
Thoi gian xac 1ap (s) 0,58 0,40
Sai s0 xac 1ap (Rad/s) +0,6 +0,5

Khi tién hanh md phong véi tac dong cua nhidu
trang (white noise) gia lap nhidu cam bién, bo diéu
khién Fuzzy PD + I ciing cho két qua kiém soat t6t
dong co KPB 3 pha véi thoi gian xac 1ap dat 0,53
gidy, sai sb xac lap khong dang ké va khong xuat
hién vot 16 (Hinh 8). Cac két qua cho thay bo diéu
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khién Fuzzy PD + | kiém soat tét toc do dong co
KDB 3 pha.

Khao st danh huong cua cac tham sd cua bd didu
khién Fuzzy PD + I, do GE va GCE khong thé thay
do6i nhiéu nén nghién ctru nay tap trung khao sat GIE

Tdp 58, S6 5A (2022): 52-59

va GU. Két qua mé phong cho thiy cac tham sb anh
huong nhiéu 1én chat luong diéu khién, tir d6 cho
thiy mirc do hiéu qua cua giai thuat dugc dé xuét.
Céc gia tri GIE va GU duogc thé hién trong cac Hinh
9, 10, 11, 12 va cac chi tiéu chét lugng dugc trinh
bay & Bang 5.

FuzzyPD+I control of 3-phase IM with white-noise
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Hinh 12. Két qua mé phéng khi ting GU
Bing 5. Anh hwéng cia cac tham sé cia bd diéu khién FUZZY PD + |
Thong sf') (GU/GIE) Giam GIE Tang GIE Giam GU Tang GU
Do vot 16 (%) 0 0 0 0
Thoi gian xac lap (s) 0.39 0.34 0.46 0.35
Sai s0 xac lap (rad/s) +2.0 +1.8 +1.4 +1.2

Trong cac khao sat trén, cac gia tri GIE va GU
chi dugc dugc hiéu chinh tang hoac giam 25%. Vi
cac gia tri nay dugc tim theo cong thuc (4) nén viéc
khao sat anh huong cia cac tham so nay chi hiéu
chinh nhé xung quanh gia tri da tinh toan dé tim
kiém cac gia tri tham s cho chat luong didu khién
tot nhat.

4. KET LUAN VA PE NGHI
Phuong phap cai tién bo didu khién Fuzzy PD +
I ap dung cho dong co KPB 3 pha dugc trinh bay

trong bai viét. Viéc tap trung vao ky thuat don gian
nay cho phép hiéu chinh véi tam hoat dong thay doi
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tuong ddi hep. Uu diém co ban cua giai phap 1a gitr
nguyén bd diéu khién mo co ban da thiét ké va chi
tang cuong cac thanh phan can thiét bén ngoai bo
diéu khién. Két qua mo phong voi tai khac nhau va
¢6 nhidu tac dong vao hé thong ciing nhu so sanh
v6i bo didu khién PI truyén thong va khao sat anh
hudng cua cac tham sé cua bo didu khién Fuzzy PD
+ | cho thdy bo diéu khién Fuzzy PD + I 4p dung
trén dong co KPB 3 pha hoat dong tét vai thoi gian
tang nhanh, vot 16 bi triét tiéu va sai sb xac 1ap rat
thap.
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