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PIEU KHIEN HE THONG CHINH LUU CAU 3 PHA THYRISTOR - PONG CO
PIEN MOT CHIEU CO THONG SO THAY POI UNG DUNG LOGIC MO

CONTROL OF THREE- PHASE THYRISTOR BRIDGE RECTIFIER - DC MOTOR
SYSTEM USING FUZZY LOGIC

V6 Khanh Thoai
Trwong Pai hoc Su pham Ky thudt - Pai hoc Pa Nang;, vkthoai@ute.udn.vn

Toém tat - Hién nay, dong co dién mét chiéu van dang duoc (ng
dung rat phd bién trong céc linh vuc kinh té va khoa hoc ki thuat
nhw & cac nha may can thép, tau dién ngdm, céc canh tay robot...
P& thuc hién cac nhiém vu trong cong nghiép, trong cac day
chuyén san xuét, yéu cau téc do cla dong co dién mét chiéu phai
4n dinh va doi héi do chinh xac cao. Poi véi dong co dién mot
chiéu, cac théng sbé thudng bi thay dbi nén viéc st dung cac bo
diéu khién kinh dién g&p nhiéu han ché lam anh huéng chat lvgng
diéu chinh. Bai bao dwa ra két qua mo phdng diéu khién hé théng
truyen dong chinh lwu cau ba pha Thyristor — E)ong co dién mot
chiéu theo giai thuat mo nham 6n dinh téc do cta dong co dién
mét chiéu khi théng sé ctia hé théng thay dbi.

T khéa - PID; diéu khién mo; chinh lwu cdu ba pha Thyristor;
dong co DC.

1. Pat vin dé

Hé truyén dong gém B¢ chinh luu cﬂﬁu ba pha Thyristor
v6i dién ap dau ra dieu khién dugc de dieu chinh téc d6
dong co dién mot chiéu cé so do nhu hinh 1.
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Hinh 1. Bg chink luu cdu ba pha Thyristor - Péng co DC
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B6 chinh luu Thyristor véi chuyén mach ty nhién va cé
dién ap (dong dién) ra la mot chiéu diéu khién dugc. Hoat
dong ctia mach do ngudn xoay chiéu quyét dinh vi nho d6
ma c6 thé thuc hién duge chuyén mach dong dién giira cac
phan tir lyc. Phan mach quan trong cua chinh luu 1a phan
diéu khién, tai 6 cac xung mod Thyristor duge phat ra theo
mot trat ty da dinh. Dién ap déu ra sau chinh luu duoc dung
dé diéu chinh tbc cua dong co dién.

Trong cac hé théng truyén dong dién cht lugng cao dong
co dién mot chicu duogc ding rat pho bién vi tinh da dung va
linh hoat, véi pham vi diéu khién toc d9 16n va yéu cau dio
chiéu nhanh. Dé diéu khién 6n dinh téc do dong co, bo didu
khién kinh dién ti 16 - dao ham - tich phan PID luén 1a s Iya
chon vi céu tric don gian va dé cai dat[1], [2], nhung vige tinh
chinh PID s& gap kho khan khi hé théng co cac thong s6 thay
d6i, khi c6 nhidu tac dong hay tin hidu dit thay dbi khac nhau.

Céc phuong phap ding bo diéu khién mo trong diéu
khién [3], [4], [7], [8] la nhiing hudng nghién ctru dé cai
thién nhuoc diém cia bd PID. H¢ thong diu khién img
dung logic md duoc dé xuat dé khic phuc nhimg tinh ning
trén.

Abstract - Currently, DC motors are still widely used in the fields
of economy and science such as steel rolling mills, subways,
robotic arms. In the production line, the speed of DC motors must
be stable and highly precise. For DC motors, the parameters are
often altered, so the use of PID controllers is limited to
compromising tuning quality. The paper presents simulation results
of the Three -phase Thyristor Bridge Rectifier - DC motors Control
System in a fuzzy algorithm to stabilize the speed of DC motors
when the system parameters change. The simulation results
obtained from Matlab/Simulink and SimPowerSystems library
prove the advantages of the used method over traditional
approaches.

Key words - PID; Fuzzy Controller; Three phase Thyristor Bridge
Rectifier; intelligent controller; DC motor.

Nguyén 1y cua bo didu khién mo 1a dya vao giao dién
dau vao gdm cac khau mo hoa, hidu chinh nhu dao ham,
tich phan... dé dwa thong tin cho thiét bj hop thanh. Thiét
bi hop thanh chira céc luat didu khién duge thiét ké véi
nhitng kinh nghiém cta chuyén gia, day la trung tdm cua
bd diéu khién mo. Thong qua céc luat diéu khién nay, dau
ra ctia bo diéu khién mo (khau giadi mo) s€ tao cac tin hi¢u
diéu khién cho hé thong.

Noi dung ciia bai bao 1a img dung thuat toan diéu khién
md dé didu khién hé théng gdbm Chinh luu ciu ba pha
Thyristor — Pong co dién mot chidu, v6i viée thay thé bo
diéu khién PI kinh dién bang b diéu khién mo nham cai
thién chét lugng diéu khién ctia hé thdng khi cac thong sb
ciia hé théng thay ddi. Cac két qua md phong trén
Matlab/Simulink va thu vién SimPowerSystems, cho thay
dugc cac uu diém ctia phuong phap didu khién mo so véi
phuong phép diéu khién kinh dién.

2. M6 hinh h¢ théng truyén dong Chinh luvu Thyristor
—Poéng co DC
2.1. Bj chinh lwu cdu 3 pha Thyristor

Pé diéu chinh dién ap cap cho phan tng cia dong co dién
mot chi€u (qua d6 diéu chinh téc d6 dong co) ching ta can
c6 bd bif%n déiq. O (jéy, ta sir dung bo bién doi chinh 11}'u cau
3 pha diéu khién doi xtmg dung 6 Thyristor €6 so' d6 cau trac
nhu Hir]h 2, v6i tin hiéu diéu khién duoc cap tir dién ap dicu
khién dau vao Ug Pién ap mot chiéu ¢ dau ra dat vao phan
ung ctia dong co (Uq). Ugk co nhiém vy thay doi goc mo a
cua céc van Thyristor va g(’) gia tri rat bé’so V(’Yj Ug, nén bo
chinh Ivu chinh la b khuéch dai vdi hé s6 khuéch dai K.

Chon ham truyén cua bo chinh luu c6 dang:
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(do Ta << 1). Vi Uan = 100 (V), do d6 Ko =Um/10= 10;

Ta0,00167 (s), khi do bo chinh luu: W, = ng
1 s +

Tinh chat ciia b bién dong twong tu v6i bo chinh luu,
ta c6 ham truyén bd bien dong la:

K
g = b chon Kpg= lan/10 = 0,6; Toa = 0,001(s). (2)
Tys+1

0,6
0,001s+1

Ham truyén ctia bd do toe do co dang:

B¢ bién dong: W,, =

_ Kt \6iKe = aunl10 = 22nan/600 =314 (3)
Ts+1

Chon Tr= 0,001(s); Khi d0, bé do toc do:
314

"7 0,001s +1

ft

(4)

Mach chinh luu Thyris tor Cau
3 phs Thyris tor
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Hinh 2. Cdu triic bg chinh heu cdu ba pha Thyristor
trong Matlab — Simulink

Bing 1. Théng sé dong co DC [6], [7]

Théng sb Ky hiéu | Pong co | Pon vi tinh
Cong suit danh dinh Pam 220 W
Téc d6 dinh mirc Nt 314 rad/s
Dién ap dinh muc Udim 100 Y
Dong dién dinh mac lam 6,0 A
M6 men quan tinh J1 10,2x107? kg.m?
Hing s6 tir théng dong co Ka 0,284 N.m/A
Dién tro phan Gng Ra 0.5 0
Dién cam phin tng La 0,0049 H
Khé niang mang tai M 89 N

2.2, M6 hinh héa dpng co DC
Mubn diéu khién téc do, ta can phai mo hinh hoa dong

co DC nhu so d6 khdi ¢ Hinh 3. Dau vao 1a tin hiéu dién
ap U,; dau ra 12 tc 40 W; Ra 12 dién tré phan tmg; Ta= La/Ra
1a hing s6 thoi gian dién; Ka, Kp 12 cac hé s§; T: momen
téng trén truc dong co; S toan tir Laplace.

Nhiém vu cua nguoi thiét ké 1a tim bo diéu khién sao
cho toc do cua dong co ludn on dinh hoac bam theo tin hiéu
dat, khir nhi€u tot.

Hinh 3. So d6 khéi diéu khién hé théng Chinh heu cau 3 pha
Thyristor — déng co dién DC

3. Thiét ké cac bd diéu khién va két qua md phéng
3.1. Thiét ké b diéu khién hé théng dung P1D

Cac bd diéu khién vi tri don gian va thuong dung (hon
90%) la by dicu khién ti 1¢ P - dao ham D - tich phan I (PI,
PD, PID). Vong diéu khién cap trong cung la bo diéu khién
d(‘)‘ng dié:n, gia st ea~ 0, ta c6 so do0 cau truc mach vong
diéu khién dong dién nhu Hinh 4.
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Hinh 4. So do cdu triic mach vong diéu khién dong dién
Tir so d6 ta ¢ ham truyén hé ho (khi chua c6 RI) la:
1

K, R K, K,
W, (s) = 4 2 ~ .
(Ts+D) (s +D) (us+D) (TS +D(Tys+])
Ap dung cac nguyén tic cac hang sd thoi gian nho,
(Ta >S>To+ Tpg = TZ).
bay la mét khau quan tinh bac 2, ap dung tiéu chuén t6i
uwu d6 16n, chon bd diéu khién PI c6 dang:

R,T,

a_a 1 (6)
2K Ky T) L+ ——
( cl® “bd 2)( TS)

a

Q)

We ~

Thay s [6], [7] vao ta dugc:
1
0,0027s
Ham truyén hé kin c6 dang:
1,67(0,001s+1)
™ 0,005345(0,002675+1) +1

Vong diéu khién tiép theo Hinh 5 1a tdc do:
n .
Wy H K. }—» 5 1,

Ky
s+l [¢

W, ~0,1392(1+ )

ki

Udk
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Hinh 5. So dd cau triic mach vong diéu khién téc d¢
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w (S) WkIKa Ko
Js (Tys+1)
KK (Tyys+1)
Kug
W (s)= (M

h 3@y (TS +D(Tyes +1) +1(Tys+1)

v6i T = Tpa = 0,001(S) va bo qua cac thanh phan béc cao,
ta co:
KK,

a

W IKopg (8)
hq [s(2T )y s+1

Ap dung tiéu chuén t6i wu dbi xtng véi d6i tuong co
ham truyén dang tich phan quan tinh bac nhat, chon b6 di€u
khién PI c6 dang:

W ~Kp(—7) ©)
1+ —
T,qs
trongdo, T ~2aT, ; K ~— 0 JKbd (10)
Iq g 2K, K, T \/_
khi do:
Wos(—T e (1)
ra 2K K, T, Va 2aT,s

chon a =9 va thay s6 vao ta dugc:

T ~0,048; K =0,0039
lq pq
Nén: W ~0,0039(1+ 1 )
Rq 0,048s

3.2. Thiét ké b diéu khién ding logic mo

Diéu khién mo [4] duge dé xuit khi hé théng c6 tham
s6 thay déi, khong xac dinh chinh xac hodc st dung kinh
nghiém van hanh hé thong cua chuyén gia dé thiét ké. Ngon
ngit sir dung trong diéu khién md gan véi suy nghi con
ngudi, day 1a mot dang diéu khién thong minh déi khi con
goi 13 tinh toan mém.

Khi tham s6 cua dong co thay dbi thi bd didu chinh toc
dd Rq’ ciing thay ddi. Vi vay dé dam bao chat luong diéu
chinh khong dbi, thi bo didu chinh phai c6 kha ning ty dong
chinh dinh lai cac tham sb. Piéu nay khong thé thyc hién
v6i bo diéu chinh PI kinh dién. Chinh vi vy bo diéu khién
mo dugc dé xuit dé thay thé cho bo PI. Pau vao b diéu
khién mo 1a sai 1&ch téc dd (e = Waz— i) VA toe do sai
1éch (dey = Eo(ke1)— Buy). Ngd ra bo didu khién mo 14 dién
ap dua vao bg chinh luu (u).
3.2.1. Xdc dinh tgp mo

S6 luong tap md & dau vao dugc chia lam 7, bao gdm
nhiing tap gidng suy nghi con ngudi: thap nhiéu NL; thip
vira NM ; thip it NS ; vira ZE ; cao it PS ; cao vira PM ; cao
nhiéu PL. Dau ra cta bo diéu khién mo cling dugc chia lam
7 tap voi cac ngdn ngit trong tng nhu dau vao. Cac tap mo
duogc xay dung theo kinh nghiém nhu Hinh 6a, b, c.
3.2.2. Xac dinh tap mo ham lién thugc

Co6 rét nhiéu cach chon kiéu tdp mo ham lién thudc.
Thuat toan diéu khién nay chon ham lién thudc kiéu hinh
tam giac Vi kiéu nay phi hop trong k¥ thuat diéu khién

ddng thoi tinh toan ciing dé dang.
3.2.3. Xdy dung cdc ludt diéu khién

Dya vao dac tinh dong h()g, qua qd(f) thu'g‘mg gap, b6 s6
liéu vao ra khi su dung b(},diéu khién' truyén thong PI, ta
xay dung lut diéu khién d6i v6i hé thong nay nhu sau:

If ET is PL and DE is ZE then U is PL.

If ET is ZE and DE is PL then U is NM.

Ta c6 t6 hop cua 7x7 = 49 ludt diéu khién dugc thiét ké
trong lut hop thanh nhu Hinh 6d. Dau ra U 16 rang phu
thudc vao sai 1éch ET, dao ham DE va luat diéu khién nay.

Mambersip Functon Editor dievirientocdo w7 - © M T

Membersi Function Egtor dieuktienocso fu = = HEM

P Vibien Mt fnaton ot 10 o

b. Pau vio DE

Rule Editor: reurtentoedo Ra - N

a. Pau vao ET

Membenhip Function Edior dieuientocso 7 = © BN *

¢. Paura U d. Ludt diéu khién
Hinh 6. Cdc ham lién thugc va ludt diéu khién
Dung ludt hop thanh Sum-Prod, giai m¢ theo phuong
phép trong tdm, Khi d6 hé s0 u dugc tinh toan luc dicu
khién la:
49 .
=1
Zn%@mmgwmn
u(t) =4

(12)

Trong do, y;' la tdm cua cac tdp mo tuong ung.

3.3. Két qui mo phong

Két qua mo phong diéu khién h¢ thong Chinh luu ciu 3
pha Thyristor — Bong co dién mét chiéu nhu sau:
3.3.1. M6 phong trén Simulinks

M6 phong h¢ thdng trén Simulink c¢6 so do nhu Hinh 7.
So d6 c6 hé thong Chinh luu — Dong co mét chicu & hai
nhanh nhu nhau.

T— Tl. T

=
)

Hinh 7. M6 hinh diéu khién hé thong trén Simulink
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Bing céch thay thé bo didu khién toc d6 PI & nhanh trén
bang bo diéu khién md Fuzzy ¢ nhanh dudi dé so sanh cac
két qua.

Tir Hinh 8 ta thiy ring khi dung bo diéu khién PI va bo
Fuzzy, cho dap ung tde do dong co xac lap 6n dinh g?m nhu
nhau, thoi gian qua d6 khoang 0,2s, sai 1éch nho khong
dang ké. Ca PI va Fuzzy déu hiéu qua khi cac thong s6 hé
thong khdng thay doi.

180
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0 UI5 1I 1i5 2
Hinh 8. Téc dg déng co DC khi tham sé khéng doi.

Khi di¢n tré phan tmg dong co Ra thay doi tir 0.2€Q Ién
0.5€2, Tae d6 b diéu khién mo Fuzzy va b PI cho dap ing
nhanh gan nhu nhau, nhung bo Fuzzy chinh xac hon, it vot
16 hon PI (Hinh 9).

180

160 -
140
120

100

0 05 1 15 2

Hinh 9. Téc dg déng co khi thay doi dién dp phan img Ra
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Hinh 10. Téc dg déng co khi thay déi mémen qudn tinh J

Khi momen quén tinh J thay doi tir gié tri 0.05 dén gié tri
0.08 kg.m? thi bd PI cho dap g c6 sai s6 xac lap 1a 1.5 rad/s
ta,i gia tri dat 100 rad/s va 4 rad/s tai 160/s trong khi @6 sai
0 x4c 1ap khi dung Fuzzy nho khong dang ké (Hinh 10).

Trudng hop khi cho nhiéu momen can Mc trong tam [-0.2;
0.2], thoi gian lay mau 0.2, bg diéu khién dung Fuzzy cho déap
ung khé nhanh nhay va it sai Iéch hon so véi bg PI (Hinh 11).

200 [-— Ref
e B
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Hinh 11. Téc dé dgng co khi nhiéu mémen cin Mc

3.3.2. M6 phong trén thu vién Sim Power Systems

Mo phong hé thong trén thu vién Sim Power Systems.
Thu vién nay cling st dung moi trudng Simulink nhung uu
diém la dung céc khoi chire ndng ¢6 san (voi cac thong s6 co
the thay do6i) dé ket noi thanh mach dién — dién tr mot cach
nhanh chong, hiéu qua. Ngoai ra, m6 hinh mé phong trén
Sim Power System c6 cau trac giéng voi thuc té hon. Hé
thdng diéu khién duoc xdy dung nhu so dd nhu Hinh 12.

Torque
selzcton

oCMOTOR
Renm i
- L

ke

Hinh 12. M6 hinh diéu khién hé thong trong Sim Power Systems
M6 phong hé thong trong Sim Power Systems, khi cac

thong so cta hé thong khong doi, dung bo PI va Fuzzy cho

dap g gan nhu nhau thé hién & dap ung trén Hinh 13.

o 05 1 15 2

Hinh 13. Téc dj dong co DC khi tham s6 khéng doi
(trong Sim Power Systems)

0 05 1 15 2

Hinh 14. Téc dé dong co DC khi Ra thay doi
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Khi dién tr¢ phan (mg cta dong co R, thay ddi tir 0.2Q
1én 0.5Q, dép tmg téc d6 thé hién trén Hinh 14. B Fuzzy
cho dap tmg xéc 1ap véi sai sb 2% lic 0.2s, trong khi d6 bo
PI 14 0.5s, d6 qua diéu chinh 9% ciing it hon PI 20%. Hinh
15 thé hién truong hop nhidu ngau nhién dong dién trong
tam [-0.5; 0.5] thoi gian 1dy mau 0.3s, bd diéu khién PI
khong hiéu qua bang Fuzzy, dap tmg hé théng cham hon,
d6 qua diéu chinh (18%) ciing nhiéu hon Fuzzy (9%).
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Hinh 15. Téc dg déng co DC khi nhiéu dong dién

Ban luéin: Qua cac két qua md phong, 6 rang rang néu
nhu thong s6 ctia hé thong khong doi thi chi can sur dung
bd PI dé diéu khién, nhung khi thong sé hé thong co cac
thong sb thay ddi, bo PI do thiét ké tai mot diém lam viée
nén to ra khong hidu quéa can phai chinh dinh lai cac tham
s0. Viée dé xuat Fuzzy trong truong hop nay dé khic phuc
nhitng han ché trén.

4. Két luan

Ttr thye té khao sat Iy thuyét va ing dung logic m& vao
d6i twong gdbm Bo chinh luu cau ba pha Thyristor - Dong
co dién mot chidu DC va so sanh voi diéu khién kinh dién
PID, ta thiy rang kha ning thich nghi ciia hé thong dwoc
nang 1én rat nhiéu: d6 qua diéu chinh kha it, thoi gian dap
(rmg nhanh va sai s vi tri nho, gop phan nang cao chat

luong diéu khién khi hé thong c6 nhitng thong s6 thay doi.
Céc két qua c6 duge tir mod phong trén Matlab/Simulink va
thu vién SimPowerSystems, ching t6 dugc cac uu diém
cua phuong phép diéu khién mo so voi phuong phap didu
khién truyén thong.

Loi cadm on: Nghién ctru ndy dugce tai trg bdi Quy phat
trién tiém lyc Khoa hoc Cong nghé ctia Trudng Pai hoc Su
pham K thuat - Dai hoc Pa Ning trong dé tai c6 ma sb
T2018-06-90.
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