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Synchronous motor has many advantages in efficiency, torque and
working stability, so it is often applied in large power transmission
systems. However, the rotor side of the synchronous motor needs a
variable excitation device, so the control of the synchronous motor is
complicated. This exciter must perform two tasks. When start up, it
must determine exactly when to apply the excitation source to the
rotor windings so that the stator's magnetic field "catches" the rotor's
magnetic field and rotates synchronously. In the working mode, the
excitation controller must automatically adjust the excitation source to
stabilize the power factor of motor to the setpoint. This paper presents
the design of an experimental model to “catch” synchronously at start-
up and control the power factor when working of a large-capacity
synchronous motor. The Particle Swarm Optimization (PSO)
algorithm is applied to optimize the parameters of the PID controller
to control the excitation with the set power factor.
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TU KHOA

DPong co dong bd

Hé thdng kich tir

Phuong phap Ziegler nichols
Phuong phép thir sai $6

T6i wu bay dan

Pong co dong bd véi nhidu wu diém vé hiéu suat, md-men va sy 6n
dinh khi lam viéc, do d6 né thuong dwoc (tng dung trong cac hé
truyén dong cong suat I6n. Tuy nhién, do phia rotor cua dong co
ddng bo ludn can mot thiét bi kich tir c6 thé thay déi duoc tri s6 nén
viéc diéu khién dong co dong bo khéa phirc tap. Thiét bi kich tir nay
phai thuc hién 2 nhiém vu. Khi khéi dong, nd phai xac dinh dwoc
chinh xac thoi diém cdp ngudn kich tir vao cudn day rotor dé tir
trudng cua stato “bat” dwoc tir trudng rotor va quay dong bo. O ché
do lam viéc, bo diéu khién kich tir phai ty dong diéu chinh duoc
nguon kich thich dé on dinh dugc gia tri hé sb céng suat Cose theo
luong dat. Bai bao nay trinh bay viéc thiét ké mot md hinh thyc
nghiém dé “bat” ddng bo khi khai dong va diéu khién hé sé cong suat
Cose & ché do 1am viéc cua dong co dong bo cong suat Ion. Thuat
toan tdi uu bay dan (Particle Swarm Optimization — PSO) dugc ap
dung dé t6i wu hoa cac tham sb cua bo didu khién PID nham diéu
khién hé théng kich tir bam hé s cong suat dat.
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1. Gi6i thigu

Nhiém vu cua hé théng kich tir dong co ddng bo cong suit I6n duoc thé hién qua hai gian
doan: Giai doan 1 — “Bat” va hoa dong b, giai doan nay dwoc thuc hién trong qua trinh khoi
dong. Giai doan 2 — Diéu chinh gia tri kich tir & 6n dinh hé sb cong suit Cosp hoic mo-men
nham 6n dinh ché do lam viéc ciia dong co. Vi giai doan 1, ban dau ngudn kich tir chua duoc
c4p vao cudn day rotor, dong co duoc khoi dong nhu mot dong co khong dong bo. Khi du diéu
kién cap kich tir, ngudn kich tir s& dwoc cp vao cudn day rotor, tir trudng cia rotor “bat” duogc tir
truong cua stator ¢ thoi diém thuan loi nhét gitip cho dong co chay voi toe do dong bo. Viéc
“bat” dong bo bang phuong phap do tc do cua dong co duoc dé cap dén & cac nghién cau [1]-
[5], véi diéu kién khi toc d6 dong co gan dat tbe do dong bo (khoang 95 — 98% tdc do dong bo).
Hoic do tan s6 cua dong dién cam @ng trong rotor khi khoi dong [6]-[8], khi con khoang (3-5)Hz.
Mot sé nghién cau khac [19], [10] tim thay thoi diém “bat” dong bo khi gia tri trung binh cua
dong dién stator trong qua trinh khai dong vao khoang (2 — 2,5)lam. Uu diém cua nhimg phuong
phap nay 1a don gian, nhung nhuoc diém Ia né con phy thudc nhiéu vao kinh nghiém va chua xac
dinh duoc thoi diém cuc dai cua tir truong cam Gng trong rotor. Phuong phép sir dung bién tan
trung thé phia stator dé khai dong dwoc [11] str dung dé khoi dong cho dong co dong bd, ngudn
kich tir dugc dua vao cudn day rotor khi dong dién phia stator dat gia tri min. Két thic khoi dong,
may cat bypass dugc dong vao dé loai bién tan ra. Phuong phéap nay giam dugc dong khoi dong
phia stator, tuy nhién chi phi dau tu tén kém, khi chi ding véi muc dich khoi dong. Két qua
nghién cau chi dimg lai & mé phong ma chua thir nghiém trén md hinh thiét bi thyc.

Trong ché d6 1am viéc, bo didu khién kinh kién [12], [13] duoc st dung dé diéu khién kich tir
rotor cia dong co dong bg, tham s cua bo diéu khién duge xac dinh bang Ziegler-Nichols. Két
qua cho thiy, hé théng van ton tai sy dao dong ¢ trang thai xac lap do chua xac dinh dugc chinh
xac tham s6 cuia bo diéu khién. Véi sy phat trién cua ly thuyét diéu khién hién dai, [14] sir dung
bo diéu khién mo dong, két qua md phong cho thiy, bo didu khién mo cho chat lugng didu khién
t6t hon bo diéu khién PI khi tang tai dot ngot, nhung do tré 1on. Ciing véi diéu khién mo [15] mo
phong vai tai khong thay ddi, & ché do xéac 1ap hé sé cong suit 6n dinh va khong dao dong,
nhung c¢6 d6 tré 16n, bai bao ciing chwa ¢6 sy danh gia chat luong cua dap tng véi su thay doi
cua tin hiéu dat hoic sy thay déi cia nhidu phuy tai.

Tir nhitng nghién ctu trén ta thiy, diéu kién “bat” dong bo van cha yéu thuc hién voi mot didu
kién 1a tbc d6 nén phu thudc nhiéu vao kinh nghiém va chwa tan dung duoc thoi diém cuc dai cua
tir truong cam wng trong rotor. O ché do 1am viéc, cac két qua md phong da cho thay viéc sir
dung ly thuyét diéu khién hién dai di dem lai hiéu qua cao hon, tuy nhién viéc thuc nghiém trong
cdng nghiép véi bo didu khién mo van gap nhidu khé khin vé thiét bj thuc. Bo didu khién kinh
dién PID rat phi hop véi nhitng Gng dung trong thyc té, viéc t6i wu hoa bo diéu khién nay da c6
nhiéu phuong phép khac nhau, c6 thé ké dén nhu phuong phap thir sai s6 (Trial and error) [16 -
18], phuong phap dung thuat toan ti uu bay dan PSO (Particle Swarm Optimization) [19 — 21].
Bai bao nay trinh bay viéc xay dung mot md hinh thuc nghiém dé diéu khién kich tir cho dong co
ddng bo 500kW. Mach dién tir vai chip vi xir Iy tée do cao duogc sir dung dé xac dinh chinh xac
thoi diém ma tir trudng cam tng cua rotor dat cuc dai khi “bat” dong bo. Trong ché do lam viéc,
bo diéu khién PID, véi thuat toan tdi wu PSO dé téi wu héa tham sb cua bo didu khién da duoc ap
dung dé diéu khién ngudn kich tir nham 6n dinh hé s cong suat bam gia tri dat.

2. Co sé ly thuyét
2.1. Diéu Kign “bdt” dong bé & ché dé khéi dgng

Khi khai dong, ngudn ludi 6kVac duoc cip vao cac cudn dy stator, dong co dong bo dugc
khoi dong nhu mot dong co khong dong bo. Dién tra dap tir dugce ndi song song voi cudn day
rotor dé dap strc dién dong tu cam trong n6, dong thoi ting mé-men cho dong co khi khoi dong.
Khi téc d6 dong co gan dat ddng bd hé sé truot bang hing s, néu goi is 1a dong dién stator va irp
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la dong dién cam ung trong cudn rotor, dong dién nay nguoc pha 180° so véi dong statro va tir
thong cam ang () trong rotor s& cham hon 90° S0 V&i irp. Thoi diém cua tir thdng cam ung dat
gia tri ti da xay ra khi hé sb truot da bang hiang s va dong rotor irp di qua 0 tir Am sang dwong
(hinh 1). Biéu nay lam cho m6-men xo0an tang 1én, d6 1a thoi diém thuan loi cho hiéu qua téi da
dé dua nguon kich tir DC vao cugn day rotor. Néu nhu lic nay, dién tré dap tir duoc ngat ra, tir
truong rotor s& bi “mac ket”. Ngudn kich tir DC duoc dua vao dé tan dung téi da sy ton tai caa tir
truong cuc dai ndy, Ic ndy cac cuc cua tir trudng stator vira di qua va & vi tri thuan loi “bat”
dugc tir truong cua rotor va kéo dong co vao ché do dong bo (hinh 2).
B S 451 Rotor duye Aéo viin dong b
) ——
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/ rir tgl thad diém
i \ nay

/ il o \\—’ \\ / l) g cdny irng 1go te traning
Hinh 1. S bién doi vé dong dién va tir trieong Hinh 2. Thoi diém toi wu cap nguon kich tir @é “bat”
rotor khi hé so truot bang hang so dong bg trong che do khai dong

Tir phan tich trén ta thiy, thoi diém thuan loi dé nha dién tré dap tir va thuc hién “bét” dong
bo la:

Téc d6 dong co dat khoang 95 - 98% toc d6 dong bo.

Dong dién cam (ng tac thoi caa rotor = 0 (ip = 0).

Dao ham cua dong dién cam tng rotor c6 gia tri duong (dim/dt > 0). , .

Luc nay, ttr truong cua rotor ¢6 gid tri lon nhat va dé “bat” kip tir truong stator dé vao dong bo.

2.2. Diéu khién h¢ sé cong sudt cose ¢ ché dg lam viéc

Trong nghién ctiu nay, bo diéu khién PID dugc sir dung dé diéu khién kich tir nham 6n dinh
hé sé cong suat cose cho dong co. Tham sb ban dau cua bo diéu khién dwoc xac dinh bang
phwong phap Ziegler-Nichols, Sau d6 sir dung thuat todn PSO [22] dé téi uu hoa cac tham s6 Kop,
K va Kp. Céc hé sé nay l1a 3 thanh phan cua bién téi vu thiét 1ap cho thuat toan PSO (Hinh 3). So
dd md phong trén Matlab — Simulink dugc trinh bay nhu hinh 4.

l——t] ia

Hinh 3. So d6 toi wu b¢ diéu khién Hinh 4. So' @6 md phong trén Matlab — Simulink
PID bing PSO

Ham muc tiéu duoc lya chon theo tiéu chuan tich phan tri tuyét d6i caa sai léch didu khién:
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fitness = Zn:|e(k)| —min (1)
k=1

Trong d6: e(k) 1a mau dir lidu sai léch tai chu ky mod phong thi k, n 1a tong s6 mau dir ligu
ctia mot lan chay chwong trinh mé phong.

Trong Toolbox cia Matlab, hdm particleswarm () di dugc hd trg cho tdi wu theo thuat
toan PSO. Trong nghién ciu nay ching t6i sir dung ham particleswarm() san cd va thuc
hién theo thuat toan trén hinh 5. Sau khi chay chuong trinh t6i vu ta dwoc két qua cac tham sé
cua bo diéu khién PID nhu bang 1.

Bang 1. Tham s toi wu ciia b diéu khién PID tim dwoc bang PSO

Bo diéu khién PID Kp Ki Kd

0.548964 5.9924 0.5

Két qua md phong duoc trinh bay nhu trong hinh 6 va dugc so sanh véi truong hop sir dung
bd dieu khién P, tham so b¢ dieu khién PI dugc xac dinh bang Ziegler-Nichols két hop phuong
phap thir sai s6 [23].

<Output power factor PFo>

Kho tao cac tham s6 mé hinh

Khot tao mien tim Kiem [\/ y

PID With PSO
cho cic bién ~ d
l ? _______ Pl With Trial and Error
Ihiet lap cac dieu ki¢n cho ham S | <
particleswarml

KGothamparticleswarm
v

Lwu ket qua -> text file

Hinh 5. So d6 t6i wu b¢ diéu Hinh 6. Pdp wng khi gia tri dat cosey thay doi tir 0,85 — 0,95
khién PID bang PSO

Két qua md phong cho thdy, Vi viéc sir dung thuat toan PSO dé toi uu hoa tham s6 b9 diéu
khien PID cho ket qua tot hon bo dicu khien PI, thoi gian quéa do va thoi gian dé xac 1ap nhanh
hon. O ché do xac 1ap, ca 2 bo diéu khién déu cho sai so kha nho.

3. Xay dung md hinh thuc nghiém
3.1. Céc thanh phdn chinh ciza mé hinh thec nghiém

M0 hinh thyc nghiém duoc thir nghiém trén dong co dong bo cong suat 500kW, tai cia dong
co la may bom. Thong s6 cua dong co nhu bang 2.
Bang 2. Thong sé ki thugt ciia dong co dong bg trong mo hinh thyc nghiém

STT _ Théng sb k¥ thuat Gia tri STT _ Théng so k¥ thuat Giatri
1 MaHiéu BCJIH-16-41-20T 6  Tdc do dong bo 300v/p
2 Cong suat 500kW 7 Coso 0,9
3 bién ap dinh muc stator 6kVac 8 bién ap kich tu rotor 57Vdc
4 Dong dién dinh muc stator 58,3A 9 Dong kich tur rotor 227A
5 Tansd dong dién stator 50Hz 10  S6 d6i cyc tir 10
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So dd nguyén ly diéu khién hé théng thuc nghiém duogc trinh bay nhur hinh 7. Hinh anh thyc
nghiém ta diéu khién kich tir dugc trinh bay nhu hinh 8. Tu may bién &p kich tir va dién tro dap
tir nhu hinh 9. Phan mém SCADA va dong co dong bd 500 kW nhu hinh 10.

Hé thong thuc nghiém bao gdbm cac thanh phan co ban sau déy:

T diéu khién Kich tir: C6 chirc nang do ludng va chuan héa tin hiéu phan hoi, xac dinh thoi
diém “bat” déng bo khi khoi dong va cap ngudn kich tir cho dong co & ché do 1am viéc. N6 bao
gom cac khoi chirc nang:

Bg diéu khién trung tam: Pugc lap trinh dé diéu khién hé thong khi dong co khoi dong va
lam viéc.

Bé chinh Iwu cdu Thyristor: Tao ngudn kich tir DC. Trong mé hinh thuc nghiém cé 2 b,
trong do c¢6 1 bo hoat dong va mét bo du phong.

Khoi dong bg hda va tgo xung: Khéi ndy bao gdm cac bién ap dong bo va mach tao xung cho
Thyristor. Trong mo hinh thyc nghiém cling ¢6 2 bg, trong d6 mét bo hoat dong va maot bo du phong.

Modul do lwomg va chudn hoda tin higu: C6 chirc nang thu thap va chuan hda cac tin hiéu do
luong dé gui vé bo diéu khién trung tam.

Modul “bdt” dong bg: Xac dinh thoi diém “bat” dong bo khi khoi dong. Khi du didu kién
“bat” ddng bd n6 s& guri tin hidu vé bo dicu khién trung tdm dé ngat dién tro dap tir va cap kich tur
cho cuén day rotor.

T bién ap kich tir va dién tré dap tir: Bao gém

May bién ap kich tz: Dé ha dién &p tir 380Vac xubng cap dién &p thich hop dé dwa vao bo
chinh Iuu cau Thyristor.

Dign tré ddp tir, mach diéu khién ddp tir va modul ddp tie: Dap stc dién dong tu cam khi
khoi dong dong co, dong thoi ting mo-men khi khai dong.

Cac bién dong do lwong, bién dp do lwong phia stator, rotor: Chuyén ddi cac théng sé dong
luc thanh céc gia tri phi hop dé dwa vé& mach do ludng va chuan héa tin hiéu. Bong thoi céc tin
hiéu ra cua chung ciing duoc dua vao role ki thuat sé dé bao vé phia stator caa dong co.

Phan mém SCADA: bé thiét lap cac théng sb diéu khién, cac ché do 1am viéc va hién thi cac
thdng tin trong qua trinh van hanh.

B3 chesh luu che
Chyrhter vih 2

B chinh lwu ey
| thyrher vid

TR dids kil |
| gt

Modul Ba1” Shag |
b

[ Kl tge vmg

" Modwl miy biin
ap vang 1

Hinh 8. Céc thanh phan cua tu diéu khién kich
ter dong co dong bg

Hinh 7. Sor d nguyén Iy diéu khién hé thong kich tir

3.2. Thiét ké Modul “bit” dong by

Modul “bat” dong bo duoc thiét ké bang cac linh kién dién tir va vi diéu khién. Phuong phap
do tim diém tir trudng cam ung rotor dat cuc dai khi toc d6 dong co gan dat toc do dong bo duoc
ap dung dé lap trinh cho vi diéu khién. Khi c6 1énh chay, bo diéu khién trung tdm s¢ phat 1énh tsi
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modul nay dé né diéu khién dong dién tré dap tir, gilp giai phong strc dién dong tu cam va ting
dugc md-men khoi dong. Toc do ciia dong co dugc do bang Encoder, khi dat khoang (95 - 98%)
tbc do ddng bo, Modul “bét” ddng bo s& do tim thoi diém dong cam ng i di qua diém 0 theo
chiéu dwong, day 1a thoi diém thuan loi dé “bat” ddng bo (nhu di trinh bay tai muc 2.2.1). Lic
nay, modul s& diéu khién dé loai dién tro dap tir ra, ddng thoi gui tin hidu dén bo didu khién trung
tam dé phat 1énh cho mach phét xung mé bo chinh luu, cap ngudn kich tir vao cudn day rotor. Tir
trudng cua stator “bat” duoc tir trudng rotor va dong co vao ché do ddng bo. So dd nguyén ly di
day, so @6 mach in va hinh anh modul “bat” ddng bo duoc trinh bay nhw hinh 11.

I LN

y Hinh 10. Phan mém SCADA, ti: diéu khién va
Hinh 9. Tu biéen ap kich ter va dién tré ddp tur déng co dong bg

Hinh 11. So d6 nguyén Iy di day, so' @6 mach in va hinh anh modul “bdt” dong bo

3.4. Két qud thgc nghiém va thdo lugn
3.4.1. Két qua “bdt” dong bo

Khi bat dau khoi dong, dong stator ting 1én khoang 2,5lam. Dong khoi dong khoang (160 —
165)A, dién &p giam tir 6200V xudng 5800V. Pong co khdi dong nhu mdt dong co khong dong
bo, hé s6 cong suat giam (cosp = 0.26), dong co tiéu thu cong suat phan khang cia lusi (hinh
12). Khi vira vao dong b, dong di¢n stator giam xuong con khoang (43- 45)A (hinh 13), di¢n ap
khoi phuc dan tro lai va khdng c6 su dot bién trong dong stator tai thoi diém "bat" dong bo.
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Hinh 12. Dong dién, dién ap stator, cosg cua hé Hinh 13. Dong dién, dién é‘p, cos¢ cua hé thong khi
thang khi vera khai dong “bat” dong bg

Do qua trinh “bét” dong bo phai gia cuong kich tir, nén dong co phat thira kich tir dé tao md
men. Coso tai thoi diém nay s& Chuyen tir duong sang &m (hinh 13). Két thiic qué trinh khai dong
va di vao ché do 1am viéc, dong dién tiép tuc giam xuéng con khoang (30 — 33)A (hinh 14). Bong
co khoi dong ém, thoi gian “bat” dong bo tir 2 dén 4 gidy. Toc do dong co ting dan déu, khong
Xay ra rung dong tai thoi diém Vao dén bo (hinh 15).

57 . = ;“"“m' """"
= iz e Vi 0% 80 g |
ga o .::l_-'?;m I“':‘__'T T E
e | LS
Hinh 14. Dong dién, a"ién ‘ép stator, cose cua hé Hinh 15. Dd;;g dién, dién ‘ép stator, cos¢ cua hé
thong khi bar dau khéi dong thong khi bat dau khoi déng

Nhu vay, ngodi viéc do tdc do ciia dong co, bang viéc thém cac dau vao cho diéu kién bat
ddng bo. Két qua thuc nghiém qua trinh khai dong cho thay:
Khéng xay ra viéc “bat” dong bo nham, it xay ra 13i trong ché do khoi dong, mach dién tir
trong modul “bat” dong bo 1am viéc on dinh va tin cay.
Thoi gian “bat” ddng bo khé nhanh.
Pong co khai dong ém, khdng co su tang dong trd lai ¢ phia stator do su ngugc pha cua dong
tao tir trudng cam Gng rotor va dong dién kich tir dua vao tai thoi diém cép kich tur,

3.4.2. Két qua thuc nghiém diéu khién hé s6 cong sudt cose

B diéu khién Pl: Tham s6 ban dau cua b diéu khién dugc thuc hién bang phuong phap
Ziegler-Nichols 2 va két hop thém phuong phap do tim theo kinh nghiém duya trén dac tinh bo diéu
khién PI. budc tiép theo Ia tng dung phuong phuong phap thir sai s6 dé tim tham sé 1am viéc cua
bo diéu khién. Két qua chay thuc nghiém vai bo diéu khién PI dugc trinh bay nhu hinh 16.

B diéu khién PID: Tham s6 ban dau cua bo diéu khién duoc str dung tir bo diéu khién Pl ¢
trén, sau d6 sir dung thuat toan PSO dé t6i uu hoa bo tham sé Kp; Ki; K. Két qua chay thuc
nghiém véi bo diéu khién PID dugc trinh bay nhu hinh 17.

Tir két qua thuc nghiém cho thay su uu viét cua thuat toan. Bo diéu khién PID duoc téi uu
bang PSO cho téc d6 dap ung nhanh hon, sai 1éch nho hon so véi b diéu khién PI. Do tai cua
déng co trong mo hinh thyc nghiém la tai bom, hon nira ddng co dang van hanh véi luéi dién
6kV nén viéc thir nghiém thay ddi tai hodc dién ap cap cho Stator chua thé thuc hién duoc.
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Ziegler-Nichols 12 phuong phap thuc nghiém, hiéu qua véi nhitng ddi twong khdng can biét
md hinh todn ma van ¢ thé xac dinh dugc tham sé cua bo diéu khién, vai sai s6 dap ang & muac
chap nhan dugc, tuy nhién gia tri tham sé nay chua t6i wu. Dé téi wu hoa tham s6 cua bo dicu
khién nham nang cao chat luong dap ung cua hé théng, thuat toan PSO duoc &p dung cho bo
diéu khién kinh dién PID trong hé théng diéu khién kich tir va da dem lai hiéu qua.

4. Két luan

Bai bao da trinh bay co so ly thuyét cua van dé “bat” dong bo ¢ ché do khoi dong va diéu
chinh kich tir & ché do lam viéc dé bam gia tri hé sé cong suat dat. Tir d6 xay dung mot md hinh
thuc nghiém hé thdng diéu khién kich tir cho dong co dong bd cong suat 500kW va thir nghiém
tai tram bom. Két qua thuc nghiém cho thdy, viéc thém cac didu kién dau vao dé xac dinh thoi
diém tir truong cam tmg dat cuc dai da gitip cho viéc vao ddng bo dwoc chinh xac hon. Khi lam
viéc, bo didu khién PID véi thuat toan PSO dé téi wu tham s6, da tw dong diéu chinh ngudn kich
tir dé 6n dinh gié tri hé sb cong suét cose theo gia tri dat, tir d6 6n dinh dwoc ché do 1am viéc caa
dong co. Két qua mod phong va thuc nghiém da chimg minh tinh dung dén cua phuong phap. Két
qua thuc nghiém tao ra mot mé hinh thuc nghiém duoc ché tao tir cac linh kién dién tir va cac bo
diéu khién hién dai c6 téc do xtr ly nhanh, timg budc 1am chu cdng nghé va thiét bi trong linh vuc
diéu khién kich tir dong co dong bo cong suat I6n, thic ddy sy phat trién khoa hoc cong nghé
nuéc nha.
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