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Tom tit:

Bai bao nay trinh bay viéc nghién cau, xay dung mot mé hinh mé phong bang dién chinh phuc vu dao tao,
huan luyén. M6 hinh md phong dugc xay dung véi 02 may phét dién duoc lai boi 02 t6 hop dong co - bién
tan. Thay vi phai sir dung nhiéu b bién d6i transducer dé thu thap, chuyén déi dir liéu va cac module dau
vao twong ty cho b diéu khién trung tim nhu hau hét cau tric cua hé théng bang dién chinh hién nay. Md
hinh d¢& xuat sir dung hai dong hd do ning lugng da ning, moi ddng hd ¢6 nhiém vu thu thap tat ca cac
thong s6 can thiét dé st dung trong hé théng quan ly ngudn cia bang dién chinh (PMS) va hé thong diéu
khién giam sat, thu thap dir lieu (SCADA). Qua trinh thir nghiém céc thuat toan diéu khién cho thiy mé
hinh hoat dong 6n dinh, tin cay. Mé hinh ndy hoan toan c6 thé str dung dé huan luyén, dao tao trong céc
truong dai hoc, cao dang cho cac hoc vién, sinh vién chuyén nganh dién n6i chung va dién tu dong tau thay
noi riéng.

Tir khéa: M6 hinh md phong bang dién chinh; Bdng hd do ning luong da ning; PMS; SCADA.

Abstract:

For training purposes, this article presents the research and construction of a main switchboard simulation
model. The simulation model is built with 2 generators hybridized by 2 motor-inverter combinations.
Instead of having to use multiple transducers to collect and convert data and similar input modules for the
central controller like most structures of current main switchboard systems, the proposed model uses two
multi-functional energy meters each meter will be responsible for collecting all necessary parameters for
use in the main power management system (PMS) and the supervisory control and data acquisition
(SCADA). The process of testing the control algorithms shows that the model operates stably and reliably.
tudents majoring in electricity in general and ship automation in particular can use this model for training
in universities and colleges.

Keywords: Main switchboard simulation model; Multi-functional energy meters; PMS; SCADA.

1. Giai thiéu cao dang dang c6 xu huéng str dung ngay mot
nhiéu thiét bi md phong nhu thiét bi mé phong
l4i tau, md phong van hanh ndi hoi, mé phong
bang dién chinh,...Véi hé thing mé phong bang
dién chinh, trén thé gisi da xut hién nhiéu hang
san xuét ndi tiéng nhu TAIYO [1], DMU [2],
UNITEST [3],... Nhiéu hé théng thudc cac hang
trén chi thuan md phong trén may tinh va man

Hién nay, viéc dao tao, huan luyén sir dung céc
md hinh mé phong dang ngay cang duoc ap
dung rong rai trong nhiéu linh vuc cua cudc
séng. Trong nganh hang hai, viéc huan luyén st
dung bang dién chinh trén tau gap phai rat nhiéu
kho khin nhu van dé kinh phi hay tinh an toan
cho nguoi hoc. Vi vay, rat nhiéu trudng dai hoc,
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hinh I6n, khong thao tac truc tiép bang nhiing
nat 4n, cdng tic hay chuyén mach thuc, diéu
nay, lam giam hiéu qua dao tao. Hon nira, gié
thanh rat cao nén nhiéu co s& dao tao chua thé
trang bi. Kusuma va cong su trong nghién cuu
[4] @& xuat xay dung mot hé thbng mé phong
bang dién chinh cho tau ché dau sir dung phan
mém Labview. Tuy nhién, hé théng md phong
chi c6 thé thao tac trén man hinh may tinh.
Trong khi d6, nhodm téc gia trong nghién ctu [5]
d3 ché tao mot module quan ly ngudn dé st
dung cho cac bang dién chinh thuc trén tau ciing
nhu nhitng hé théng mé phong. Nghién ctru nay
dé xuat mot md hinh mé phong bang dién chinh
c6 cau tric don gian, gia thanh thap. Dic biét,
ngudi hoc ¢6 thé duoc huan luyén bang nhiing
thiét bi vat Iy nhu van hanh bang dién chinh cua
mot con tau thuc. Mot trong nhitng dong gop
ndi bat cua nhém nghién cieu trong mo hinh nay
la viéc tng dung dong hd do ning lugng da
nang dé thu thap tat ca cac thdng s6 can thiét
cho PMS va SCADA. Vé nhiing nghién ciru va
ng dung cua nhitng déng hd da ning s duoc
dé cap trong nghién ctu [6] va [7] théng qua
ché tao déng hd da dung Arduino. Ngoai ra,
nghién ciru [8] va [9] dé xuit mot chuong trinh
giam sét cac toa nha sir dung nhirng dong hé do
nang lugng da nang.

Pé thyuc hién nghién ciru ndy gom cac budc
chinh nhu sau: Xay dyng so d6 cu tric, xay
dwng mé hinh vat Iy, céc thuat toan diéu khién,
chuong trinh diéu khién, giam sat va thir
nghiém hé théng. Két qua nghién ctu du kién
1a hé thdng hoat dong 6n dinh, tin cay, dap ang
dugc cac yéu cau vé dao tao. Nghién ctiu nay sé
la tién dé dé nghién ctiu, ché tao mo rong nham
thuong mai san pham va cung cp cho nhiing
co s dao tao c6 nhu cau véi chi phi thap.

2. Xay dwng cau tric hé théng
2.1. Xay dwng cau tric md hinh md phéng

Cau tric hé théng duoc thé hién nhu Hinh 1,
trong d6, hé thong bao gom hai to hop dong co
lai - may phat dién. Cac thdng s6 cua mdi may
phat duoc thu thap bai mot ddng hd do ning
luong da ning. Bo diéu khién trung tam PLC
lan Iuot doc va xu ly cac thong s (dong, ap,
cdng suat, tan s,...) thudc hai déng ho trén, da
Xt ly va luu trong cac thanh ghi twong rng qua
chuan RS 485 voi giao thac Modbus RTU.
Ngoai ra, cac hé thdng giao dién ngudi ding
nhu man hinh cam ung gidm sat cac may phat
HMI va hé théng SCADA duoc truyén thong
v6i PLC qua cong Ethernet va giao thic
Modbus TCP/IP.
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LOAD4 LOADS LOAD6

- Donglmé ACB
- Gidm sat trang thii ACB
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MFM-384-R-C
(SELEC)
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MODBUS TCP/IP
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T4 hop dng co lai - may phat 1

T4 hgp dng co lai - may phat 2

Hinh 1. CAu tric mo hinh dé xuat.

Tir so dd cau tric nay thiy rang, hé thdng chi
can str dung nhimg dong hd da ning sd, khdng
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can thém nhing b chuyén dbi nhu chuyén doi
cong suat, tin sé hay dién ap. Diéu nay gilp
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nang cao tinh tin cay, giam gia thanh cho hé
thdng. Bén canh d6, vai kha ning thu thap hau
hét cac thong sé can thiét ¢é dong ho da ning
giam sat va diéu khién, nhiing thong sé duoc
doc va luu vao nhirng thanh ghi dit liéu tuong
g trong PLC gidp cho viéc giao tiép gitta hé
théng SCADA va HMI véi hé théng PMS tro
nén dé dang.

2.2. T hop ddng co lai - may phat

May phét st dung trong md hinh mé phong la
mot may phat dong bo cuc 16i. Cac thong s6 cua
may phat dugc mo ta nhu Bang 1. Vi mot may
phat dong bo cuc 16i, khi quay rotor boi dong
co SO cap, tir trudng rotor cat day quan phan tng
va cam ung sire dién dong Eo [10], ¢6 tri sé hiéu
dung nhu sau:

E, = 4.44 fwk ¢, @)

Trong d6, Eo, W1, Ked, do, f 1an luot 1 stc dong
cam tng mot pha, hé s6 day quan, tir théng cuc
tir rotor, tan so. Tan sb f dugc tinh:

pn
f=— 2
60 )
Véi, p 1a sb ddi cuc, n 1 toe d6 cua rotor. Khi
may phat dién c6 tai, c6 mot dong dién 1 va dién
ap U trén tai. bién ap U duoc tinh:
U=E,—jlyX,— il X, ©)
Trong d6, X4 va Xq 12 dién khang dong bo doc
truc va ngang truc, lq va lq 12 thanh phan dong
dién doc truc va ngang truc. Cac gia tri dién

khang dong bo doc va ngang truc duoc tinh qua
cong thrc sau:

Xy =X+ X,
Xy =X+ X )
g~ “tug t

Vi Xud VA Xuq 12 dién khang phan émg phan tng
doc truc va ngang truc, X: la dién khang tan.
Nhu vay, tir phwong trinh (3) thdy rang, dién ap
U trén cuc may phat phu thudc vao dong tai va
suc dién dong cam utng Eo. Khi may phéat lam
Vviéc vai cac gié tri dong tai khac nhau, bo tu
dong diéu chinh kich tir dugc sir dung dé thay
d6i gia tri cua Eo véi muyc dich duy tri dién ap
U la dinh muc. M6 hinh nay st dung dong co
lai may phat 14 dong co khong dong bo ba pha
rotor 16ng soc. Vi loai dong co nay, toc do caa
dong co dugc tinh theo phuong trinh:

n=n(l-s)= %(1—3) (5)

Trong d6, n1 la tbc do quay cua tir truong, s la
hé s6 truot. Tir phuong trinh (4) c6 thé thay, dé
diéu chinh toc do cho dong co c6 thé: Poi noi
day quan stator dé thay ddi s6 doi cuc p cua tir
truong, hodc thay d6i dién ap dat vao stator
nham bién doi hé sb truot s, hodc thay ddi tan
s6 f ciia dong stator. Trong cac phuong an trén,
diéu chinh tan sb caa dong stator 1a mot phuwong
an dé thuc hién, mang lai hiéu qua cao. Vi vay,
véi mdi may phat, nhom nghién cau str dung
mot to hop bién tan - dong co khong ddng bo
rotor 1ong séc dé lai va diéu chinh tan s cho
may phat.

Bang 1. Mot s6 thong s chinh ctia may phat dién.

TT Thong sé Gia tri
1 Hang AXUZU
2 Dién ap vao dinh mirc (Ua,) 230/400V AC
3 Cong suét dinh mac (Pax) 4 kW
4 Vong quay (Nan) 1500 vong/phut
5 Trong lugng 57 kg
6 Cép cach dién B
7 Nam san xut 2012
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3. Xay dwng mé hinh mé phéng
3.1. Cac phan tir chinh cia hé théng

Dé xay dung dugc mo hinh md phong, cac thiét
bi sir dung cho md hinh can dugc tinh toén,
chon lya phu hop. Cac phan tir chinh cho md
hinh duoc chon lua gdm: 02 t6 hop bién tan -
dong co - may phat, 02 ddng ho do ning luong
da ning, 01 man hinh diéu khién, giam sat HMI,
01 relay hoa dong bo, 01 dong bo ké, 04 bién
dong 50/5A, 01 bo diéu khién trung tdm (PLC
DVP12SE) va cac module vao ra s, cac dong
ho chi bao, cdng tac, nat an, chuyén mach, ...

3.2. Céc thuit toan diéu khién
3.2.1. Thuat toan thu thap di liéu

Khéng gidng nhu nhitng hé bang dién chinh
truyén théng, mé hinh dé xuat sir dung dong hd

do nang luong da nang sé dé thu thap céc thong
sb can thiét cho hé théng PMS va SCADA.
Bang 2 trinh bay mot sé théng sé chinh cua
ddng ho do ning luong da ning MFM-384-R-C
hdng Selec duoc sir dung trong md hinh mé
phong nay.

Véi kha nang h tro giao tiép Modbus RTU
(Mot s6 dong hd da hd trg Modbus TCP/IP), bd
diéu khién trung tim PMS doc lan luot cac
thanh ghi chtra nhiing théng sb twong tng duoc
dinh nghia trudc cua hing Selec dé sir dung cho
viéc diéu khién va giam sat. Céc thong sé doc
vé gom: Dong dién, dién &p, tan so, cong suat
P, cdng suat Q, hé sb cos ¢,... Chi tiét vé thuat
toan doc va xu ly cac dir liéu nay dugc trinh bay
cu thé trong nghién ctu [11].

Bang 2. Céac théng s6 dong hd MFM-384-R-C.

TT Thong s6 Giatri
1 Nguédn nudi 85 dén 270 VAC, 50-60 Hz
2 Dién ap vao dinh muc 19-519V (L-L)
3 Dong so cip va thir cap bién dong dinh muc 10,000A va 5A AC
4  Giaitan sb do 45-65 Hz
5  Kha ning giao tiép RS485 va Modbus RTU
6  Cap chinh xac Lén nhat 14 |1.0| toan dai

3.2.2. Xay dung cac thuat toan diéu khién va
bao dong

Céc thuat toan diéu khién duoc xay dung gom
cac thuat toan diéu khién cho cac ché do bang
tay, ché do tu dong ciing véi cac thuat toan bao
dong, bao vé cho hé théng. Céc thuat toan bang
tay gom:

e Khai dong may phat, cap dién 1én ludi va
diéu chinh tan s6 bang tay:;

e Hoa ddng bo cac may phat biang tay, phan
chia cong suit tac dung bang tay;

e Chuyén tai va ding may phét bang tay khi
dang cong tac song song.

Trong khi d6, cac thuat todn dugc xay dung
cho ché do tu dong gdom:
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e Tu dong khai dong, hoa ddng bo may phat
du phong stand-by va tu dong phén chia tai khi
tai nang;

e Tu dong chuyén tai, tu dong ding khi tai
nhe;

e Ty dong khoi dong may phat du phong
stand-by, ty dong cap dién 1én ludi khi mat dién
toan tau.

Nhitng thuat toan bao dong, bao vé tiéu biéu:

* Bao dong khi dién ap thap, dién &p cao, tan
s6 thap va tan sé cao;

 B4o vé cOng suat nguoc, ngat vu tién, qua
tai.

Hinh 2 la minh hoa mot trong nhirng thuat
toan da dugc xay dung. Pay la thuat toan tu



Nghién ctu xay dwng mé hinh mé phéng bang dién chinh tau thdy phuc vu huan luyén, dao tao

dong hoa dong bo, ty dong phan chia tai khi mot
may phat bi tai nang. V&i mot may phat dang
hoat dong trén ludi, mot may phat dang & ché
d6 chd, néu may phat dang cong tac bi tai ning

thi PMS tu dong diéu khién khai dong, hoa
d6ng bo may phat cho 1én luéi va tu phan chia
tai khi da hoa.

MP dang cung
cap nguon cho

Sén sang khoi
dong tir xa

May phit &
trang thai cho

(Stand-by)

MAN U

—»AUTO I

S
Phét hién
tai nang?
b

b
h 4
Khoi dong may
phat ches

B

Phat hién
tbc d6?

b

- OR
C6 dién ap? o

A

b

hV - Pen
Tu Q(_mg Hoa bao 16i

déng bo v
Dirng may
phat ches

hoa maj
didu kién
hoa?

D

b

Tin hiéu dong
ACB may phét

b

Chia tai va diéu
chinh tan s

MP cbng tac

song song

Hinh 2. Thuat toan tu dong khai dong, hoa ddng bo va phan chia tai khi tai nang.

3.3. Xay dwng mo hinh

Mat ngoai cia md hinh mé phong da duoc xay
dung nhu trén Hinh 3. Cac thiét bi duoc bd tri
trén mat ti gom mot man hinh cam ang HMI dé
giam sat va diéu khién, mot dong bo ké va hé
théng dén quay str dung khi hoa déng bo cac

Céc dong hd

\ M s
R

Man h‘!nh giém sét,
Céc nat 4n, chuyén dieu khién
mach, coi bao dong

MCCB déng/cat tai

Hinh 3. Mat ngoai cia md hinh mé phong.

maéy phat bang tay, cac dong hd do, MCCB, dé
dong cét c4c tai 1a nhitng bong dén soi dbt dugc
ndi nham tao thanh nhiing tai ba pha thuan tro,
cac nut an, dén bao, chuyén mach,... Hinh 4 thé
hién nhiing thiét bi da duoc lap dit bén trong ta
va 02 t6 hop dong co - may phat dién.

DPong ho do nang I ’
lugng da nang 1 A, Y e =

(MFM-384-R-C)

#1

Bién tan 1

Ro-le hoa dong bo

T6 hop dong co-may phéat 1

Pong ho do ning

lugng da nang 2

(MFM-384-R-C)
#2

18

B0 diéu khién PMS [/
(DVP 12SE)

Bién tan 2

=~

T hop dong co-may phét 2

Hinh 4. B4 tri cac thiét bi bén trong mé hinh.
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4. Thir nghiém mo hinh
4.1. Xay dwng kich ban thi nghiém

Dé thir nghiém hoat dong cua mé hinh, nhém
tac gia tién hanh thar nghiém mot s thuat toan

ty dong va bao vé tiéu biéu duoc trinh bay tai
Bang 3. Trong d6, P1, f1, P2, 2 1an luot 1a cong
suat va tan sé ciia may phét 1 va méy phat 2.

Bang 3. Cac tinh nang s€ thu nghiém.

TT Tinh ning Thong s6 khao sét
1 Tu dong khoi dong, hoa dong bo va chia tai khi may phat 2 bi tai ning P, Py, f1, 2
2 Tu dong chuyén tai, ty dong dung khi tai nhe P1, P2
3 Bao vé khi may phat 1 bi cong suat nguoc P1, P2

4.2. Giai phap thu thap dir liéu thir nghiém

Dé thu thap duoc gia tri cac thong sé khao sat
trong qua trinh thir nghiém, nhom nghién ctru

st dung phan mém MATLAB va phan mém
KEPServerEx. So d6 khi chirc nang dugc thé
hién nhu Hinh 5.

MO0 hinh mé phong Bang
dién chinh tau thuy

May tinh thu thap dit liéu

Bo diéu khién
trung tdm
PLC 12SE

Cép Ethernet

(wlw]wlw]u

Switch mang

Phin mém Phin mém
KEPServerEX Matlab

Co s6
dir li¢u

Hinh 5. So d6 két ni gitra may tinh thu thap dix liéu va mé hinh md phong d& xuét.

Tai Hinh 5 c6 thé thay, bo diéu khién trung tam
(PLC) véi cong Ethernet tich hop san duoc két
ndi voi mot may tinh thu thap di liéu qua mot
switch mang. Trén may tinh thu thap di liéu cai
dat phan mém KEPServerEX déng vai trd 1a
mot server trung gian dé két néi PLC voi
MATLAB. Cu thé, PLC két ndi véi
KEPServerEX thong qua giao thac Modbus
TCP/IP. Trong khi d6, MATLAB két ndi Véi
KEPServerEX (déng vai tro 1a mot OPC
Server) thong qua thu vién OPC toolbox (thu
vién nay tré thanh mot OPC Client) qua giao
thicc OPC. Nhu vy, cac thong sé khao sat 1a
céc gid tri cong suat (P1, P2) va tan so (f1, f2) cua
hai may phat dugc thu thap dé danh gia két qua.

4.3. Két qua va danh gia

Tt Hinh 6 dén Hinh 9 lan luot Ia biéu d6 minh
hoa tan s6 va cong suat cia cac may phat trong
nhitng tinh nang thir nghiém da dé xuat véi truc
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tung la c4c gia tri cong suat va tan sd, trong khi
do, truc hoanh 14 thoi gian. Tin hiéu doc b diéu
khién PMS trung tam (PLC) dugc thu thap co so
dit liéu sir dung phan mém MATLAB/Simulink
théng qua thu vién OPC toolbox dé kiém nghiém,
danh gia két qua. Hinh 6 thé hién tan s6 cua may
phét 1 va méy phét 2 ¢ céc thoi diém trudc va
sau khi hoa dong bo tu dong may phét 1 Ién
lu6i. Trude khi may phat 1 khoi dong, lan luot
cac tai 1, 2, 3, 4 c6 cong SuAt giéng nhau duoc
dong 1én ludi cap dién boi may phat 2. Nhan
thay rang, & nhitng thoi diém dong cat tai thi tan
s6 cuia may phat 2 bi giam nhung nhanh chéng
duoc bo diéu khién PMS diéu khién dua vé gan
gi tri dinh muc. Tai thoi diém t = 133.2s,
Aptomat 1 (ACBI1) duoc diéu khién dong lai
khi céc diéu kién hoa dong bo thoa man, tan sé
hai may phat duoc ddng bo véi nhau rat nhanh
sau do.
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Hinh 6. Tan s6 may phét 1 (f1) va may phat 2 (f2).

Hinh 7 thé hién cong suat cac may phat & trudc
va sau khi hoa may phat 1 1én lugi. Khi cap lan
luot cac tai 1én ludi, may phét 2 1am viéc & ché
do tai nang vai P2 = 2.52 kW=~ 84% Pdm (cong
suat dinh mirc cia may phat), sau mot thai gian
tré cai dat 1a 10s, may phat 1 duoc diéu khién tu
dong khoi dong va hoa dong bo 1én ludi. Tai
thoi diém t = 133.2s, ACB1 duoc déng 1én,
cdng suat hai may phat duoc bo diéu khién PMS
tu dong chia déu cho dén khi do léch cong suat
< 5% Pam thi ding lai.
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Hinh 7. Cong suit cic may phat trudc va sau
khi hoa may phat 1 1én ludi.
Hinh 8 thé hién cong suat cua hai méay phéat khi
PMS chuyén tai va dirng may trong truong hop
tai nhe (Light Load). Khi cdng suat trung binh
ciia mdi may phat dang x4p xi 1.3 kW tai thoi
diém 194.4s, nhém nghién ctu tién hanh bét tai
khoi ludi, cong suit trung binh cua mdi may
phat giam xap xi 0.68 kW. Gia tri nay nho hon
giatri cai dat 30% Pam Cila mot may phat, tuong
ung vai ngudng tai nhe. PMS dua tin hiéu canh
bao tai nhe trén man hinh giam sat HMI. Dong
thoi, sau 10s, by didu khién PMS diéu khién
chuyén tai cua may phat 1 sang may phat 2. Tai
thoi diém 218.4s qué trinh chuyén tai két thic
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(P1< 5%Pam), PMS tién hanh ciat ACB1 dé ngét
may phét 1 ra khoi lugi va dong thoi, giri tin
hiéu dung dong co lai.

1.6 4 P (kW)
I

14

! 1 Tai nhe
L2y (<30% Paw)
10 Cét bét tai
08 | (t=194.3 5) |
0.6 | !
04 |

- M6 ACB1
- Dirng may
(t=218.45)

10s

Hinh 8. Cong suat 2 may phét khi PMS tu dong
chuyén tai va tu dong dirng may 1 khi tai nhe.

Hinh 9 thé hién cdng suat cac may phét khi thir
nghiém tinh ning bao vé céng suat nguoc. Khi
chuyén tai tir may phat 1 sang may phat 2 (ting
tan sé6 may 1 va giam tan sé6 may 2 dong thoi),
tai thoi diém t = 34.8s, P1<-10%Pam, bén canh
cong sut cua tai (Pwi), thi may phat 2 chiu thém
mot lwong cdng suat tir may phat 1, khi no dong
vai tro la mot tai (P2 = Puit P1). Sau mot thoi
gian tré 1a 10s (mac dinh), bo diéu khien PMS
gui tin hiéu tu dong cat ACB1 ra khoi ludi dé
dam bao an toan cho hé théng. Lic nay, cong
Suit P2 = Pi.

—P—P

Hinh 9. Cong suat cac may phat khi may phat 1
bi cdng suit nguoc.
Qua viéc thir nghiém ba tinh nang chinh tiéu
biéu da trinh bay ¢ trén, clng véi cac tinh ning
khéc da dé cap trong muc 3.2.2, cac két qua déu
cho thdy do tin cdy va chinh xac cua hé théng
Vi viéc hoat dong ding theo cac thudt toan da
xay duyng. Cac ngudong gidi han thoi gian bao
vé, giGi han cong suat tai nang, gigi han cong
suat tai nhe,... déu duoc tinh toan va thuc hién
chinh xéc bai bo diéu khién trung tam PMS. Mo
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hinh nay sir dung cdng nghé mang truyén thdng
cong nghiép két hop véi cac ddng hd do ning
lwong da nang nén né c6 wu diém 1a gidp cho hé
thdng hoat dong tin cay vi cé thé giam b6t nhiéu
thiét bi trung gian. Nhu vay, hé thdng c6 gia
thanh canh tranh hon so v&i c4c san pham khac
cO tinh nang tuong duong. Tuy nhién, vi su
dung céc tai thuan tré nén nhuoc diém cia md
hinh la khdng mé phong duoc tinh nang phan
chia tai phan vé cong gitta hai may phat.

5. Két luan

Bai bao da trinh bay viéc xay dung mot mo hinh
moé phong bang dién chinh tng dung dong ho
da ning sd, PLC va man hinh cam ang HMI.
Két qua thir nghiém cho thay thuat toan hoat
dong tin cay, chinh xac theo cac thuat toan da
xay dung. Cac ngudng tac dong cai dat mac
dinh nhu d6 léch cong suat khi tai nhe P < 5%,
cong suat tai nang P > 80% hay ngudng bao vé
cong suat ngurgc P < -10%Pam déu duoc bo diéu
khién trung tam PMS thyc hién chinh xéac. Tt
ca cac thuat toan xay dung déu duoc thir nghiém
va dap ng cac yéu cau dat ra vé do chinh xac
Cua cac ngudng Qia tri cai dat, thoi gian tac
dong, bao vé. Ky vong tro thanh tién dé dé tién
hanh nghién ctu, ché tao cac md hinh mé phong
bang dién chinh nham cung cip cho céc co s&
dao tao c6 nhu cau véi gia thanh hop ly. Huéng
nghién ciu tiép theo ciia nhom tac gia sé la tiép
tuc hoan thién céc chuong trinh diéu khién,
giam sat va mo rong sé lugng t6 hop cac may
phat trong dé tao thanh mot mé hinh tiéu chuan
Vv6i ba may phét phd bién nhu trén tau thay hién
nay.
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