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Power swing is an abnormal state of the power system, where the
power flow in the transmission line changes in both direction and
magnitude. Power swing is often caused by short-circuit, power
switching, sudden change in loads or generation units. Power swing is a
transient behavior that describes how the system adjusts to a new
steady state. Although power swing is not neccessary a faulty
condition, it can cause the protection system to trip, and in some cases
leads to system blackout. A pratical method to minimize the effect of
power swing is the use of power system stabilizer (PSS) device. In this
study, we focus on simulating the response of the transmission system
during power swing. IEEE 9 bus integrated with wind power is used for
simulation on ETAP software. The simulation results show that the
power system stabilizer device can significantly reduce the influence of
power swing in faulty conditions, thereby improving the stability of the
power system.
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TU KHOA

Dao dong cong suit

On dinh hé thong dién

Thiét bi 6n dinh dao dong PSS
Luéi dién truyén tai

Ngén mach

Dao dong cong suét 1a mot ché do lam viéc khong binh thuong cua hé
thong dién, khi cong sut truyén tai trén duong day thay doi ca vé chiéu
va do 16n. Dao dong cong suat thudng xuét hién khi hé thong xay ra cac
su ¢d, do qua trinh dong cit ngudn, thay dbi cong suit phu tai dot ngot,
hoic thay d6i phuong thic van hanh luéi dién. Dao dong cong sudt thuc
chit 1a mot qua trinh qua do khi hé théng chuyén trang thai tir mot ché
d6 xac lap cii sang ché do xac 1ap méi. Mic du dao dong cong suat
khong phai 1a mot dang su ¢d, nhung néu khong dwoc phat hién kip thoi
thi c6 thé 1am hé thong bao vé tac dong, khién su cb tram trong va dan
dén tan ra h¢ thong. Mot trong nhitng bién phap hiru ich dwoc sir dung
dé giam thiéu anh huong cta dao dong cong suat 1a sir dung thiét bi on
dinh hé thong dién (PSS) Trong nghién ctru niy, nhom tac gia mo
phong dap g cua hé thong khi xay ra dao dong cong suat. Ludi dién
IEEE 9 niit c6 két ndi ngudn dién gié dugc sir dung dé mé phong trén
phan mém ETAP. Két qua mé phong cho thiy thiét bi 6n dinh hé théng
dién c6 tac dung giam thiéu rd rét anh huong cua dao dong cong suit
trong céac kich ban sy ¢6, tir 46 ning cao tinh 6n dinh cua hé thng dién.
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1. Gigi thigu

Dao dong cong sudt 14 hién twong mat can bang tam thoi gitra momen co va momen dién trén
roto may phat dong b, cac dao dong cong suat luon di kém véi sy dao dong cua tée do quay may
phat. Céc dao dong cong sut 1a qua trinh dién ra sau khi hé thong dién xdy ra cdc sy €0, hoac
trong qua trinh hé théng dién chuyén trang thai lam viéc nhu dong cit cac duong day truyen tai,
tach ludi cac may phat chinh va ting dot ngot hoic mat mot lugng 16n tai dan dén thay doi dot
ngot nang luong dién, déng thoi dau vao nang lugng co hoc cho méy phat dién gﬁn nhu khong
thay doi. Nhitng x4o tron trong h¢ thong dién nhu vy lam mat trang thai can bang, din dén ting
tdc va giam tdc rotor clia cic may phat dién dong bo, dan dén dao dong trao luu cong suit do dao
dong trong goc rotor may phat [1], [2].

Hién nay, cac phuong phap phé bién duoc st dung de phat hién dao dong cong suat trong hé
thong dién c6 thé ké dén nhu phuong phap bién thién téng tré (impedance change method) [3],
[4], phuong phap hai diém mu (double blinder method) [5], phuong phép cong suat biéu kién
(apparent power method) [6]. Gan day, véi su phat trién manh mé ciia khoa hoc may tinh va tri
tué nhan tao, cic phuong phap phat hién cong suat dua trén hoc may ciing da duoc dé xuit [7],
[8]. Mic du cac phuwong phap ndy co6 thé phat hién dao dong cong sut trong hé thong dién vai do
chinh xac ngay cang cao, tuy nhién né khong c6 kha nang lam suy giam mirc do dao dong cong
suit. Véi sy xdm nhap ngay cang cao cua cac nguon nang lugng tai tao nhu dién gio, dién mat
troi vao hé théng dién da khién cho quan tinh h¢ thong dién ngay cang giam [9], [10]. Diéu d6
dan ting nguy co mét on dinh hé thong dién trong trudng hop su o hodc cac ché d6 lam viéc
khong binh thuong. Do do, van dé nang cao tinh 6n dinh cua he thdng dién khi xay ra dao dong
cong suat mang tinh cap thiét. Trong nghién ctru nay, thiét bi 6n dinh hé thdng dién PSS dugc mo
phong dé danh gia kha ning 1am suy giam mic d6 dao dong cong sudt trén ludi dién truyén tai.

Co ché phat sinh dao dong cong suét duge trinh bay don gian dya trén md hinh hai may phat
dién nhu hinh 1. M6 hinh bao gém Mot may phat dién c6 dién ap Vs va mét phu tai 1a dong co co
dién 4p Vg duoc ndi théng qua mot dudng day, gia thiét cac phan tir khong c6 ton that cong sudt tac
dung. Xs1, Xsp, Xy 1an luot 1a dién khang qua d6 may phat, dong co va cua duong day truyén tai.

Xs1 | X1 | Xs2
Va Vb
Hinh 1. M6 hinh hai may phat dién

Pu Cong suit tuabin

>
>

0 90 180 1)
Hinh 2. Mdi lién hé giita géc pha dién dp va cong sudt truyeén tai

Cong suit truyén tai tir may phat dén dong co duoc biéu dién dudi cong thirc (1) va thé hién
trén hinh 2 nhu sau:
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V,

PR =R = X, e M)

Cong suat truyén tai ti da gitra may phat va phu tai bi gioi han béi tro khang ciia nguon dién va
tro khang cua duong day. Cong suét truyén tai t6i da 1a ¢ vj tri goc 90°. O vi tri goc tir 0° dén 90°
khi hé théng bi dao dong, diéu kién can bang bi pha v, cong sudt may phat va dong co co thé thay
doi tang hoac giam, dan dén goc rotor thay doi. O vi tri goc nay, su tang goc léch rotor dan dén ting
cong suét truyen tai, diéu nay lai c6 xu hudng lam giam goc 1éch rotor cho téi khi hé thong dat
trang thai can bang mai. O goe tir 90° trd 1én, khi bi dao dong, vi¢e tang goc 1éch rotor s& dan dén
giam cong suat truyén tai, diéu nay lam ting hon nira goc 1éch va dan dén mat 6n dinh.

2. M6 hinh hé thong kich tir ¢é trang bi thiét bi 6n dinh hé théng dién (PSS)

Theo thong tu 25/2016/TT-BCT quy dinh hé théng truyén tai cia Bo Cong thuong, thiét bi 6n
dinh hé thdng dién PSS 1a thiét bj dua tin hiéu bd sung tic dong vao bd tu dong diéu chinh dién
ap AVR dé lam suy giam mirc giao dong cong suét trong hé thong dién. Theo quy dinh hién
hanh, tat ca cac to may phat dién c6 cong suét trén 30 MW phai trang bi thiét bi on dinh hé thng
dién PSS ¢6 kha ning lam suy giam cac dao dong c6 tan s trong dai tir 0,1 dén 5 Hz gop phan
nang cao 6n dinh hé thdng dién.

2.1. Hé thong kich tir

Hé thong kich tir 1a mot trong cac hé thdng thiét bi guan trong quyét dinh dén su lam viéc an
toan ctia may phat dién. V&i chirc ning chinh 1a cung cap dong dién mét chiéu cho cac cudn day
kich thich ctia may phat dién dong bo, dong kich tir phai c6 kha nang diéu chinh bang tay hoic tu
dong dé d¢am bao ché do 1am viéc ludn on dinh, kinh té ctia may phat dién véi chat luong dién
ning cao nhat trong moi tinh hudng.

Trong ché d6 binh thuong, viéc diéu chinh dong kich tir s& diéu chinh dugc dién ap dau cuc
cliia may phat tir ddy thay doi dong cong suat phat khang phat vao ludi dién. Trong ché d6 lam
viéc & ché do qua do, co thé ké dén nhu qua trinh xay ra khi khai dong may phat, két ndi may
phat dién hoa ludi hay trueong hop su ¢d ngin mach,... xay ra can dugc khdng ché kip thoi, thoi
gian qua do doi hoi phai tat nhanh, bién d6 dao dong nam trong dai pham vi cho phép bang cac
bo phan dé cudng birc dong kich tir, cho phép dién ap ludi 6n dinh [3].

Thiét bi kich tir bao gdm may bién 4p kiéu kho, bd chinh luu thyristor, bd tu dong diéu chinh
dién ap AVR (Automatic Voltage Regulator), bo phan diét tir, thiét bi bao vé qua ap va tat ca
trang thiét bi can thiét cho viéc diéu khién, bao vé hé thong kich tir va may phat trong ché do van
hanh binh thudng ciing nhu ché d6 qua do.

Dé cung cAp mot cach tin cdy dong dién mot chidu cho cudn day kich tir cia may phat dién,
can phai c6 hé thong kich tir cia may phat dién véi cong suét dinh mue du l6n. Thong thuong
cong suat dinh muc cua hé thong kich tur bang (0,2 - 0,6)% cong suat dinh muc cua mdy phat
dién. Viéc ché tao cac hé thong kich tir gap rat nhiéu kho khan khi ma cong sut cua mdy phat
ngdy cang ting, ngoai ra h¢ thong kich tir sir dung may phat dién mot chiéu cong suat lon s&
khién bo phan nay lam viéc kém tin cay va nhanh hong do tia lira dién phat sinh, con cac hé
thdng kich tir dung may phat xoay chiéu va chinh luu thi c6 wu diém ndi bat hon.

Trong thuc té c6 bon loai hé thong kich tir dién hinh dwoc sir dung cho méy phat dién dong bo:

2.1.1. Hé thong kich tir ding mdy phdt dién mgt chiéu

Hé thdng loai nay con duoc goi 1a DC — Exciter, gdm c6 may phat dién mot chiéu va bo diéu
khién dong kich tir dya trén cac tin hiéu do ludong dong dién va dién ap dau ra cua may phat. bé
truyén dong cho may phat kich tir c6 thé dung dong co so cap doc 1ap hoac dugc gan dong truc
v6i may phét chinh nhu hinh 3a. Hé thdng kich tir mét chiéu bi gisi han boi cong sut va toc do
vong quay cham, nén thich hop sir dung & cac may phat c6 cong suit nho.
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2.1.2. Hé thong kich tir ding mdy phat dién xoay chiéu

Hé thong nay goi 14 AC — Exciter loai Static Diode. Trong d6 bao gdm may phat dién xoay
chiéu tan s6 cao dugc ché tao theo kiéu cam ung, cudn day kich tir dugc dit ¢ phan tinh va rotor
ctia n6 khong c6 cudn day, bo chinh luu dé dwa ra dong dién mét chiéu cung cap cho mach kich
tir cia may phat dong bo, bo ty dong diéu chinh dong kich tir (TDK) nhu hinh 3b. Uu diém cua
hé théng nay 1a do khong c6 vanh gop cong suit ting dang ké, co thé ap dung cho cac may phat
dién c6 cong sut I6n tir 100 MW dén 300 MW. Dong dién mét chiéu sau chinh luu co chat
lwong 6n dinh, ngoai ra thiét bj 1am viéc véi tan sb cao con c6 kha nang chéng duoc nhidu cong
nghiép. Tuy nhién, nhugc diém chinh cua loai nay la cong suat ché tao van bi gisi han, do tia lra
vanh truot Xuat hién khi cong suat 1on (can ¢ vanh trugt dua dién vao stator). Ngoai ra hé thong
nay con c6 hang sb thoi gian 1on (0,3 — 0,4) gidy nén do tac dong nhanh khong cao.

«—D— «—D—
< _

™K |

TBK KT,

KTy ™~

MF

(b)

Hinh 3. Hé thong kich tir sit dung (a): mdy phdt mét chiéu, (b): mdy phat xoay chiéu
2.1.3. Hé thong kich tir khéng chéi than

Hé thng nay con dugc goi 1a AC — Exciter loai Rotary Diode. P6i v6i hé thong nay, hoan
toan khic phuc duoc nhugc diém cua hé thong kich tir c6 vanh truot va chdi than, thém vao d6 1a
kha ning ché tao cong suét kich tir lon.

Hé thong nay c6 may phat F1 xoay chiéu 3 pha nhung c6 phan tng chuyén dong, cac cudn
day roto gan dong tryc voi may phat chinh nhu hinh 4a. Phan tao ra tir truong ndam ¢ phan tinh,
dugc cung cap tir nguén mot chidu chinh luu. Dong dién tir cac cudn day ba pha duoc chuyén
thanh dong mét chiéu nhd cac chinh luu gian ngay trén truc, ndi tiép vai cudn kich tir may phat
dién chinh. Uu diém cta hé théng nay 1a néng cao dugc cong suat ché tao may phat dién vi
khéng c6 chdi than va vanh trugt, ngoai ra do ndi truc tiép nén hang ) thol gian giam di dang ké
con chi khoang (0,1-0,15)s. Nhung h¢ thong c6 nhuoc diém 1a ché tao rit phuc tap, gia thanh
thiét bi cao.

—@— (00—
TDK_I <—|. | TBK ;
_m f I
CLE CcL CLE ¢

(€)) (b)

Hinh 4. Hé thong kich tir (a) khéng chéi than, (b) tink
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2.1.4. Hé thong kich tir tinh

Céc hé thong kich tir d4 trinh bay ¢ trén déu co diém chung 1a thoi gian tac dong I6n, bai quan
tinh dién tir cia may phat kich tir. Pay 1a mot nhuge diém khién cho yéu cau ky thuat vé chat
luong dién ning va tinh 6n dinh cia hé thong rat khé duoc dam bao, cach khac phuc van dé nay
1a 1am cho tin hi¢u cua bo diéu chinh ty dong tac dong tryc tiép vao kich tir, nhd d6 hang s thoi
gian giam di dang ké.

Day quén kich tir cia may phat dong bo duoc cap dong dién mét chiéu nho bo chinh luu c6
diéu khién, nguon dién cap cho bg chinh luu c6 thé 1a mot may phat xoay chidu hoic Iy tryuc tiép
tu ludi dién ty dung ciia nha may nhu hinh 4b. Thong thuong b chinh luu CLK 1a loai chinh luu
ciu 3 pha c6 diéu khién, bo tu dong diéu chinh kich tir nhan cac tin hiéu phan hoi dién ap va dong
dién, diéu khién tryc tiép khdi mach chinh luu, do d6 thoi gian tic dong 1a rat nhanh khoang
(0,02 — 0,04)s. Vi vay hé théng kich tir ndy duoc sir dung rong rii trong cic may phat cong suat
trung binh va 16n, véi hang sb thoi gian nho 1a diéu kién quan trong cho phép nang cao chat
luong diéu chinh dién 4p va tinh on dinh.

Nhirng phén tich ¢ trén da lam rd pham vi tng dung cua ting loai hé thdng kich tir. Bé (duy tri
su 6n dinh cua hé théng dién, can c6 hé thdng kich tir dap tmg nhanh cho cac may phat dong bo,
ddng nghia véi viéc dong dién kich tir phai duoc diéu chinh mét cach nhanh chong trong cac diéu
kién van hanh thay d6i. Bén canh viéc duy tri dong dién va trang thai 6n dinh, hé théng kich tir
con dugc yéu cau dé mo rong gisi han 6n dinh. Do c¢6 nhing 1y do trén cing vai Sy phat trién cua
cong nghé ban dan ma sir dung hé théng kich tir theo phuwong phap kich tir tinh 1a mot phuong
phap di va dang dan trg thanh xu huéng pho bién thay thé cac phuong phép con lai.

2.2. Thiét bi én dinh h¢ thong dién PSS

Viéc sir dung cac hé thdng kich tir dé hd trg viéc nang cao tinh 6n dinh cho cac dao dong 1a
chua dii. Miac du nhitng hé thong nay, phat hién ra thay doi vé dién ap do thay doi tai ¢én 10 lan
nhanh hon so v6i cac hé thdng trudc day. Tuy nhién do dé ty cam cao cua cac may phat dién, tbc
d6 bi han ché. Piéu nay duogc coi nhu hién tugng tré trong chirc ning didu khién, trong qué trinh
nay tinh trang cta hé thong dao dong sé thay déi tao nén mot diéu chinh kich tir méi. Két qua 1a
hé thong kich tir c6 xu hudng cham sau nhu cau vé su thay doi. Mot giai phap dé ning cao chat
lwong cua hé thdng nay va cac hé thdng 16n hon dé 1a thém cac mach song song, dé giam dién
khang giira cic may phat va trung tdm phu tai. Giai phap nay tuy tot vé mat ky thuat nhung cé chi
phi rat cao khi phai xay dung thém cac duong day truyén tai. Mot phuong an thay thé téi wu do 1a
thiét bi on dinh hé théng dién PSS, hoat dong thong qua cac b diéu chinh dién ap.

PSS 1a mét thiét bi ting mémen hidm cac dao dong dién co trong may phat, cac thiét bi nay
duge dung cho cac may phat 16n, cho phép sir dung dé cai tién cac han ché van hanh cudng birc
6n dinh.

Khi bi tac dong bai mot su thay dot ngot trong diéu kién van hanh, téc do va cong suét cua
méy phat s& thay doi xung quanh diém van hanh trang thai 6n dinh. Mdi quan hé giira nhiing dai
lugng nay c6 thé duoc dién ta boi cong thirc don gian sau:

H d%s
———=M_-M-M 2
7f dt? m ¢ 2)

2
HyiiTE—M ~M-M, ©)

trong d6 @ 14 tc do goc cua roto (toe do goc ban dau w, =314 rad/s), M_1la moémen co trong
moi may phat, M 1a momen dién tir trong may phat, M, la mémen ham, H la hing s6 quan tinh
clia may phat. Cac mémen co va dién gan nhu bang nhau vé& mat gia tri trong mdi thiét bi. Cong
thuc chi ra rang khi c6 tac dong cua luc can bang, rotor tang toc theo ti I¢ momen tac dong trong
rotor chia hang so quan tinh cua tuabin.
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Khi ¢6 su thay d6i vé diém van hanh
AM =M AS+M Aw )
trong d6, M 1a hé s6 dong b, M, 1a hé s6 ham, A5 1a sai léch goc phu tai. Theo phuong trinh
(4) c6 thé nhan ra rang véi gia tri duong ciia Mg, thanh phan ciia moémen ddng bo thay doi ti lé
nghich véi goc phu tai tir diém can bang. Tuong tu Véi gia tri duong M, cac bd phan cia momen
ham s& ti 18 nghich vai toc do rotor so véi diém van hanh 6n dinh.

Nhu vay dé duy tri dugc sy On dinh, thi thiét bi PSS s& tac dong 1én h¢ thdng kich tir 1am cho
cic mdmen ddng bod va moémen ham du dé dap tit cac dao dong rotor cia may phat lam viéc
trong cac truong hop khong binh thuong. Thiét bi PSS s& ngin chin bét ¢ dao dong nao, bang
cach gui tin hiéu dé thay d6i kich tir vao dung thoi diém hinh thanh dao dong, do d6 cho phép
may phat c6 thé van hanh trong moi diéu kién ma viéc triét tiéu dao dong mot cach ty nhién 1a
khong du.

Céc thiét bi 6n dinh cong suat duoc chia lam 2 loai mé hinh: Thiét bi 6n dinh hé théng nguon
cong sudt (thiét bi 6n dinh) dua vao tin hiéu téc do va thiét bi 6n dinh dau vao kép (tin hiéu toc
d6 va cong suat) [11].

- Thiét bi 6n dinh cong suat dua trén tin hiéu tbc d6: PSS1A

- Thiét bi 6n dinh cong suat dau vao kép: PSS2A, PSS2B, PSS3B, PSS4B.

Trong nghién ctru nay, thiét bi 6n dinh hé théng dién duoc sir dung 14 loai c6 dau vao kép
PSS2A.

2.2.1. Thiét bj 6n dinh hé thong dién dwea trén tin hiéu toc do

Pé tang cuong hé sé ham tu nhién cua may phat, thiét bi 6n dinh hé thong dién phai tao ra
mot thanh phan cia mémen dién chdng lai nhitng thay doi trong téc do rotor. Mot phuong phap
dé thuc hién didu nay 1a dwa vao mot tin hiéu ti 16 do dwoc vé sai léch tde do rotor khi diéu chinh
dién ap dau cuec.

i . o loc xof Hé s6 khuéch dai va vuot pha
Ba loc thing cao B loc xoéin !

Ao | ! st || L || g sk ] 1T
L+sTP 1ot 7] LrsAd+5"4 [ 7 1esT 14T,

Hinh 5. So d6 khdi thiét bi én d@inh hé théng dién dya vao tin hiéu téc do
Trén so dd hinh 5 gdm: bo loc thong cao dé loai bo muc tde do trung binh, tao ra mot tin hiéu
“thay dbi toc d6”, diéu nay dam bao rang bo 6n dinh chi phan (ng véi nhirng thay d6i trong tbc
d6 ma khong thay d6i hin dién 4p dat diu cuc may phat; do téc do dau truc bang cach ding mot
cuc tir va cach bo tri banh riang; chuyén dbi tin hiéu téc d6 do duoc sang dang dién ap mot chiéu
ti 1& véi toe do; ap dung vuot pha dé tao ra tin hiéu bu lai cham pha trong mach vong diéu khién
dién ap; diéu chinh hé s6 khuéch dai cua tin hiéu cudi cing dua t6i ddu vao AVR.

2.2.2. Thiét bj 6n dinh hé thong dién dau vio kép

HE 56 khuéch dai va
Cic bé loc thing cao B loe xofin virgt pha

The dé : - -
3 5T 5T, 1 1+57 1457, H
N ” 1+37, | K, —L
A e [—“__\.,_..,._. | e Ver
Ver
Ciac b loc thong cao
P
> 5T, sT., K,
1+37,, ™ 1457, ™ Tosr
B ! F

Hinh 6. So' d6 khai thiét bj on d@inh hé thong dién dau vao kép
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Mac du cac thiét bi 6n dinh dya trén téc do da chimg minh dugc sy hiu qua, nhung thuong
thi vin kho khin dé tao ra tin hiéu toc do khong co nhiéu nhu cac thanh phan dao dong xoin cia
truc. Su c6 mit cta cac thanh phan nay trong dau vao ctia mot thiét bi on dinh dya theo toc do co
thé gay ra kich tr may phat qua muc. Nhiing blen d6i momen dién dan téi nghién ctru vé cac thiét
ké thiét bi 6n dinh dua trén ca toc do va cong suat duoc thé hién ¢ hinh 6 [11].

3. M6 phéng va két qua
3.1. M6 hinh ludéi dién IEEE 9 nut

Mo hinh m6 phong nhém nghién cttu st dung la ludi dién IEEE 9 nat [12] dugc thé hién trén
hinh 7 bao gdm 3 may phat dién G1, G2, G3 noi voi cac nut 1, 2, 3 tuong ung thong qua may
bién ap ting ap 230 kV. Ba phu tai A, B, C két ndi véi nat s6 5, 6 va 8 tuong Ung. Ba may bién
ap tang ap dau sao/tam giac dugc ndi giita cac nat 1-4, 2-8, 3-6. Tai niit s6 6, co két ndi thém nha
may dién gid v6i cong suat 50 MW, tuabin gié dwoc sir dung trong nghién ctru 14 tuabin loai 4.
Thong s cua ludi dién IEEE 9 nat dugc tham khao tir [12].

2 74
—> Load C

2
> ! |@+®
G2
S5 - \L i //‘\\
Load A Load B

4

G1

Hinh 7. So do hé thong dién 9 mit IEEE

Qua trinh md phong dugc thuc hién trén phan mém ETAP. Kich ban dugc dua sir dung dé mo
phong nhu sau: tai nut sb 5, su ¢6 ngan mach 3 pha dugc tao ra ¢ thoi diém 1s (sau khi bat dau
qué trinh md phong), sau d6 300 ms va 600 ms thi may cit s6 5 va s6 9 tac dong loai trir su cd,
thoi gian mé phong kéo dai 20 s. Kich ban dugc thuc hién trong ca hai truong hgp: may phat co
trang bi thiét bi 6n dinh hé thong dién PSS va khong trang bi PSS, nham muc dich khao sat va so
sanh su 6n dinh cdc may phat khi lu6i dién xay ra su ¢ ngin mach. Sau do, h¢ thong dugc md
phong thém truong hop khi c6 tich hop nguon dién gi6 50 MW tai nat sO 6 dé danh gia mirc do
anh huong cua nguon dién nay dén mirc d6 dao dong cong suat. Hé thong kich tir nhém nghién
ctru str dung 13 hé thdng diéu khién kich tir tinh ST3 (Compound Source-Controlled Rectifier
Exciter).

3.2. Két qud mé phéng
3.2.1. Truong hop chura cé két noi nquon dién gié

Cong suit tac dung cua cac té may G1, G2 va G3 duoc méd phong véi kich ban sy ¢é ngin
mach 3 pha tai niit s6 5, sau d6 may cat s6 5 va s6 9 tac dong loai trir sy ¢6 sau khoang thoi gian
1a 300 ms va 600 ms.

- Sir C6 ton tai trong khoang thoi gian 300 ms:

Hinh 8 thé hién d6 thi cong suét tac dung cua cac to may G1, G2, G3 trong 02 trudng hop
tuong tng 1a to may khong dugc trang bi thiét bi PSS (a) va duoc trang bi thiét bi PSS (b).
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Hinh 8. Céng sudt dau ra mdy phat truong hop chuwa cé két néi dién gié véi sw ¢é ton tai 300 ms:
(a) khong co PSS, (b) co PSS

Tir két qua mo phong trén hinh 8, ta c6 thé thay rang cong suat dau ra may phat khi c6 bo diéu
khién PSS 6n dinh hon nhiéu so véi khi khong c6 bd PSS. Sau khi xay ra su o, bién do ciing nhu
thoi gian dao dong khi c6 bd PSS da giam di rat nhidu. Khi khong c6 bo PSS, sau khi xay ra ngan
mach t6i thoi diém t = 16 s cong sudt dau ra may phat mai bat dau 6n dinh. Nhung khi c6 PSS,
tai thoi diém t = 11 s cong suét da on dinh tro lai.

- Sur ¢é ton tai trong khodng thoi gian 600 ms

Tuong ty nhu trén, hinh 9 thé hién db thi cong sut tac dung cua cac to may G1, G2, G3 trong
02 trudng hop tuong tng 13 t6 may khong duoc trang bi thiét bi PSS (a) va duoc trang bi thiét bi
PSS (h).
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Hinh 9. Céng sudt dau ra mdy phdt trirong hop chiea ¢6 két néi dién gié véi sir ¢o ton tai 600 ms:
(a) khéong c6 PSS, (b) c6 PSS
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'Ké't qua md phong trén hinh 9 cho thdy, khi cac may phat khong duoc trang bi b PSS hé
thong d& mat on dinh khi c6 sw €6 xay ra. Trong khi ¢6 bo PSS, sau khi xay ra ngan mach hé
thong van giir dugc 6n dinh.

3.2.2. Truong hop ¢6 két noi nguon dién gié

Trong kich ban nay hé thong c6 két nbi ngudn dién gié 50 MW vao nut s 6. Dac diém chung
clia cac ngudn ning luong tai tao 1 hau nhu khéng co quéan tinh, do d6 khi két ndi vao lu6i dién
truyén tai sé 1am giam quan tinh cta hé thng, gay dao dong cong suat manh hon.

- Sir €6 ton tai trong khoang thoi gian 300 ms:

Hinh 10 thé hién d6 thi cong suét tac dung cua cac t6 may Gl1, G2, G3 trong 02 trudng hop
tuong tmg 13 t6 may khong duoc trang bi thlet bi PSS (a) va duoc trang bi thiét bi PSS (b).

250 1

Hinh 10. Céng sudt dau ra mdy phdt truong hop c6 két néi nguon dién gié véi sw ¢ ton tai 300 ms:
(@) khéng co PSS, (b) c6 PSS

Hinh 10 cho thay ca hai truong hop hé théng van giir duoc tinh 6n dinh. Tuy nhién truong hop
¢6 trang bi b PSS, bién do cong suit dau ra may phat va thoi gian 6n dinh khi c6 bd PSS nho
hon so véi khi khong c6 bo PSS. Khi khong trang bi bo PSS, sau khi xay ra su ¢ t6i thoi diém
t > 20 s hé théng mai dan 6n dinh lai, trong khi d6 voi t = 12 s hé thong da bat dau on dinh voi
truong hop ¢6 bd PSS

- S C6 ton tai trong khoang thoi gian 600 ms

Tuong ty nhu trén, hinh 11 thé hién d thi cong suit tic dung cua cac té may G1, G2, G3
trong 02 truong hop twong mg la t6 may khong dugc trang bi thiét bi PSS (a) va dugc trang bi
thiét bi PSS (b). Ket qua md phong cho thay hé thong dan mat on dinh trong ca hai truong hop.
Tuy nhién, khi cac t6 may khong trang bi bo PSS bién d6 va tan suat dao dong ciia cong suat dau
ra mdy phat khé 16n so véi truong hop co trang bi bo PSS.

Tir cac két qua mo phong trén, ta co thé thay rang dao dong cong suét cua cic t6 may, dugc
giam thiéu mot cach rd rét khi cac to may duoc trang bi thiét bi 6 on dinh hé thong dién PSS. Véi
kich ban chua co tich hop dién gid, trong truong hop loai trir sy cb sau khoang thoi gian 300 ms,
hé théng van c6 kha ning quay vé trang thai 6n dinh véi cac dao dong tat dan khi khong co PSS,
tuy nhién khi co PSS thi bién d6 dao dong cong suit ciia cac to may da giam di dang ké. Trong
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truong hop su ¢ bi loai trir sau khoang thoi gian 600 ms, c6 thé thiy rang khi khong c6 bd PSS
thi hé théng sé tién toi mat on dinh, nhung khi str dung bo PSS thi hé thdng quay lai dwoc trang
thai 6n dinh véi cac dao dong tat dan. Véi kich ban cé tich hop dién gio, co thé thiy rang diém
chung ciia cac ngudn niang luong tai tao 1a quan tinh c6 thé xem bang khong, do d6 khi két ndi
vao ludi dién truyén tai s& lam giam quan tinh chung cua ca he thong, giy dao dong cong suit
manh hon. Két qua md phong cho thay trong trudng hop su c6 loai trir sau 600 ms thi méc du c6
PSS nhu’ng hé thdng van khong thé quay lai trang thai on dinh.
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(b)
Hinh 11. Céng sudt dau ra mdy phdt truong hop cé két néi nguon dién gié véi sw ¢é ton tai 600ms:
(a) khong co PSS, (b) co PSS

4. Két luan

Nghién ciru nay tap trung vao viéc m6 phong hién twong dao dong cong suat trén luoi dién
truyen tai co tich hop nguon dién gi6é va danh gia hiéu qua cua viéc st dung thiét bi on dinh hé
thdng dién PSS trong viéc giam thiéu dao dong cong suét. Ludi dién duoc sir dung trong nghién
clru nay 1a luéi dién mau IEEE 9 nit, cong cu nghién ciru dugc sir dung 1a phan mém ETAP. Két
qua nghién ctru da cho thiy hiéu qua cua PSS trong Viec lam suy giam cac dao dong cong suét
ngay ca trong cac truong hop sy ¢b tram trong nhu ngan mach ba pha. Tuy nhién khi c6 két ndi
cac ngudn nang luong tai tao, do quan tinh cua hé thdng bi suy gidm nén hé thong ¢6 kha nang bi
dao dong cong sudt manh va mat on dinh ngay ca khi co thiét bi PSS, néu sy ¢ khong duoc loai
trir trong khoang thoi gian dii nhanh. Trong cac nghién ctu tiép theo, nhom tac gia & tap trung
vao hudng téi wu hoa cac tham sé cua thiét bi PSS nham néng cao hiéu qua cua thiét bi nay trong
cac ché d6 1am viéc khong binh thudng ciing nhu ché d6 sy ¢b trén ludi dién truyén tai khi co
tich hgp cac ngudn nang lugng méi va tai tao.
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