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TOM TAT

Bai bao nay trinh bay Kkét qua nghién ctru khoa hoc vé linh vuc bao vé cudn day stator ctia
méy phat dién. San phim ctia nghién ciru 1 ché tao mot ro-le, né da dugc sir dung trong hé
thdng bao vé may phat dién.

Nguyén tic lam viéc cia ro-le ndy dua trén mé hinh phan b song hai bac 3 trong cudn day
stator ciia may phat dién dong bo ba pha cyc 16i. Tir ddy, chung t6i xdy dung cong thirc toan hoc
dé mo ta qua trinh vat li xay ra trong cuén diy may phat dién cua dién ap song hai bac 3 va goi
1a “ Phuong trinh Dic tuyén”(WCE).

C6 rat nhiéu phuwong phap bao vé cham dit cudn déy stator may phat dién co trung tinh nbi
d4t qua cudn khang tong trd cao dua trén WCE; phu hop véi chudn ANSI 27/59NT 3 harmonic,
thong qua cac bo loc dién ap song hai bac 3 lay tir cac bién dién ap lip dit & trung tinh va dau
cuc cia may phat dién.

Trong nhitng phuong phap nay, lugng dién 4p séng hai bac 3 c6 anh hudng cua cong suat
thuc c6 thé duge loai béo nher WCE. Suc dién dong cua song hai bac 3 dugc phan bd déu trén don
vi chiéu dai cudn day may phat, bai vi chung nhan nhimg luong tir thong nhu nhau khi cudng do
tir truomg bac 3 gidng nhau quét qua. Khi tinh toan, ching t6i nhan thiy ring tong sirc dién dong
song hai bac 3(es,) trén cudn day stator may phat 1a bang zero. Trén co s¢ d6, khi co xuat hién
diém cham dit trong cudn day thi ti 1& dién ap song hai bac 3 ¢ hai dau cudn day phan anh ding
ti 16 chiéu dai tir diém sy cb dén hai dau cudn day.

Thuc té, tir nguyén tac trén chung toi da ché tao mot thiét bi méi vai muc dich bao vé 100
% cudn dy stator may phat & cac ché d6 cong suit (40 MVA, 110 MVA), trén co s& c¢6 tham
khao thiét bi cua Siemens va Nga. Ching t6i da van hanh thiét bi nay tai Cong ti Thuy dién Tri
An tu thang 10 nam 2012.

Tir khéa: phuong trinh dic tuyén (WCE), chudn bao vé ANSI 27/59NT 3™ harmonic, so dd van

hanh hé théng (BCO), hé phy thudc ham co sé (BDF), mit cach dién (IWF), hé cong thirc co s&
(SBF).
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1. TONG QUAN

Tt khi dua vao van hanh, méy phat tai Cong ti Thuy dién Tri An dugc trang bi hé théng
bao vé khéi do Lién X6 san xuét tir nhimg ndm 1970 - 1980 (trong d6 c6 bao vé chdng cham dét
cudn ddy may phat ki hidu theo tiéng Nga 1a 33 -1, sau ddy goi tat 1a bao vé cii). Bao vé cii st
dung cong nghé ban din dwa trén cac transistor va cac vi mach dién tir so sanh hai cong, lap dat
trén cac ban mach in. Viéc dam bao hoat dong tin cdy cho bao v€ nay doi hoi mot quy trinh hiéu
chinh va thay the linh kién nghiém ngat. Sau nam 2000 ngudn cung cép cac linh kién ngay cang
han ché, mét s6 linh kién khong dugc tiép tuc san xuat nira. Thyc té - nay dan dén hé thong bao vé
cii khong con dap tng cac yéu cau van hanh, giy su c¢d gia nhiéu lan. Trong nhimg nam 2007 —
2009 Tap doan Pién luc Viét Nam (EVN) da cho phép Cong ti Thiry dién Tri An dau tu thay thé
h¢ thong bao vé may phat méi sir dung ro-le ki thuat sé 7UM62 ciia hing Siemens.

Ro-le 7UM62 1a thiét bi bao vé hop bd may phat, trong d6 chirc nang bao vé chdng cham
d4t 100 % cudn day stator duoc thyc hién trén co s& xur li song hai bac 3. Tuy nhién, chirc nang
nay dugc ché tao dé hoat dong trong dai cong sut 10 % dén 100 % cong suat danh dinh. Trong
tai liéu huéng dan van hanh ro-le nha san xuat khuyén cdo sir dung chtrc niang nay khi cong suat
phat tir 40 % cong suit danh dinh tr¢ 1én. Nhu vay dbi voi may phat Tri An (100 MW) chuc
ning bao vé chéng cham dat 100 % cudn day stator trong ro-le 7UM62 chi hoat dong khi t6 may
phat hitu cong tir 40 MW trg 1én, trong khi to may Tri An phai thuong xuyén chay bu vo cong
(phat hiru cong 0 MW) theo yéu cau diéu do.

Pé c6 thé dam bao chire nang bao vé chéng cham dat 100 % cudn day stator hoat dong
trong moi dai cong suét hitu cong, nha ché tao khuyén cdo st dung giai phap phat cudng birc
song hai tan s6 20 Hz vao mdy phat qua bién dién ap cong suat 3 kVA +45 kVA. Tuy nhién
bién dién 4p dang lap dat cho to may Tri An la loai 100 VA nén néu trién khai giai phap nay s&
phai dau tu mua sim bzen dién ap cho 4 t6 may. Mat khac, giai phap su dung bzen dién ap s€
lam ting mirc dong ngin mach trong thoi gian xay ra cham dét, lam suy giam tudi tho thiét bi
ngay ca khi h¢ théng bao vé ¢ thé loai bo su ¢ theo thoi gian chinh dinh.

Tinh trang nay s& dan dén nguy co mat an toan trong qua trinh van hanh cac t6 may thiy
dién Tri An, doi hoi phai co cac giai phap ki thuat bd sung.

Cong ti Thuy dién Tri An da thyuc hién dé tai nghién ctru khoa hoc, v6i mé sb: TD-SX-TD-
12-001 nham dé xuat giai phap khai thac cac nguyén li bao vé 100 % cudn day stator may phat
ctia bao vé cii (von dugc thiét ké dong bo véi hé thong turbine-may phat) va ro-le 7UM62, két
hop xtr li song hai bac 3 tir d6 ché tao mot relay sd, 1ap dat thanh cong tai Cong ti .

2. NOI DUNG
2.1. Li thuyét

Chung t6i thyc hién nghién ctru xtr 1i s6 cho song hai bac 3 (hinh 1) [1]. Trong d6, khéi loc
song hai bac 1 va 3 dam bao cach ly vé dién theo tiéu chuin IEC 255-1000 va thuc hién bﬁng
mach loc L-C-R qua céc tu dién ap cao C1, C13, C14, T1, T3, T4; tin hi€u thu dugc s€ chuyén
d6i qua dang sb qua cac khdi A/D, sau d6 s& dugc tinh toan xir li song song thuc hién dong thoi
cac qua trinh bao vé thip ap theo chuin ANSI 27 va chuin ANSI 59NT 3" harmonic.
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Hinh 1. So d6 xir li s6 cho song hai bac 3.

Ngoai ra, dé nghién ctru nguyén nhan hinh thanh séng hai ching t6i di tir So d6 Van hanh
Co ban (Base Target Chart of System Operation-BCO). Trong so dd nay moi ché do van hanh
cua mdy phat déu dugc de cap. Tir do, suy ra cac yéu t6 chung nhat cua cac che do, muyc dich 1a
néu c6 song hai bac 3 (3" harmonic) xuat hién ¢ diéu kién co so nay thi s& xuit hién & moi ché
dd (hinh 2).

T so db van hanh co ban, chung t6i dé xuAt mo hinh toan va biéu dién thong qua Hé Phu
Thugc Ham Co So -(Basic Depended Function-BDF).

Hinh so do van hanh
- So do van hanh

-] 0 BON G HAL 3§
Hé Phu Thudéc Ham Co S6 -( BDF)

frw o(aby) & F (a)
S (@by) & F v fr,(b) (b)
frw o(aby) & F v fo. (a?) (c)

S (aby) & F v fhar.a(az) Vv fhanb(boz) (d)

Hinh 2. So @6 van hanh va hé phu thudc ham.

V6i F la dai lugng déc trung cho dong tir thong co s¢ dé thiét 1ap truong tir cho khong gian
may phat, tdp trung nhat ¢ khe ho khong khi gitra rotor va stator;

- a 12 toan tir thé hién kha ning bién tir thong F thanh thé nang U cua dong dién ma ta hay
20i 12 Q(VA);

- b, 1a dai luvong dac trung cho dong moi chit nudce, noi do tich nang luong & do cao, va xa
nang lugng vao canh turbine bang chinh dong nang cua minh, chi phodi bdi truong hap dan va no
anh huong ti 1€ véi cong suat thuc P(W);

- frar.c(ab,) ham sdng hai sinh ra trong qua trinh van hanh may phat;

rars(bs’) ham dic trung cho anh hudng cong suét thuc 1én song hai béc ba;

~frara(@,’) ham dic trung cho anh hudng cong suat khang 18n song hai bac ba;
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Tir BDF(a) chiing t6i nhan thay rang cac dang song hai du c6 ning lugng dién thap ciing
sinh tir truong tir luc F va néu 1 séng chay thi chic chin phai co su tham gia cta dong tir rotor
ma bién dic trung 13 b, két hop cac tham khao va 1i thuyét may dién vé cac song hai [1] ching
t6i c6 so dd twong duong vé song hai bac 3 (hinh 3).

Diéu quan trong la khi trién khai song chay cua strc tir dong F trong khe ho khong khi
ching t6i dan xuat dwoc tong cac dién ap song hai Ez, =0. Véi két qua nay chang t6i suy dan
dugc Phuong Trinh Ddac Tuyén (Winding Characteristic Equation WCE) cua song hai béc 3 trai
dai theo cudn day stator may phat

So d6 twong dirong cho séng hai bic 3 trong cudn ddy stator
cia may phat dién

Vs

1
e +

m‘ I “«\\\7‘ Wl Tul.
T e CIIT

= \/

Neuter zone

Phirong Trinh Pdc Tuyén (WCE)

-

Terminal zone

V,=-ne;, =Z2,6%Ii, Vi = (L = 1)es,
V,=tes, =27t *i = Vivew = (L —n)ey,
L =n+1t; 1:L+L;k:i; k7:t—
L L L - L
V, =ey,, (x = L.k ) 0< x< L.k
= i (2.25)
V,=ey,, (y — L.k ) L2y >kL

Hinh 3. So d6 twong dwong va phuong trinh dic tinh cua dién ap song hai bac 3.

Trong do e;,, 1a dién ap song hai bac 3 trén ting don vi ch@éu dai cudn day stator may phat.
Tu WCE c6 thé vé dugc do thi phan bo bién d¢ dién ap theo chiéu dai cudn day nhu sau (hinh 4).

Pdc tuyén dién dp song hai theo cudn ddy

nenter zome 2 :T :

Hinh 4. Sy phan b séng hai bac 3 trong cudn déy stator may phat.

Nho céc két qua thu dugc tir BDF va WCE hinh thanh 1i luén co s cho cac nghién ctru ché
tao hop bo Bao V¢ Relay. Va dinh hudng cac thir nghiém sau do6 ciing nhu 1i giai cac hién tuong
vat li xung quanh 3™ harmonic [3, 4]. RS rang 1a véi BDF(a) cho ta thiy ring t6 may quay co
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kich thich la c6 F va c6 ngay dién ap song hai Us, theo ding dang cua WCE, giai thich sy thay
doi bién d6 nhd BDF(b), BDF(c), BDF(d). Nghia Ia khi thay d6i cong suat thyc P dai luong
£, (b,>) tham gia vao do 16n Us; Twong tu khi thay déi Q dai luong f, (@) tham gia vao
do 16n Usy.

2.2. Hinh thanh san phim

V6i ki vong 14 mot nghién ciru tmg dung san pham 14 tiéng néi cudi ciing, nd phai thé hién
trung thyc sy nghién cuu li thuyét. Trong thuc té, su ton tai Us; lai xen 1an voi Uy va cac loai
nhidu. Khi phan hoach dugc Us; thi phai d6i dién véi su dich pha va méo dang tin hiéu. Do do6
bat cir thiét bi nao cling xay dung cho minh ham toan hoc tuong ting xet den cac hiéu tng vat li
cang sat voi thuce té cang tot. Mt khac két qua cta cong nghé sau néu mubn cé gia tri phai ké
thira cac tinh hoa ctia dong thiét bi tuong tw. Véi y tuong nay ching t6i hoc hoi nghién ctru cac
thiét bi ctia cac nha san xuét 16n nhu Siemens, Nga . Tir d6, chung t6i d& xuat Hé Cong Thirc Co
S¢- System Basic Formula (SBF):

C,.s

I (s)=——""——(E,-E
l( ) 1+7"IS+L1S2( 13 ll)
C,.s
I(s)=— 3" —(-E
(5) 1+r3s+L3s2( )
E ()=E,sin(wt+a); E;()=E,sin(wt+ f)
I ([) — Er _Ks Sil’l( a)t)—Ks.Uz.Eiw; Kg — (Ell(o)_E13 (O)),
r E, : E.o

Chung t6i lya chon cong thirc 1,(¢) lam cong thirc cho bdo v¢ cua minh vi cac uvu diém da
trinh bay trong tai liéu [2], va tém tit & bang so sanh (bang 1). Viéc thiét ké thi cong da dugc
tinh toan tir chon thiét bi, thir nghiém ting phan, thir nghiém téng hop, thir nghiém thyc té da
chimg t6 kha niang lam viéc ciia Hop bd nhu y mudn (hinh 5).

Cudi cung, chung toi trinh bay bang tom tit cac Hop bd bao vé trong d6 c6 Hop bd bao vé
cua chung t6i (Pugc tam dat tén 1a EVN-TA-G.1)

Bang 1. Bang so sanh céc tinh ning cua cac relay.

TT | Ngi dung so sanh | 7UM62X 33r EVN-TA G.1
I | Nudc san suat Siemens (Puc) | LiénXo (chi)
Nim san xuat dau | Thap nién 80 Thap nién 80 Nim 2012
tién
3 | Nén tang cong | Vixili Dién tir Vi xit I
ngh¢ hién nay
4 | Boloccoso R-L-C R-L-C R-L-C
5 C6ng thl:l'C béO Vé USH-L'w'r:U.?H' o Bne B L) E”—EH
Uron(100%- B A ‘% # PO~ B,
Pmeans)
6 | Anh huong tryc | Co Khéng Khéng
tiép nhiéu cong
suat
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7 | Gidi han cong SUAt | Pooans Khong Khong
e[40%P, 100%P]
8 | Bao vé duoc diém Puoc Puoc Puoc
gitra cugn day
9 | Phuong phap hiéu | HMI Bang tay HMI
chinh

Khac biét co ban ctia cac Bao vé Relay trén 14 & chd cong thire bdo vé va co thé tom tat nhur
sau: Relay Siemens [2]: Gia tri ap rdi khoi dic tuyén; Relay 33I°[5]: So léch dién ap giira trung
tinh va dau cuc may phat; Relay EVN-TA_G.1: So Iéch diém zero cta déc tuyén dién ap.

Mat truee thiét bi trinh bay
’7 I T T

Hinh 5. San pham relay EVN-TA-G.1.

3. KET LUAN

Tir li thuyét co ban vé trudng tir cia may dién, phan tich ching thanh dang song chay va
song dimg dap mach trén cic pha, cho thay séng hai bac 3 1a song chay trong cac bbi day du bd
tri khac nhau. Tinh chat dong nhit cua song chay lam cho mdi don vi chiéu dai ctua day dan
hing chiu strc dién dong e;r nhu’ nhau dudi tac dong quay cua rotor. V& mit tinh toan ching toi
ciing suy dan dugc song hai 3 harmonic c¢6 téng bang 0 trén toan b cudn day Va két qua 1a
chung t6i dé xudt Phuong Trinh Dic Tuyén WCE. Trong thyc té ciing cho thiy 3™ harmonic
khong vuot qua may phat dé vao mang truyén tai dién.
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Dé chon cong thirc bao vé cho hop bd cia minh trén co s ké thira chung t6i chon hudéng
phat hi¢n sai léch diém zero ctia dic tuyen, tir d6 chung t61 xay dung Hé Cong Thirc Co So SBF.
Niém tin dat vao SBF nam ¢ cho nd phan anh ty nhién qua trinh vat li cia hién tugng hon Ia
chung ta xay dung trén su sai léch cac dang dién ap tuy de€ trong thyc thi, nhung 1a két qua suy
dien qua dai tr thuc t€ ma cac bdo vé cung chirc nang str dung.

Sy anh huéng cua P, Q trén cac mirc dién ap cua U3f ciing duoc xét dén trong Hé Phu
Thuoc Ham Co So BDF. Tuy nhién, nho chon phuong an bdo vé dich chuyén ddac tuyén nén
khong c6 anh huong dén chiic nang lam viéc cuia thiét bi ching toi.

Y nghia quan trong nhat ciia cong trinh 1a:

(i) Pa dua ra mot cach bdo vé khdc dua trén cac uu diém cia cac bao vé truyén théng voi
duy tinh d9 tin cdy it nhat bang cac bao vé cil.

(ii) D3 ché tao Hop bé Bdo vé Ro le c6 thé thay thé dugc cac bao vé cii trong bai toan
chong cham dat ¢ ving cong suat thap.

Tuy nhién dé c6 thé hoan chinh van d& nghién ctru s& can:

(a) Phét trién phdn mém tmg dung va t6i wu hoa thuat toan va (b) Phat trién 1i thuyét Mt
Cach Dién- Insulate Winding Face-(IWF) dé ché tao cac bg bao vé relay mdi va quy trinh xtr li
cach dién cudn day may phat.
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The article presents a research on protection of the stator winding of electric
generator,which resulted in fabrication of a relay, that has been applied successfully into
protection relay system.

The principle of relay work relies upon distribution model of the third harmonic of voltage
in the winding of three phase salient pole rotor alternating-current synchronous generator. On
the base of that, we put forward mathematical formula to describe the physical process appeared
in winding of the generator by the third harmonic of voltage. They have been called Winding
Characteristic Equation (WCE).

There exist different methods based on WCE to protect the stator winding in the case of
ground faults in high resistance grounded synchronous generator. Using third harmonic of
voltage to protect winding with standard ANSI 27/59NT 3™ harm by filter harmonic wave
voltage, which have been measured at terminal and neutral.

In the method, if there is a change of the output third harmonic voltage when real power is
changed, then the SBF and WCE function can eliminate this change due to the subtraction third
harmonic voltage of neutral transformers with terminals transformers. It can be inferred, the
third harmonic electromotive force (e3,4) per unit length of the coil is equal, because harmonic
flux through them is the same scan

On the other hand, according to our calculations, sum of e;,4 on the stator winding equal
zero. Based of that, quotient of the third harmonic voltage at terminal and neutral exactly
reflects the ratio of the area on the stator winding and the stator winding length , where
occurs ground fault position. For this reason, we have proposed a protection formula, which it is
non-dimensional.

In reality, with above principle, we have made a new equipment which is aimed to obtain a
100 % protection of the stator winding in the case of ground faults on every power range
[-40 MVA; 110 MVA] of the generator operation. The components of the equipment have origin
of Siemens and Russian. And it has fitted up at the Tri An Company, since October, 2012.

Keywords: Winding Characteristic Equation (WCE), standard ANSI 27/59NT 3™ harm ), Base
Target Chart of System Operation (BCO), Basic depended Fuction(BDF), Insulate Winding
Face (IWF), System Basic Formula (SBF).
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