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Abstract

Using classic block model units of excitation system and Phillips-Hefferon PSS units for simulation purpose.
The excitation system and its parameters are modeled according to the design documents of the contractor. The
PSS model is modeled after the contractor's design document refering to IEEE 421.5-2005 standard. The
coefficients in the model are calculated according to the paper of Demello F.P and Concordia, C . The T°d0, M
coefficients are searched in the contractor's tubine generator parameter document. The simulation results
compared with the experimental results released by the testing contractor show good matching level. Therefore,
this simulation calculation can be applied to other GE units in assessing the effect of the coefficients in the

excitation system and the PSS.
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Tém tat'

Str dung mé hinh khéi kinh dién t6 may hé thong kich
tir va bo PSS cuia Phillips-Hefferon d¢é mo phong. Hé
thong kich tir va cac thong s6 hé théng kich tir duogc
moé hinh theo tai liéu thiét ké cta nha thau. B PSS
dugc mé hinh theo tai lidu thiét ké cta nha thau c6
tham khdo d6i chiéu tiéu chun IEEE 421.5-2005.
Céc hé sb trong mo hinh tinh toan theo bai bao cua
Demello F.P., Concordia, C. Cac hé sb T°d0, M tra
clru trong tai lidu thong sb tubine may phat ciia nha
thau cap. Két qua mé phong ddi chiéu voi két qua thi
nghiém cua t6 may do nha thau thi nghiém cho théy
kha phu hop. Do vy tinh todn m6 phong nay cd thé
ap dung ddi voi cac to may khac cua hang GE trong
viéc danh gia anh hudng cta cac hé so cai dat trong
hé thdng kich tir va bo PSS, lya chon cac thong sb cai
dat cta bo PSS, cling nhu tinh trung thuc ctua cic nha
thau thi nghiém.

Ky hi¢u

Ky higu Pon vi Y nghia

K1+K6 pu Céc hé sb trong mé hinh
mo phong khdi to may va
AVR cua Phillips-
Hefferon

Kp pu H¢ s6 mé men can

Pe pu Cong suat dién

Vref % bién ap dat

Vter % bién ap dau cuc

) do Goc rotor

' Ngay nhdn bai: 10/12/2019; Ngay nhdn ban sia:
05/01/2020; Ngay chap nhén: 07/01/2020; Phan bién:
Bach Qudc Khanh, Nguyén Phung Quang.
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Chir viét tit
PSS Power system stabilizer
(b 6n dinh h¢ thong dién)

AVR Auto voltage regulator
(bd diéu chinh dién ap tu dong)
NMTD Nha may thuy dién
NMND Nha may nhiét dién
EVN Tap doan dién lyc Viét Nam

1. Phan mé dau

Pé dap mg nhu ciu dién ning cho sy phat trién cta
xa hoi va tang truong kinh té hé thong dién Viét Nam
ngdy cang dugc mé rong. R4t nhiéu nha may dién
cling nhu cac duong day 500 kV méi dugc xdy dung
va dua vao su dung NMTD Son La (2012), NMTD
Lai Chau 2016, NMTD Hudi Quang 2016, NMND
Thai Binh 1&2.....) cung v6i do la cac chi tiéu vé chat
lugng dién nang nhu dién ap, tan so, do tin cady va on
dinh cua hé thong dién ciing phai dugc nang lén.

Ngay nay viéc sir dung cac ngudn ning luong sach
nhu ning lugng mat troi, nang luong gio 1a mot xu thé
tat yéu. Chi tinh trong 6 thang dau nam 2019 c¢6 hon
80 nha may dién mat troi hoa ludi dién Quoc gia, cac
nha may nay chiém dén 1/10 tong cong suat nguon
clia ca nudc (tai thoi diém thang 6/2019). Do tinh chét
cong suat phat cua cac nha may dién nay thay dbi lién
tuc hang gio (vi phu thudc vao buc xa mat troi, gio)
nén viéc dwa bd sung cic nha may dién mit troi, nha
may dién gié6 vao cling lam cho viéc van hanh hé
thong trd 1én phirc tap hon nhu cau on dinh hé thong
cang doi hdi phai tang cuong.

Thuc té cho thay gan day c6 nhiéu sy cd dan dén
tan rd hé thong dién ma nguyén nhan do mét én dinh,
vi du: su ¢b tan ra ludi dién tai Brazil (11/3/1999),
Bic My (14/8/2003), Nam Thuy Dién (23/9/2003),
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Italia (28/9/2003), An d6 (30-31/7/2012), Bangladesh
(1/11/2014)... [1]. Chinh vi 1y do nay ma céc giai
phéap nang cao do on dinh cua hé théng dién duoc ra
doi nhu van hanh song song cac duong day, hay st
dung bo on dinh hé théng PSS, su dung SVC...da
dugc d& xudt tir nhiéu nam trude [2], [3].

Trén thé gidi da c6 nhidu cong trinh nghién ciu
thiét ké cac bo PSS, danh gia chit luong cla cac bd
PSS dbi v6i on dinh h¢ thong dién [2], [3]. Tai Viét
Nam cac nghién ctru vé PSS chua nhiéu, cic cong bd
cha yéu duya trén két ‘qua m6 phong ly thuyét va chua
c6 cdc nghién clru dbi voi céac t6 may dang van hanh
thuc té. Hién nay cac bo 6n dinh hé thong PSS hau
nhu van chua dugc 4p dung tai Hé thong dién Viét
Nam. Tinh dén thoi diém hién tai (12/2019) chua c6
mot giai phap thuc dung phd bién nhim thi nghiém
danh gia chat lugng cta cac bo PSS tai cac nha may
dién Viét Nam do chinh EVN thuc hién.

On dinh hé thdng dién ciing dwoc Tap doan dién
lwc Viét Nam va cac co quan quan ly quan tdm the
hién qua Thong tu so 25/2016-TT-BCT “Quy dinh vé
hé thong dién truyén tai” do bd Coéng Thuong ban
hanh ngay 30/11/2016 tai khoan 7 diéu 39 quy dinh
vé danh gié vai tro (chat luong) ctiia bo PSS ddi v6i hé
thong kich tir qua hé s6 tit va phai thi nghiém by PSS
sau mdi 1dn dai tu t6 may. Cong van 1460/EVN-
KTSX do tip doan dién lyc Viét Nam ban hanh ngay
17/04/2017 “vé viéc tang cuong do tin cdy, én dinh
cua hé théng dién Viét Nam” c6 dé cap ké hoach dua
bd cac bo PSS cua cac nha may dién dang hoat dong
vao han ndm 2018 nhung den nay (10/2019) mo6i chi
trién khai dwoc tai mot sd to may va tit ca cac don vi
chua ty thuc hién dugc ma phai di thué cac chuyén
gia ciia hing. Piéu dé cho thdy viéc gap khé khin
trong cong tac thi nghiém, hiéu dwoc y nghia cac
thong s6 ciing nhu d4nh gia két qua thi nghiém.

Trong bai bao nay trinh bay mé phong hé thong
Kich tir, by PSS va may phat dbi véi t6 may 117 MW
do hiang GE cung cdp. Do trong bao céo thi nghiém
ctia nha thau chi cho cac dir lidu théng qua hinh dnh
thu dugc tir két qua thi nghiém. Nén cac nghién ctru
trong bai bdo nay ciing dua ra cac con s6 théng qua
hinh anh dé so sanh véi két qua thi nghiém cua t6 may
do nha thau thi nghiém, két qua so sanh cho thdy mo
hinh m6 phong kha phu hgp. Do véy tinh toan mé
phong nay c6 thé ap dung tham khao ddi véi cac to
may khac ctia hang GE trong viéc danh gia anh huong
cia cac hé s cai dat trong hé théng kich tir va bd
PSS, lya chon cac thong s6 cai dat cua bo PSS. Tham
chi néu nhu thay thé mo hinh ham truyén ciia AVR
phu hop thi két qua nghién ctru nay ciing c6 thé ap
dung ddi vé6i cac khdi té may do hang khac cap. Mic
di ndi dung nghién ctru mang tinh chéat kinh dién,
nhung nghién ciru chi tiét ddi voi to may phat dién
thue t& va phan tich cac thong $6, hé sb cai dat cua
nha thau cung cdp dé ra duoc két qua nhu trinh bay
trong bai bao nay la mot viéc kho khan. Bai bao nay
la thanh qua nghién ciru cua tac gia trong 2 nam.
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2. Théng sb cai dit, tinh toan tham s ciia
mo6 hinh va mé hinh mé phéng
2.1 Théng s cai dit, so dd khdi ham truyén ciia
AVR va b PSS
e Thong sé may phat dién
B.1 Thong so cai dat cua may phat dién

Ky Gia  bon Y nghia

hi¢u  tri vi

Sn 117 MVA  Rated apparent power

0.85 - Rated power factor

Un 13.8  kV Rated stator voltage

Fn 50 Hz Rated frequency

T°d0 7.2 s Direct-axis transient open-
circuit time constant

Xd 0.87 pu. Direct-axis synchronous
reactance

Xd 027 pu Direct-axis transient reactance
(unsaturated)

X’d 0.18 pu Direct-axis subtransient
reactance (unsaturated)

Xq 0.58 p.u. Quadrature-axis synchronous
reactance (unsaturated)

X’q 0.19 pu Quadrature-axis subtransient

reactance (unsaturated)

e M5 hinh khéi t6 may duoc trinh bay tai riéng muc
tiép sau.

e Hing sd quan tinh cua khéi chuyén dong (rotor,
banh xe cong tac, truc rotor) ,

B.2 Thong so hang so quan tinh khoi chuyén dong

Ky Gia Pon Y nghia
hiéu  tri vi
H 554 s Moment Inertia

Base Sn=117 MVA with Jjign =
85660 kg.m2

e So d6 vong diéu chinh chinh cua bd diéu khién
AVR (hinh H.3)

e Hé s6 cai dit ciia h¢ thong kich ir:

B.3 Thong so cai dat chinh ciia bg AVR

Ky hiéu Gia tri Pon Y nghia
vi

Kpa 16.877 p-u. Voltage regulator

[GRV1I] proportional gain

Kia - p-u. Gain of integral term

Tia 5 S Voltage regulator

[TRW2] integral time constant

Tc 1 S Lead/lag filter

[TRWI] numerator time
constant

Tb 1 S Lead/lag filter

[TRW3] denominator time
constant

Tg 1 S Voltage feedback

[PRW6] numerator time
constant

Tf[TRV6] 1 S Voltage feedback
denominator time
constant

Vmax - p.u Positive limit of
integral voltage
reference

Vmin - p.u. Positive limit of

integral voltage
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Ky hiéu Gia tri Pon Y nghia limitation
vi Mxsp 0.05 p.u. Output limitation
reference
KI - - Integral term 2.2 M6 hinh, tham s0 cai dit cia md hinh mé hinh
validation for inner mo phéng
itive limitati , A 1 . 2 Lo LR , ,
Kh : : f;selglr\;f t::;a = e St dung mo hinh kinh dién khoi t0 may cua
validation for inmer Phillips-Ijleffs?ron dé mo phong (hinh H.5).
negative limitation e (Cac hé so0 cai dat cua mo6 hinh duogc tinh theg cgic
Vrmax 312.089 % Positive ceiling cong thire trong bai bao [4] vdi cac thong so dau
[uex max] voltage with nominal vao néu trong cc bang trinh bay tai myc 2.1, nhu
generator voltage sau
- - 5 - —
Vrmin . 312.089 % Negative (.:elhng . e KI=1.618397712978028¢+00
[uex min] voltage with nominal

generator voltage

e So dd ham truyén ciia bo PSS (hinh H.4)

e Thong sd cai dit cua bo PSS:
B.3 Thong 56 cai ddt ciia by PSS

Ky higu  Giatri Pon vi Y nghia

Ks3 1 p.u Mechanical channel
gain

twl 5 S Speed channel wash-
out time constant

tw2 5 S Speed channel wash-
out time constant

tw3 5 S Power channel wash-
out time constant

ks2 0.451 p-u. Power channel gain

t7 5 S Phase lead/lag filter
high frequency gain

t8 0.6 s

t9 0.15 s

m 4 Integer Ramp track filter
parameter

n 1 Integer Ramp track filter
parameter

Ksl 10 p-u. PSS Gain

312.089 %

tl 0.252 S Phase lead/lad filter
numerator time
constant (1)

2 0.025 S Phase lead/lad filter
denominator time
constant (1)

3 0.105 S Phase lead/lad filter
numerator time
constant (2)

t4 0.015 S Phase lead/lad filter
denominator time
constant (2)

tl1l 1 S Phase lead/lad filter
numerator time
constant (3)

21 1 S Phase lead/lad filter
denominator time
constant (3)

t31 1 S Phase lead/lad filter
numerator time
constant (4)

t41 1 S Phase lead/lad filter
denominator time
constant (4)

mxfp 0.1 p-u. Frequency deviation
input limitation

mxpe 1.5 p-u. Active power input
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K2 =1.396819530648740e+00

K3 =3.934779850272807e-01

K4 =8.380917183892439¢-01

K5 =-2.056828010992545¢e-02

K6 =2.717464425521701e-01
e Céc hé s6 T4, M tra ctru trong bang duoc trinh

bay tai bang B.1 va bang B.2.
o Wb=2nf=100n

Vi di c6 két qua thi nghiém dap ting budc nhay
trong thuc té nén udc lugng duge hé s tit dao dong
theo bai bao sb [5], do vay co thé ude luwong dugce hé
s& md men can Kp dé dua vao trong mo hinh nghién
ctru nay. Cu thé nhu sau: Trong bai bao [5] dd néu ra
phuong phap tinh goc rotor . Gia sir db thi goc & nhu
sau:
Goc rotor (d9)

(tmarts Omaz1)

(tmaz2s Omaz2) Grmarl — Comind

Omaz2 — Omin2

[\ Theri gian (s)
\ / \/f N </

(tmier: (srrzin 2)

(tnin1s Omin1)
H. 1 Bé thi dao déng géc rotor dap img bude nhdy

Trong pinh H.1 ¢ trén, khodng cach bién do gilra hai
dinh dau tién la Ao, =9, , -0, khoang cach hai
dinh tiép theo 12 AS, =6,,, -0,
dugc xac dinh nhu sau: o =In(A6,/AS,). Theo do
cong thic tinh hé sb tit dao dong nhu sau:

=

goi hé¢ sO0 o sé

__=% 400%. Nhung mit khac hé sb tit ciing
o +a’

duoc xac dinh boi cong thic éf:l L%

22Hw,
[6]). Do vay sau mdt dap tng budc nhay ta tinh dugce
@, = A6, /T va hé so tat ¢ nhu trén (trong d6 T 1a chu
ky dao dong ky hi¢u trong hinh H.1), tir d6 ta tinh
dugc K, =4Hw, ta s€ su dung hé sO mé men cin

(theo tai liéu

nay vao mo hinh mé phong. Poi véi t6 may dang
nghién ctru hé sO m6 men can co gia tri K, =7 va
dugc st dung lam mét dau vao dé mo phong trong
nghién cru cua bai bao nay.
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3. Két qua mo phéng

Cong cu md phong duoc sir dung 1a phin mém
Matlab-Simulink. Cac tin hi¢u kich ddng trong mo
phong dugc 1am hoan toan gidng véi cac kich dong
thuc té do nha thdu lam. Tinh déng ddn ciia mo hinh
mé phong duoc kiém tra d6i chiéu véi két qua thi
nghiém thyc té. Cac thi nghiém thyc té gém cac thi
nghiém déap tng tan, dap tng budc nhay va dap tng
xung.

So do thi nghiém trinh bay tai hinh H.2, duva tin
hiéu Vinj vao diém dat dién ap dau cuc Vref. Cha ¥
Vref 14 tin higu hang s6 tuong tmg véi gia tri dién ap
dau cuc dinh mirc, Vinj 1a tin hiéu bom bd sung voi
bién d6 du 16n dam bao dé t6 may co phan tng va loai
b6 nhidu nhung ciing phai da nho dé tin hiéu kich
thich khong anh huéng dén sy van hanh cua t6 may
phat dién va hé thong. Do tinh chat tuyén tinh ddi voi
c4c tin hiéu kich thich nho nén cac két qua thu dugc
van phan anh dugc ham truyén ciia hé thong gitra hai
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diém do 1a Vref va Vter, hoic Vref va Pe. Thong
thudng cac tin hiéu di voi dap tmg tan va dap tng
step nhd hon 5% so v6i Vref dinh mirc, tin hi€¢u budc
nhay thuc chét 1a tin hiéu xung c6 do rong 10s du dé
xem la dap ung budc nhay, tin hiéu xung véi do rong
1a 100 ms c6 bién d6 1a 5% va 10% Vref dinh muc.
Chi tiét vé cac ndi dung can phai thi nghiém co thé
xem tai Quy trinh thir nghiém va gidm sat thu nghiém
do Cuc diéu tiét ban hanh, chi tiét tai tai liéu [7].

Pe

Vs o APace P35 (MVashoul  fegp—
P88 leadd ag - filters and F
transcuctery [—

fiters
PSS prase
com pensation]
"I vt

s KN
Vet — o—b—
\ /

A

H. 2 So do thi nghiém hé thong kich tir va bg PSS

Excitation - Geneatord o Grid

L 1
trv2.s+1

+

prvil.s+i

From AVR reference > Up
Limitation
g u y trvd.s+1
e

Terminal prvBssl
Volage 1VB5+1
VERR

To ST1A model
uex_min.Vt

From Over excitation

AVR internal field
Voltage signal

Regulator internal
signal
uexmax.Vt

/ uexmax.Vt

uexmin. Vi
/ Field Voltage
i control signal
To generator

uexmin.Vt Excitation

Limitation

H.3 So dé vong diéu chinh ciia AVR

“ twi.s tw2.s t1.s+1 t3.5+1
1.5+1 w2 s+1 2.5+ ] 4 5+1
Frequence twi.st w2 st t2.st+ t4.s+ —‘
Gain2
t31.s+1
o
t41.s+1 PSS
w3 s —» 2 (2 inputs)
Power twi.sH t7.s+1
H. 4 So do ham truyén ciua bé PSS
L Frequence /_L
PSS (2 inputs) —— -&‘r

—» Pover

TWO INPUTS PSS

AVR(s) %

+
-&7«

Step

)

Constart
e 1 | | .| > » 1 d_detta
M.s+7

-

w

<

\J"

H. 5 M6 hinh mé phéng khoi hé thong kich tir, by PSS va mdy phdt theo Phillips-Hefferon
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3.1 Pap irng tan s (d6 thi bode bién d¢ giira P va
Vref)
Hinh H.6 thé hién d6 thi Bode bién do P va Vref c6
va khong c¢6 PSS. Hinh bén trai 1a két qua mo phong,
hinh bén phai 1a két qua thi nghiém do nha thau thyc
hién.
Nhin vao db thi ta thiy bién do dao dong cong
suét manh nhit khi PSS OFF tng vdi tin sb khoang
1,2 Hz (theo md phong) va 1,3 Hz theo thuc té. Po

Frequency (Hz)

From: Step

P/Vref bode Gain

-20

10°
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khuéch dai bién d6 16n nhit trong ca mo phong lan
thuc té 1a khoang 14 dB. Khi PSS ON thi bién d6 dao
dong cong suit Gmg voi tin sb 1,3 Hz (theo md
phong) va khoang 1,4Hz (theo thuc t&) d6 khuéch dai
bién d6 trong ca hai trudng hop khoang gan 5 dB.
Diéu d6 cho thay khi PSS ON kha nang dap dao dong
tang 1én 14/3 lan. Tai cac tén s6 khac do khéch dai
bién do nho hon, nghia 1a t6 may khong bi dao dong
nhiéu véi cac tan sb do.

AP finj Frequency Response Flot at B0%P

n_tomp

1.00 10.00
F [H2)

H. 6 So sdnh do thi Bode bién dj P va Vref c6 va khdong cé PSS (mé phong bén trdi, thuc té bén phdi)

3.2 Pap trng tan s6 (d6 thi bode pha giira Vter va
Vref)

Hinh H.7 va H.8 thé hién d6 thi Bode pha giita Vter

va Vref khi khong c6 hinh H.7 va c6 PSS hinh H.8.

Phan phia bén trai la két qua md phong, phan phia bén

phai 1a két qua do nha thau cap (cing chu ¥ thém lan

nira 1a do nha thau chi cung cip két qua bang hinh anh

Vstator/Vref Bode phase
-45 t

=90 =¥e~

PHASE [EL-DEG]

10°

Mo phong

Torllt

nén khong tién so sanh trén cung mot dd thi, ngoai ra
nhu trén dd néu muc ti€u cia nghién ciru nay khong
phai dé thay thé thi nghiém thyc té ma chi dé tham
khao khi thi nghiém diéu chinh cac bo PSS trong thuc
té dé hiéu duoc dinh tinh cta tinh chat cac hé s6 dugce
cai dat, nén viéc ghép trén cling dd thi dé so sanh chi
tiét hon c6 18 1a khong cén thiét).

H. 8 So sdnh do thi bode pha ciia Vter va Vref ¢6 PSS (mé phong bén trdi, thuc té bén phdi)

3.3 Pap wng step

D4 thi dap tmg step ting 3% duy tri 10 s sau d6 giam
vé gi4 tri ban dau. Hinh H.9 1a dap ung dién ap dau
cuc khi PSS ON va PSS OFF. Hinh H.10 14 d9 thi ciia
cong suét tic dung.

65



CONG TRINH KHOA HQC

H.9 D6 thi dién dp diu cuwc doi voi dap img step tang
dién dap ddu cuc 3% giit 10 s sau do giam vé gid tri
ban dau

H .
L\ [\ A AN A
[

H.10 56 thi cong sudt tdc dung doi voi ddp g step tang
dién ap dau cuc 3% giit 10 s sau do giam vé gid tri
ban ddu

3.2 Pap ing xung (d¢ rong xung 10s)

DO thi dap tng xung ting 9.4% duy tri 100 ms sau do
giam vé gia tri ban ddu. Hinh H.11 1a dap tng dién ap
dau cuc khi PSS ON va PSS OFF. Hinh H.12 1a d thi
clia cong suat tac dung.

H. 11 D6 thi dién dp dau cuc doi véi dap ikng xung ting
9.4% do rong xung 100ms

4. Két luin
Qua viéc so sanh két qua thi nghiém va mé phong cho
thiy mé hinh mo phong 1a kha phu hop véi thuc té.
Do véy viéc tinh toan mo phong nay co thé ap dung
tham khao ddi voi cac té may khéac cua hing GE trong
viéc danh gia anh huéng cta cac hé so cai dit trong
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hé théng kich tir va b PSS, lya chon cac thong sb cai
dat ctia bd PSS, cling nhu tinh trung thyc ctia cac nha
thau thi nghiém.

Hon thé nita vé nguyén tic hoan toan c6 thé ap
dung nghién ctru nay ddi voi hé théng kich tir, bd PSS
do hang khac cung cdp sao cho phén tich lya chon
duge md hinh AVR va céc thong s6 pht hop véi ddi
tugng thuc té.

H. 12 D6 thi cong sudt tic dung doi voi ddp img xung
tang 9.4% do rong xung 100ms
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