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Abstract:

Recently, the power grid on isolated islands integrates renewable energy sources available on the island,
such as wind and solar power in order to utilise the green energy and to reduce greenhouse gas emissions
from diesel generators as well as protect the environment. However, the power generated from these
renewable sources depends on the weather, which can make the power grid unstable. Sudden weather
changes can cause significant fluctuations in the power generated, affecting the stability of the system's
frequency and voltage. In the worst-case scenario, this could lead to a grid collapse due to protective
devices tripping to maintain stability. Researchers and experts are looking for ways to improve the
stability of the power system, especially the voltage and frequency. One of the most effective solutions
is using a Battery Energy Storage System (BESS). To enhance the frequency stability of the island's power
system and ensure safe and reliable operation, the authors propose a solution that combines BESS and
diesel generators using a hierarchical control method. This paper aims to evaluate the effectiveness of
this solution by simulating its application on a microgrid, specifically the Phu Quy Island's power system,
using the Electrical Transient and Analysis Program (ETAP) software.
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Tom tat:

Ngay nay, cac ludi dién trén cac dado ngay cang tich hgp nhiéu nguén nang lugng tai tao nhu gio, mat
trdi v6i muc dich chinh 1a tdn dung nguén ndng lugng sach dé giam thiéu phat thai khi nha kinh tir cac
may phat diesel ciing nhu bao vé méi trudng. Tuy nhién, cdng suat clia cac ngudn nang lugng tai tao phu
thudc rat nhiéu vao diéu kién thai tiét clia dado nén thudng khong 6n dinh. Mot s6 trudng hap thai tiét
thay déi dét ngot lam cong sudt clia cac ngudn nang lugng tai tao dao dong manh gay dnh hudng dén do
8n dinh tan s6 ctia hé théng dién dao. Trudng hop xau nhat c6 thé dan dén ra ludi do hé théng ro le tac
déng sa thai phu tai dé dam ludi dién van hanh an toan. Cac giai phap nang cao dé 6n dinh tan s6 ctia hé
théng dién trén dao dang dugc cac nha quan ly, chuyén gia, cac nha nghién ctu khoa hoc dac biét quan
tam. Trong d6 hé théng pin luu trit nang luong (BESS) khac phuc cac han ché cla hé théng dién tich hop
nguén nang lugng téi tao, giup nang cao dé én dinh ctia hé théng dang la giai phap ma thé gidi hudng
t6i. D€ nang cao tinh 6n dinh tan s6 clia cac hé théng dién dao gitp hé théng van hanh an toan va tin cay,
nhom tac gia dé xuat giai phap st dung két hop gilra BESS va cac may phat Diesel dua trén hé théng diéu
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khién phan I6p. D€ danh gia muc d6 hiéu qua cta gidi phap, bai bao tién hanh mé phéng (ing dung giai
phap trén moét ludi dién thuc té 1a hé thong dién dao Phu Quy va st dung phan mém mo phong hé théng
dién Electrical Transient and Analysis Program (ETAP).

T khoa:

Hé théng pin luu trlr ndng lugng, 6n dinh tan s8, hé théng dién cla dao, ndng lugng tai tao

1. GIGI THIEU

Cac dédo tach biét véi dat lién co diéu kién thoi
tiét thuan loi cho viéc phat trién céc nguén
nang lugng tai tao (NLTT) dién hinh nhu gio,
mat troi, ,... san luong cua cac nguén NLTT
thuong thay doi theo diéu kién thoi tiét. Pidu
nay anh hudong nghiém trong dén 6n dinh tan
s6 ctia hé thong dién (HTD) tai cac dao.

C6 nhiéu bai bao khoa hoc da nghién ctru vé
tinh 6n dinh tan s cia HTD khi 4p dung cac
md hinh diéu khién. Ziping Wu cling cac cong
su [1] da tmg dung chién luoc didu khién két
hop gitta md hinh hé théng pin luu trit ning
luong (BESS) va turbine gié (PMSG-WTG)
dé khic phuc viéc mét 6n dinh tan s trong
qué trinh gié khong 6n dinh, két qua 1a giap
HTD 6n dinh sau khoang 30 gidy. Mehrdad
Yazdanian [2] dd dwa ra cdu trac cua chién
luoc diéu khién phan tan (Distributed Control)
va tmg dung chung trong microgrid dé huéng
dén mot HTD thong minh, c6 kha ning 6n dinh
tan s6 va dién ap véi gia thanh xay dung ré.

Cac bai bao trén da str dung cac chién lugc
diéu khién két hop giira cac nguon NLTT c6
san trong HTD va mo hinh BESS dé cai thién
on dinh tan sb cia HTD, do d6 bai bao nay,
nhom tac gia sir dung phan mém ETAP d¢

mo hinh hod HTD trén dao Phi Quy va danh
gia kha nang nang cao tinh 6n dinh cia HTD
khi tich hop chién luoc diéu khién phéan 16p
(Hierarchical Control) gitta m6 hinh BESS va
cac may phat dién dong bo ctia HTD.

B cuc bai bao gdm 5 phan: Phan 1 gi6i thiéu
téng quan vé BESS clng vai cac chién lugc
diéu khién, phan 2 tom tit vé 1y thuyét 6n dinh
tan s, phan 3 trinh bay vé chién lugc diéu
khién phan 16p két hop giita BESS va cac may
phat Diesel truyén thong, nhitng danh gia kha
nang 6n dinh cta tan s cua giai phap BESS
trén ludi dién dao Phii Quy duoc dé cap trong
phan 4 va cudi cung 1 phan két luan.

2. LY THUYET 6N PINH DIEN

Khic v6i HTD truyén thong, cac HTD dao
duoc cp ngudn tir cac ngudn NLTT 1a chu
yéu din dén quéan tinh trén HTD bi giam
manh, tr d6 giam kha nang on dinh vé tan sb
cua HTD [3].

Khi HTD xay ra su c¢d, quan tinh hé thong s&
gitip giit cho tan sd 6n dinh trong thoi gian
ngan, du thoi gian cho hé thong cé thé can
bang lai cong sut gitra ngudn va tai [4].

Phuong trinh dao ham bac hai cua goc rotor ti
1¢ v6i cong suit cua may phat [5]:

228636



TAP CHi KHOA HOC VA CONG NGHE NANG LUONG - TRUONG DAI HOC DIEN LUC

T, d6
Wo dr’

(1)

=PT'P

Jw;

trong d6 T, = g - hang sb thoi gian quan
b,

tinh; P, - cong suét turbine cta may phat (co);
P - cong suat dién ciia may phat; @, (rad/s)
- tbe do goc ban dau; O (rad) - goc rotor cua
may phat.

Quan tinh H cua hé théng dién duoc tinh nhu
sau:

Jw;

H=7g,

(2)

trong d6, S.,(MVAch) - cong suat co ban ba
pha. Thay (2) vao (1) ta co:

2H d*6
Wo dt*

=P—P (3)

Nhu vay, quan tinh cuia HTD phuy thudc hoan
toan vao su chénh léch giita cong suit co va
cong suat dién ciia may phat. HTD ¢ nhiédu
may phat dong bo thi quan tinh cua chung
s& 16n hon cac HTD st dung chu yéu tir cac
ngudn NLTT va diesel. Quan tinh HTD ¢6 lién
quan t6i d6 dao dong tan s6 phuong trinh sau

[6]:

_df _ AP

(4)

trong d6: ROCOF (Hz/s) - d6 dich chuyén tan
s6; AP =P,-P.(p.u) - do chénh léch cong
Suit co va cong suat dién cua toan bo hé théng
dién; H,.(s) - h?mg ) quan tinh ctia hé théng;
fi(Hz)- tan s6 danh dinh cua hé théng.
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3. CAU TRUC CUA HE THONG DIEU KHIEN
PHAN LGP

3.1. Caclép diéu khién trong ciu truc diéu
khién phan I6p

Hé thong diéu khién phan 16p bao gom 4 16p
khac nhau, phan bd coéng viéc tinh toan cho
cac phén tor khéac nhau co trong h¢ théng, muc
tiéu ctia viéc phan chia nay dé giam khéi lugng
tinh toan cho vi xtr Iy va t6i wu hoa cong sut
ctua md hinh BESS. Cac b diéu khién dugc
trang bi cac cong nghé truyén thong do luong
tién tién, hién dai. Chién lugc dicu khién phan
16p c6 thé diéu chinh tdn s6 vé muc 6n dinh
mot cach nhanh chong va tbi uvu bang cach huy
dong cac ngudn cong sudt tac dung va phan
khang tir cac ngudn ning luong tai tao, BESS,
may Diesel ¢ nhiéu vi tri khac nhau. So db
cAu trac hé thong diéu khién phan 16p duogc thé
hién ¢ hinh bén dudi [7]:

[ BESS Model

soc
ref Aref

T L PMU
Smax

' LQG £Vl

Controller
\ 4 R0
DBy, DBy, Trpax
Aggregator
f ref Vre f

Hinh 1. Cau triac diéu khién phan l6p

O Hinh 1, bd diéu khién trung tdm (Central
Controller) s& hoat dong toan thoi gian dé
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giam sat hé thdng va tranh cac rai ro cho HTD.

B6 van hanh hé théng (Transmission System
Operator - TSO) 1a bd diéu khién chinh trong
phan 16p diéu khién trung tim, cé chic ning
gidi han su thay doi dot ngdt ¢ dau ra cua
cac bo diéu khién ¢ cac 16p thap hon dé ting
tudi tho ctia mo hinh pin. Bo diéu khién tdi
uu LQG (Optimal LQG), hoat dong dua trén
phuong phap quy hoach dong Bellman [8],
bd LQG tinh toan cac gia tri cong suét toi uu
lam 6n dinh hé théng sau khi c6 su ¢b tai khu
vuc. Bo diéu khién chung (Aggregator) tiép
nhan thong tin tir cac bo didu khién cap cao va
van chuyén cac thong tin dén cac phan tir dich
trong hé thong phan 16p, bo diéu khién chung
nhu bo nio cta hé théng diéu khién phan 16p.
Mo hinh BESS ¢ Hinh 1 ¢6 thé truc tiép thay
d6i gia tri tan sO va dién 4p cua hé thong bang
viéc nap hodc xa (cung cap hodc hap thu cong
sudt). Bo do luong goc pha (PMU) dugc sir
dung dé do tan sd va bién do dién ap tai cac
diém xa so v6i mo hinh BESS va giri thong
tin trong thoi gian thuc vé bo diéu khién trung
tam, bd LQG, b diéu khién chung. Hinh 2 [7]
thé hién so do twong quan vi tri va cap do uu
tién cua mdi bo diéu khién:

TSO

Hinh 2. So d6 truyén théng giira cac bé
diéu khién

Déi v6i cach truyén théng tin nhu trén Hinh 2
(duwong mau xanh), cac phan tir phan 16p cao
hon s& giam bt duoc ganh niang vé phan tinh
toan. Nhom tac gia s& trinh bay chi tiét ting
bo diéu khién theo thir tu: Bo diéu khién trung
tam, bo didu khién t6i wvu LQG, bo diéu khién
chung, mo6 hinh BESS.

a) Lép logic thiv nhit — b diéu khién trung tim

O 16p dau tién, cac gia tri tham chiéu vé cac
thong s6 ciia HTD nhu tan sd f, = SOHz va
dién ap V., = Ipu s€ duogc dat tai 16p nay. B
TSO dya vao tinh trang ctia md hinh pin dé
xéac dinh mirc nhiét 6 van hanh t6i da (7,,..),
giGi han dung luong pin (SOC,.. va SOC...)
dong thoi tinh toan duoc dau ra phit hop cho
cac cap do thap hon [7].

b) Lép logic thir hai — b diéu khién t6i wu LOG

O trong phan 16p nay 1a bo didu khién LQG, bd
LQG giup tdi uu hoa cac phép tinh luong cong
suat can thiét (P, va Qi) cho cac phéan 16p
thip hon, giam t6i da luong thong tin dung cho
cac b diéu khién dé tranh ton hao khong can
thiét cia HTD. Lép logic thir hai so sanh gia
tri f va gid tri |V| do dugc véi cac gia tri tham
chiéu £, va V,,; dugc cung cap tir phan 16p cao
hon (bd diéu khién TSO). Chi tiét vé thiét ké
ctia bo diéu LQG dugce thé hién & muc 3.3[7].

¢) Lép logic thir ba — bé diéu khién chung

B6 diéu khién chung hd tro bd TSO phan chia
ludng thong tin gitta cac by dicu khién khac
v6i nhau nhu modt bd ndo cia bo diéu khién.
Nguyén 1y hoat dong cua b diéu khién chung
dugc thé hién chi tiét & Thuat toan 1. BO didu
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khién chung s& yéu cau cong suat nhiéu hon tir
BESS khi dung lugng pin SOC ctia BESS gan
hon & muc t6i wu. Dung luong pin tdi wu cta
1 mé hinh BESS duoc thé hién ¢ Hinh 3[7].

Vung khéng uu

tién st dung € SOCpax = 90%

U 0 As soc, = 709
Vung su dung tm{ <+ optmax %

uu
€ S0Copemin = 30%

Vung khong vu

S < S0Cy, =10%
tién str dung {

Hinh 3. Cac trang thai dung lugng pin

Gia tri cong suat tic dung ctia mo hinh BESS
P/? s& bang voi coéng suit tic dung tham
chiéu P cia bd LQG:
Piref — Pkre’f (5)
trong d6: P/? - cong suét tac dung tham chiéu

cia md hinh BESS; P - cong suét tic dung
tham chiéu duoc tinh boi bo diéu khién LQG.

Bo logic cua bd didu khién chung s& thay
do6i trang thai sac xa cia bo diéu khién, néu
P >0 thi bo didu khién chung wu tién xa
pin, nguoc lai thi bd diéu khién chung sé uu
tién sac pin, sao cho dung lugng pin cua BESS
ludn nim trong khoang hoat dong t6i wu.

Nha san xudt pin da dé xut vé mot muc dung
luong pin phu hop cho loai pin Lithium la
10% < SOC < 90% .

Tuy nhién ving hoat dong tot nhat BESS 1a
phan mau xanh cta hinh trén nam trong khoang

gid tri SOCopuin = 30%va  SOCoypmin = 70%
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Cong thtc tinh toan tong dung luong pin con
trng ctia BESS dé sac thém luong cong suat
phan khang:

Qi = y(S!) = (P{)’ (6)
Tur tong dung lugng pin con trong ciia BESS
dé co thé sac thém luong cong suat phan
khang, co thé tinh dugc lugng cong suat phan
khang tham chiéu cia m6 hinh BESS dya vao
cong thuc dudi day:

0 x Qi

Qiref = T (7)

' - cong sudt phan khang tham

trong do: Q
chiéu ctia mo hinh BESS; 0/ - dung lugng
cong suit phan khang tbi da cua BESS; O, -
téng dung lugng pin con trong ciia BESS dé
c6 thé sac thém lugng cong sudt phan khang;

i - cong suit phan khang tham chiéu theo
tinh toan bd LQG; S7 1a dung lugng cong
suét biéu kién t6i da cua BESS.

Bo diéu khién chung con tich hgp mot chuong
trinh ¢ thé chuyén phan cong suat can phat tir
moé hinh BESS sang cac méay phét dién dong
b6 v&i muc dich 1a dé 1am giam muc sir dung
pin cia md hinh BESS. Khi ¢6 su ¢ lam su
thay d6i vé mit tin sd va dién 4p thay d6i ndm
ngoai gidi han van hanh dugc phat hién boi
hé théng tai thoi diém t,. H¢ thong diéu khién
phan 16p yéu cau cong suat phat ra tir BESS
va hé thong AGC (Automatic Generation
Control) yéu cdu cong suat phat ra tir cic may
phat déng bo.
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Hinh 4. Qua trinh van hanh két hop giira
may phat va BESS

Nhu c6 thé thdy & Hinh 4b va Hinh 4c, do thi
cong suit cua BESS va mday phat dong bo déu
tang sau sy ¢. Do quan tinh ctia cac may phat
ddng bd qué 16n, nén dong co quay cham, dan
dén luong cong sudt chiém phan 16n trong
khoang thoi gian t2 va t3 la cua BESS. Luc
nay h¢ théng bét dau hoat dong on dinh ¢ thoi
diém t3, BESS sé tur tir giam luong cong suit
phat ra. Trong khoang thoi gian t3 va t4, mic
str dung cong suat tir BESS s& giam tir tir va vé
0 tai thoi diém t4, lic nay da du thoi gian cho
méy phat dién dong bd c6 thé phat ra lugng
cong suét can thiét. So d6 khdi cua bo diéu toc
gitip tang téc d6 quay ctiia may phat dién dong
bd dugce thé hién ¢ Hinh 5 [7]:

Pmo n
w, - + - wg
i 1 1+sT, 1
o 45 o [P] o oty
+ + P + g
- By  Miy ?Lin
didu  phat L
toc f':
thong

Hinh 5. So dé khdi bd diéu téc

B6 diéu khién toc do cua may phat dién duoc
tich hop bd diéu khién PI dé lam giam sai s6
giira toc do goc ban dau ciia may phat va toc
do goc cua ludi dién. Trong d6 pmo va p,
lan luot dai dién cho cong suit co dau ra cua
tua bin hoi nudc va cong suét tai. Cac gia tri
thoi hing ctia may phat dién dong bo ky hiéu
la(7T,T,T.) va H, dai dién cho quan tinh cua
HTD.

Tong két lai, bo diéu khién chung hd tro cac
qua trinh tinh todn va thyc hién thuit toan
ERA gitp cho phéan 16p dau tién. Thong tin
thém vé thuat toan xay dung hé thong dua trén
thuat toan ERA va bo diéu khién LQG duoc
thé hién ¢ muc 3.3.

d) Lop logic thir tw — mé hinh BESS

O 16p logic nay, nhiém vu ciia mo hinh BESS
1a phat cong suét tac dung va cong suit phan
khéng Ién HTD. M6 hinh BESS gui lai cho bo
diéu khién chung nhimg thong tin nhu dung
luong pin SOC, dung lugng cong sudt biéu
kién t6i da S/, nhiét do pin T . Cong suét clia
m6 hinh BESS ¢6 thé tir vai MW dén vai trim
MW, c6 thé da van hanh dap ung véi su cd ¢ ca
mot vung rong 1on. H¢ théng c6 thé phat hién sy
c¢b xay ra lam thay doi gid tri tAn s6 va dién ap
nam ngoai gidi han cho phép, gidi han nay con
goi 1a ving chét ( DB,;va DB,). Muyc tiéu cia
ving chét nay 1a giam mic hoat dong cua bd
diéu khién dé tranh ton that va tang tinh an toan
khi van hanh.

3.2.Thuat toan 1 - thuat toan cta I6p logic
thu 3
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Thuat toan 1 [7] duoc tom tit trong vong 5
budc nhu sau:

Bude 1: Tim cac gia tri dao dong tan sb va
dién ap Af va AV cia hé théng, tim tong
dung tich pin SOC...ctia mo6 hinh, tim cong
sudt biéu kién tinh toan boi bd LQG S va
cong sudt biéu kién toan phan cua bo diéu
khién BESS S,

Si = V() + (P (8)
Afzf-ﬁff (9)
AV =V -Vy (10)
Smral = Simux
SOC o = SOC
.03 =80C=07
if T =<T.u (1)

Trong d6: Qi - cong suét phan khang ciia bo
diéu khién LQG, P/ - cong suét tic dung ctia
bd diéu khién LQG, f., - tin sd tham chiéu,
V,s - dién ap tham chiéu, f -tinsd va V -
dién ap thuc t&, S/ - cong suat biéu kién tdi
da cua BESS, T - nhiét d¢ hién tai va T,.
- nhiét do tdi da cta mé hinh BESS. Va cho
ra cac dau ra: Q/ - Cong suat phan khang va
P/ - cong suit tac dung tham chiéu cua md
hinh BESS.

Budc 2: Tim dung luong cong suit tac dung va
cong suat phan khang tbi da co thé sac va xa
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trong b diéu khién BESS, ky hiéu lan luot 1a
Pk va Qk:

P.= P00 = Qi)
néu St < S
|Po= P

O = V(Sww) - (P)?
néu P < S

Pk = Stolal; Qk = 0; else

(12)

trong do: P, - cong suat tac dung tdi da thé sac
va x4 trong BESS, O, - cong suat phan khang
tdi da c6 thé sac va xa.

Budce 3: Tim gia tri cong suat tic dung tham
chiéu P/ va cong sut phan khang tham chiéu
0/ cua md hinh BESS.

P/ =P (13)
orr = QX 5 Qi (14)
k

Budc 4: Hoan thanh tinh toan, tién hanh chay
b6 diéu khién 6n dinh ludi dién.

Budc 5: Kiém tra gia tri M , néu M =1 thi
thuc hién chuong trinh xay dung ERA (thuat
toan 2).

3.3. Thuat toan ERA va bé diéu khién LQG
a) Thudt toan ERA

Bén canh cac phuong phap mé phong hé thong
dién dya trén cac thong s6 vat Iy cia HTD.
Dau vao ciia ERA 1a 1a dung luong cong suét
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phan khang va tac dung dau vao BESS va dau
ra 1a cho bién do tan s6 va dién ap cua hé thong
dién duoc do tai cac PMU. Phuong phap ERA
phu hop dé lap dat & cac HTD c6 nhiéu ving
lién két v6i nhau vi luong thong tin khong 16
ctia ching khong thé thu thap bang tay ma
phai nho b thu thap dir liéu chuyén dung.

D¢ tranh cac truong hop lam phi tuyén tinh mé
hinh HTD trong qué trinh van hanh thi thuat
toan nay loai bo cac tac nhan gy nhiéu nho.
Gia sit HTD duoc biéu dién nhu sau:

x(t+1) = Ax(t) + Bu(t)
y(1) = Cx(t) + Du(t)

(15)

Trong d6: x(t) - dau vao ctia phuong trinh trang
thai, dai dién cho dau vao cia HTD; u(t) - tin
hiéu diéu khién, dai dién cho céc gia tri cong
suat tham chiéu ctia mo hinh BESS; y(?) - dau
ra cia phuong trinh trang thai, dai dién cho gia
tri do duoc sau diéu khién; 4, B, C, D - cac ma
tran trang thai cia HTD, thay doi tuy vao dau
vao vara cua HTD.

b) Bé diéu khién LOG

Bo diéu khién LQG bao gém hai phan chinh 1a
phan diéu chinh LQR va bg diéu khién du bao
LQE [8]. B6 diéu khién LQG duoc coi 1a mot
bd diéu khién t6i vu dbi voi hé théng dién nho
tinh thich nghi va du doan tét v6i hé thong.
J=5 [ @ o+ wRwar  (16)

Bén trén 1a mdt ham chi phi cua tin hi¢u di¢u
khién u va gia tri dau vao x, ham chi phi la

mot ham toan phwong thé hién sy can bang
giira sy bién doi cua tin hiéu ddu vao x va tin
hi¢u diéu khién u. Myc tiéu cta diéu khién
LQR 1a dé t6i thiéu ham chi phi bang viéc tim
ra tin hiéu diéu khién u t6i wu cho hé thong.
Trong ham J bén trén, ¢6 O, va R_dai dién cho
dac tinh dong hoc ctia bd diéu khién. Cac ma
trén trong s6 R va O dong vai tro quan trong
trong cac phép tinh ctia bo diéu khién tbi wu.

Dé tim dugc tin hiéu diéu khién téi uu cta hé
thong, c6 thé giai bai toan diéu khién t6i uu
theo hudng 1ap ham Hamilton véi cac ma tradn
A, B, C, D cua thuat toan ERA. Ham Hamilton
duoc viét nhu sau:
H=x"Q.x+uRu+ A(Ax+Bu) (17)

Trong do6, / - nghiém cua phuong trinh dong
trang thai Ham Hamilton:

' oH

A =~ =—Q0x(t) — AA(1).

Theo 1y thuyét diéu khién ning cao [8], tin
hiéu diéu khién dau ra tim duoc sau khi giai
bai toan diéu khién téi wu véi ham Hamilton
la:

u(t) =—K(t)x(t) (18)

trong do: K(t) = R/B"P(t) va P(t)la nghiém
ban xac dinh duong ctia phuong trinh vi phan
Riccati:

—P=PA+A"P+Q—PBR'B'P

Nhu vay c6 thé tim dugc tin hiéu didu khién u
lam cho hé théng on dinh va tbi wu nhat nho
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1ap ham Hamilton. C6 thé viét lai phuong trinh
ERA nhu sau:

X =Ax+Bu=(A—BK)x (19)

¢) Bé diéu khién LQE

Thong thuong viéc xay dung céc hé thu thap
dit liéu s& tn nhiéu chi phi do cac hang 16n nhu
Siemens, Schneider, Mitsubishi, Omron,... s&
doc quyén cac thiét bi va phan mém SCADA
ciia hing dé giir kin bi mat cong nghé. Bén
canh d6 van c6 cac phan mém SCADA ¢6 mi
ngudn mod cho phép két ndi nhiéu thiét bi ctia
nhiéu hing. Nhugc diém cua cic phan mém
SCADA c6 mi ngudn mo 1a thiét bi két ndi
khong twong thich véi phan mém.

Gia str ¢c6 mot mo hinh bd loc Kalman duoc
sir dung trong HTD dung dé wdc tinh dau ra
ctia bo diéu khién tir cac bién trang thai theo ly
thuyét, phuong trinh trang thai bo loc Kalman:

z(t) = [A7(t) + Bu ()]
_ FL[y(O) —y@)]
y(t) =Cz(t)

(20)

trong do: 3/\( 1) 1a du doan dau ra cua bd loc
Kalman dya trén céc tinh toan véi bién trang
thai dau vao du doéan theo ly thuyét Ec\( t); u(t)
la tin hiéu diéu khién; A, B, C, D la ma tran
cua phuong trinh ERA, L = ITC"Ry 1a d6 loi
Kalman, véi IT 1a nghiém cua phuong trinh
Riccati:

AIT + ITA" - TIC" R CIT + Qu = 0

(ISSN: 1859 - 4557)

Theo do, dé bd ude luong trang thai cua bo loc
Kalman st véi thyc té nhat thi dau vao trang
thai udc luong x(¢) phai gan véi dau vao trang
thai thuc té x(2). Ta c6 sai s6 ddu vao nhu sau:
e=x-x (21)
Tir sai s6 dau vao trang thai udc lugng, ta co sai
s6 dic tinh dong hoc cua trang thai udc luong:

trong do la tri riéng cua bg udc lugng trang
thai, dung dé tinh gia tri nho nhat cia sai sb
wdc lugng. Co thé thay: biéu thue 1a mot biéu
thire khong d6i tuy thudc vao trang thai dau
vao. Do d6 sai s didc tinh dong hoc cta trang
thai uc luong qua nhiéu qua trinh tinh toan s&
nho dan vé 0. Tir d6 lam ting tinh chinh xéac
ctia hé thong udc luong khi so sanh giira 1y
thuyét va thyc té.

d) Téng két

B0 diéu khién LQE c6 nguyén 1y tach rdi dugc
phat biéu nhu sau: bo diéu khién LQG c6 thé
giai bang cach giai riéng bai toan diéu khién
t6i vu tién dinh (LQR) va bai toan udc lugng
trang thai toi vu (LQE).

LQG = LQR+ Loc Kalman

So d6 khdi cua b diéu khién LQG lién tuc
duoc thé hién ¢ hinh 6.

Trong d6, bo diéu khién LQR (phan mau xanh)
dam nhiém nhiém vu tinh toan tin hiéu diéu
khién theo cong thirc (18).

Bo loc Kalman (phan mau dd) chiu trach
nhiém wdc tinh dau ra ciia bo diéu khién tir cac
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trang thai dau vao va céc tin hiéu diéu khién
duoc tinh toan theo cong thuc (20).

Hinh 6. So d6 khdéi cia bé diéu khién LQG

Bo diéu khién LQG 1a bd diéu khién tdi wu
¢6 chirc nang ude tinh trang thai dau ra 13 gia
tri cong suét tac dung va t6i wu tin hiéu diéu
khién dé t4i thiéu duoc ham chi phi bo ra cho
bd diéu khién.

3.4. Phan tich chién lugc diéu khién phan I6p:

Tai liéu [9] chi ra cic uu diém cia giai phap
diéu khién phan 16p:

V& mit cu tric cua chién luge co kha nang
du doan cac trang thai tiép theo cua hé thong
dién, nho kha nang nay ma chién luge didu
khién phéan 16p c6 thé dap ung t6t va diéu
khién hé thong mot cach nhanh chong néu co
cac tac dong nhiéu xay ra.

Vé chi phi lép dat va bao tri, vi¢c xay dung bo
diéu khién tap trung & mot chd giup giam chi
phi van hanh va bao tri hé thdng, dong thoi
lam giam ap lyc vé mit truyén thong khi cac
bo diéu khién duge van hanh mot cach c6 t6
chire tir trén xubng dudi.

Dua vao cac tinh uwu viét cua giai phap giup
cho hé thong van hanh linh hoat va an toan
trong boi canh ngay cang c6 nhiéu nguén nang

& ® 8 8 ® ® ® ® L ® ® & A ®
T I B e =
& & & ® & & &
2. |- = & LN 7 = = 2 o=
1
f .
el e | #
| I I T e Y e - ]
- b=t . j‘“ - | - i
£ = & £ =
)| 1 IS T
=) S =R <) | P
e - 9 = i g $ ! |
6 & e o 4 & 8 & & °
PHU QUY DIESEL POWER PLANT PHU QUY SOLARFARM |  |PHU QUY WIND FARM |

Hinh 7. So d6 luéi dién dao Phu Quy
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lwong tai tao tich hop vao hé thong anh huéng
16n dén d6 6n dinh cta hé thong dién.

4. PHAN TICH TiNH ON PINH CUA HE
THONG DIEN TAI DAO

Hé théng dién tai dao Phu Quy la mot ludi
dién doc 1ap va tach biét voi HTD quéc gia véi
nhiéu nguén ning luong cung cip tir nha may
dién diesel Phu Quy, nha may dién gi6 Phu
Quy, nha may dién mat troi Phu Quy (hinh 7).
Dé nang cao tinh 6n dinh cta ludi dién, nhém
tac gia dé xuat sir dung giai phap BESS c¢6 kha
ning dap ng nhanh sy mét can bang cong
suat ciia hé thong, tir d6 gitp nang cao do on
dinh tan sb trong cac truong hop cac su cd xay
ra trén HTD ddo Phu Quy.

Hién nay BESS van c6 chi phi san xuit con
rt cao. Theo du bao cua tai liéu [10] chi phi
lap dat hé thong BESS (pin Lithium) dén nam
202512 400%$/kWh, 2030 1a 326$/kWh va 2050
la 237$/kWh. Mac du chi phi ctia BESS ¢6 xu
huéng giam tuy nhién chi phi dau tu cho mot
giai phap chi sir dung BESS cho viéc 6n dinh
tan s6 trén HTD van con rét cao.

Do d6, dé ung dung BESS trong viéc on dinh
tan s6 cho cac HTP céac dao voi chi phi dau
tu thap nhat, bio cdo dé xuat st dung phuong
phap diéu khién phan 16p dugc trinh bay &
phan 3.

Pé danh gia hiéu qua nang cao 6n dinh HTD
dao Phu Quy bang giai phap diéu khién phan
16p, nhom tac gia tién hanh mo phong chi tiét
HTD dao Phu Quy vao nam 2025 bang phan
mém ETAP. Dir liéu duong day, phu tai va

(ISSN: 1859 - 4557)
nguén duoc trinh bay ¢ cac phu luc.

Nhom tac gia tién hanh mo phong 02 kich ban
nang né nhat 1a ngén mach 3 pha tai thanh cai
tram bién ap 22kV Cang Phu Quy va ngin
mach 03 pha trén duong day 22kV gitra tram
22kV Linh Quang va Hoi An thudc luéi dién
dao Phtt Quy dé danh gia hiéu qua trong viée
gitip 6n dinh tan s6 cho dao khi st dung giai
phap dé xuat

a) Kich ban 1: Ngin mach thanh cdi hé
thong dién dio Phii Quy

DPé mo phong kich ban 1, nhom tac gia tién
hanh ngén mach mot thanh céai ndi truc tiép
v61 phu tai quan trong 1a Cang Phu Quy tai
thoi diém t = 1s va giai trir sy cd sau 80ms. Két
qua mo phong kich ban 1 nhu hinh 8:

. TAN SO HE THONG DIEN DAO PHU QUY

TAN SO LUO1DAO PHU QUY TRUOC KHI SU DUNG GIAI PHAP
TAN SO LUG1 DAO PHU QUY SAU KHI SU DUNG GIAI PHAP |

50.8 ‘
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Hinh 8: Dé thi dao déng khi mé phéng kich ban 1

Khi hé théng chwa str dung phuong phap diéu
khién phan 16p : Gia tri tan sd dao dong vuot
ra khoi ngudng + 0.2Hz va tan s6 cia hé thong
xac lap ¢ bién do tan s6 50.2Hz. Sau sy khi sir
dung phuong phap diéu khién phén 16p gia tri
tan sd giao dong trong ngudng + 0.2Hz va tan
sb ciia hé théng xac lap ¢ bién do tan s6 50Hz.
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Dbi véi hé thong khi da tich hop hé thong diéu
khién phéan 16p: Gia tri tin s6 dao dong trong
khoang cho phép ¢ 20s sau su cd, sau d6 6n
dinh ¢ 50Hz trong thoi gian mo phong con lai.

b) Kich bin 2: Ngin mach tai dwong day
22kV giita tram Linh Quang va Hoi An

Pé mo phong kich ban 2, nhom tac gia tién
hanh gia 1ap ngan mach duong day 22kV giira
tram Linh Quang va Hoi An tai thoi diém t
= Is va giai trir sy ¢d sau 80ms. Két qua mo
phong kich ban 2 nhu hinh 9:

TAN SO HE THONG PIEN PAO PHU QUY

TAN SO LUG1 DA PHU QUY TRUG'C KHI SU’ DUNG GIAI PHAP
TAN SO LU'G BAO PHU QUY SAU KHI SUF DUNG GIAI PHAP
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Hinh 9: D6 thi dao déng khi mé phéng kich ban 2

Khi hé théng chua st dung phuong phap diéu
khién phan 16p : Gié tri tin sé dao dong vuot
ra khoi ngudng + 0.2Hz va tan s6 ciia hé thong
xac lap o bién do tan s6 50.1Hz. Sau su khi st
dung phuong phap diéu khién phan 16p, gia tri
tan s giao dong trong ngudng + 0.2Hz va tan
s6 ctia hé thong xac 1ap ¢ bién do tan s6 50Hz.

Dua vao két qua phan tich cho thay sau khi str
dung giai phap diéu khién phan 16p gitp nang
cao 6n dinh tin s6 cho céc hé théng dién dao
va dam bao hé théng dién van hanh an toan.
Ngodi ra phuong phap diéu khién phan 16p

con giup van hanh téi uu dung lwong BESS
gitip giam chi phi dau tu thip hon so véi cac
giai phap chi str dung 01 ngudn diéu tan duy
nhat.

5. KET LUAN

Pé cac HTD dao van hanh an toan va tin cay
can c6 giai phap nhiam ning cao 6n dinh tan
s6 trong cac trudng hop su ¢b xay ra trén ludi
HTPD. Giai phap dang duoc huéng dén hién
nay 1a str dung hé thong BESS gitup dap tng
nhanh sy thay doi cua tan s6 HTD trong céac
truong hop su ¢b. Tuy nhién chi phi du tu hé
théng BESS hién nay van con rit cao dan dén
viéc st dung giai phap BESS con dang bi han
ché. Bé giam chi phi dau tu BESS trong viéc
dap ung nhanh tan s6 ciia HTD trong qua trinh
van hanh, nhom tac gia dé xuat phuong phap
diéu khién phan 16p phdi hop giita cac nguon
nang luong tai tao, diesel va BESS gitip nang
cao tinh 6n dinh tan sb cta hé théng dién dao
va giam chi phi dau tu BESS. Céc két qua mo
phong vé6i phuong phap diéu khién phan 16p
mang lai hi¢u qua vé mit ky thuat va t6i wu chi
phi dau tu cho cac h¢ thong dién dao.

LO1 CAM ON

Tdc gid xin cam on Cong ty C6 phan Tuw vin
xdy dung Dién 4 thuoc Tap doan dién luc Viét
Nam da tai tro thuc hién nghién ciru nay.
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CAC PHU LUC
Bang 2. Théng sé duéng day tai lugi dién ddo Phu Quy
CHIEU
PIEM PAU (FROM) | BIEM CUOI (TO) (RQI) (Xgl) (Eé) (1}20) (Xs;’) (]:(S)) (Dkﬁ/ll)
NMPG PHU QUY NM DIESEL 456 229 1879 544 972 937 6
NM DIESEL NMDG PHU QUY 456 229 1879 544 9.72 937 6

LONG HAI DAI PTTH 013 006 05 015 026 025 0.16

THU NGUYET CANGPHUQUY 168 084 689 199 356 343 22
LINH QUANG CANGPHUQUY 022 011 089 026 046 044 0284
HOI AN LINHQUANG 022 0.1 089 026 046 044 0284
vB XM HOI AN 022 011 09 026 046 045 0.286
TAM THANH 234 UBND XM 08 04 329 095 17 164 1052

CHOTAMTHANH  TAMTHANH234 0.6 008 063 018 032 031 02
TAMTHANH1  CHOTAMTHANH 086 043 351 102 181 175 112
SAN VAN DONG TAMTHANH1 075 038 308 089 1.6 154 0985
DAITRUYEN HINH ~ SANVANDONG 022 0.1 088 025 045 044 028

BUU DIEN DAITRUYENHINH 054 027 219 063 113 1.09 07

BENH VIEN BUU DIEN 054 027 219 063 113 109 07
NGU PHUNG 5 BENH VIEN 057 028 233 068 121 116 0.745
NGU PHUNG 1 NGUPHUNGS5 025 0.2 102 03 053 051 0327
NGU PHUNG 2 NGUPHUNG 1 036 018 146 042 075 073 0465
NGU PHUNG 34 NGU PHUNG 2 04 02 163 047 084 081 052
BHQSPHUQUY  NGUPHUNG34 065 032 266 077 138 133 085
HUYEN DOI BHQSPHUQUY  0.66 033 269 078 139 134 086

S63633



TAP CHi KHOA HOC VA CONG NGHE NANG LUONG - TRUONG DAI HOC DIEN LUC

(ISSN: 1859 - 4557)

R ) . CHIEU
PIEM PAU (FROM) | BPIEM CUOI (TO) (Rgl) (XQI) (1:;) (Rgg ()g’) (]:(s)) (Dkﬁl)
HUYEN DOI NMDPG PHU QUY  1.75 088 72 209 373 359 23
GO MAY CAP5 (TU) 092 046 376 1.09 194 187 12
PHU TAI 4731 CAP5 (TU) 026 013 103 03 053 052 033
PHU THANG PHU TAI 4731 027 0.13 1.1 032 057 055 035
XOM COI PHU THANG 055 027 225 065 1.17 112 072
PHU LONG XOM COI 028 0.4 1.1l 032 058 056 0356
XOM RAY PHU LONG 0.1 0.05 038 011 019 019 0.12
DA DEN XOM RAY 042 021 172 05 089 086 055
CAPS DA DEN 042 021 172 05 089 086 055
DAI PTTH BA CAY 025 0.12 1 029 052 05 032
TAN HAI LONG HAI 038 0.19 157 045 081 078 05
LONG HAI 13 TAN HAI 064 032 261 076 135 13 0835
BA CAY CAP 8 (TU) 068 034 279 081 144 139 0.89
Bang 3. Théng s6 tai tai lugi dién dao Phu Quy
ID Cong suit tac dung Cong suit phan khang
(kW) (KVAr)
BA CAY 102.4 33.66
BENH VIEN 160.3 52.68
BHQS PHU QUY 45.88 15.08
BUU DIEN 188.9 62.08
CANG PHU QUY 467.5 153.7
CHO TAM THANH 205 67.39
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D Cong suit tac dung Cong suét phan khang
(kW) (kVAr)
DA DEN 102.4 33.66
DAI PTTH 83.13 27.32
DAITRUYEN HINH 102.4 33.66
GO MAY 102.4 33.66
HOI AN 102.4 33.66
HUYEN DOI 102.4 33.66
LINH QUANG 102.4 33.66
LONG HAI 214.8 70.6
LONG HAI 13 212.8 69.94
NGU PHUNG 1 102.4 33.66
NGU PHUNG 2 256 84.15
NGU PHUNG 5 102.4 33.66
NGU PHUNG 34 224.1 73.66
PHU LONG 32.05 10.54
PHU TAI 4731 448.2 147.3
PHU THANG 96.43 31.69
PHUTAI479 403.7 132.7
SAN VAN DONG 131.7 43.28
TAM THANH 1 451.5 148.4
TAMTHANH 234 469.5 154.3
TAN HAI 1323 43.5
THU NGUYET 115 37.81
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D Cong suit tac dung Cong suit phan khang
(kW) (kVAr)
TU DUNG WTGI 266 87.43
TU DUNG (43 266 87.43
TU DUNG WTG3 266 87.43
TU DUNGWTG2 266 87.43
UBND XA TAM THANH 212.8 69.94
XOM COI 102.4 33.66
XOM RAY 160.3 52.68
Bang 4. Théng sé ngudn tai lugi dién dao Pha Quy
NM NHIET PIEN | NMDIEN GIO | NM PIEN MAT TROI | BESS
CONG SUAT 10MW 6MW 0.8MWp IMW
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