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Tom tat

Sy gia tdng nhanh cua cac ngudn dién ndi ludi qua bod blen ddi cong suat lam gidm quan tinh ty
nhién cua h¢ thdng dién, dic biét tai cac khu vuc ludi yéu co ty 16 nguon inverter cao. Bai bao
nay dé xuat mot khung moé hinh rat gon cho thiét bj BTB-VSC-BESS nhim dénh gia kha ning
hd tro tan sb, dién ap va quan tinh do théng qua didu khién Virtual Inertia (VI) va Virtual
Synchronous Generator (VSG). Hé théng nghién ctru gdm hai ludi AC lién két qua bd bién dbi
nguén ap back-to-back, trong d6 Grid 1 dugc xem la lu6i manh, Grid 2 1a luéi yéu hoac khu vuc
phu tai nhay cdm. VSC1 van hanh theo ché do Grid-Following dé diéu khién cong suét trao doi,
trong khi VSC2 van hanh theo huéng Grid-Forming/VSG. BESS ndi vao DC-link cung cép cong
suit tac dung nhanh khi xay ra nhiéu loan tai. M6 hinh dong hoc rat gon dugc xay dung dé mo
phong dong thoi dap mg tan s6, RoCoF, dién ap, cong suat hd trg, SOC cia BESS va dién ap
DC-link. Ba truong hop dugc so sanh: khong c6 FACTS-BESS, BTB-VSC Grid-Following va
BTB-VSC-BESS VI/VSG. Két qua cho thdy cdu hinh BTB-VSC-BESS VI/VSG cai thién diém
cuc tiéu tan sb tir 49,4759 Hz 1én 49,7274 Hz, cai thién dién ap cuc tiéu tir 0,9101 pu 1én 0,9660
pu, trong khi SOC chi giam tir 60,0000% xudng 59,9086% trong kich ban khao sat. Két qua
chimg minh tiém ning ciia FACTS thé hé¢ méi khi két hop véi kho ning lwong va diéu khién tao
luéi trong hd trg on dinh dong ctia hé thong dién hién dai.

Tir khoa: FACTS,; BTB-VSC,; BESS,; quan tinh do; VSG; Grid-Forming, luoi yéu; on dinh tan
s6; dién dp DC-link.

1. Giéi thi¢u

Cac thlet bi FACTS truyén théng dugc phat trién nham diéu khién dién ap, cong sut phan
khang, tong tro duong day va dong cong suat trong hé théng dién xoay chleu SVC va
STATCOM thuong duge dung dé diéu khién dién 4 ap; TCSC va SSSC tac dong vao tong tro hodc
dién ap ndi tiép; UPFC va IPFC m& rong kha nang diéu khlen dong thoi nhleu dai lugng cua ludi
AC. Tuy nhién, khi h¢ thdng dién chuyén nhanh sang cau triic c6 ty 1& ngudn dién tir cong suét
cao, yéu cau ddi voi FACTS khong chi dimg ¢ diéu khién trang thai xac 1ap, ma mo rong sang
ho tro dong hoc hé théng.

Trong hé théng dién truyén théng, may phat déng bd dong gop quan tinh ti nhién thong qua
nang lugng dong hoc cua réto. Khi xay ra mét can bang cong suat, quan tinh nay lam giam toe
d6 thay ddi tan s va tao thém thoi gian cho cac tang diéu khién so cap, thir cip va bao v¢ tac
dong. Nguoc lai, cac ngudn dién mit troi, dién gié, BESS va HVDC-VSC thuong nbi ludi qua
inverter. Néu van hanh theo ché do Grid-Following, chung chu yéu bam theo dién ap/tan sé cua
ludi hién hiru va didu khién dong bom vao luéi. Do d6, trong ludi yéu hodc hé théng thiéu nguon
ddng b, tan s6 c6 thé suy giam nhanh hon sau nhiu loan, con dién ap co thé kém 6n dinh hon.

Mot huong phat trién quan trong 1a tich hop kho nang luong va diéu khién dong hoc cho cac
thiét bi VSC, dé chung co thé dong gop cong suét tic dung nhanh, tao quan tinh ao va mo phong
hanh vi ctia may phat dong bd. Trong nhém coéng nghé niay, BTB-VSC-BESS la c4u hinh dang
cha ¥ vi n6 két hop duogc ba chirc ning: lién két hai hé théng AC, diéu khién cong suat qua DC-
link va sir dung BESS dé hd tro tan sd/dién ap.



Bai bao nay tdp trung vao cau hoi nghién cvru sau:
BTB-VSC-BESS, khi vdn hanh véi diéu khién VI/VSG, c6 thé cdi thién dép ing tan sé
va dién ap cia lwdi yéu nhw thé nao so véi trieong hop khong cé6 FACTS-BESS va
truong hop BTB-VSC Grid-Following?

Céc dong gop chinh cua bai bao gdm:
1) Xay dung mé hinh rat gon cho hé thong BTB-VSC-BESS phuc vu nghién ctru dap tng tan
s, dién ap, DC-link va SOC.
2) Dé xuit cau trac diéu khién két hop droop, quan tinh 4o va VSG cho VSC phia ludi yéu.
3) Thiét lap kich ban m6 phong dién hinh dé so sanh ba trudng hop van hanh.
4) Panh gia dinh lugng cac chi tiéu £, ROCOF, Vyyin, cong suat hd tro cuc dai, SOC cudi
va di¢n ap DC-link.

2. Céu tric h¢ thong BTB-VSC-BESS , o
H¢ thong nghién ctru gdm hai ludi AC dugce li€n két qua bd bién doi ngudn ap back-to-back
c6 BESS noi vao DC-link. Cau trtic chirc nang dugc mo ta trén Hinh 1.
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BESS: Hé luu trr ndng lugng bang pin

BTB: Back-to-Back

VI: Virtual Inertia (Quan tinh o)

VSG: Virtual Synchronous Generator (May phat dong b ao)

Hinh 1. Cdu triic hé thong BTB-VSC-BESS ddp irng VI/VSG.

Trong cau hinh nay, Grid 1 dai dién cho h¢ théng AC manh hoic ving ngudn ¢ kha ning
cap/hap thu cong sudt. Grid 2 dai dién cho ludi yéu, khu cong nghiép, microgrid hodc khu vuc
c6 ty 1& ngudn inverter cao. VSC1 ndi v6i Grid 1 va van hanh 6 ché d6 Grid-Following, tirc bam
theo dién ap ludi va diéu khién cong suat trao doi. VSC2 ndi véi Grid 2 va van hanh theo ché do
Grid-Forming/VSG, tc tao dién 4p/tan s6 tham chiéu ndi bd va hd trg on dinh cho lu6i yéu.

BESS dugc n6i vao DC-link théng qua by DC/DC hai chiéu. Khi tan sd Grid 2 suy giam,
BESS phat cong suit tac dung nhanh vao DC-link dé hd tro VSC2 bom cong suit vao ludi yéu.
Khi tan sb ting hodc c6 du thira cong suat, BESS c6 thé hap thu cong suat dé sac lai. Nho do,
thiét bi khong chi diéu khién dong cong suat giita hai ludi, ma con tham gia dong hoc tan sd va
dién ap.

3. M6 hinh toan rut gon
3.1. Pong hoc tan so cua Grid 2 . )
Dép ting tan so6 cua Grid 2 dugc mo ta bang phuong trinh dao dong cong suat rut gon:
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trong d6 Aw = (f — f,)/f, 12 sai 1éch tdc do pu; Hgnd la quan tinh twong dwong cta Grid 2;
Dgrig 1a h¢ sd tat dan ty nhién; AF; 1a cong sudt didu tdc trong duong cua phan ngudn truyén
thdng; Pr4crs 13 cong sudt hd tro tir BTB-VSC hoic BTB-VSC-BESS; AP, 1a nhiéu loan cong
suat tai.

B diéu tdc twong duong duoc md ta gan dung boi:

dAF;, —K;Aw — AF,
dt T,

Mo hinh nay khéng nham thay thé mo hinh may phat chi tiét, ~ma dung dé phan anh anh
hudng tong hop ctia quan tinh, tat dan va diéu tdc so cap trong ludi yéu.
3.2. Piéu khién Grid-Following ciia BTB-VSC

Trong trudng hgp BTB-VSC chi van hanh Grid-Following, cong suat hd trg duoc tao theo
dac tinh droop cham:

dA(U

* —
Perr = —KgprLdw
véi gioi han:
max
|PgrLl < Pgrp

Do khong co BESS, cong suét hd tro chi yéu duoc trao doi tir Grid 1 qua lién két BTB. Picu
nay van gitp cai thién tan sb va dién ap tai Grid 2, nhung dap tng bi gidi han bai dong hoc diéu
khién va kha nang trao d6i cong suét giira hai ludi.

3.3. Piéu khién quan tinh d0 VI
Khi c6 BESS, cong suat hd tro duge bd sung thém thanh phén quan tinh ao:

i dAw
Py = —Ky; dt

Két hop droop va quan tinh 4o:
dAw
Pprss = —Kpdw — Ky ——

Khi tin s6 giam nhanh, dAw/dt < 0, 1¢nh Pggss c6 gid tri duong. Khi d6 BESS xa cong
sut vao DC-link, giup VSC phia Grid 2 tang cong sudt phat ra ludi va lam cham qua trinh suy
giam tan so.

3.4. M6 hinh VSG

VSG mé phong hanh vi dong hoc clia may phat dong b bang cach tao toe do goc va goc
pha nd1 bg. Dang rtt gon cua phuong trinh VSG la:
dwysg

ZHvsg T =P,—F - Dvsg(wvsg - (‘)O)
Goc pha ndi bd dugc xac dinh boi:
dBUSg _
dt - vsg

Trong mo hinh rat gon cua bai béo, trang thai wys, va 6,5, dugc dung dé minh hoa khac
biét ban chat giira GFL va VSG: GFL chu yéu diéu khién dong theo ludi co san, trong khi VSG
tao trang thai noi bd gidng nguon ap c6 quén tinh va tat dan o.

3.5. H? tro dién ap va cong suit phin khang

bién 4p Grid 2 dugc mo ta bang mo hinh bac mot:

av
TVE =Vo—V —kypAP, + kyQysc

B bién ddi hd trg dién ap thong qua dic tinh Q — V:



Qusc = Ky(V* =) )
Cach mo hinh hoa nay cho phép danh gia dinh tinh tac dung bu phan khang cia VSC doi voi
dién ap ludi yéu.
3.6. DC-link va SOC cuia BESS
bién 4p DC-link dugc mo ta bﬁng mo hinh bac mot:

——=—Wac— 1) + kgc(Pggss

Trang thai sac cia BESS duoc tinh gan dang theo:
dSOC PBESSSbase
“dt  E BESs * 3600
Trong d6 SOC tinh theo phin trim; Pggss tinh theo pu; Sy 4. tinh theo MW; Egggs tinh theo
MWh. Phuong trinh ndy gitp kiém tra muc tiéu hao ning luong khi BESS tham gia hd tro quan
tinh do.
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4. Thong s6 md phong va kich ban khao sat
Mo hinh duogc xay dung trén co s& cong sudt Spase = 1000 MVA va tan sé dinh mirc f, =
50 Hz. Cac thong s6 chinh dugc trinh bay trong Bang 1.
Bang 1. Théng sé chinh ciia mé hinh mé phong

Nhém thong so Ky hiéu Gia tri Ghi cha
Cong suat co s Shase 1000 MVA | Quy dbi cong suat pu
Tan s6 dinh mirc fo 50 Hz H¢ thong 50 Hz
Quan tinh twong duong Grid 2 Hyrig 2,0s Ludi yéu, ty 1¢ inverter cao
Hé s6 tat dan tu nhién Dyria 14 Tai va diéu khién so cap tuong duong
Cong suat BESS dinh mirc PIEE 300 MW | Giéi han ho trg
Dung lugng BESS Epgss 200 MWh | Dung tinh SOC
SOC ban dau SOC, 60% Trang thdi sac ban dau
Giéi han hd trg GFL PIF* 120 MW | BTB-VSC khong BESS
Hé s6 droop VI/VSG Ky 18 Tac dong theo léch tan sb
Hé s6 quan tinh a0 Ky; 0,85 Téc dong theo RoCoF
Hang s6 dép ung VI Ty, 0,04 s | Pap ung nhanh ciia BESS
Hang s6 dap ung GFL TerL 0,35s | Pap ing chaim hon VI/VSG
Hang s6 DC-link Ty 0,08 s | Mb hinh dién ap DC-link

Kich ban mé phong keo dai 10 s. Tai t = 1, tai Grid 2 tang 150 MW. Tai t = 4, thiéu hut
cong suat tang thém Ién 200 MW nham mo phong giam nguén tai tao hodc tang tai b6 sung. Tai
t = 5 s, nhiéu loan thtr hai két thuc va hé théng trd vé muc thiéu hut 150 MW. Ba truong hop
dugc khao sat gom:
1) Khong FACTS-BESS: Grid 2 chi dua vao quan tinh va diéu toc twong duong.
2) BTB-VSC GFL: BTB-VSC hd trg cong suit theo droop cham va hd trg dién ap thong
qua@Q —V.
3) BTB-VSC-BESS VI/VSG: BESS cung cép cong suat nhanh theo droop va quan tinh ao;
VSC phia Grid 2 van hanh theo huéng VSG.

5. M6 hinh moé phéng trong MATLAB
B6 ma MATLAB dugc xay dung theo ciu tric tach khdi dé nguoi doc ¢ thé kiém tra va
thay d6i thong s6 d& dang. Cac file chinh gom:
Bdng 2. Cau triic bo ma MATLAB
‘ File \ Chirc nang \




MAIN FACTS VI VSG BTB BESS.m | Chuong trinh chinh

facts vi vsg parameters.m Khai béo thong s6 mé hinh

facts vi vsg simulate.m Mo phong ba truong hop
facts vi vsg plot.m V& cac hinh két qua

facts vi_vsg export.m Xuat dit liéu va bang két qua CSV

6. Két qua md phong va thao luin
6.1. Dap wng tan so va RoCoF

Pép Ung tan sé tai Grid 2

—— Khong FACTS-BESS
BTB-VSC GFL
~— BTB-VSC-BESS VI/VSG

0 2 4 o 6 8 10
Hinh 2. Bap ing tan s6 va RoCoF tai Grid 2.

Khi tai Grid 2 tang tai t = 15, tan s6 giam trong ca ba trudng hop. Truong hop khong co
FACTS-BESS c6 diém cuc tiéu thap nhét, dat 49,4759 Hz. Khi bd sung BTB-VSC ¢ ché do
GFL, tan sb cuc tiéu duoc cai thién 1én 49,6347 Hz. Trudng hop BTB-VSC-BESS véi VI/VSG
cho két qua t6t nhat, dat 49,7274 Hz.

Két qua nay cho thay BESS va diéu khlen quan tinh ao giup giam do sau suy giam tan sb.
RoCoF cuc tiéu ban dau trong ba truong hop gan nhu glong nhau do nhiéu loan tai xuat hién dot
ng6t va bo diéu khién chua the tac dong tai diing thoi diém gian doan. Tuy nhién, sau giai doan
rat ngan, VI/VSG tao cong suat tic dung nhanh, 1am chdm qua trinh suy giam tiép theo va giup
tan s6 phuc hdi & muc cao hon.



6.2. Cong suét hd tro va SOC ciia BESS

Céng suat tadc dung hb trg tir FACTS/BESS
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Hinh 3. Céng sudt tac dung hé tro tir FACTS/BESS va SOC ciia BESS.

BTB-VSC ¢ ché d6 GFL chi hd tro cong suat & mirc han ché, véi cong suat cuc dai khoang
69,28 MW trong kich ban nay. Khi sir dung BTB-VSC-BESS véi VI/VSG, BESS phat cong suat
nhanh hon va 16n hon, dat gan 98,17 MW. Diéu nay giai thich vi sao dép tng tan sb cia truong
hop VI/VSG tbt hon 13 rét.

Do thoi gian m6 phong ngan va dung luong BESS la 200 MWh, SOC chi giam rat nho, tir
60,0000% Xuong 59,9086%. Day la dac diém c6 loi cua dich vu quan tinh do0: yéu céu cong suét

16n trong thodi gian ngan, nhung niang luong tiéu thy khong qua 16n néu sy ¢d dugce khong ché
nhanh.

6.3. Pap trng dién ap va cong suit phin khing
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Hinh 4. Dién dp Grid 2 va cong sudt ' phan khang hé tro.

Khi tai tang, dién ap Grid 2 bi sut do lu6i yéu va thiéu cong sudt phan khang tai chd. Truong
hop khong c6 FACTS-BESS c6 dién ap cuc tiéu khoang 0,9101 pu. Khi ding BTB-VSC & ché
do GFL, dién ap cuc tiéu duogc nang lén 0,9615 pu. Truong hop VI/VSG tiép tuc cai thién lén
0,9660 pu.



Két qua nay cho thdy FACTS hién dai khong chi hd tro tan s6 bang cong suit tic dung, ma
van gitt dugc chiic nang truyén thong 13 6n dinh dién ap thong qua cong suat phan khang. Vai trd
cua VSC phia Grid 2 dac biét quan trong vi n6 cé thé hd tro dién ap nhanh tai PCC cua luoi yéu.
6.4. Dién ap DC-link va trang thai n¢i b VSG

bién ap DC-link
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Hinh 5. Dién ap DC-link va cadc trang thai ngi bo VSG.

bién ap DC-link dao dong rat nho quanh gia tri dinh mirc, cho thay b diéu khién van duy tri
duoc can bang cong suit gitra VSC va BESS. Trong truong hop VI/VSG, toc do goc 4o va goc
pha ndi bo thay d6i theo dap ung tan sb va cong suét hd tro.

Pay la diém khac biét can ban gilra diéu khién Grid- Following va VSG. GFL chu yéu bom
dong theo luéi co san, trong khi VSG tao ra trang thai noi bo giong may phat dong bo, gdbm toc
do goc, goc pha va dién ap tham chiéu. Nho d6, bo bién do6i co thé dong gop dic tinh gidng
ngudn ap co quan tinh va tat dan 4o.

6.5. Bang tong hop két qua
Bang 3. So sanh cac truong hop mo phong

Trwong hop [min RO,COF nho Vinin PFACTS,maJ SOCeng
(Hz) nhat (Hz/s) (pu) MW) (%)
Khong FACTS-BESS 49,4759 -1,8750 0,9101 0,00 60,0000
BTB-VSC GFL 49,6347 -1,8750 0,9615 69,28 60,0000
BTB-VSC-BESS 49,7274 -1,8750 0,9660 98,17 59,9086
VI/VSG

So v&i truong hop khong c¢6 FACTS-BESS, cau hinh BTB-VSC GFL cai thién f,,;, thém
0,1588 Hz va cai thién V,,;,, thém 0,0514 pu. Ciu hinh BTB-VSC-BESS VI/VSG cai thién fmin
thém 0,2515 Hz va cai thién Vi, thém 0,0559 pu. Nhu vay, bd sung BESS va diéu khién
VI/VSG tao ra loi ich 1 rét vé tan s, dong thoi van duy tri hd tro dién ap.

7. Ban luan

Két qua m6 phong cho thdy BTB-VSC-BESS c6 thé déng vai tro nhu mot thiét bi FACTS
thé hé méi. Khi chi sir dung BTB-VSC & ché do GFL, thiét bi van hd trg duoc cong suat va dién
ap, nhung kha nang phan g nhanh bi gi6i han. Khi b6 sung BESS va diéu khién VI/VSG, thiét



bi ¢6 thém kha nang phat cong suit tic dung nhanh, lam giam d6 sdu suy giam tan s6 va tang kha
nang phuc héi sau nhiéu loan.

V& ban chét vat 1y, loi ich cua VI/VSG dén tir hai yéu t6. Thi nhit, BESS cung cép ning
luong tac dung trong khoang thoi gian ngin, gitip giam thiéu hut cong sut tirc thoi. Thi hai, bd
dléu khién VSG tao ra trang thai ndi bo twong ty may phat ddng bo, giup bo bién ddi van hanh
gidng mot nguon ap c6 quan tinh va tit dan do0. Su phdi hop nay giup thiét bi dién tir cong suét
khong chi la nguén bom dong, ma tr6 thanh phan tir tham gia 6n dinh dong cua hé thong

Tuy nhién, can nhin manh ring VI/VSG khong phai kha nang v6 han. Mic hd trg phu thudce
vao cong suat dinh muc cua VSC, dung lugng BESS, gi6i han dong, dién ap DC-link va trang
thai SOC. Néu BESS gin can ning lugng hodc VSC cham giéi han dong, bd diéu khién phai
giam muc ho tro dé dam bao an toan thiét b;.

8. Gi6i han cia mo hinh
M6 hinh trong bai bao la mé hinh rat gon, phu hop dé phan tich xu hudng va kiém ching

nguyén 1y diéu khién. M6 hinh chua xét chi tiét:

«  chuyén mach van ban dan;

- diéu khién PWM;

*  dong hoc PLL phi tuyén;

*  gi61 han dong tire thoi cua VSC;

*  bao vé DC-link;

«  mo hinh chi tiét cia bp DC/DC BESS;

«  tuong tac dién tir nhanh & cip EMT.
Vi vy, cac két qua can duogc hiéu 14 két qua mod phong dinh hudng. Nghién ciru tiép theo nén mo
rong sang mo hinh RMS/phasor chi tiét hoac EMT/Simulink dé kiém tra thém cac gidi han bao
vé, diéu khién vong trong va tuong tac voi ludi dién thuc.

9. Két luin

Bai bao da xdy dung mot khung mé hinh rat gon cho cdu hinh BTB-VSC-BESS dap ting
quén tinh 4o va VSG trong ludi yéu. Ba trudng hop mo phong dugce so sanh gom khong FACTS-
BESS, BTB-VSC Grid-Following va BTB-VSC-BESS VI/VSG.

Két qua cho thdy BTB-VSC-BESS VI/VSG cai thién rd rét dap tmg tan s va dién ap. Trong
kich ban khao sat, fy,;n tang tir 49,4759 Hz 1én 49,7274 Hz, Vi, tang tir 0,9101 pu 1én 0,9660
pu, trong khi SOC chi giam 0,0914 diém phan trim. Piéu nay ching to BESS c6 thé cung cip
cong suat nhanh cho cac dich vu quan tinh 40 ma khong tiéu hao qua nhiéu ning luong trong su
cb ngén han.

Két qua ctng cho thay hudng phét trién méi cia FACTS: tir cac thiét bi bu phan khang va
diéu khién dong cong suat, FACTS c6 thé tro thanh phan tir chii dong hd tro tan s6, dién ap, quan
tinh 40 va 6n dinh dong khi két hop véi kho niang luong va diéu khién Grid-Forming/VSG.

Déi véi hé théng dién Viét Nam, cdu hinh tuong tu co thé dugc nghién ctru cho cac khu vuc
ludi yéu c6 nhidu dién mit troi, dién gié, BESS, cac lién két BTB/HVDC-VSC va microgrid
cong nghiép.
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