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Abstract

The paper proposes the control model of a T-type inverter that simulates the operating characteristics of a synchronous generator (VSG-T).
The model is developed by incorporating the mathematical equations representing the mechanical and electromagnetic behavior of a tradi-
tional synchronous generator into the active and reactive power control loops. Therefore, the VSG-T can be connected in parallel with the
grid, controlling power in a manner similar to traditional generators, directly participating in frequency and voltage regulation, and emulating
inertia and damping characteristics to stabilize the grid frequency. Moreover, simulation results on MATLAB/Simulink software indicated
that the VSG-T using RB-IGBT switches achieved voltage quality with a voltage THD of 1,23 % and a current THD of 2,19 %, which is
significantly lower than the IEEE 1547-2018 standard requirement (< 5%).
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CAc tir viét tit

VSG Virtual synchronous generator
GFL Grid-following technology
SG Synchronous generator

IBR Inverter-based renewables
PTCS Dién tir cong suat
APL Active power loop
RPL Reactive power loop
PCC Point of Common Coupling
PLL Phase-locked loop

Tém tit

Bai bao d& xuit mot mé hinh didu khién cho bo nghich luu hinh T
cai tién sir dung van RB-IGBT gia lap dic tinh van hanh cua may
phat dién ddng bo (VSG-T). M6 hinh nay dwoc thyc hién bang viéc
dwa cac phuong trinh toan hoc mé ta hoat dong phan co hoc va phan
dién tir ciia may phat dién ddng bo truyén thdng nhung vao trong céc
vong didu khién cong suit tic dung va cong suit phan khang. Nhos
d6, VSG-T c6 thé két néi song song véi lugi dién, diéu khién cong
suit theo co ché twong ty nhur méay phat dién truyén théng, tham gia
truc tiép vao qua trinh diéu khién tan sé va dién ap, ddng thoi tai hién
dc tinh quan tinh va giam chan nham n dinh tin s6 lusi dién. Ngoai
ra két qua mo phong trén phan mém MATLAB/Simulink cho thiy
VSG-T str dung van RB-IGBT dat dugc chét luong dién ap véi THD
dién 4p 14 2,19 % va THD dong dién 1a 1,23 % thip hon so vdi yéu
cdu tiéu chuén IEEE 519-2014 (< 5%).

1. Gi6i thi¢u
Trong hé théng dién truyén théng cac may phat dién

dong bo dong vai tro quan trong trong van hanh 6n dinh cua
toan hé thong. Trong do, cac muc tiéu diéu khién chinh nhu

diéu chinh dién ap va tan sé duoc thuc hién thong qua viéc
diéu khién kich tir va diéu khién bo diéu tc cia may phat dién
dc‘)ng bo. Pic tinh tré khang dau ra thip cung véi chirc ning
diéu chinh dién ap tw dong giup cho may phat dién ddng bo
tro thanh ngudn dién ap gan nhu ly tuong. Hon nita, quan tinh
quay cua tuabin va réto may phat gitip on dinh va duy tri tin
s6 hé thong dién trong pham vi cho phép khi cé su mat can
bang cong suat chang han nhu thay doi tai dot ngot hoac sy cd
Xay ra trong qua trinh van hanh. Dic tinh van hanh nhu ngudn
dién 4p ly twdng va quan tinh cao la nhimng ddc diém thiét yéu
giup duy tri On dinh cua hé thdng dién. Tuy nhién, hién nay
nhiéu quéc gia trén thé giéi dang dang ting cuong st dung
nang luong tai tao, dac biét tp trung vao cong nghé dién gio
va quang dién mat troi dé giam thiéu khi thai gay hiéu ung
nha kinh. Mot trong nhirng thach thuc I6n trong viéc tich hop
nang luong tai tao vao ludi dién 14 tinh gian doan va khong 6n
dinh ciia cac ngudn ning lugng nay. Do ddc tinh phy thudc
vao thoi tiét, cac ~dang phat dién tir nang luong tai tao nay
khong thé cung cép nang luong mot cach lién tuc va on dinh
nhu cac ngudn dién truyen thong. Dé két nbi cac nguodn dien
tai tao nay voi ludi dién, cac bo bién doi dién tir cong suat
(IBR) thuong dugc su dung [1], [2]. Do tinh chét gian doan
Cua cac ngudn nay, nén cac IBR thuong dugc diéu khién dé
ldy cong suét tdi da tai bt ky thoi diém nao dua vao ludi dién.
Céc nghich luu dugc sir dung trong cac IBR thudng dwoc thiét
ké dé theo ddi dién ap ludi va bom dong dién vao ludi dign.
Chung phu thudc hoan toan vao luéi dién chinh, do d6 duoc
goi 1a nghich Iuu bam ludi (GFL). Hau nhu tit ca cac IBR da
dugc lap dat hién nay déu thudc loai nay [3]. Hon nita, cac
IBR ciing khong dugc thiét ké véi du dung luong luu trit nang
luong va phuong phéap diéu khién phi hop dé mé phong phan
(g quén tinh va giam chan nhu dugc quan sat thy & cac may
phat dién dong bd. Do d6 khi két ndi véi ludi dién, mot mat
chiing 1am cho quan tinh twong dwong cua hé thong giam dan
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dén téc do thay doi va do léch tan 50 I6n hon [4], [5]. Mat
khac chung khong c6 kha nang cung cap hd tro dién 4 apva tan
s6 can thiét cho ludi dién, co kha ning anh huong dén tinh 6n
dinh cua hé thong dién.

Dé giai quyét van dé nay, cac mo hinh nghién ctru may
phat dién dong bo a0 (VSG) duge dé xuat. Trong [6] trinh bay
mo hinh VISMA dya trén mo hinh co dién thong thuong cua
SG. Trong d6 hai loai VISMA da dugc gidi thiéu d6 1a VSG
diéu khién dong dién va diéu khién dién ap. Tuy nhién, chi co
phuong phap VISMA diéu khién bang dién 4p méi co thé hoat
dong & ché do doc lap. Mot mé hinh VSG khac cua Ise Lab
dé xuat duoc gidi thicu trong [6] dwa phuong trinh quay cua
may phat dién dong bo d¢é mo phong quan tinh do. Céu hinh
ndy lam viéc dya trén viéc do luong tan s6 ludi va cong sudt
tac dung phat ra ciia bo bién ddi. Trong [7] dé xuat cau hinh
VSG mo6 phong quan tinh 4o dya trén dap Ung tan sb - cong
suat MS% hinh xuat phat tir cac thong s6 do luong vi phan tan
sO thay dbi dé tién hanh mo phong quan tinh ao. VSG do
Zhong dé xuat trong [8] 1a cong nghé VSG phan anh day du
hiéu suit qua do dién tir cia may phat dién dong bo. N6 ¢o
ddc tinh van hanh va cac déc tinh dong hoc tuong tu nhu may
phat dién dong bo. Trong [9] VSG da duoc nghlen ctru trong
céc hé thong luu trit ning lugng két hop pin va siéu tu dién dé
bu cho sy dao dong cong suat trong cac hé thong phat dién
nang lugng tai tao va cung cap hd trg cho tan sb lugi dién.
Trong tai liéu [10] d& xuat mot sira ddi cho cau trac VSG co
ban nhim c6 kha ning ddng bd hoa va kha ning “plug and
play” ma khong can b vong khéa pha PLL. Tai liéu [11] gigi
thiéu thuat toan diéu khién két hop giita VSG va droop control
dé cai thién dap tmg quan tinh cia ludi dién siéu nho. Tuy
nhién trong cic nghién ctu vé VSG, cac mo hinh chu yéu
dugc thyc hién dua trén ciu trac nghich Iuu ngudn ap hai muc
thong thuong. Uu diém cia ciu trac nay 1a s lwong linh kién
it, nguyén tic hoat dong don gian, qua trinh van hanh c6 ton
that dan thap. Vi vay chung hién dang dugc dung phd bién
cho nhitng (ing dung cong suit nho, dién ap mot chiéu (DC)
thdp (< 700V). Trong khi dé xu huéng hién nay cua cac tng
dung trong ludi dién xoay chiéu ha ap yéu cau dién ap DC cao
dén hon 900V, cong sut 16n hon, tan sé chuyén mach cao dén
50 kHz. Véi yéu cau nay, nghich luu ngudn p hai muc co
nhitng han ché nhu: t6n that trén cac tu loc va do méo song
hai (THD) con cao, chat luong dién ap ra con thap, dién ap
trén van ban dan 16n, tén hao chuyén mach cao. Bé khic phuc
cac nhuoc diém nay, giai phap nghich luu da mirc da dugc dé
XUét va nghién ctru ing dung, [12]. Trong dé, cac cau tric phd
bién duoc trién khai trong cac hé thong ludi ha 4p gdm: nghich
luu ba mic NPC (Neutral Point Clamped), nghich luu hinh T
co ban va nghich luu hinh T cai tién st dung RB-IGBT. Céc
c4u trac nghich luu ndy c6 wu thé 13 rét so véi nghich luu hai
mtrc nhu giam dang ké thanh phan song hai, téc do bién thién
dién ap trén tai ciing dugc gisi han nén yéu cau thiét ké bo loc
dau ra cuia bo bién doi dugc don gian hoa, khong con phic tap
nhu ¢ cac bo nghich luu hai muc, [13] [14]. Ngoai ra cac khoa
béan dan chi phai thuc hién qua trinh dong cit & muc dién ap
thap, tan s6 dong cét cta cac van mach lyc thap trong khi van
bao dam tan sé cao ddi véi qua trinh diéu ché dién ap dau ra.
So Véi céc cdu triic nghich luu da mirc trén thi bd nghich luu
ba murc hinh T cai tién sir dung van RB-IGBT lai ¢6 wu diém
hon nho thiét ké da duge mé dun héa nén c6 kha ning lam
giam dang ké ton thit trong qua trinh chuyén mach [15].

Véi nhirng 1y do trén, ciu trac nghich luu ba mirc hinh T
cai tién st dung van RB-IGBT duoc coi nhu mot giai phap
hi¢u qua cho su lién két ciia cac ngudn dién phan tan véi ludi
dién dic biét & cap dién ap thap. Tuy nhién, tuong tu nhu cac
bo bién dbi dién tir cong suat khac, chién luoc diéu khién bam
ludi truyen thong (GFL) cua bo nghich luu ba muc hinh T
khong thé cung cap hd tro tan sé va dién 4 ap mong mudn cho
lué6i dién. Cac nghién citu VSG dua trén cau truc nghich luu
ba muc hinh T hién nay c6 rat it nghién ctru danh gia. Nghién
ctru trong [16], d& xuat mot chién luoc diéu khién VSG thich
nghi tham sé dya trén bo bién ddi nghich luu ba mirc NPC
hoat dong doc lap. Trong [17] nghién cttu méi chi tap trung
vao mot chién luge diéu khién du doan mé hinh cho VSG dua
trén bo nghich Iuu ba mirc hinh T truyén théng. Cac nghién
ctru nay danh gia hoat dong trong ché dé doc lap, chua xem
xét dén ché @6 van hanh ndi ludi. Ngoai ra chua c6 tai liéu
nao xem xét quy trinh van hanh téng thé ciia hé thong phat
dién VSG dua trén ciu trac nghich luu ba mirc hinh T st dung
van RB-IGBT. Trén co sé nhiing phéan tich trén bai bao dé
Xuit hudng tiép can méi: tich hop mé hinh VSG vio cau triic
nghich lvu ba mic hinh T cai tién sir dung van RB-IGBT. M6
hinh dé xuat khong chi hoat dong nhu mot ngudn ap diéu
khién duoc, ty tao tin sé va dién 4p cua riéng nd, ma con cd
cac ddc tinh quan tinh a0 va giam chin ao nhu hanh vi cua
may phat dién ddng bo. Day 1a dong gép mai co ¥ nghia, boi
n6 tao tién d& cho viéc nghién ctru tng dung cac bo bién ddi
cong suit thé hé méi co kha ning hoat déng vai vai tro tuong
tu nhu may phat dién dong bo, phu hop két ndi véi ludi dién
¢6 quén tinh yéu, tir d6 nang cao hiéu qua va do tin cay cua hé
thdng dién khi tich hop cac ngudn ning luong tai tao.

Phan tiép theo ciia bai bao dugc trinh bay bao gdm: phan
2 trinh bay céu tric nghich Iuu hinh T cai tién sir dung van RB-
IGBT; phan 3 trinh bay mé hinh may phat dién dong bo va
nguyén 1y diéu khién cia VSG; phan 4 trinh bay mé hinh tin
hiéu nho va thiét ké diéu khién cdu hinh dé xuat; phan 5 trinh
bay két qua md phong; phan 6 trinh bay két luan cua bai béo.

2. Céu tric va diéu ché nghich luu hinh T cai
tién sir dung van RB-1IGBT

2.1 Cu triic

So db cau trac nghich luu hinh T cai tién st dung RB-
IGBT dugc thé hién trong hinh 1 dya trén cAu hinh hai mtrc
thong thudng véi sau khoa ban dan (SA1, SA2, SB1, SB2,
SC1, SC2). Trong d6, mdi nhanh pha dugc két ndi véi diém
trung tinh thong qua ba khoa hai chiéu c¢6 kha ning chin dong
nguoC (SA3, SA4), (SB3, SB4), (SC3, SC4).

L sas
SA1 % SB1 -z sc1
SA3 T
= C1 A _A

SB4

Q

“L[
sB3

0 0T

L sca

SC3 T

_"i]} SA2—||:’} $B2 _K]} 5C2

Hinh 1: Ciu tric nghich luu hinh T cai tién st dung RB-IGBT
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Nguyén 1y hoat dong cia nghich Iuu hinh T sir dung van
RB-IGBT c6 thé duoc phan tich thong qua bang trang thai
dong cit cac van ban dan cua ting pha. Trong bang 1, ba mirc
dién ap day dau ra -Vpc/2, 0, +Vpc/2 duoc tao ra dua trén cac
t6 hop dong, cit khac nhau cua bon van SA1 dén SA4.

Bing 1: Trang thai dong cit van cia pha A

Trang Vour | SAL1 | SA2 | SA3 | SA4
thai

P +Va/2 | ON | OFF | ON | OFF

O 0 OFF | OFF | ON | ON

N -Va/2 | OFF | ON | OFF | ON

2.2 Pidu ché

Phuong phap diéu ché PWM dang sinPWM (SPWM) va
vector khong gian (SVM) 1a hai phuong phap thuong duoc st
dung dé diéu khién bo nghich Ivu ba mirc hinh T, trong d6 k¥
thuat SVM c6 wu thé vuot troi hon. Vi cing chi s didu ché,
SVM cho dién ap dau ra c6 do méo tdng song hai thap hon so
véi SPWM. Phuong phap SVM con cho phép st dung linh
hoat cac trang thai chuyén mach nham giam tan sé déng cat,
song hai va gon dong [14]. Hon nira, nho kha nang lua chon
trang thai va thoi gian diéu khién thich hop trong mot chu ky,
SVM c6 thé tao ra quy dao vecto dién ap mong muén co dang
bat ky, ddng thoi t6i wu hoa trang thai dong cét va can bang
dién ap trén tu DC [15]. Do vay dua trén cac két qua nghién
ctru trong tai liéu [18], ky thuat diéu ché SVM da duoc su
dung cho bg nghich lwu hinh T cai tién trong nghién ciru nay.

3. Mo hinh may phat dién doéng bd va nguyén
ly diéu khién ciua VSG

3.1 Mb hinh may phat dién ddng bd

Theo tai liéu [8], mé hinh may phat dién dong bo dwoc
xay dung duya trén cac gia thiét: rotor khong co cudn day giam
chan, mdi pha chi c6 mot cap cuc, khong c6 hiéu timg bio hoa
tir trong 151 sit va khong xét dén dong dién xody. Véi nhiing
gia thiét nay, mo hinh may phat d6ng bo c6 thé mé ta thanh
hai phan, mé hinh phan dién va mo hinh phan co.

3.1.1 Mé hinh phén dién

Mo hinh phan dién cua may phat dién déng bo bao gdbm
ba cuon day stator va mot cudn day rotor. Cac phuong trinh
mo ta tir thong cla cac cudn day nhu sau:

®, =Li, - Mi, - Mi_ +M_i,
(Db =-Mi, + Liy - Mi, + Mi, (1)
. =-Mi, —Mi, +Li, + M,

D, =-Myi, + My i, + Mgi, +Li,

véi L va L tuong mg 1a do tu cam cua cudn day stator va
rotor; ia, in, ic 1a dong dién trén cac pha cudn day stator; ir la
dong kich thich cugn day rotor; M 1a hd cam giita cac cudn
day stator; Mar, Mpr, Mcr 12 hd cam ctia cudn day rotor véi cuon
day stator va duoc biéu dién:

M, =M, cosf

My =M, 003(9_2%} @)

M, =M, cos(9+2?ﬂj

Gia sir duong ddy trung tinh khong dwoc két ndi thi:
i, +i,+i.=0

Khi d6 tir thong cudn day stator va cudn rotor c6 thé duoc viét
nhu sau:

®=L_.i+M,. cosd (3)

®, =L i +M, (i,co®) (4)
trong do,

@ = [@, o, & ;i=[i,i,i.]; L=L+M

T
snd =|sn@ sin(H—z—”j sn(¢9+2—”j

3 3

27 22\
coy = [cose oos(e—?) cos(0+?ﬁﬂ

Gia st dién tré cua cac cudn day stato 1a Rs; khi d6, dién ap
cac pha v dugc suy ra tur (1) la:

. do . di
__IR_E__I&_LSE+G (5)
trong do,
vV=[vv, vC]T; e=[esg ec]T

Strc phan dién dong e (EMF) do chuyén dong cua rotor duoc
xac dinh béi phuong trinh:

- d
e:Mf.i,.a.sirﬁ—Mf.d—tf.oossv (6)

3.1.2 Mé hinh phan co

Phin co cua may phat dién dong bo duwoc mé ta bai

phuong trinh dong hoc:
Jd—a) =T,-T.-D,.® @)
dt

trong d6, J 1a momen quan tinh cua khi quay (tuabin - rotor
may phat); Tm 1a momen co hoc trén truc may phat; Te la
momen dién tir ciia may phat; D, 14 hé s6 giam chan; w1a téc
do goc cua rotor.
M6 men dién tu T, dugce xac dinh tir phuong trinh:

T.=M, i, (i.sno) ®)

trong d6, ky hiu (., .) biéu thi phép tich vo huéng trong R3.

Néu if 1a hang sé thi tir (6) va (8) ta c6:
To=(ie) 9)

3.2 Nguyén ly diéu khién cia VSG

Nguyén ly hoat dong co ban cua VSG 1a dua cac phuong
trinh dién co cua may phat dién dong bo vao trong vong diéu
khién cua bo bién d6i DTCS, sau d6 bo bién déi DPTCS co thé
hoat dong vai hanh vi twong ty nhu méay phat dién dong bo.
Dua trén nguyén 1y nay ta c6 thé dua céac dac tinh quan tinh,
giam chén, diéu khién tin s so cap va diéu khién dién ap so
cap clia may phat ddng bo vao trong diéu khién cua bo bién
d6i BDTCS. Khi d6, cac nguon dién phan tan co thé de dang
tham gia vao viéc diéu chinh tan sb, dién 4p va cung cip quan
tinh, giam chén cho lu6i dién tuong ty nhu may phat dién
df‘)ng bo truyén théng. M6 hinh VSG co ban bao gom hai phan
chinh: phan mach lyc va phan diéu khién. Phan mach lyc 1a
bo nghich lwu ngudn ap, ngudn dién phia DC, bd loc (LC,
LCL). Phan diéu khién cua VSG bao gom hai mach vong diéu
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khién chinh, mach vong diéu khién cong suét tac dung (APL)
va mach vong diéu khién cong suat phan khang (RPL).

Mach vong diéu khién cong suat tac dung (APL) c6 chirc
ning diéu khién cong suét tic dung - tan sé cua VSG. APL
duoc thiét 1ap dya trén “phirong trinh quay” cia may phat
dién ddng bo. Bé md ta dong hoc twong tu rd to clia may phat
dién dong bo, phuong trinh toan hoc ciia nd dugc thé hién nhu
Ssau.

do

I =T T-Dy(w-a,) (10)
de

= 11

w=y (11)

¢ day, J 1a mo men quan tinh quay 40, Ty m6 men co hoc 40
dugc xac dinh thong qua gia tri cong suit dit Pse va toc do
g6c 40 @. Te 1a md men dién tir, Dy 1a hé sb dai dién cho tong
ctia hai thanh phan: hé s6 ma sat co hoc a0 va hé s6 giam tan
s6, an 1a téc do goc dinh muc, @14 goc dién. So dd cau tric
mach vong didu khién cong suét tac dung APL duoc thé hién
trén hinh 2.

Néu goi Pse 12 gia tri tham chiéu cta cong suét dau ra Pe
ctia VSG, khi d6 Tn trong biéu thire (10) dugc tinh 1a:

T F=

m

(12)
Mo men dién tir Te duge xdc dinh theo phuong trinh (8). HE
s0 Dy bi€u thi su thay d6i mo men xoan tong tac dung 1én roto
ao va sy thay doi tan so goc hoac biéu thi su thay doi cong
suat tac dung theo tan so, [19].

Hinh 2: C4u triic mach vong diéu khién cong suét tac dung (APL)

Trong mach vong diéu chinh céng suit phan khang
(RPL), cong suit phan khang va dién 4p duoc diéu khién boi
tir thong a0 ¥ =Mis thong qua thuat toan droop control. Tur
thong ao dugc tinh toan tir sy sai 1€ch gitra dién ap Vet va Vpec
nhan vai hé sb sut giam dién ap Dq trude khi dugc cong vao
su sai léch giira cong suat phan khang tham chiéu Qret va cong
sut phan khang dau ra Q. Tin higu két qua sau d6 duoc dua
vao bo tich phan v6i do loi 1/K dé tao ra tir thong 40 ¥
Phuong trinh déng hoc cua ¥ dugc biéu dién nhu sau [20]:

M, =, =-(Qu-Q-D,(u V) (13)

trong d6, Qset va Q 1a cong suét phan khang tham chiéu va
cong suét phan khang dau ra. Vser va Vpee 12 gia tri bién do cua
dién ap tham chiéu véi dién ap tai diém ndi ludi.

Cong suét phan khang Q duoc tinh toan theo cong thirc
(14), [8] va hé sb K (thé hién téc do phan hoi cua vong diéu
khién RPL) duoc thiét ké tir bo diéu khién.

Q= (i.g)=- l//fa)<i,cos9>

véi e =y, wsnd

(14)
(15)

So db céu trac mach vong didu khién cong suit phan khang
RPL duoc thé hién trén hinh 3.

Q Qset

v = My 1Ks % Qref [l; f‘Q Dy AV_% Vet

Vpcc

Hinh 3: Ciu triic mach vong diéu khién cong suat phan khang RPL

4. Mo hinh tin hiéu nhé va thiét ké diéu khién
cau hinh deé xuat
4.1 M6 hinh tin hiéu nhé ciaa VSG-T

So dd cau truc tong thé ciia mod hinh VSG-T duoc thé hién
trén hinh 4.

LCL Filter Grid !
: i
LR, LR L LR, o
LR LRy || LR |
[ T I Vol
. I S
T \\
1y [N I
A l AN RN i
L i N
i
v I

Uan Pset

" ]
Vpee Amplititude = O—
_ S
Vet

Reactive Power Loop (RPL)

Hinh 4: M6 hinh c4u truc diéu khién cua VSG-T

S =P+jQ

E—

z
L=

V,20

Vi L8 Z =R+jX

Hinh 5: Mach twong dwong ctiia VSG-T néi ludi

Khi VSG-T van hanh ndi luéi, theo dinh 1y Thevenin, VSG-
T c6 thé dugc biéu dién boi mot ngudn ap ndi véi mot nguon
ap khac thong qua tré khang twong duong cua duong day
(hinh 5).

Cong suat duoc bom vao ludi dién tir PCC la:

i 45—\/9]' Vel 8-V

S=3VI =3y | =
¢ g 2/« /-«

V_V V_V V2 2
=32 3 cog(a - 8) + j3=Lsin(a - ) -3—cosa - j3—sina
Z Z Z VA

Nhu vdy cong sudt tic dung va cong sut phan khang trén lu6i
co thé duogc xac dinh nhu sau:

2
Vie Vg V.

P=3 COS(a—5)—3?gCOSa

(16)
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2

V_V. V.
Q=322 sin(a~5)~3= sna 17)

Gia str tro khang Z chu yéu mang tinh cam khang nén X>»R,
khi do:

V.V

P=3 ”;gsin5 (18)
V., (V... cosod—V.

Q=3 g( P g) (19)

X
Pé xay dung md hinh tin hiéu nho cua VSG, cac bién trang
thdi dugc tuyen tinh hoa quanh diém lam vi¢c can bang theo
cac biéu thic (20).

0=0,+Ad

o=0,+Aow

P, =Py, +AP,

P=P+AP

Qg =Qun +AQy (20)
Q =Q,+AQ

V, =V, +AV,

V=V, Ay,

E=E,+AE

trong do, chi sb du(yiﬂ ‘2’ biéu thi gia tri tai diém 1am viéc can
bang, ky higu “A” biéu thi dao déng nho.
Tir (10) két hop vai (20) ta duoc:

Ine =2 =8P D,A® 1)
a)n
Thuc hién bién doi Laplace hai vé cua (21)
Aw(s) = i ;S[APSEI (s)—AP(9)] (22)
n Dp +—
K

P
Dit Ky=1/J, tir phuwong trinh (13) két hop céac biéu thic trong
(20), ddng thoi ta c6 thé coi AVpee = AE, AVg = 0 ta dugc:

(Ks+,D,)AE =, (AQ, —AQ) (23)
Thuc hién bién ddi Laplace hai vé cua (23) ta duoc:
1
AE(S) = ————[AQ.(5) - AQ(9)] (24)
D, +
o K

n ql
trong d6 Kqi =1/K, hai phuong trinh (22) va (24) twong tng
cac 12 m6 hinh tuyén tinh héa tin hidu nho cia vong diéu khién
cong suit tac dung va cong suit phan khang.
Do goc 1éch § kha nhé nén c6 thé coi Sindy = dn, SINAS = AJ,
cosdn ~ 1, COSAJ = 1, tir cac phuong trinh (18) va (19), chuyén
sang mién Laplace ta c6 cac phuong trinh:

3V, V. 3V6,
AP(s) = p)"(° 9 AS(S)+ ;’( AV, (s) (25)
AQ(s) = SV?’“ AV, (S)+ 3V"°°—>:/95” AS(S) (26)

V6i cac thiét lap trén, ta co thé biéu didn hé thong didu khién
thanh so d6 khoi nhu hinh 6.

Tir hinh 6 va phuong trinh (25), (26), vong diéu khién APL
va vong diéu khién RPL c6 su lién két chéo nhau (coupling)
khi ca AP va AQ déu phy thudc vao hai bién 1a AJ AVpe. Theo
[21] ta c6 thé bo qua lién két chéo khi thiét ké dam bao d¢ dir
trit pha PM ciia cac ham truyén vong h APL va RPL déu lon

hon 30", khi d6 dé don gian trong thiét ké ta c6 thé tach hai
vong diéu khién APL va RPL nhu trong hinh 7 va hinh 8.

—Aw, =0
ﬁk o=
AP, - AP
o
_ @, X

L

2
>
]

re]

~AV,, =0
’—‘ j set N5, ‘

D pe
Lo :
AQu X~ [,] am,i AE Y AQ
f Ts @ X

Hinh 6: So db khdi cia hé théng didu khién VSG-T

AP, 1
set . 1 o E 3VDWV9 AP
- Dy ) D,K, $ X

Hinh 7: So d khéi caa vong APL khi bé qua coupling

1

AQset o R — 3\/pcc AQ
s+1
- B, K,@,D, A

Hinh 8: So d khéi cua vong RPL khi bo qua coupling

Do khuéch dai vong ho cua vong diéu khién APL va RPL
tuong ung la:

11 134y,

1
T(9)=—— (27)
" oeD, 1 g8 X
DK,
3V
T(=-—s*t e (28)
q D 1 X
a —— s+1
K@, D,

4.2 Thiét ké cac tham s6 cia VSG-T
4.2.1 Thiét ké cdc tham sé mach vong diéu khién APL

Céc tham s cua mach vong APL c6 thé duoc thiét ké dya
trén ham truyén thé hién & phuong trinh (27). C6 hai tham s6
chinh can dugc thiét ké 1a hé s Dp va Kp. Hé s6 Dy thuong
dugc xac dinh boi yéu cau tir tiéu chuan két néi luai (grid
code), trong d6 cong sudt tac dung sé thay ddi 100% cong suét
dinh muc khi tan sé thay d6i mot ty 1é nhat dinh [19]. Vi vay,
VGi Mot gia tri yéu cau Ap% tir ma ludi thi hé s6 Dp duoc xac
dinh qua cong thtic (29), theo [22]:

D, =—° (29)
,"Ap%

Thoéng s6 tiép theo 1a Ky = 1/ can dugc thiét ké dé dam bao
su On dinh cua hé thong va dap tng yéu cau giam thiéu dao
dong tan sd gap doi tan sé lugi (DLFR - Double-Line-Fre-
quency Ripple) trong vong diéu khién APL.
Bién d¢ ctia d6 khuéch dai vong ho' APL tai tan s6 cét foe bang
1, do d6 tir phuong trinh (27) chuyén sang mién tan s ta duoc:

|Tp(j27rfpc):3Vp°°Vg 1 1 1 o
XD, |j2rf, |j2xf,|
DPKP

Giai phuong trinh trén ta c6 gia tri Kp nhu sau:
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K _ 27, (31) truyén Tq thap hon nhiéu so véi 2f, nén:
L=
5 WMoY, ), S — (41)
P Zﬂfpcxa)nDp J47Z'f +]‘ ]47Z'f
Tir (27) bién o ctia o khuéch dai vong ho APL tai tan s6 2, DKg, DiKqo,
trong mién tan sé duoc biéu dién boi: Do do:
3V _K
ey 11 () et o (@2)
" Xo,D, jart, [lidrf| 4z f X
DK, Suy ra:
4rf
o DK ‘ i wr 43)
Thyc té tan so cat cua bo loc bac mot trong ham a 3V, a
T , N >
A 4 A LA QA . 4.2.3 Tinh todan cdc théng sé bo diéu khién
truyén T, thap hon nhiéu so voi tan s6 2f, do d6: h 18 50 D¢ e
yen Te aplcm e . ortan 562l do €o Céc thong s6 bo diu khién duoc thiét ké dua trén cc
~ (33) thong s6 mach luc theo bang 1.
jarf, jarf,
DK T D K Bang L. Thong sb thiét ké
. 2P P . , _ Théng so Gia tri
bé giam thiéu DLFR, yéu cau bién d6 khuéch dai vong 1ap tai Dién 4p Voo 700V
tan so 2f, phai da nho [22] nén ta co: Dién 4p pha V. 290V
v 9
~ VUK, < (34) Cong suat dinh mirc 15 kVA
1672 fn2 X, Tan sb f, 50 Hz
Trong d6 ap 1a gia tri bién d6 tdi da cho phép tai tan s6 f = 2f,, Tu DC link 1070 pF
Vay gia trj giéi han trén ctia K, duoc xac dinh: Tan s6 chuyén mach fs 5 kHz
167°f.*Xw,a, Cudn cam loc Ly 1 mH
p S 3V_V = K (39) Cudn cam loc L2 0,9 mH
pee 9 Tu loc Cs 20 uF

Dé dam bao 6n dinh pha, thi do dy trir pha cia ham truyén
APL tai foc can thoa man diéu kién:
PM =180 + T (j2zf )= PM, (36)

V6i thanh phan goc pha cia (22) thay vao (27) ta dwoc:

27rfch
DK,

Tir do, didu kién dé dat dugc d6 du trir pha mong mudn 1a:

PM =90 —arctan( (37)

K, > Zg'” ten(PM,, ) = K
p
4.2.2 Thiét ké cic tham sé mach vong diéu khién RPL
Dbi vai vong diéu khién cong suit phan khang (RPL) cac
tham s6 thiét ké dia trén (28). Tuong tw nhu mach vong APL,
trong RPL ¢6 hai tham s6 chinh can thiét ké 1a hé s6 Dq va Kq;.
Hé s6 Dq dugc xac dinh bai cac yéu cau tir ma lugi [19] va
duoc xac dinh theo cong thuc sau, [22]:

D%

T V2vAq

Hé s6 Kgi = 1/K dugc xac dinh twong tu véi K. Tir ham truyén

(28), co the thay goc pha cua vong RPL 1a -90° do mau s6 cua

ham truyén 14 bac nhat Do d6, d6 duy trix pha t6i thiéu cia RPL

bang 90° nén yéu cau vé bién do pha luén duoc thoa man va

khong can xét gigi han dudi cho Kgi. Dé han ché DLER thi

bién do cua do khuéch dai vong hd RPL tai tin sb 2f, phai du
nho. Tir (28) ta co:

(38)

pmin

(39)

1
- < (40)
O, [ jazt, |
+
D,Ky®,
Dq in ,

Thuc té tan s cét cua bo loc bac mot trong ham

2

a. Xdc dinh hé s6 Dy va Dq
Theo tiéu chuan ENTSO-E RfG, ta chon duoc Ap% = 0,4%
va AQ% = 10%, tir (29) va (39) tinh duoc Dp =38 va Dq = 482.

b. Xdc dinh hé s6 Ky, K
Dbi vai o khuéch dai vong ho cua APL ta chon do dit trix pha
yéu cau PMyc = 30° va gia trj ap = 0,1. Dya theo thong s6 &
bang 1, tir cong thirc (31) ta xay dung duge db thi K, theo tan
sb cit fpc T cong thire (35) va (38) ta xac dinh duoc gioi han
cta hé 56 Kp1a Kpmin, Kpmax twong (g vai cac gici han tan s6
Cét foemin, foemax. Chon gia tri tan s6 cat va gia tri K, trong cac
Vung glol han trén, & day ching t6i chon K = 3, tuong trng tai
tan s6 cit fyc ~ 6,46. Khi d6 gia tri mo men quén tinh a0 trong
vong diéu khién APL duoc tinh toan 1a J = 1/K, ~ 0,33.

25K ., 2241510

200
' max

- K
'min
. — )
o 13 |-~ -Dudmg thing tim KP.M 06
x * Diém chon

(6.4600,3.0432]

Hmh 9: 6 thi xédc dmh dai gia tri phu hop cua K,

bé xdc dinh h¢ s6 Kqi, nhu da phan tich ¢ trén, do du trit pha
yéu ciu cua vong diéu khién RPL luon thoa man nén chi can
quan tdm dén viéc giam DLFR. Theo [21], chon gia tri aq =
0,1 va tir (43) ta xac dinh dugc Kgimax = 0,1x1073, chon Kgi =
0,05x1073, do d6 hé s6 K = 1/Kgi = 20000.
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Bode Plot of T p(s]
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Hinh 10: B4 thi Bode hé ho APL

Bode Plot of T q(s]
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Hinh 11: D4 thj Bode h¢ ho RPL

Tur hinh 10 va hinh 11 ¢6 thé thiy tan sé cit caa hé h APL
va RPL tuong tng la 6,45 Hz; 5,71 Hz. D6 dy trit pha tuong
tmg 1a PM = 70,43°; PM = 101,92° va bién d6 khuéch dai vong
hé tai tan sb 2f, twong (ng cua hai vong diéu khién nay 1a -40
dB va -24,6 dB dap tng cac yéu cau thiét ké.

5. Két qua mé phong
Trong phan nay, chung t6i tién hanh mé phong mé hinh

dé xuat VSG-T ndi véi ludi dign trong hai ché do. Ché do set
mode va ché d¢ droop mode.

Bang 2: Thong s6 mé phong

Théong sb Gia tri
Dy 38
Dq 482
K 20000
J 0,33 kg.m?

Ts (Thoi gian trich mau) 5.10%s

O ché d6 set mode ta c6 thé dit cac gia tri cong suét tac
dung va cong sudt phan khang bom véo lu6i. O ché do droop
mode 1a ché d6 diéu khién theo d¢ déc, trong d6 cong suit tac
dung va cong sudt phan khang s& dugc diéu chinh tw dong dua
trén tan s6 ludi va dién 4p ludi. Pay 1a cac ché do van hanh
clia cac may phat dién dong bo trong hé thong dién. Cac mo
phong duoc thuc hién trén phan mém MATLAB/Simulink véi
thong s6 mo phong thé hién trong bang 1 va bang 2.

Bang 3: Ché do dit P, Qset

STT Thoi gian (5) Pset (W) Qset (Var)
1 t=0,5 DPong bo véi ludi
2 0,5<t<2 0 0
3 2<t<3.,5 12000 0
4 3,5<t<S 12000 9000
6 5<t<6 6000 2000
* Ché d ché d¢ dat (set mode)
50.06 :Esg
‘_50‘04
_ ’ ! : Thoi gslan (s) ‘ ) ¢
'::2220
.g 210
o
0 1 2 3 4 5 6
Thoi gian (s)
15000 :FQ
510000
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L]

3
Thoi gian (s)
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H

o

g

<
<
g
g
g
s
z
a
g.
c
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D
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]
g
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Hinh 12: Phan hdi cua VSG —T khi néi luéi

Ché d6 hoat dong nay duge mo phong theo kich ban trong
bang 3. Qua trinh mo phong bt dau tai thoi diém t =0 s, cong
Suét tac dung va cong suat phan khang duoc dit tai thoi diém
ban d4u déu bang 0. Trong khoang thoi gian tir 0 dén 0,5 s
truge khi ndi lugi, VSG-T hoat dong nhu mot ngudn ap, tur tao
ra tan s6 va dién ap. Tai thoi diém t = 0,5 s may ciat CB dugc
dong va VSG-T duoc dong bo vai lusi nhd phuong phéap tao
dong 4o (phuong phap nay khong dugc trinh bay trong nghién
ctru nay). Trong cac khoang thoi gian tiép theo, cac gia tri cong
suét tac dung va cong suit phan khang Pse va Qset tuong (ing
duoc dat o cac méc thoi gian nhu dugce trinh bay trong bang 3.
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Trong mé phong kich ban nay, cac gia tri tan s6 f va tir thong
40 Mt 1a cac gia tri dau ra twong tng cua vong diéu khién cong
suét tic dung APL va cong suit phan khang RPL.

Két qua md phong cho thay, tai t = 2 s, khi dat cong suit tac
dung P tang tir 0 kW 1én 12 kW, cong suét tac dung dau ra
do duogc tir VSG-T ting dan va sau khoang 0,2 s thi dat dap
ung ding lugng cong sudt dat, tan sb luéi dién dao dong nhe
(~0,06 Hz) trudc khi 6n dinh tré lai. Diéu nay minh chiing cho
kha ning mé phong quén tinh a0 cia VSG-T nhu may phat
dong bo that. Tai t = 3,5 s, cong suét phan khang Qse ting 1én
9 kVar khi d6 gia tri tir a0 M ciing thay ddi theo, chung to
tir thong a0 cua VSG-T thay ddi tiy theo nhu cau cong suit
phan khang trén Iudi, diéu d6 cho thiy VSG-T co kha ning
hd tro diéu chinh dién ap théng qua diéu khién cong suit phan
khang. Cong suat tac dung va cong suit phan khang do VSG-
T bom vao ludi dap tmg theo cac gia tri dat nhu quan sat thiy
trén hinh 12.

* Ché d9 droop mode

- Ché d¢ droop mode theo tan sé lwdi: Trong méd phong ché
d6 nay, cong suét tac dung va cong suat phan khang dwoc dat
cb dinh ¢ tan s6 50 Hz, thay d6i tan s6 ludi 0,2 Hz (0,4%) tai
céc thoi diém t=1,5 s va t = 3 s nhu moé ta theo bang 3.

Bang 3. Ché d6 droop mode theo tin sb lugi

. Qset
STT Thoigian (s)  Pset (W) (Var) f(Hz)
1 0,5<t<1,5 0 0 50
2 1,5 <t<3 49,8
3 3<t<4 50
50,05 g
50 1 A
F49.95
E 439
E 49.85
49.8
49.75
[ 05 1 1.5 2 25 3 35 a
Thoi gian (s)
15000 :;
51 0000
o
o
£ s000
0
0 05 1 15 2 25 3 3.5
Thoi gian (s)

Hinh 13: Phan héi cia VSG —T khi tan s6 Iuéi thay doi

Két qua mé phong hinh 13 cho thay khi tan sb dot ngot
giam 0,4 % tir 50 Hz xubng 49,8 Hz (biéu thi trong ludi dién
chinh dang thiéu cong suét tac dung). Phan ing ciia VSG-T 1a
tu dong diéu chinh tang mot luwong cong suit tac dung tuong
{mg 15 kW theo dic tinh droop diing thong sb da thiét ké véi
hé sb Dy = 38. Luong cong suat nay dugc bom vao ludi nham
hd tro diéu chinh tan sb chung cua hé théng. Két qua khi tan
s ludi dién chinh tang tir 49,8 Hz dén 50 Hz khi d6 VSG-T
tw dong didu chinh giam mot lugng cong sudt tac dung 1a 15

kW. Céc phan tmg nay cho thdy VSG-T c¢6 hanh vi twong tu
nhu co ché hoat dong cua bo diéu toc trong may phat dién
ddng bo.

- Ché d@é droop mode theo dién dp lwdi: Ché do nay duoc van
hanh bang cach kich hoat khoa Sq trong hinh 4. Cong suit tac
dung va cong suat phan khang duoc dit cd dinh & dién ap
Un = 380 V, thay d6i dién ap ludi dot ngot giam va ting (10%)
tai cac thoi diém t=1,5 s va t = 3 s nhu mé ta theo bang 4.

Bing 4. Ché d droop mode theo dién ap ludi

STT Thoi gian (5) Pset (W) Qset (Var) U(V)
1 0,5 <t<1,5 0 0 380
2 1,5 <t<3 342
3 3<t<4 380
EZSO —Wpse RMS
K} —Vg RMS
ENN | |
g 200
5]
£ 150
)
2
g o '
m I I
0 0.5 1 15 2 25 3 3.5 4
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=104
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Hinh 14: Phan hoi cia VSG-T khi dién ap luéi thay doi
Fundamental (50Hz) = 27.75 , THD= 1.23%
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Hinh 15: Gia trj THD ctia dong dién

Fundamental (50Hz) = 345.5 , THD= 2.19%
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Hinh 16: Gia tri THD cta dién ap khi noi luéi

Két qua mdé phong nhan dwoc nhu hinh 14. Tai thoi diém
t=1,5s, khi dién ap luéi dot ngot giam 10% (biéu thi khi do
trong ludi dién chinh dang thiéu cong suat phan khang), VSG-




144

Journal of Measurement, Control and Automation

T ciing ty dong diéu chinh ting mot lwong cong suat phan
khang tuong tmg 14 15 kVAr. Lugng cong suat nay duge bom
vao lugi nham hd trg diéu chinh dién ap trong ludi dién chinh.
Khi dién ap tro lai binh thuong tai t = 3 s, cong suét phan khang
giam vé muc ban dau (twong tmg dién ap ludi dién chinh ting
10%) khi 6 VSG-T tw dong diéu chinh giam mot lugng cong
suat phan khang nham thich (ng véi su thay doi dién ap luéi.

Ngoai ra trong cac truong hop mé phong, két qua phan
tich dang song, tong d6 méo song hai THD cua dong dién va
dién 4p bo nghich luu hinh T st dung van RB-IGBT khi néi
ludi thé hién trén hinh 12, hinh 15 va hinh 16. Dong dién va
dién ap sau loc c6 dang sine, hé sb méo dang song hai THD
dong dién 1a 1,23 % , hé sb méo dang song hai dién ap THD
= 2,19 % (nho hon so v&i quy dinh 5% trong tiéu chuan IEEE
519-2014). Két qua nay phii hop véi nhimg phan tich so sanh
uu diém vé chit luong dién ap cua bd nghich luu hinh T sir
dung van RB-IGBT so véi cac bo nghich luu 2 mirc nhu da
phén tich & trén.

6. Kétluin

Bai bao da dé xuit va phan tich mé hinh may phat dién
ddng bo 4o sir dung nghich luu ba mirc hinh T cai tién véi van
RB-IGBT, nham tai hién c4c dic tinh dong hoc ciia may phat
dién ddng bo trong h¢ thong dién. Két qua mé phong chimg
minh ring mé hinh VSG-T ¢6 kha niang van hanh nhu mot
ngudn ap tu thiét 1ap dién ap va tan s6, dong bo vai ludi dién,
diéu khién linh hoat cong suat tac dung va phan khang, ciing
nhur tai hién dic tinh quan tinh va giam chan. Chét luong dién
4p va dong dién khi hoa luéi ¢6 tong d6 méo song hai THD
thap, cu thé THD dién 4p 2,19% va THD dong dién 1,23%.
Trong tuong lai, mé hinh VSG-T cén dugc mé rong phan tich
trong diéu kién tré khang cua duong day co ca thanh phin
dién tré R va dién khang X dé thiét ké mo hinh diéu khién
thich hop. Pong thdi bd sung cac nghién ciru trong viée tich
hop hé thong luu trit ning lugng dé nang cao kha ning diéu
khién cong suit va hiéu suét cua bd bién ddi.

Loi cam on

Nghién ctru nay dugc tai tro boi Hoc vién Nong nghiép Viét
Nam trong dé tai ma so T2025-04-01TD.
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