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Abstract

This paper proposes a distributed control structure for two single-phase voltage-source inverters (VSls) operating in parallel within a stand-alone
microgrid, without requiring any communication links. The control framework is based on the Andronov—Hopf Virtual Oscillator Control (VOC) scheme
integrated with a virtual impedance block, a proportional-resonant (PR) controller, and a disturbance observer (DOB). This configuration enables the
inverters to self-synchronize their voltage, current, and frequency while achieving effective

power sharing, even when the line impedances between the inverters and the loads differ or vary with location. The proposed structure is simulated in
MATLAB/Simulink and experimentally validated on a DSP TMS320F28377S platform with each inverter rated at 3 kW. Experimental results show a
maximum power-sharing deviation of 4.2%, voltage total harmonic distortion (THD) below 5%, and a recovery time of less than 0.08 s during inverter
connection or disconnection, demonstrating stable, reliable operation with improved voltage quality and accurate power sharing in stand-alone microgrids.
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Bai béo dé xuét cu triic diéu khién phén tan cho hai bo nghich lru ngudn
ap mdt pha hoat dong song song trong microgrid doc lap, khong yéu cau
truyén théng. Céu tric didu khién Virtual Oscillator Control (V OC) dya
trén dao dong Andronov-Hopf c6 khéi tro khang 4o, bo diéu khién tylé
(PR) va b quan sat nhiéu (disturbance observer, DOB). Cau tric diéu
khlen nay cho phép céc bo nghich luu tir dong ddng b dién ap, dong dién
va tan sb, chia sé cong suat hiéu qua ngay ca khi tre khang duong day gitia
céc bo nghich luu va tai khac nhau hodc thay ddi theo vi tri. Cau truc dé
xuét duge md phong trén phan mém MATLAB/Simulink va thir nghiém
trén kit DSP TMS320F28377S v6i cong suét mdi bd nghich lru 1a 3 kW.
Két qua do cho thiy sai 16ch chia s¢ cong suat Ion nht 4,2%, tong méo hai
dién ap dudi 5 % va thoi gian phuc hdi dudi 0,08 s khi két ndi hozc tach
mot nghich lwu. Nhiing két qua dat duoc ching minh rang céu tric didu
khién d& xuat van hanh 6n dinh va déng tin cdy, dong thoi néng cao chit
luong dién 4p va dam bao kha ning chia sé cong suét chinh xac trong
microgrid doc 1ap.

1. Giéi thiéu

Hé thdng dién hién dai dang dich chuyén tir mo hinh tap

trung sang phan tan, nho su phat trién manh mé cia cac ngudn
tai tao nhu nang lugng gid, mat troi va hé théng luu trix nang
lugng [1]. Trong béi canh nay, cac bo nghich luu nguon ap
gitr vai tro trung tdm trong viéc phan phdi cong suat, on dinh
dién ap, tan s6 va dam bao van hanh tin cdy cua cac microgrid
doc lap ciing nhu hé thong nang luong lai ghep (gio, mat troi,

pin Iuu trir) [2], [3]. Pdi véi cdu hinh nhiéu bd nghich luu
song song khong co lién két truyén thong, phuong phap diéu
khién droop dugc wa chuong nho tinh don gian, khong doi hoi
truyén dit liéu va kha nang chia sé cong sut dua trén dic tinh
P-® va Q-V [4]-[6]. Tuy nhién, droop control gy ra sai léch
tan s6 va dién ap khi diéu chinh hé sé droop, lam suy gidm
chat luong dién niang. Ngoai ra, viéc chia sé cong suat phan
khang thuong kém chinh xac do sy khong ddng nhat tro khang
dudng déy. Droop truyén théng cling c6 dap tmg dong cham
va d& xuét hién dao dong cong suét khi tai thay dol [71-[9].

Dé khic phuc, nhiéu nghién ctru da phat trién dua trén
VOC m6 phong hanh vi ctia cac dao dong phi tuyén nhu Van
der Pol hoic Andronov-Hopf (AHO) nham dat dong bo tu
nhién ma khong can do cong sudt tirc thoi hoac sur dung bo loc
thong thap [10], [11]. Cac nghién ctu gan déy chi ra rang,
VOC khéng chi cai thién dang ké dic tinh qua do ma con nang
cao kha ning chia sé cong sut, vuot troi so voi phuong phap
diéu khién droop truyén thong [11], [12], [13].

Dao dong Van der Pol 1a mot trong nhitng céu trac dao
dong phi tuyén duoc tng dung rong rai trong diéu khién VOC
nho kha nang tao dao dong gidi han bén viing va hd trg dong
bo tu nhién giira cac by nghich luu ma khong can truyén thong
[14], [15]. Tuy nhién, khi 4p dung vao thuc tién, cu trac nay
van boc 16 mot s6 han ché dang ké. Theo [14] dic tinh phi
tuyén manh cua Van der Pol khién qué trinh phan tich 6n dinh
va thiét ké didu khién tré' nén phuc tap, doi hoi cac phuong
phap giai nghiém trung binh héa chu ky hodc phéan tich
Lyapunov dé dam bao hiéu ning toan cuc. Bén canh d6 [15]
chi ra rang hé théng dé bi anh hwong bai thay dbi tré khang
va tai phi tuyén, dac biét trong cac mang khong thuan tro.
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Ngoai ra, theo [16] viéc hién thuc dao dong Van der Pol trén
phan ctmg diéu khién s yéu cau tinh toan dao ham va tich
phan theo thoi gian thyc, 1am ting dang ké chi phi xu 1y so
V6i cac thuat toan tuyén tinh nhu droop. Hon nira, kha ning
chia s¢ cong suat cua hé théng co cau trac dao dong Van der
Pol chi dat hiéu qua cao trong trang thai diéu hoa 6n dinh va
suy giam dang ké trong diéu kién qua d6 nhanh hozc nhiéu
I6n [14]. Nhiing han ché nay dat ra nhu cau nghién ctru cac b
dao dong khac d& kiém soat hon, dién hinh la dao dong AHO
Vi cau triic gan tuyen tinh quanh diém can bang va kha nang
tao ra dao dong diéu hoa gén ly tuong. Trong s6 cac chu tric
VOC, bo dao dong AHO ndi bat nho kha nang md phong
chinh xé4c dic tinh diéu hoa cua hé phi tuyén, thiét ké don gian
va d& hiéu chinh théng qua cic thong sd vat Iy nhu thoi gian
tang dién ap va thoi gian chuyén tiép cong suét [17]. Vi vay,
nghién ctru nay st dung dic tinh dao dong AHO dé danh gia
kha nang chia s¢ cong suit caa cac bo nghich luu hoat dong
song song.

Trong cac hé théng thuc té c6 nhidu bo nghich lru méc
song song, cac bd nghich luu thuong dugc dat cach xa nhau
va c6 khoang cach khong ddng déu dén tai. Khi do, tro khang
ctia dudng day truyén tai (bao gdm ca dién tro va dién khang)
trd thanh mot yéu té quan trong, vi nd anh huong truc tiép dén
kha ning chia s¢ cong suit chinh xac giita cac nghich luu,
cling nhu duy tri 6n dinh tan s va dién ap tai cac diém ndi
lugi (PCC). Theo [18] d& xuat mot cai tién dang chu ¥ 1a khi
b sung co ché bu tré khang vao cu traic VOC nhim nang
cao d6 chinh xac diéu khién va kha niang chia sé cong sut
trong microgrid doc 1ap. Uu diém ndi bat cua phuong phap
nay la dé trién khai, khong thay di cu tric diéu khién VOC
goc cho phép tirng bd nghich luu hoat dong doc 1p nhung
van chia sé cong suat chinh xac hon nho st dung tin higu phan
hdi dong tai dau ra. Ngoai ra, viéc van hanh thong qua mang
truyén thong bang thong th'?ip gitp hé thdng tiét kiém chi phi
ma van dam bao d¢ tin cay. Tuy nhién, phuong phap nay van
con mot s6 han ché nhét dinh, bao gom viéc chi ap dung cho
ché do doc lap, gia dinh hé théng can bang ba pha va phu
thugc vao thong tin chinh xac ve tro khang duong day. Hon
nira, tin hiéu do tai diém PCC cin duogc truyén vé ting bo
nghich luu qua duong truyén dai, c6 thé bi anh huang boi tré
hozc nhiéu trong méi truong thyc té.

Trong bdi canh d6, cac xu hudng nghién ciru gan day
(2021-2025) vé& didu khién tao dang ludi (grid-forming
inverter - GFM) da nhan manh tim quan trong cua cac ky
thuat VOC thé hé mai. Theo [19] VOC duoc xem la mot
nhanh tiém ning trong diéu khién GFM nho kha ning dong
bo ty nhién, phan &ng nhanh véi bién dong tai, va khong can
st dung vong khoa pha (Phase Locked Loop - PLL). Theo
[20] khing dinh rang VOC c6 thé dong b tu nhién, phan wng
nhanh va loai bo nhu cau PLL. Trong khi [21] chimg minh
rang ciu trac VOC dya theo dic tinh AHO khéng chi chia sé
cong suat chinh xac va 6n dinh hon ma con 1a budc trung gian
quan trong huéng téi cau trac unified VOC cho cac microgrid
da nghich luu. Bén canh do, cAu trac VOC dua theo dac tinh
AHO tiép tuc thu hut sy quan tim dang ké nho dic tinh gn
tuyén tinh va kha ning tao song diéu hoa gan 1y tuong. Theo
[20], [22] d4 chi ra ring dao dong AHO gitp giam dang ké
dao ddng qua do, nang cao chit lwong dién ap va 6n dinh hé
thdng ngay ca khi xay ra bién dong tai hozc sai léch trg khang
duong day. Nhing két qua nay cung ¢ tinh thoi sy va co so
khoa hoc cho hudng nghién ctu hién tai, trong d6 cAu trac

VOC dua theo dic tinh AHO duoc khai thac dé nang cao do
chinh xac chia sé cong suat va chit lugng dién ap trong hé
thdng hai nghich Iuu song song, ngay ca khi tai va tr khang
duong day thay doi.

Xuét phét tir cac phén tich trén, bai bio nay dé xuat ciu
tric VOC dya theo dic tinh AHO cho hé hai bo nghich luu
song song gom co: (1) Tré khang ao dé giam anh huéng
duong day; (2) B diéu khién cong huong ti I¢ (PR) nham triét
tidu song hai tir tai phi tuyén; (3) B quan sat nhiéu (DOB)
udc lugng dong tai ma khong can cam bién dong. Giai phap
nay huéng t6i nang cao o chinh xac chia sé cong suat va chat
luong dién ap ngay ca khi tai va tré khang duong day thay
doi, dong thoi gitr nguyén wu diém phan tan va khong yéu cau
truyén thong. Hiéu qua duoc kiém chimg qua mo phong
MATLAB/Simulink va thuc nghiém trén DSP
TMS320F28377S.

Bai bao duoc ciu trac gdm sau phan: Phan 1 trinh bay
tinh cép thiét, tong quan va phén tich cong trinh lién quan;
Phin 2 xay dung mo hinh hoa hé théng nghich luu song song;
Phin 3 mé ta chi tiét thiét ké bo diéu khién dong dién va dién
ap theo AHO; Phan 4 cung cap két qua mo phong; Phan 5
trinh bay két qua thuc nghiém va so sanh; cudi cung, Phan 6
dua ra két luan va dinh huéng nghién ciru tiép theo.

2. M6 hinh diéu khién nghich luu song song sir
dung phwong phap VOC

2.1 Co sé& 1y thuyét phwong phap VOC

Dic tinh dao dong dugc xét dén trong bai bao nay 1a dic
tinh AHO. Pac tinh dao dong nay dugc mo ta boi hé phuong
trinh [23]:

{X(t) = u(r? = x* - y*)x+ oy
y(t) = p(r’ =x* —y?)y —ax

Trong d6: X va y 1a cac trang thai truc giao
u 1a hang sb tée do
r 14 bién d6 dau ra & trang thai on dinh
o 1a tan s goc nghiém cua phuong trinh.

D4 thi pha phwong trinh AH dang day da

1)

B4 thi pha phuong trinh AH sau khi rit gon

300

300 200 -100 0 100 200 300 300 200 400 0 100 200 300
X X

Hinh 1: D) thi pha ctia ddc tinh Andronov-Hopf trong truong hop day du va
truong hop rat gon.

Xét thanh phan u(r? — x? — y?)x trong phuong trinh
dao dong AHO, day 1a thanh phan chju trach nhiém hiéu chinh
bién do dao dong, giup quy dao hoi tu vé vong gidi han trong
mat phang pha. Hinh 1 thé hién db thi pha so sanh giira hai
déc tinh dong hoc: mot 1a déc tinh déy da (binh thuong), va
hai 1a dic tinh da duoc don gian hoa bang cach loai bo thanh
phan hiéu chinh bién d¢ noi trén. Quan sat tir hinh 1, mic du
quy dao cua hai hé c6 su khac biét trong giai doan Chuyen tiép,
ca hai déu hoi tu vé cung diém lam viéc can bang. Diéu nay
cho thdy thanh phan u(r? — x2 — y?)x chi anh huong dén
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qué trinh diéu chinh bién do trong giai doan diu ma khong

anh huong dén diém hoi tu cudi cung cua hé. Do d6, trong

nghién ctru ndy nhom tac gia tap trung vao trang thai on dinh

va ddc tinh dong bo hoa ciia by dao dong, thanh phin

u(r? — x% — y?)x duoc loai bo dé don gian hoa mo hinh ma

khong anh hudng dén tinh chinh xac cuia két qua phén tich.
Nhur véy, hé phuong trinh (1) ¢6 thé rat gon thanh

X(t) = wy
() = —wx + p(r? = x°

-y)y @

Trong nghién clru nay, nghiém cua hé phuong trinh (2)
lam tin hiéu dién 4p dat cho bd nghich luu. Theo d6, tham sé
r dugc thiét 1ap bang V*. Trong d6 V* 1a bién d¢ dién ap dau
ra mong mudn. Hai thanh phan Vg, Vg, lan lugt twong tng Vi
c4c nghiém x va y cia hé phuong trinh dao dong. Cau triic
diéu khién nay bao dam hé thong dat duoc yéu céu vé dién ap
dau ra. Tuy nhién, trong qua trinh vén hanh, yeu t6 6n dinh
dong dién van can duoc xem xet nham duy tri sy 6n dinh tong
thé ciia cong suat cung cap. Do d6, mot tin hidu phan hdi dong
tai i(t) duoc bd sung vao bo dicu khién VOC nhim phat hién
va hiéu chinh anh huéng cua nhidu tuan hoan. Khi d6 hé
phuong trinh (2) c6 dang (3).

Vi) =o'V,
v, ()= u(V?
I_ - ;Gdro_nov?lop_foschlat; - ]

LN 202 0 Ny 'y ki |
—: V() =ul -y, v, W, oV, ki(t) -

3)

-V, =V AV, o'V, —ki(t)

Hinh 2: So d cdu tric didu khién VOC theo dic tinh AHO.

Tir hé phuong trinh (3), ta rit ra so dd cu tric diéu khién
VOC theo dac tinh AHO nhu hinh 2.

2.2 M6 hinh héa diéu khién ciia phwong trinh (3)

Bai toan tap trung vao dién 4p dau ra & trang thai xac 1ap,
dac trung boi bién d¢ va pha. Cac thong s0 diéu khién duoc
thlet ké nhim duy tri hai dai lugng nay theo gia tri mong
mudn. DBé don gian hoa tinh toan, dién ap dau ra v, v cia bo
VOC dugc gia dinh 1a 1y tuéng [10], [24].

bat v, =V cos(w't+8") =V cos(¢)
a
" v, =Vsin(@'t+6") =V sin(g)

Bién ddi v& hé toa do cuc thu duoc gia tri

147
\
V= VD!2 +Vﬂ2 ,¢ =arctan {Vﬂj (4)
Dao ham V, ¢ theo t ta duoc:
V() = iV (V2 —V2)cos? ¢ — ki(t) cos ¢
o) =0 —u(V* —Vz)sin¢cos¢+ki(tz/ﬂ ®)

Hé phuong trinh (5) 1a mot hé phi tuyén do khong tuan
theo nguyén 1y xép chong. Trong bai bao nay tac gia sir dung
phuong phép trung binh chu ky dé tim nghiém. Ap dung
phuong phap trung binh chu ky theo [15] ta co:

Fol (6)
f _Tgf(t)dt

Ap dung vao hé phuong trinh (5), thu dugc hé phuong
trinh trang thai di€n ap va pha rit gon nhu sau:

V()= L:yv —%\73 —%kai(t)Cos(d))dt
’ ()

= o1 E
dt)=0w +§£k|(t)s|n(cp)dt

Cong suét tac dung va phan khang tic thoi dugc tinh toan
dua theo cong thuc:

p(t) = v()i(t) =V cos(¢)i(t)
q(t) = v(t —%)i(t) =V sin(g)i(t)

Theo (6) ta x4c dinh dugc gié tri trung binh ctia cong suat
tac dung P va cong suat phan khang Q. Thay vao hé phuong
trinh (7) va sau khi rat gon ta thu dugc hé phuong trinh sau:

s VP o ugs ks
Vity=—uw -2v*_2p
)=V -2V -2 9)

(8)

é(t) =w*—w+\%6 (10)

‘Béi toan tap trung vao dién ap tqi trapg thai xac 1ap, do
do can xac dinh bién d¢ dién ap va tan s6 goc tai diém lam
viéc can bang Trong trang thai nay, dién ap dat gia tri 6n dinh
V =V, tin s6 w = w,, cong suat tic dung va phan khang tai
diém can bang 1a B, Q,. ) .

Xét phuong trinh (9) tai di€ém lam viéc can bang ta cé
V(t) = 0.Khidé (9) co dang:

Ve ENE k =
v -£ P=0
5 Ve =2 Ve

\7 e (11)

Giai phuong trinh (11) ta dwoc nghiém:
— (12)
-Zxp

= 0.5V*2+0.5\/L/*4 8
U

,uV*A
8k
Xét phuong trinh (10) tai diém lam viéc cAn bang ta co:
6(t) = 0. Khi d6 (10) c6 dang:

o,=0 + ,LZQE (13)

e

Vi 0<P, <
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2.3 M6 hinh nghién ctru dé xuit

Inverter #1

)= pV? v, v, W, — 0y, - kiD)

Vv,

Disturbance

!

/
!

i

A A

Observer

|
\.Jn(r - « g Ma - - ,J . | -
. . - Loy Controller M PWM I—’ Filter
Vp(t)=@ x  (‘Andronov-Hopf oscillator ) I |
-~
1’

[
\
\
\
\
\
\
\
\
\

Load

Hinh 3: Ciu tric d& xuit hai b nghich luu 1am viée song song

Trong truong hop 1y twong, didu khién vong hé chi véi
bo dao dong ao VOC la du dé hé thdng 6n dinh. Tuy nhién,
thyuc té diéu kién nay kho dat duoc do nguén phén tan va tdi
thuong duoc bé tri tai cac vi tri khac nhau, dan dén hién tugng
sut ap trén dudng day, sai 1éch trong chia sé cong sudt va xudt
hién dong vong, gy tac dong tiéu cuc dén kha nang dong bo
cta cac bo nghich luu hoat dong song song. Bén canh do, viéc
chia sé cong suit trong méi truong co tai phi tuyén ciing dat
ra thach thuc 16n, doi hoi céu trac diéu khién phai dap tng
dugc v6i diéu kién van hanh khong 1y twong.

Pé khic phuc cac van dé trén, ngoai khdi diéu khién
chinh, cdu triic dé xuét tich hop cac khdi chirc ning bo tro nhu
hinh 3, trong do:

- Khéi tro khang 4o (Virtual Impedance): Han ché anh
huéng cua tré khang dudng day va hd tro chia sé cong sut;

- Khéi controler sir dung bo PR (Proportional-Resonant):
Bu song hai do tai phi tuyén gay ra;

- B uéc luong nhiéu (Disturbance Observer): Udc
luong dong tai ma khong can sir dung cam bién dong.

2.3.1 Thiét ké b tré khang a0 (Virtual Impedance)

Muc tiéu ctia b tré khang 4o 1a diéu chinh gié trj dién ap
dau ra trén Inverter dé bu sut ap do tré khang duong day; diéu
chinh gi4 trj dong dién dau ra bang nhau lam han ché dong
vong va dam bao chia sé cong suét [25] . Dau vao cua b tro
khang 4o 1a dong tai dugc xac dinh bang bo DOB va gié tri
tré khang duong day ude luong Z,,,. So dd khdi nhur hinh 4.

i —
Virtual

—— e
Impedance e

ZLk—’

Hinh 4: So d khdi bo tre khang ao.

DPo sut dién ap trén duong diy dugc xéac dinh:
AV = i, Z,,. DEébu sut ap, mot tro khang ao b gia tri twong
duong duoc thiét 1ap va tich hop vao hé thong. Cu thé, gia tri
cua bo trg khang ao dugc chon bang trg khang duong day

cong thém mot dién trd hiéu chinh AR, do dai luong dién cam
(L) it bi anh hudng boi nhiét 6. Gia tri trg khang duong day
duoc xac dinh dya vao do dai day dan tir bo nghich luu dén
tai va thong sb vat liéu lam day dan. Gié trj AR duoc x4c dinh
nhu sau: R=R (1+cAT)

V6i R, la dién tro tai nhiét do tidu chuan, R 1a dién tro
tai nhiét d6 T, « 13 hé s6 nhiét dién tré, AT 1a chénh 1éch tai
nhiét do T vai nhiét d6 tiéu chuan. So dd nguyén 1y bo tre
khang ao theo hinh 5.

R,A-v—/\R:@ Zod

vk Tk

Hinh 5: So d6 nguyén 1y bo tro khang o
2.3.2 B quan sat nhiéu (Disturbance Observer — DOB)

Muc dich cta bo DOB 1a udc lugng dong tai, trong bai
bao nay tac gia c6 sir dung téi dong tai dé thiét ké bo diéu
khién va gia tri dau vao bd VOC, do vay sir dung DOB gitip
giam thiéu cam bién do dong tai.

Tiéu chuan khi thiét ké bo diéu khién sir dung DOB [26]:

- Dién ap ra ¢6 THD thap (<5%)

- Loai dugc nhiéu tac dong

So d6 khdi DOB nhur hinh 6, véi Q (s) 1a bg loc trong
DOB, P(s) 1a ham truyén dbi tugng.

Li(s)

(-)
Im(S). R Ii.(s)
i,(s

Q4 Qeries)

Disturbance Observer;

Hinh 6: So db bo quan sat nhidu.
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Tir so dd khéi, gia tri nhidu dwoc xac dinh: Ap dung dinh luat Kirchhof ta duoc:
1(8)=QE)(5) o D v, oy vy, = e (17)
~ Dé xdc dinh bd loc Q(s), ta bit dau véi dai luong ding dt
dé danh gia sai léch cia b DOB la gia tri E(s) dugc biéu dien Hay
nhu sau: V. V. Rl
~ in Lf 'L
E(s) = 1,(s) — 1,(5) = (Q(5) ~1) 1,(s) (15) I = —f+ff—T (18)
Nhiu xéc dinh dugc cang chinh xéc néu E(s) tién t6i 0,
khi do gia tri Q(s) tien toi 1. Bo loc Q(s) duoc lya chon dudi Dong dién qua ty Cy
dang mach loc thong thap bac 1, théa méan yéu cau tien t6i 1 vl Lo
va chon bac nhé nhét c6 thé d& giam thoi gian tré caa bo DOB. °7¢c, ¢, (19)

1
Q) =——— (16)
Véi A 1a hang sé duoc goi 1a tham sb loc. Theo [27], kha
ning udc lugng chinh xac cia by DOB phuy thudc vao lya
chon gia tri A, A cang nho gia tri nhiéu xac dinh duoc cang
chinh xac.

3. Thiét ké mach vong diéu khién dong dién va
dién ap

Déi twong diéu khién 1a I, Ve, do do trong bai béo nay
str dung cau trac diéu khién hai mach vong. Dau ra bé nghich
Ivu duoc mo ta nhu hinh 7.

]: Cf Load
Hinh 7: So d twong duong phia dau ra cua bo nghich luwu.

3.1 Céc thong s6 bd PR: cho vong diéu khién dong dién
Gy (S)

V .(s)

ref

Vin biéu dién theo d(t) nhu sau: V,, =d(t)V,, thay vao (18)
va bién doi Laplace ta dugc ham truyén giira dong dién qua
cuon cam loc va hé so diéu ché nhu sau:

GID (S) — IL(S) — Vdc

d(s) sk, +R, (20)
Laplace phuong trinh (19), coi I, 1a nhiéu ta duoc:
SCVe(s)=1,(s) (21)

Ham truyén giita dién 4p dau ra va dong dién qua cuon
cam loc la:

Ve(s)y 1
§)= )~
G () I.(s) sC, (22)
Tir cu triic diéu khién tich hop ¢6 khau quan sat nhiéu
nhu hinh 8, ham truyén b¢ diéu khién PR trong mach vong
dong va ap duogc suy ra nhu sau:
Geg (s)= Ke + Kas

2+

(23)

Disturbance

Observer

—_— e — e — =

Hinh 8: Ciu tric diéu khién két hop khau quan sat nhiéu DOB

Ham truyén hé hé khi c6 bo diéu khién:
A Kp,S
GOI (S) = GID(S)GPRI (S) = SLf j_ Ru (Kpl + 2 :Ia)gj (24)
Tai tan s6 it w,; cia mach vong dong dién, thanh phan
Kri ¢6 anh hudéng khong dang ké. Bo qua Kry, ham truyén hé
ho tai tan s6 cat o = i c6 dang:

KPI 'Vdc

G, (8) =
0 () sk, + Ry

(25)

Tai tan s cit wg thi bién do ham truyén phai bang 1
(twong tng Véi trén d6 thi Bode bang 0), do do Kpi duge tinh
nhu sau:
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~ . K, V.
G, (jw) N T T
‘ * o ’\é(a)cil-f ) +R (26)
Suy ra:
j L, )?+R?
Kpl _ (a)m f) Lf (27)

V

dc

Tiép theo, h¢ s6 Kgri dugc tinh toan theo d6 du trir pha ¢;
cua hé ho. Pha cua hé thong dugc tinh bang cach 1y arctan
ctia phan ao chia phan thuc. Theo d6, hé s6 Kgy s& dugc tinh
theo cong thuc:

a,;L
tan| 7 — g, —arctan| —2-" | |K,, (o} - o)
K Ry

RI

(28)

wci

Xét dién tro ky sinh trén cudn cam loc 1a: Rys = 0,01Q.
Tan sb cét f; = 2500Hz. Do du trix pha mong mubn 60°. Tan
s6 goc dién ap dau ra 1007 (rad/s). Thay cac tham sb trén, ta
tinh dugc Kp = 0,0153; Kgy = 139,0757; tir @6 xac dinh duoc
ham truyén b PR, cho mach vong dong dién:

139,0757s
G (5) =0,0153+ === (29)

0
3.2 Thiét ké mach vong diéu khién di¢n ap
Ham truyén hé ho trong mach vong dién ap:
1 KgyS
Gov (s)= Gw (S)'GF‘RV (s)= SCf[KPV + 52 _T_ngj

Tuong ty nhu mach vong dong dién, tai tan sé cit w,,
cta mach vong dién ap, thanh phan Kgy c6 anh hudng khong
dang k&, ham truyén G,,, (s) dugc xap xi nhu sau:

K
G, (s)=—
W)= (3D

(30)

Tai tan s6 cdt thi bién do ham truyén h¢ ho phai bang 1,
tr d6 hé s6 Kpy duogc tinh nhur sau:
Koy =@,Cy

(32)

Tuong tu nhu mach vong dong dién, hé s Kry dugce xéac
dinh dya trén do du trir pha mong muén cua hé hé ¢, tir d6
hé s0 Kry duoc tinh toan nhu sau:

tan[%—gov].va.(a)fv —a)g)

,

cv

Ko = (33)
Lya chon tan s6 'Cét mach vong dién ap f,, = 500Hz, do
dy trir pha mong mudn 60°. Tan s6 goc dién ap dau ra 1007
(rans). Tur d6 tinh dugc Kpy = 0,00245, Kryv = 43,97, bo diéu
khién mach vong dién ap c6 ham truyén:
Gppy (5) = 0,0245 + 2397

s“+f

(34)

Khi thiét ké céu trac hai mach vong di bo qua gia tri
nhidu dong tai dé thuan tién trong viéc téng hop tham sé bo
diéu khién. Vi vay, can bd sung thém khau diéu khién truyén
thang dé bu nhidu dong tai, nham nang cao chat lugng dién ap
dau ra khi bo bién d6i hoat dong véi tai phi tuyén.

Gia tri dong udc lugng dugce tinh theo cong thuc:

Loy = Q)| 1.(8) P (Ve (9) |
Trong d6: P7'(s) =G,'(s) =sC,

(3%)

) Q(s) 12 ham truyén cia khau DOB c6 dang b loc thong
thap:
Q(s) =

Opog 1 _ 1
+1 As+1

S+wpes 1 (36)
WposS +1
_Chon wppp = 500Hz, ham truyén cua khau quan sat
nhiéu tai c6 dang nhu sau:

L [1.(9)-5C,Ve(9)]

[ —
oY " 0,0003s +1 @7

4. Mo phéng
4.1 Thiét 1ap mé phéng

M6 hinh mo phong duoc xdy dung theo phan mém
MATLAB/Simulink ¢6 so d6 cdu triic nhu hinh 3. Tai duogc
lya chon 1a tai tuyén tinh va tai phi tuyén dang chinh luu cau
v6i loc LC nhdam mo phong diéu kién van hanh thuc té c6 song
hai. Céc tham s6 mé phong duoc trinh bay trong bang 1.

Bang 1: Thong sé mo phong hé théng

Théng s0 mach luc Inverter #1, Inverter #2

bién 4p hiéu dung (RMS) Vi 220 \%
Dién 4p mot chidu dau vao Ve 400 Vv
Céng sudt tac dung P 3 kw
Hé 6 cong suat Coso 0,92
Tan s6 dinh mirc f 50 Hz
Tan sb chuyén mach fow 25 kHz
Thoi gian dap tng trise 01 s
Sai léch tin s goc Ao T rad/s
Sai 1éch dién ap AV 11 \%
Gidi han THD THD 5 %
Théng s by VOC
H¢ s6 khuéch dai K 80 -
Hing s6 toc do u 0,0012 -
Gia tri dat dién ap \A 311 \%
Gié tri dat tan s6 o 100n rad/s
Théng s6 b diéu khién PR

\ A2 Kpi 0,0153 -
Mach vong dién ap Key 139.0757 -

. R i Kpv 0,0245 -
Mach vong dong dién Key 4307 -
Théng sb tré khing dudng diy
Tré khang duong day bo 1 El 8:32%10_3 fj
Tro khang dudng day bo 2 E 3829103 =

4.2 Céac kich ban md phéng

Kich bén 1: Chia sé cong suét theo ty 16 1:1

M6 ta kich ban: Hai b nghich luu hoat dong song song
cung khoi dong va chia sé tai, ban dau s& lam viéc véi 50%
tai twong (ng véi 1500W. Tai thoi diém 0,3 gidy, tai ting 1én
100%. Ty Ié chia sé gitta hai bo 1a 1:1. Cac déc tinh ctua hé
thong dugc thé hién trong hinh 9.

Bing 2: Két qua mo phong cho kich ban 1

. . 4 B6 nghich | B6 nghich
100% tai Ly thuyeét Jru 6 1 o 6 2
Cong suat tac dung mdi by | 1500W 1483 W 1477 W
Dong dién dau ra 9,64A 9,57A 9,58A
Dién ap tai 311V 3117V
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Qua trinh tang thém tai xay ra tinh trang dong dién cua 10 =
mot bo bi qua dieu chinh 0,7A~7,3% gia tri dit do tdi thay s
do6i ot ngot. Véi dac tinh chia cong suat tac dung, ta thay rang =
tai cac thoi diém xac 1ap vé cong suat tai (50% va 100% tai) Zo
d6 sai léch chia sé tai 12 1% va 1,53%. Dién 4p tai ngay tai gé’s
thoi diém thém tai xay ra sut ap, nhung thoi gian ngan va bién
dd sutla 115V=48%. -10
x : ' 0.2 0.25 0.3 0.35 0.4 0.45 0.5
10 [TnotGemBng a) Time [s]
- 1&n 100% 1600
<S5t — 1400
(5. Z. 1200 —3
=0 £ 1000
?:D S 800
B-51 € 600
= “E 400
-10 [ | | | I | T i & 200
0 005 0.1 0.15 02 025 03 035 04 S o
a) Time [s] 0.2 0.25 0.3 0.35 0.4 0.45 0.5
1600 , T I T ] ‘ b) Time [s]
& 1400 sora]] mm— 300/
e01200 ik el
2 200
£1000 =
2 800 2. 100}
& 600 & 0
7 400 & -100
Z 200t = 200
© o
[ | ‘ | | l -300)
0 005 0. o.15b 02 025 0.3T' 035 04 03 RT3 B T o TAT =
: ) . gnie 18] c) Time [s]
300 =7 ‘h‘l- — Hinh 10: a) Pac tinh dong dién, b) déc tinh cong suét, ¢) déc tinh dién ap
5 200 - theo kich ban 2.
= 100 - . . e e 4
& ) = A Kich ban 3: Téi phi tuyén
-‘g -100 £ j M6 ta kich ban: Xét hé thong cé tai phi tuyén la chinh
-200 ‘ luu cau Diode vai hai truong hop ¢6 bd DOB va khong co
-300 1 o Gy DOB. Cac dac tinh cta hé thong dugc thé hién trong hinh 11.

0 005 01 015 02 025 03 035 04
c) Time [s]

Hinh 9: a) Dac tinh dong dién, b) dac tinh cong suét, ¢) dac tinh dién ap theo
kich ban 1.
Kich bén 2: Thém, b6t bo nghich luu.

Mo ta kich ban: Hé thong dwoc khao sat bt dau van hanh
v6i mot bo nghich lwu duy nhét cap dién cho tai tuyén tinh;
Tai thoi diém t1, b nghich luu thtr hai dugc ghép song song
vao hé théng va duoc thiét 1ap ti 1& chia sé cong suét P1:P, =
1:1. Sau giai doan 6n dinh, tai t2 xay ra su ¢ khién mot trong
hai bo nghich luu bi tach ra, trong khi bo con lai tiép tuc cung
cip dién cho cung tai. Thir nghiém 3 giai doan nay dé nhan
dinh kha ning ty ddng bo, kha ning chia sé cong sudt va do
bén viing cua bo diéu khién VOC trong diéu kién van hanh
thuc té. Cac dic tinh cua hé théng duoc thé hién trong hinh
10.

Bing 3: Két qua mo phong cho kich ban 2

Thei gian qué do C(?ng Sl.lilt tai; dung 0,08 gff.y
Dong dién dau ra 0,06 gidy
Dicn 4o tai Khi c6 hai b 3109V
ien ap tal Khi c6 mot bo 306 V
Nhan xét:

Do qua diéu chinh vé cong suét tac dung Xap xi khoang
40%. Qua trinh dong bo vé dong dién va cong suét tac dung
tinh tir khi cim thém bo nghich luu méi mat 0,08 gidy. Dién
ap tai ludn giit 6n dinh trong khoang + 5% gia tri dat subt qua
trinh, d6 léch Ion nhat c& 4V.

Nhan xét: Téng d6 méo song hai (THD) khi khong st
dung bd quan sat nhiéu (DOB) 14 3,47%, trong khi khi co
DOB, THD giam xudng con 1,93%. Piéu nay ching to viéc
tich hop DOB giup cai thién dang ké chat lugng dién ap dau
ra. Bo DOB dap ung yéu cau thiét ké theo tiéu chuan, dam
bao THD nho hon 5%.

300
200
100
0

- -100
100
-300

chn ap [V]

0.18 0.2 0.22 0.24 0.26 0.28
a) Time [s]

Diénap [V]

0.18 0.2 0.22 0.24 0.26 0.28
b) Time [s]

Hinh 11: Dién ap tai khi: a) Khong c¢6 DOB; b) C6 bo DOB.

Kich bin 4: Chia sé cong suét theo ty 16 1:2.

M0 ta kich ban: Hai b nghich Iuu hoat dong song song
cung khoi dong va chia sé tai. Ban dau, mdi bo cung cép cong
Sut tuong g trong tong tai 750 W. Tai thoi diém 0,5 s, tai
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tang 1én 1500 W véi ty 1€ chia s¢ cong suatPy :P, = 1:2. Cac
dac tinh cua hé thong dugc thé hién trong hinh 12, va ket qua
do duoc nhu bang 4.

Bang 4: Két qua mo phong cho kich ban 4

Nghich luu Céng suit tac Cong suiit tac Pién ap
No. dung (0 -0,5s) dung (0,5s -1.0s)
No.1 240,1W 476,7 W 309,5V
NO.2 4782 W 984,8 W 309,5V
P1/P2 1/2 12
j i
z2 ""'\ Irl"\f"ﬁ%ﬁ”\.i\w']iflf{ ) l [
B |
; |"|\”HH\[HU‘JJ||M\J||HH|\‘I\M|
f"l ﬁ'ﬂ M \ ‘
(it um ‘\ * M ” \t‘ w
- 1| ,'H '|‘ H H |
l A 1\ . iy H‘
g’_m ‘ H (| H H 1'1‘ ‘H ]" u’ ‘,H
\ Q! H\‘ i A il w I
.«H 1] W‘ H«
6 o1 0z o3 o4 % o6 o7 BRI
f [ —d

c) Time (s)

Hinh 12: a) Bac tinh dong dién, b) dac tinh dién ap, c) dac tinh cong suét theo
kich ban 4.

Nhan xét:

Két qua moé phong thdy bo didu khién dam bao chia sé
cong suat theo ty 1& myc tiéu 1:2. Sai léch tong cong suat phat
S0 Vi 1y thuyét trong cac cira s6 thoi gian 0-0,5s va 0,5s—1s
lan lugt 12 4,2% va 2,6%. Trong sudt qua trinh qua do va trang
thai xac lap, bién do dién ap tai dugc duy tri trong khoang
+5% s0 voi gié tri dat, dap tmg tidu chi on dinh dién ap.

5. Thuc nghiém

Mot hé théng thir nghiém thuc té duoc trién khai sir dung
hai nghich lwu mot pha diéu khién boi kit DSP
TMS320F28377S cta Texas Instrument. M6 hinh nay bao
gom hai bo nghich luu dugc diéu khién boi phuong phap
VOC, giéng hét nhau véi bo loc LC dau ra véi Cr = 8uF, L=
4mH. Céc b nghich luu duge phat xung tir mach driver va
két ndi véi mot tai chung la dién tro R. Ngoai ra con co ngudn
mot chidu va ngudn flyback va cam bién dong ACS712.

o]
\

Cam bién
dong dién ACS712

- =

Mach driver
Mach loc LC .
7

Hinh 13: M6 hinh thyc nghiém.

Auto-Trig. / Complata

TE 10ms T: 407 ms CH1: -400mMV /AL SOkSa Refresh
" Y ey " 1-‘"\,{ Cas
¥ " Al A A 4y
/ \ Pt L [ Y Foh
P Py " PAN " Fo A
; Yy W Yoo Y/ | \
J \
b £ An,.; ;-! b L "k._ 4.'! "-_.‘
ol et b ot L o]
CHL SV = Vp+: 900V T 45957 Hz
a)
T ——
TB: 10ms T: 407 ms CH1: =400 mv ~ AL SOkSa Refresh
o " Ay
".. .«"aﬁ"u. ¥h X, P 7 7
\ Foy F o\ P RN Foy F
\ ¢ (i 1 4 I Y
W o 1 i v L B il Y J 1
L] 4 " '] b | # ] L] B L #
LNY | W4 LAY ! o4 v A
L L W et Wt /i
TN FASSeHE
b)
Auto-Trig. / Complata
TE 10ms T: 457 .2ms CH1: -300mV /AL SOkSa Refresh
7 ™ o ™ ™, 7
» "1 N 1 L » n 1
PR AN KR a FEAN A
4 4 o L] # r Y F \ A .
7 L Woof LI W oo/ “w ¥ !
# L LYY | d Y
} Wi YWoA W # Y A wof Y
W Wt LS Al o o
VPt 900V T aoo8Mz
c)
Fumljamental (50Hz) = 8.982 v THD= 2.41%
;
=l
08
E
g
8
¥
2 06
s
=
= 0.4
g
=
o
5 m[”"ll\lml P 1
200 400 600 800 1000

Frequency (Hz)
d)

Hinh 14: Két qua dién ap va dong dién tai bg thuc nghiém a) bd nghich luu
1; b) Bo nghich luu 2; ¢) tai tai R; d) Gid tri THD dién 4p.

M$6 hinh thyc nghiém duogc trinh bay trong Hinh 13.
Trong md hinh nay, nhom tac gia sir dung cau hinh diéu khién
vong kin, trong d6 hai bo nghich luu hoat déng song song va
dugc didu khién béi cau trac VOC theo dic tinh AHO dé cip
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cong suét cho tai thuan tro R = 16,67 Q vai ty 1é chia sé cong
suat dat Py :P, =1:1.

Theo tinh toan 1y thuyét véi dién ap tai dang sir dung 1a
dién 4p xoay chiéu bién d6 10V, tai R = 16,67/2. Ta sé tinh ra
dong dién coa méi bd nghich lwu lam  viéc:

o :% :161% _0,6A.Suyral;=,=03A,
Két qua do duoc qua thuc nghiém nhu bang 5.

Bing 5: Bang so sanh tinh toan ly thuyét véi gia tri do thyc nghiém.

A £ Ly Thuc - A
Thong so thuyét nghiém Sai so
[ Bol 9V 0%
Dl("’\?)ap B 2 v 9V 0%
Gid i do tai tai | 10V Y 0%
‘ Bo 1 03 A 0%
di‘gsréi) Bo 2 0.3A 0,288 A 4%
- Gid i do @i tal | 0,6 0,54 0%

Nhan xét: Bién d6 dién ap dau ra do duoc 1a 9 V, thip
hon 10 % so v&i gia tri dat 10 V; sai 1éch cha yéu bat nguon
tir sut ap trén tai, ton hao thiét bi va sai sé do luong. Dong
dién hai nghich luu chia sé & ti 1& 0,96: 1, gan dat myc tiéu
1: 1. Hién twong dap mach xuét hién nhung khong lam suy
giam dang song dién ap. Tan sé dién ap va dong dién thu dugc
trong thi nghiém tring khép vai két qua mé phong va duy tri
trong dai thiét ké. Chat lugng dién ap c6 su sai léch véi mo
phong, nguyén nhan do han ché vé diéu kién thyc nghiém, tuy
nhién gia tri THD 2.41% < 5% dat tiéu chuin cho phép. Nhu
vay, cac bo nghich luu da duoc ddng bo thanh cong, dong dién
trén tai sai léch khong dang ké so véi tong dong cua hé thng.

6. Két luin

Bai b4o da trinh bay mot ciu trac diéu khién cho cac bo
nghich luu mét pha hoat dong song song dua trén VOC sir
dung dao dong AHO. Céu trac duoc tich hop tré khang 4o
nham han ché dong vong va sai léch chia sé cong suat do su
bién thién tro khang dudng day, cing véi bo diéu khién cong
huong ti 1¢ (PR) va bd quan sat nhiéu (DOB) dé nang cao chat
luong dién ap khi hé théng van hanh vai tai phi tuyén. Két qua
mo phong trén MATLAB/Simulink va thyc nghiém vai kit
DSP TMS320F28377S cho thay sai léch chia s¢ cong suit
lubn duy tri dudi 1,6%, d6 méo hai téng (THD) cua dién ap
nhé hon 5%, va thoi gian phuc hdi dudi 0,08 s khi két ndi hozc
tach mot nghich lwu. Céc két qua nay nhat quén vé6i phan tich
1y thuyét va khing dinh hiéu qua cua phuong phép trong viéc
dam bao ddng bo dién 4ap, dong dién va tan sb gitra cac bo
nghich Iuvu. Mac du vay, nghién clru ciing chi ra rang tré
khang ao chua bu hoan toan anh hudng trong truong hop tham
s6 duong day thay dbi I6n, va hiéu qua cua ciu triic con han
ché khi tai co d6 phi tuyén cao. Do d6, hudng nghién ctu tiép
theo s& tap trung vao (i) phat trién thuat toan udc lugng tro
khang duong day doc lap voi dién ép tai, (ii) t6i uu hoa bo
dleu khién dé duy tri chat luong dién ap trong diéu kién tai phi
tuyén c6 d6 méo cao, va (iii) mé rong cau traic VOC-AHO
sang cac hé théng ba pha quy mé 16n trong microgrid.
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