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ABSTRACT

The research on using and exploiting effectively small and scattered
capacity renewable energy sources, named Distributed Energy Resources
(DER), to generate electricity is meaningful to reduce the climate change
and dependence of power demand on fossil energy sources, which are at
risk of being exhausted and cause environmental pollution. Using power
electronic converters for grid connection control of distributed generators
has some advantages such as capability of power transferring in both
directions. The grid integration of DERcan help them to achieve
equivalent scale and stable power supply as that of traditional power
plants. The combination of harmonic filter circuits to suppress high order
harmonics on the grid will also have a significal effect on improvingpower
quality. The article presentedthe simulation result of the grid-connected
control model of DER using power electronic converters, which maintains
maximum capacity of the systemirrespective of connected powerloads.

TOM TAT

Nghién ciru sir dung va khai thac hiéu qua cdc nguon ndang leong tdi tao
c6 cong sudt nhé va phan tan (Distributed Energy Resources - DER) dé
phat dién co y nghia thzét thue dén viéc giam bién doi khi hdu va giam su
phu thuge vao cac nguon nhién liéu héa thach co nguy co can kiét, gay 6
nhiém moi truong. Ung dung cac bo bién doi dién tir cong sudt trong diéu
khlen noi lwGi cac nguon phdn tin c6 nhing uu diém nhw: Kha ndng
truyén ndng heong theo ca 2 huwéng. Ciac DER néi luéi cho phép ching dat
dwge quy mé twong dieong va mirc dg cung cap dién on dinh nhuw cdc nha
may dién truyén th(fng. Két hop voi mach loc dé logi trir cdc song hai bdc
cao, diéu nay cé y nghia lom dén viéc cdi thién chdt lwong dién nang. Bai
bdo di dwa ra dwoc két qua mé phong diéu khién néi luGi cde nguon phin
tan sir dung cdc bé bién doi dién tir cong sudt, nham duy tri cong sudt phat
16i da ciia hé thong bat chdp tdi néi véi hé thong.

1 PAT VAN BE

Ngay nay, cung vdi sy phat trien manh mé cua

Resources - DER) noéi riéng nhu: ngudn ning
lugng gio, pin mét troi, pin nhién liéu... 1a cac dang

the gidi, nhu cau st dung nang lugng clia con
ngudi ngdy cang ting. Ngudn ning lugng tai tao
(Renewable Energy sources - RES) néi chung,
ngudn ning luong phan tan (Distributed Energy

ngudn ning lugng sach, khong gay 6 nhiém moi
truong. Tuy nhién, dé khai thac va su _dung cic
nguon phéan tan nay sao cho hiéu qua van la muc
tiéu nghién ctru cla cac co quan quan ly. Hién nay
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¢6 nhiéu cong trinh nghién ctru diéu khién ndi lugi
nhung & goc do nghién ctru 1a cac ngudn doc lap
nhu tuabin gi6 hodc ngudn pin mit troi. Bai viét
dudi day dé xuat diéu khién ndi ludi 3 ngudn phan
tan (Distributed Generation - DG) 1a tuabin gio st
dung may phat dién dong bd nam chdm vinh
ctru (Permanent magnetic synchronous generator -
PMSG), ngudn pin mdt troi (Photovoltaic cell) va
pin nhién liéu mang trao ddi proton (Proton
Exchange Membrane Fuel Cell - PEMFC). Ung
dung cac bd bién ddi dién tir cong suat nhu: BO
bién ddi 2 trang thai DC/DC ding dé diéu chinh va
cung cip cho cic tai thay doi 1a ngudn pin mat troi
va pin nhién li€u. B chinh luu (AC/DC) phia may
phat dién dung diéu chinh hoa dong bo cho may
phat dién cling nhu tdch may phat dién ra khoi ludi
khi can thiét. B6 nghich luu (DC/AC) phia luéi
nhim dong bd voi ludi va giit 6n dinh dién ap
mach mot chiéu trung gian. Trong hé thong didu
khién nang luong tai tao cac bo bién d6i dién tu
cong suét gifr vai trd rt quan trong, viéc img dung
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cac b bién doi dién tir cong suat nay trong didu
khi€n noi ludi cac nguon phén tan, nham hudng
dén phat trién ludi dién thong minh va diéu khién
linh hoat cac dang ngudn nang lwong.

2 CAC BQ BIEN POI PIEN TU CONG SUAT

Hé thong diéu khién ndi Iudi cac ngudn phéan
tan (DG) nhu: tuabin gié st dung may phat dién
ddng bo nam chdm vinh ctru (Permanent magnetic
synchronous generator - PMSG), ngudn pin mit troi
(Photovoltaic cell) va pin nhién liéu mang trao d6i
proton (Proton Exchange Membrane Fuel Cell —
PEMFC) theo Tao Zhou, Bruno Frangois (2010),
hé thong bao gdm cac thanh phan co ban nhu Hinh 1.
Céc bo bién doi dién tir cong suat thuc hién nhiém vu
nhu: Tuabin gi6 sir dung may phat dién (PMSG) phat
ra dién 4p (AC), qua bd chinh luu (AC/DC) dua ra
dién ap mot chidu (DC). Ngudn pin mit trdi va pin
nhién lidu diéu cho ra dién ap mét chiéu (DC). Tét ca
cac dién ap mot chiéu (DC) nay qua bd nghich hru
(DC/AC) dura ra dién ap (AC) ndi ludi.

May Chinh lwu
Tuabin phat dién AC/DC Bus DC
g2i6 =N /_\h T
& L
Bién d6i DC/DC £ »
PV DC
I DC Nghich luu
Pin nhién licu Bién d6i DC/DC <% DC/AC
e e DC —
5 = DC
H, Bién d6i DC/DC £
- bc
Qua trinh
dién phan Hé théng diéu khién

Hinh 1: So' do diéu khién noi lwéi cac nguon phan tan sir dung cac bo bién doi dién tir cong suat

2.1 B bién déi 2 trang thai DC/DC

Muc dich ctia bo bién doi 2 trang thai DC/DC
1a tao ra dién 4p mot chiéu (DC) duge diéu chinh
dé cung cip cho céc tai thay 601 bd bién ddi 2
trang thai DC/DC giir vai tro rat quan trong trong
cic hé théng diéu khién ning lugng tai tao
(Renewable Energy sources - RES). Pé 6n dinh
dién 4p dau ra cho bo bién ddi thi doi hoi cac bd

diéu khién phai hoat dong mét cach tin cdy, do dién
4p O dau ra cua pin mat troi va pin nhién liéu
khong du 16n dé c6 thé cung cp cho dau vao cua
bd nghich luu (DC/AC). Do d6 ta phai sir dung bd
bién dbi 2 trang thai DC/DC dé nang dién ap dau ra
dat yéu cau. Theo Bengt Johansson (2003), bo bién
d6i 2 trang thai DC/DC (Buck — Boots Converter)
nhu Hinh 2, véi gian dd xung dong ngit nhu
Hinh 3.
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Hinh 3: Xung déng ngit cia b bién déi DC/DC
2.1.1 Khi Switch 6 trang thai ngit
Ta xét trong khoang thoi gian t = 0 dén t = DT,
dién ap trén cudn day L 1a U;. Khi d6 cong suat
trén cudn day L duogc tinh nhu sau:
1 °r 1 DT
P, =—[U.I,dt =_U, [1,dt(
T4 T 0
Vi diéu kién dong qua cudn ddy L 1a hing s,
cong suat qua cudn day L duogc viét lai nhu sau:

1 DT
Py = U, .([dt —U.I,D (@

mn

2.1.2  Khi Switch 6 trang thai ngit

Ta thy nang luong trén cudn day L bat dau xa
ra, Diode bét ddu dan dién ap trén cudn day L cung
cép cho tai Up. Khi d6 ta c6 cong suét trén tai:

1 ]
P = = J;UL]Ldt = .([UOILdt 3)

V6i diéu kién 1y tuong thi Uy va Iy 1a hing sb
luc @6 cong suat dau ra dugc viét lai nhu sau:

P

out

_ %Uo I,(T=DT)=U,I,(1- D)4

Tir phuong trinh (2) va (4) ta viét lai nhu sau:

Yo _ _(Lj )
U, \-D

1

Dién 4p sau khi qua bo bién dbi cong suit s&
tang 1én, nhd bd diéu khién xung kich ta c6 thé
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diéu chinh dién 4p ra mong mudn bang viéc diéu
chinh D.
2.2 B0 chinh luu va by nghich luu

Viéc nghién ctru cac bd chinh luu (AC/DC) va
b6 nghich luu (DC/AC) diéu ché theo phwong phap
d6 rong xung ( Pulse Width Modulation - PWM)
hoic diéu ché theo vecto khong gian (Space Vector
Modulation) dwoc nhiéu nha khoa hoc quan tdm
nghién ctru trong nhimg nam gan day voi nhing uu
diém vuot troi nhu: kha nang truyen nang luong
theo ca 2 hudng, véi goc diéu khién thay ddi duoc,
dung lugng song hai thap...

2.2.1 Mo hinh toan hoc cho bo chinh luu

So d6 b6 chinh luu diéu ché theo phwong phap
d6 rong xung (PWM), nhu Hinh 4. Theo Haoran
Bai et al. (2007), dé dat dwoc muc tiéu 1a diéu
khién cic thanh phan cong suit phat vao ludi tir
cac ngudn phan tan, thi hién nay c6 nhiéu phuong
phap dé diéu khién cho bo chinh lwu PWM nhu
phuong phap: VOC, DPC, VFVOC, VFDPC.

Dua vao so d6 Hinh 4, ta xdy dung biéu thirc
dién ap cua bo chinh lvu PWM nhu sau:

i-i —>l

—
_1
— "uc
C -
R C
ie
_1

Hinh 4: So' @6 dong dién va dién ap
cia b chinh luu

di
d; a = ea - (Saudc + uNO)
Ldl—+Rl =e, —(S,u, +uy,)
< dt b b b™ de NO (6)
di, .
dtc ¢ = ec - (Scudc + uNO)
du
C e — g, —i
\ dt d L

’Biéu thirc (6) chuyén sang hé toa d§ dq duoc
viet lai nhu sau:
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“th —e, - R , - S,u, +oli,
di (7)
dtq =e, - R ,-S,u, —oli,
du , 3§ 35
C dtdL 2"zd+ quq_ll
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2.2.2 M6 hinh toan hoc cho bo nghich luu

Theo Ngd Btrc Minh, 2007, bg nghich Iuu dung
dé bién doi dién ap mot chiéu thanh dién ap xoay
chiéu ba pha cé thé thay ddi duge tan sb nho viée
thay doi qui ludt dong cét ctia cac van, nhu Hinh 5.

Hinh 5: So' @6 diéu khién b
nghich luu

uar(}) i][;

s3
_K

4

Ta gia thiét tai 3 pha ddi xtimg nén dién ap:

u, +u,+u,=0

®)

Goi N 1a diém nut cua tai 3 pha dang hinh (Y).
Dua vao so d60 Hinh 5, dién &p pha cua céc tai dugc
tinh nhu sau:

U, = U, Unyo
U,y = Uy Uyo (9
U3 = Usy U no

Vi Uy, =

Thay bicu thirc (10) vao biéu thirc (9) ta c6
phuong trinh dién 4p ¢ moi pha cuia tai nhu sau:

[y = 2uy Uy — Uy
2. 3
oy = 2u, — Uy — Uy
o = 3 (1)
22U — Uy — Uy,
\ U, =

3

e W0
9 v
E ut
Ut %
bién ap day trén tai dugc tinh nhu sau:
U, = Uy U
Uiy = Uy = Usg (12)
U0 = Uz — Ujp

Bién d9 song hai c6 thé xac dinh duya
theo khai trién chuoi Fourier cua dién ap ngd ra
nhu sau:

u,=U,, + Zak sin(k.x) + Zbk cos(k.x) (13)
k=1 k=1

2r
(a, = Lju,sin( k.x)dx
T 0

2
Véi:{ by = 1 J‘ut cos( k.x)dx
4 0
1 2
\UtAV = E Iu,.dx

0
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Bién d¢ song hai bac k: Ax

1
Akz(a,f+b,f)2 (14)
Thong thuong dang ap cla tai c6 tinh chét cua

ham 1€, do d6: b=0, Ax = ax.

Bién d¢ song hai co ban Uyym.
1

Ut(l)m = Al =
T

2z
J.ut sin x.dx  (15)
0

Va bién do song hai bac k:

Ifu:l:
V ac (Pién 4p)
Ia ==
Iy iy
P T

|Gus)

wl |

Ll |

9 Gus)

e;=0
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1
Uz(k)m =4, =—
T
2.2.3  Cau truc diéu khién cho bg chinh luu va
nghich luu

2z
j u, sin( k.x).dx (16)
0

Theo Degang Yang et al. (1999), gia tri diu ra
cua Qién 4p qua bo chinh luu va bo nghich luu,
chuyén sang hé toa d¢ dq dugc xac dinh nhu sau:

. K, V.. . .
v :_[de +;j(zd —i,)+e, +li,(17)

Ki K . .
V= qu+?q (lq —lq)+eq —ali,; (18)

2a

Nghich
luu
(SVPWM)

R

R+ SL -
ig
ol |-
ol [
1 Iq
| R+ SL »

Hinh 7: Piéu khién mach vong trong ciia dong dién
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3 XAY DUNG MO HiNH VA MO PHONG

TREN MATLAB - SIMULINK

3.1 X4y dung mé hinh trén matlab - simulink

Theo Ngé Birc Minh (2007), viéc xay dung mo
hinh trén Matlab — Simulink, Gtng dung cac b bién
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d6i dién tir cong sut trong didu khién ndi luéi cho
3 ngudn phan tan (DG) nhu: tuabin gié st dung
may phat dién dong bd nam cham vinh ciu
(PMSG), ngudn pin mit troi (PV) va pin nhién liéu
mang trao ddi proton (Proton Exchange Membrane
Fuel Cell - PEMFC) nhu Hinh 8.

Tocdogio Switch

-

DER(1)
TUABIN 610

CHINH LUU

P_PVP_Mod

_’@ e
] P Control

;H Kabe)
()

B0 DIEV KHIEN

MACH LOC

NGHICH LUU (PWM)

o N »
_‘ MPPT o0

DERQ)

L 08

PINMAT TROI

80 BIEN DOI_

L_
!
I

Vabe Vi)
labe

Tt
TR: Breder

U_de

=
15

B0 BIEN DOI
oce

DERG)
PIN NHIEN LIEY

—s
ble—s]
—s

LUOI DIEN
22kV,S0Hz

DUONG DAY
TAI DIEN

MAY BIEN AP
400v/22kv

Hinh 8: So' @6 diéu khién néi lu6i cic ngudn phén tan (DG) ing dung cac bd bién ddi dién tir cong suit

Bing 1: Cac thong sb co ban ciia pin nhién li¢u

Hang s6 Faraday (F) 9.6484.600 (C/kmol)

Héng s6 thoi gian cua hydro ( 7y,) 3,37 (s)

Hing s phan tir van hydro (K Hy) 4,22x103[kmol/(atm.s)]

Hiang s6 m6 hinh (K,) 1,8499x10°[kmol/(s.A)]

S6 lwgng pin nhién liéu trong ngan xép (No) 72

Noi tré cta pin nhién liéu (RI™) 0,00303 (Q)

Nhiét d6 tuyét ddi (T) 343 (K)

Hing s6 khi 1y tuong ® 8314,47 [1 atm/(kmol.K)]

Heé s6 str dung (U) 0,8

Qua dién ap kich hoat PEMFC (B) 0,04777 (A

Qua dién ap kich hoat PEMFC (C) 0,0136 (V)

Dién ap chudn khi khong tai (Eo) 0,6 (V)

Béng 2: Cic thong s0 co ban cia PMSG Bing 3: Cac thong sb co ban ciia pin mit troi
Cong suat may phat 12 kW Cong suat 1 tam pin mat troi (Pmax) 260 W
S0 cye (p) 2 Bién ap (Uma) 3BV
Toc do rotor (w) 175 rad/s Dong dién (Inax) 10 A
bién tr¢ stator (Rs) 0,425 Q Dong dong ngén mach & nhiét do 10,75 A
bién cam stator (Ls) 8,4 mH 25°C (Lyo)

M6 men 40 Nm Dién ap hd mach (Uy) 40V
Tu thong 0,433 Wb
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4 KET LUAN

Ung dung cac bo bién d6i dién tir cong suét
trong diéu khién ndi ludi cac ngudn phan tan mang
lai hiéu qua cao vé tinh kinh té so v&i diéu khién
cac nguén dién doc lap, déng thoi phan bd duoc
cong suit phat ra trén hé théng. Cac ngudn phan
tan ndi ludi cho phép chung dat dwoc quy mod
tuong duong va muc do cung cip dién 6n dinh
nhu cdc nha may dién truyén thng. Tai thoi diém
t=0.08 s dong tai thuc hién ndi ludi, dong dién va
dién ap ciing nhu cong suét dau ra ludn dat gid tri
béng gia tri dat va hé théng lam viéc ¢ trang thai én
dinh. Hé théng ndi ludi thong qua may bién ap
400V/22kV va duong déy tai dién. Hé thng diéu
khién ndi ludi cac ngudn phan tan sir dung cic bd
bién ddi dién tir cong sudt, nham hudng dén viec
phat trién Iugi dién thong minh va diéu khién ndi
ludi linh hoat cho cac ngudn ning lugng tai tao.
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