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TOM TAT

Nghién cieu su dung cdc nguén phan tan (Dlstrlbuted generations, DG) dé phdt dién cé y nghia
thiét thuc dén viéc giam swe phu thudc vao cdc nguon nhién liéu hoa thach. Mdc dit s dung cac DG c¢6
thé giam siw phu thugc vao cac nha mdy dién truyén thong, tuy nhién viéc két hop chiing vao hé thong
cung cap dién la mot van dé lén. Vi khi két hop cdac DG vao ludi dien thuong xudat hién cdc dao dong
vé dién dap va tan sé. Sir dung mé hinh phdn tang dé diéu khién cdc DG véi wu diém la tan s6, bién do
va d léch dién dp ludn dat gid tri én dinh. Ngodi ra giam dwoc cdc séng hai bdc cao, diéu nay cé Y
nghia lon dén viéc ndang cao chat lugng dién nang. Bai bdo da dwa ra dwoc két qua mé phong diéu
khién cdc DG theo mé hinh phdn tang su dung phwong phdp diéu khién theo do trugt (Droop control
method, DCM) nhédm duy tri cong sudt phdt t6i da ciia hé thong bdt chdp tdi néi véi hé thong.

Tuw khéa: Mo hinh phdn tang; phwong phdp diéu khién theo d¢ trieot; ning heong tdi tao;

nguon cong sudt nho; nguon phan tan.

1. Dit van dé

Ngay nay, ciing vGi sw phat trién manh mé ciia
thé gidi, nhu cdu st dung ning luong cua con
ngudi ngay cang tang. Theo [1], [2], ngudn
nang lugng tai tao (Renewable Energy sources,
RES) ndi chung, ngudn phan tan (Distributed
generation, DG) néi riéng nhu: ngudén ning
lugng gid, pin mét troi, pin nhién ligu.v.v. la
dang ngudn ning luong sach, khéng gy &
nhiém moi truong, dong thoi tiém ning ve trlr
luong cua cac ngudn phan tan & nudc ta rat 16n.
Tuy nhién, dé khai thac va sir dung cic ngudn
phén tan nay sao cho hi¢u qua, gidm phat thai
cac chat gy 6 nhiém moi truong, nhu nitrogen
oxit (NOx), sunfua oxit (SOx), va dac biét la
carbon dioxit (CO,) dang 1a muc ti€éu nghién

2. XAy dung mé hinh diéu khién phén
tang

M6 hinh diéu khién phan téng
(Hierarchical Control) theo [3], bao gom 3 tang
didu khién co ban sau: Tang diéu khién the 1
(Primary Control) ding dé diéu khién dong
dién, dién 4p va cong suat giita tai voi bd
nghich luu (bién tin). Tang diéu khién tha 2

clru cua cac nha quan ly. M6 hinh diéu khién
phan ting, bao gdm 3 ting diéu khién: Tang
diéu khién tht 1, ding dé diéu khién gitra tai
v6i bo nghich luu, st dung phuong phap diéu
khién theo do truot (46 déc). Tang diéu khién
thir 2, dung dé dong bo voi ludi va dua tin hicu
d0 lech tan sd (3w), do léch dién 4p (SE) dén
tang diéu khién thir 1. Tang dleu khién thtr 3
ding dé trao d6i gilta cong suit ciia cac ngudn
phan tan voi cong suét cia ludi, déng thoi dua
tin hi¢u bién do tan sb (@rer) va bi€n do dién ap
(Erer) dén tang didu khién tha 2. Piéu khlen cac
ngudn phén tan theo mo hinh phin tang nham
huéng dén phat trién ludi dién thong minh va
diéu khién ndi luéi linh hoat.

(Secondary Control) dung dé dong bo véi ludi.
Tang diéu khién th 3 (Tertiary Control) dung
dé trao doi cong sudt cua cdc ngudn phan tan
v6i lugi. Hé thong didu khlen cac cac ngudn
phan tan theo md hinh phan ting, nhu hinh 1 va
2.
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Hinh 2. So d6 mé hinh diéu khién tang thir 1

3. Diéu khién cho céc ting
3.1. Diéu khién ting thir 1

3.1.1. D{éu khién P, Q theo phuong phdp
do truot (do doc)

Phuong phap diéu khién theo dé truot
(Droop control method, DCM) thuong st dung
trong diéu khién cho cac DG nhu: diéu khién
gifra tai voi bo nghich luu, 6 day st dung bd
nghich luu nguon ap (Voltage source inverter,
VSI). Trong phuong phap didu khién nay cong
suat tac dung duoc diéu khién theo do truot cia
tan s va cong sut phan khang diéu khién theo
do truot cia bién do dién ap. Uu diém coa
phuong phap DCM la giam cac séng hai bac

6T

cao, diéu nay c6 y nghia 16n dén viéc nang cao
chét lugng dién nang. Theo [4], so dd mach
dién tuong duong cua bd nghich luu, nhu hinh
3. O day: ivaEZ¢: dong dién va dién ap ra
cta bo nghich luu; V.20 : dién ap luéi vaZ/ 6 :
tr¢ khang cua duong day va bg nghich huu.
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- Tuso d6 hinh 3, phuong trinh cho cong
suat duogc tinh nhu sau:

VE/ZO—-¢ V'Z6
z z

S=V.I =

(D

Tu biéu thire (1) cong suét tac dung va
cong suat phan khang dugc tinh nhu sau:
E ?
P= V—cos(0—¢) —V—cosH
y4 V4 )
V.E &
=——sin(f — p)——sin &
0=— (0—-¢) -
Gia st tré khdng trén duong day Z/6 la
thudn cam thi@ = 90°, biéu thire (2) duoc viét
lai nhu sau:

P=——smn
~ ¢

3
B V.Ecos¢g—V> ®

Z

Néu su khac biét gitra dién ap ra ctia bo
nghich luu véi dién ap ludi khong du 1on thi
sing~¢@ va cosg~1, biéu thic (3) viét lai
la:

Theo [5], biéu thic (4) khi chuyén sang
hé toa d9 dq tinh toan cho cong suét tac dung,
cong suat phan khang va két hop véi mach loc
thong thap duoc tinh nhu sau:

P=—"—=,4l0g +V,ir,)
s+ w,
(%)
a)(! > -
= <+ a)c (voqlod - vodloq)

Trong d6: o.: tan s cit cia bo loc thong
thép; Vods Vog: 12 di€n dp cua veaq 0 h€ truc toa do
dp; iod, log: 12 dOng dién clia ioqq & hé truc toa do
dp. Hinh 4. M6 hinh tinh todn cong suét tic
dung va cong suat phan khang két hop voi
mach loc thong thap.

Vo

- 1P| w:
Va+ abﬁ/dq V,ilod + vaqloq-’ m —pP
Voq
- 1o - . E’ W;
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Hinh 4. M6 hinh tinh todn céng sudt P,Q
Tén sb va dién ap ra theo [6], diéu khién
st dung phuong phap DCM dugc tinh nhu sau:
w=0 -mP

. 6
E=F —n.Q()

Trong d6: @ ,E 1a cac gia tri hing sb
cla tan sO va dién ap tir hé thong do tan so va
dién ap (RMS); m=Aw/P,__,
n=AE/20Q__:1a hé¢ sé cia tan s6 va bién do

nax

dién ao khi diéu khién theo nhuong phan diéu
@ E

E=E*—nQ

P o
+Pmax 'Qmax +Qmax
Hinh 5. Diéu khién P,Q theo do truot

Tir biéu thire (5) va (6) xdy dung so do
mo hinh dicu khién cong suat P, Q theo phuong
phap DCM, nhu hinh 6. E*

e SRRt M
Tinh P, Q E*sin(wt)
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i_p| Hinh4
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Hinh 6. M6 hinh diéu khién céng suat P,Q
theo phwrong phdap DCM

3.1.2. Diéu khién dién dp va dong dién

Theo [7], phuong trinh cua dién ap va
dong dién diéu khién theo mach vong khi
chuyén sang hé toa d§ dq dugc tinh nhu sau:

* Phuong trinh diéu khién mach vong
ngoai cua dién ap su dung b diéu khién PI

iZd = iod - wcvoq + (v:d - Vod)(kvp + kvi /S) 7

Iy =l TOCV,, + (v, =V, )Nk, +k,/s)



z. o o 1A by A 9 oK 2
Trong do: lLd,zL : 1a dong dién cuai,, 6

hé truc toa do dp; v, od>V,, 12 dién dp cua V&

odg
h¢ truc toa do dp; w: tan s6 goc; ke, ku: céc
thong s6 cta bo diéu khién; s: toan tir Laplace;
C: dién dung mach loc.

* Phuong trinh diéu khién mach vong
trong ctia dong dién stir dung bd dicu khién PI

V:; =V,y—®Li, + (id =iy )(kip +kils) g

v, =V,, toLli, +(iLq =iy, Nk, +k;/s)

Trong d6: v,,,v, : 1a dién ap cla v, xy

h¢ truc toa do dp; i, ,qu : 1a dong dién cualqu
0 h¢ truc toa dd dp; kip, kii: cac thong so6 cua bd
diéu khién; L: dién cam mach loc.

So @6 diéu khién mach vong cua dién ap
va dong dién, nhu hinh 7.

Hinh 7. Piéu khién mach vong ciia dién dp va
dong dién

3.1.3. Diéu khién dién ap ra mach tro
khang Zp(s)

Trong mé hinh diéu khién ting tha 1, st
dung phuong phap diéu khlen DCM. Déi véi
cac ngudn DG c6 cong suat 16n, theo [8], tro
khang diu ra cua cac ngudn DG ciing nhu tro
khang trén duong ddy chu yéu 1a cam khang.
Tuy nhién khi st dung cac bo bién dbi dién tir
cong suat nhu: DC/DC, AC/DC va DC/AC thi
tré khang dau ra phu thudc vao cac bo diéu
khién dong dién, dién ap. D6i vai didu khién
cac DG dién ap thdp thi tro khang trén duong
day xem nhu thuan tro, dién ap d4u ra ciia mach
tré khang duoc tinh nhu sau:

*

V, = Vref - ZD (S)'io (9)

o

Z,(s) Z,(s)

e T+

+
1, v,

A
G(s) v,

Hinh 8. So do dién dp dau ra ciia mach tré khéang
3.2. Diéu khién ting thir 2
Theo [9], diéu khién tang thi 2 dung dé
diéu khién tan so va bién d9, ciing nhu dg 1éch
dién ap khi tai noi voi ludi thay doi. Dong thoi
thue hién dong b voi ludi, nhu hinh 1. Phuong
trinh gidi han d 1€ch tan s6 va dién ap duogc
tinh nhu sau:

é‘a):kpm(wref o )+km)'[( rcj_
O = k(B =E") i [ (E, — ')

0" )dt + Ao,
(10)

re/ -

Trong do: kpe, kie, kpr va ki : 12 céac
thong sb cua bo diéu khién téng thtr 2; Aws: hé
sb déng bo ludi theo tan sb léy tir tin hiéu PLL;
3o va SE: tin hi¢u dé didu khién ting 1. Hinh 9.
Gidi han va kha nang phuc hdi cia tan sd.
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Hinh 9. Gidi han va kha nang phuc hoi ciia tan s6
3.3. Di¢u khién ting thir 3

Theo [10], dleu khién tang thir 3 dung dé
diéu khlen cong sudt gitta cc nguon DG véi
cong suit cia ludi bang cach diéu chinh tan sb
(hoac do Ieéch pha) va bién d6¢ dién ap, nhu hinh
1. Phuong trinh tin sé va bién do dién ap duoc
tinh nhu sau:

a)rcf pP( ref - P )+k1Pj( ref 1)(;)01Z (11)
B,y = k(0 = 06)+kig [ (O — O el

Trong doé: kpp, ki, kpo va kig: 1a cac thong
s0 cua bd dicu khién tang thr 3; Pg va Qg: cong
suat tac dung va cong suat phan khang cua ludi,



Prr va Qres: cOng sudt dat; owr va Ewr: tin hicu

dé diéu khién tang thir 2.

4. X4y dwng mo hinh va mé phéng trén matlab/simulink

4.1. Xay duyng mé hinh trén matlab/simulink

Mo hinh duoc xay dung dua trén so d6 mo hinh
diéu khién cdc ngudn phan tan nhu hinh 1, muc
2. Theo [11], [12] va [13] cac nguén phén tan
(DG) bao gom: DG: tuabin gi6 st dung mdy
phat dién déng bo nam cham vinh ctru (PMSG);

Vabc_B2

|y — - I. -V Hz' .
81
] lac_B1

DG»: ngudn pin mat troi (PV); DGs: ngudn pin
nhién liéu (FC). Hé thdng diéu khién cic ngudn
phan tan theo moé hinh phdn tang duoc xdy
dung trén matlab/ simulink, nhu hinh 10.
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Hinh 10. Hé thong diéu khién cdc ngudn phan tan theo mé hinh phdn tdng

4.2. Két qua mé phong

Nhan xét: Qua két qua mo phong, ta thay
tai thoi diém t = 0.02s déng tai thuc hién ndi
ludi, dong dién va dién 4p ciing nhu cong sudt
dau ra ludn béng gia tri dat. Bién d¢ va d¢ Iéch
cla tan s6 tai thoi diém ndy dao dong nhung
nim trong pham vi cho phép (% 0.2Hz, trong
diéu khién lam viéc binh thudng, = 0.5Hz khi
su ¢6). Pac tinh song hai cua dién ap (THD <
5%), khi t > 0.02s hé thong ndi lugi ¢ trang thai
1am viéc 6n dinh.
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Hinkh 16. Ddp tmg ciia 40 506
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5. Két luan

Diéu khién cac ngudn phan tan theo mé
hinh phan ting da phat huy ddi da cong sut
phat ra ctia hé thong, bat chip tai nbi v6i hé
thong. Sir dung cic ngudn phan tan (tuabin gio,
pin mat trdi va pin nhién li¢u) nhim giam sy

5_

=
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=

T oz o® ox oF o® og
H‘m 18, Cing sudt ndi fuwdi

két hop voi hé théng nbi ludi thong qua may
blen ap 400V/22kV va duong ddy tai dién. Tan
s6 va do léch dién ap ludn dat gia tri 6n dinh.
Dic¢u khién cic nguon phan tin theo mé hinh
phan téng nhim hudng dén viéc phat trién ludi
dién thong minh va didu khién ndi ludi linh
hoat cho cic ngudén ning lwong tai tao.

phu thuoc vao ludi dién truyén théng, cac DG
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HIERARCHICAL CONTROL MODEL FOR CONTROLLING
DISTRIBUTED GENERATIONS

Le Kim Anh

Mientrung Industry And Trade College

ABSTRACT

The research of using effectively distributed generations(DG) to generate electricity is
meaningful to decrease the dependance on fossil energy sources. Although the power dependance on
conventional power plants could be reduced because of DG penetration, the integration of these
sources into electric power distribution networks is still a big issue. This is because of voltage and
frequency fluctuations. The using of hierarchical control structure in controlling of DG gives some
advantages as stable operating frequency, voltage magnitude and voltage deviation. Besides, the
elimination of high order harmonics will also have a significant effect on power quality improvement.
The article gives simulation results of applying hierarchical model in controlling of DG using droop
control method (DCM) in order to maintain maximum generating capacity of the system, irrespective
of connected power loads.

Key words: Model; droop control method; renewable energy; small power sources, distributed
generation.



