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MO HINH CAC PHAN TU TRONG LUOI PIEN NHO
MODELING OF THE MICROGRID COMPONENTS

Luu Ngoc An
Trwong Pai hoc Bach khoa, Pai hoc Pa Nang; Inan@dut.udn.vn

Tém tét - Trong bai bao nay, mé hinh cac phan t& trong Iwéi dién nhé
bao gdbm hé thong pin mét troi (Photovoltaic-PV), b dw triv (battery
energy storage system-BESS), diesel dwoc thé hién. Cac phan to
dwge md hinh héa véi muc dich nhdm nghién ctru céc van dé vé diéu
khién trong lwéi dién nho (microgrid-MG). Trong d6, PV dugc md hinh
hoa nhw ngudn dong voi diéu khién PQ; trong khi d6 bd BESS duwoc
két ndi v&i hé théng qua bd chuyén déi (inverter) duoc diéu khién theo
kiéu V/f, va md hinh méay phét diesel véi bo diéu khién cla hé théng
diéu tbc va bo diéu chinh dién ap. Cac mo hinh cda cac phan tir dugc
md hinh héa béng phan mém Matlab-Simulink. Két qué m6 phdng céac
qué trinh van hanh diéu khién trong céac hé théng dé chirng minh tinh
dung dén ctia md hinh cac phan t& da dwoc xay dwng.

T khéa‘- hé théng nang lwvong mat troi; bd dw trlr nang lwong;
diesel; dieu khien PQ; lwdi dién nhd.

1. Pit véan dé

Ngay nay, véi su ndng I&n cua khi hau toan cau gay ra
boi hiéu tng nha kinh clng véi san lugng caa nhién liéu hda
thach ngay cang giam va gia thanh ngay cang ting, viéc su
dung ning luong thay thé, tai tao 12 mot giai phap da va dang
duoc sir dung rong rai ¢ cac nudc trén thé gidi. Do vay, viéc
tich hop cac ngudn nay vao luéi dién truyén thdng 1a mot
van dé dang duoc quan tm nghién ctiu va ung dung. Hon
thé nita, véi viée ludi dién duoc tich hop cac ngudn tai tao
s€ lam ludi dién tro nén thong minh (smart grid), tac la dién
nang lic nay s& duoc truyen tir 2 phia, c6 nghia la dién nang
tir c4c ngudn téi tao cd thé cung Cap cho tai va c6 thé ban tro
lai cho ludi dién hé théng. Tir ddy, mot khéi niém mai goi la
luéi dién nho (Microgrid) ra doi. Microgrid dugc dinh nghia
la mot ludi dién tich hop cac ngudn ning hugng phan tan
(gi6, mat troi, ...), bo du trix va tai, n6 6 thé hoat dong két
ndi véi ludi d1en hoac trong ché do doc lap [1]. Tuy nhién,
vi trong ludi dién nhd gom cac ngudn tai tao khdng on dinh
(phu thuoc vao thai tiét khi hau), do vy nhiing van dé vé
diéu khién van hanh va xay dung chién luoc quan ly t6i uu
nang lwong can dugc nghién ciu va giai quyét.

Dé nghién ciru va xay dyng chién luge diéu khién, két
ndi va van hanh céc hé théng Microgrid thi van ¢é mé hinh
héa cac phan tir trong lu6i dién ndy da dugc nghién ciu
trong thoi gian gan day. Trong do, 2 van dé dédng quan tam
1& md hinh hda c4c phan tir véi muc dich diéu khién va muc
dich thiét ké. Dé tinh toan thiét ké t6i wu mot ludi dién nho,
cac md hinh phan tir ciia n6 c6 thé dugc mo ta theo [2]-[4].
Trong d6, cac phan tir dugc mo ta theo cac ham toan hoc
cung voi cc rang buoc vat ly caa né. Tur @6, sé xay dung
céc thuat toan t6i wu dua trén nhiing yéu té d6. Trong [5]-
[7], m6 hinh diéu khién céc phan tir duoc dua ra dé xay
dung cac phwong phap diéu khién cho bo chuyén doi
DC/AC nhu: diéu khién PI [5], diéu khién lap [6]; diéu
khién H.. trong [7].

Trong bai bao nay, mé hinh cac phan tu trong microgrid
gom hé théng nang lugng mat troi két hop véi diesel va bo

Abstract - In this paper, the modelization of components of a
microgrid that includes Photovoltaic system, battery energy
storage system (BESS), diesel is taken into account for analyzing
some control problems for microgrid. Particularly, PV system is
modelized as a current source with PQ control, while BESS is
connected with system via inverter, which is controlled by V/f
controller, and modelling of diesel with the controller of speed
governing system and voltage regulator. As a result, these models
are simulated by Matlab/Simulink through the operations and
control of a system to evaluate the accuracy as well as the
effectiveness of the proposed component models of a microgrid.
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du trit duoc gidi thiéu. Trong do, tac gia sir dung md hinh
diéu khién PQ trong mo phong hé thong mat troi va mo
hinh V/SI cho phan tir diesel va BESS. D¢ kiém chirng tinh
chinh x4c cua mé hinh cac phan tu, phan mem
Matlab/Simulink duoc sir dung d¢é mé phong hé thong gom
cac phan t da dugc mé hinh hda trong cac truong hop 1am
viéc khac nhau cua mét lusi dién nho.

2. Mb hinh céc phan tir trong lwéi dién nhé
Mot lu6i dién nho dugc thé hién trong Hinh 1.

Bodutrr [+ A
AC
5n mat troi DC > Bus—» Fhu
Nguon mat troi ’—> AC us @i
Diesel >

Hinh 1. Ludi dién nhé bao gom PV-Diesel-BESS
2.1. Nguén mat troi (PV)

Mot he théng PV dugc md hinh nhu mot nguon dong
ma co the dicu khien cong suat. Be don gidn, ta ¢ the mo
hinh PV la nguon dong véi bo dieu khién P/Q. Muc dich
cua vige dieu khien nay la ludn giir cho cong suat tac dung
va phan khang dau khong doi theo gia tri cho truéc. MO
hinh ctia PV dugc thé hién trong Hinh 2
Cong suit tac dung va phan khang tinh toan Pi, Qu

Gid tri cong suat P, Q duoc tinh toén tir dién p giita 2
pha va dong dién do dugc tac thoi.

Ptt = Vicic-Vavia @)
Qn: Ve (2ia+ib):/r§vca Qip+ia) @
Hodc tinh theo thanh phan doc, ngang truc nhu sau:
Pires= (Vd [¢+V4.1y) (3)
Ques™ (V 14-Valg) (4)
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Hinh 2. M6 hinh diéu khién ciia hé théng mdt troi

- Bién ép Vd, Vq

Thanh phan dién &p doc va ngang truc duoc tinh nhu sau:
— Ve-Vy

Vd 3 (5)
(6)

2 1 1
qug(va' Evb'gvc)
- Dong Dién g, Iq
Thanh phan dong dién doc va ngang truc dugc tinh nhu
sau:
_2 (P.Vg+QVy)
3 ViV
_2(PVg-QVy
93 (virvd)
- Khéi PI
Hai khoi PI dong vai tro diéu chinh sao cho cong suat
tac dung va phan khang theo gia tri dinh san. D€ tinh toan
gia tri ki and kp, ta c6 vong diéu khién cdng suat tac dung

nhu Hinh 3.
® P §§ error : L
62|<

()
(8)

Cp,(5)

H(s)

T Pmﬂ(‘P
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Hinh 3. Vong diéu khién ciia diéu khién cong sudt tac dung

Ham truyén G; dwoc tinh nhu sau:
2

Gi=1y; 9)
Ham truyén G, dugc xac dinh nhu sau:
Gy=3 Valg (10)

Céc cong thie (10) va (11) dwoc viét lai tir (8), (9),
twong tng vai V=0, Vg=constant.

Ham truyén PI thong thudng duoc biéu dién:

Cpi(s)=k p+§ (11)
Ham truyén dat H(s) duoc cho bai nhu sau:
H(s)=— (12)

I+t.s

Ham truyén cta vong diéu khién trong hinh la mot

truyén bac 2 duoc xac dinh nhu sau :

Koo zéN(s)l _ Cu(®)-GiHE)
FEgLe O GG HE
(ky stk;
= HGl.G(;I.lk:Jr'l)j l)r 2 (13)
.G,.Gy © k.G, Gy

Do d6

2 _GiGakpytl a4

oy kj.G,.Gy
va

1 T

o2 k.G,.G, (15)

Chlng ta co mn=% va & < 1, cac hé sb ki, kp duoc xac

dinh nhu sau:
ki = On, kp = 2&_,'1

Tuong tu VGi vong diéu khién cdng suat phan khang
chdng ta cling xac dinh dugc cdc hé so6 diéu khién k;, k,
tuong ung.

2.2. Bg dir triz (BESS)

Trong phan nay, tc gia chi dé cap dén giao dién cua bo
dy trir vai hé thong. BESS duoc két noi vai 41u(3ri théng qua
bo giao dién dién tir cong suat ma no co the trao doi cong
suat qua lai tryc tiep véi h¢ thong. Trong phan nay bo
chuyén doi inverter dugce dicu khien theo kicu V/f, tac la
dién ap va tan so phai dugc dieu chinh theo gia tri dinh
trudc Pep, Qsp- B0 diéu khién V/f cua bo chuyén do6i dugc
thé hién nhu trong Hinh 4.

Khoi diéu khien bo inverter thuc hién cac dic tinh
droop dugc xac dinh bsi cac hang so droop. Gia tri Psp va
Qsp duoc cho l1a dau ra cua khoi dieu khién droop, va dap
g Vi sai léch di¢n ap va tan so. Di€u nay dam bdo rang
tan so va dién ap van gan véi gia tri da dinh truoc. Cac Py,
Qsp dugc cho la dau vao cua cac diéu khién P/ Q duoc trinh
bay & phan trén.

Dé kiém chimg tinh diing dén/cﬂa cac mo hinh da trinh
bay & trén, ta xét vi du mot hé thong doc 1ap don gian nhu
Hinh 5.
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Hinh 4. M6 hinh BESS véi bé giao dién dién tir cong sudt — diéu khién Vi
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Hinh 5. M6 hinh hé thong PV - du tri trong Matlab/Simulink

- Hé théng bao gom:

* PV ba pha tai (ndt N_PV1):

va_ap (max) =20 kw
* BESS (nGt N_Stol):
Stol: Pmax= 20 kW

*Phuy tai:

Tai ba pha (bus N_1): Proad = 20 kW

- M0 phéng trong 2 trwong hop:

* Trudng hop 1: Thay dbi phu tai.

* Truong hop 2: Thay doi cong suat PV.

Trwong hep 1: Tang phu tai

Trong truong hop nay, gia sir ban dau cong suét phat ra
cua PV bang véi cong suat phu tai 1a 20 kW. Tai thoi diem
t = 4s cOng suat phu tai tang tir 20 kKW [én Pload = 24 kW
(tang 20% coOng suat phuy tai).

Hinh 6 co thé thy, bo du trit (BESS) vai giao dién diéu
khien V/f dong vai tro 1a dieu tan. NG xa cong suat bang (4
kW) dé dap ung cho phu tai khi tai ting 20%. Tan s6 cua
hé thépg cling dugc thé hién trén Hin‘h 6. Tan so h¢ thong
sut xuong ngay khi tang tai. Sau do, tan so tro ve lai gia tri
ban dau (qua trinh diéu chinh cta BESS).
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Hinh 6. Cong sudt tac dung va tdn sé trong trirong hop 1

Truong hep 2: Thay dbi cong suat PV

Trong truong hop nay, gia Sir rang cong suét phét cia
hé thong PV giam tir 100% Xxuong 30% va sau d6 né tang
tir 30% den 80%.

* Thong s6 ban dau:

- Cong suét ban diu BESS bing 0 (nap hoic xa).

* Gia sir rang:

- T = 3s: Cong suat PV giam tir 100% xudng 30%.

- T = 7s: Cong suit PV tang 1én lai 80%.

Su thay doi cdng suit tac dung cua h¢ thong duogc the
hi¢n trong Hinh 7. Sau khi cong suat PV giam tir 100%
xuong 30%, céc BESS xa dé dam bao can bang gitra cong
suat phat va tai. Sau do, tai thoi diem t = 7s, cong suat PV
tang 1én 80%, nd dan den tang tan so. D€ ngan chan sy gia
ting nay, cac BESS phai giam lugng cdng suat xa.
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Hinh 7. Sy thay doi cuia cong sudt tac dung
va tan so trong truong hop 2
‘Nhu c6 thé thay trong Hinh 7, tan s6 giam sau khi cdng
suat phat cua PV giam. Sau do, BESS dieu chinh d€ mang
lai tan so tré lai gia tri danh dinh (50 Hz). Tiep theo, khi
cong suat PV tang trd lai tor 30% den 80%, tan so I1én toéi
gia tri méi cao hon so véi gia tri danh dinh. Cuoi cung,
BESS thay doi cong suat dau ra d¢ khoi phyc lai tan so tr¢
Vé vai gid tri 50 Hz.
2.3. M6 hinh diesel
~ Mot may phat di¢n diesel (DER) bao gom mot dong co
dot trong (IC) cung véi mot may phat dién dong bo (SG).
So do khoi cua diesel (DG) duoc hién thi trong Hinh 8.

Ina  Outa

Hinh 8. Sor d6 khai ciia diesel
DPong co ddt trong dugc tich hop vai bo diéu chinh téc
d6 cua tryc dong co bang cach thay ddi lugng nhién liu
cung cp cho dong co. Mot bo didu khién PID dwoc s
dung cho bo diéu khién téc do.
(>
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Hinh 9. So d6 khdi cua bg diéu toc

Dong co dong b duoc phdi hop vai bo phan kich tir va
bo diéu chinh‘dién &p. B0 diéu chinh dién ap nham gitr dién
ap theo yéu cau.

P, Qg

1
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Hinh 10. B¢ diéu chinh VAR/PF
D¢ ching minh tinh dang dén cua mo hinh diesel,
ching ta xét mot hé thong gom mot diesel va 5 tai dugc thé
hién nhu trén Hinh 11.
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Hinh 11. Mé hinh hé thang trong MATLAB/Simulink
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Hé thng ban dau:
* Diesel: 50 kW (cong suat dat).
* Phu tai :
- Tong phu tai: P = 35 kW; Q =7 kVAr gom:
- 3 tai mot pha (tai nat 2, 4 va 6).
P2 =P4 =P6 =5 kW
- 2 tai 3 pha (tai nut 3, 5).
P3=P5=10 kW

Tai t =4s, tai 3 pha (tai 7) (PL7 = 10 kW, QL7 = 1 KVAY)
duoc thém vao hé thong.
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Hinh 12. Sur thay d6i cong sudt tac dung cia diesel
va tan so h¢ thong

Tir Hinh 12, ta thay cong suat ra ctia diesel thay ddi theo
su thay doi cta phu tai. B diéu chinh cua diesel dap ting
Vi sy thay d6i dé dua tan so trg vé gia tri danh dinh.

3. Két luan

Bai bao di trinh bay md hinh cua cac phan tir trong mot
lu6i dién nho bao gom hé thdng pin mit troi, may phat
diesel va bo dy trit. Véi mdi mé hinh, tac gia xay dung cac
khéi phan tir trong phan mém Matlab/Simulink tir 6 mo
phong cac qué trinh van hanh dé danh gia cic mo hinh. Tir
nhitng két qua md phong dat duoc dd chang to tinh chinh
X4c cua cadc mo hinh da xay dung.

Trong bai bao tdi, tac gia sé phan tich an toan véi cac
diéu kién van hanh khéac nhau trong ludi dién nho tir cac
mo hinh da xay dung trong bai bdo nay.
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