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TOM TAT

Trong bai bao nay, tdc gid trinh bay vé kha nang diéu khién dép ting va mire dé on dinh ciia
hé théng phat dién tich hop bao gom dién gié va dién mat troi khi hoat déng ¢ ché do noi ludi
nham xdac dinh ché dé lam viéc hiéu qua va on dinh nhat cho hé thdng. Heé tho”'ngphdt dién tich
hop cac ngudn nang lwong tdi tao cung cap dién cho phu tai trong 24 gio dwoc dé xudt trong
nghién curu nay Két qua mé ) phong trong mién thoi gian dwoc thuc hién trén cong cu Simulink
cua phan mém Matlab. Cac két qua mé phong o ché dé néi hedi véi sw thay doi ciia phu tdi va
cdc diéu kién dau vao nhu birc xa mat troi va toc dg gio xay ra trong qua trinh vdin hanh ciing
diroc xem xét. Tie d6 cé thé két ludn rang, bé diéu khién Droop de xuat trong hé thong phat dién
tich hop nang heong tdi tao sé givip cho hé thong hoat dong tét va on dinh hon gip tiét kiém
dién nang tiéu thu tu luwoi dién.

T khoa: Hé théng tich hop; Nang lwong tdi tao; ché do noi ludi; dieu khién Droop; on dinh.
ABSTRACT

In this paper, the authors present the responsive control and stability of the integrated
power generation system including wind power and solar power when operating in
grid-connected mode to determine the most efficient and stable working mode for the system.
An integrated renewable energy sources supplying power to the load for 24 hours is proposed
in this study. Simulation results in the time-domain are performed on the Simulink tool of
Matlab software. Simulation results in grid-connected mode with the changing of load and
input conditions such as solar radiation and wind speed occurring during operation are also
considered. From the simulation results, it can be concluded that the proposed Droop
controller in the the proposed integrated power generation system will support the system
operate better and more stable, helping to save power consumption from the grid.

Keywords: Hybrid system; renewable energy, grid-connected mode; Droop control; stability.

1. GIOI THIEU Tuy nhién, trong hau hét cic hé thong
dién tich hop sir dung cac loai ngudn khac
nhau nhu dién mat trdi sir dung té bao quang
dién (PV) va dién gié st dung may phat dién
nam chdm vinh ctru (PMSG) thi can phai c6
hé théng luu trit nang luong (BESS) dé dam
bao dugc tinh lién tyc cung cép dién khi hoat
dong & ché do doc lap hodc hoa ludi [2-4].

Viéc phat trién cac ngudn ning luong tai
tao luén dugc quan tim dé phat trién nhanh
trong thoi gian gan day. Vi vay, nhiing
nghién ctru dya trén nhitng hé théng phat
dién tich hop ning tai tao 1a rat can thiét va
mang tinh thoi sy. Cac hé théng phét dién tich
hop duoc phan ra thanh nhiéu cdp d6 nhu
Pico-grid,  Nano-grid,  Micro-grid  va Céc ché d6 va c4u hinh khac nhau cta cac
Mini-grid [1]. hé théng nay duogc gi6i thidu trong [5-7]. Tuy

nhién, hién nay viéc trang bi cac hé théng

Doi: https://doi.org/10.54644/jte.65.2021.134
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BESS cho hé théng dién tich hop van con
nhiéu van dé can quan tdm ma dic biét 1a chi
phi lap dat va van hanh.

Dé cit giam chi phi va t6i wu hoat dong
cua hé théng dién tich hop str dung dién mat
troi va dién gié cong suit nho, trong bai bao
nay, mé hinh tich hgp nang luong tai tao cong
suat nhd vao luéi ha thé véi by didu khién
phan bé cdng suat Droop dugc dé xuat va md
hinh héa trén cong cu Simulink cta phan mém
Matlab dé tién hanh kiém tra danh gia kha
nang dap ung va tinh 6n dinh cua hé thdng
nghién cau khi 1am viéc & ché do néi ludi.

2. HE THONG NGHIEN CUU

Hinh 1 trinh bay so do nguyén ly hé
théng dién tich hop cac ngudn niang lugng tai
tao bao gdm may phat dién gid cong suat 4
kW va hé théng dién mit troi cong suat 5
kWp duoc két ndi vao hé théng dién qudc gia
thong qua ludi dién ha thé dé cap cho phu tai.

Mo hinh toan hoc cuia cac thanh phan
nay duogc lan lugt mo ta nhu sau:

M

Phy tai cung cap

Tuabin gio 4 kW

Ludi dién ha thé

Hinh 1. So dé tong thé cia hé thong dién
nghién cuu

2.1 H¢ thong dién mit troi

Céc tAm pin mat troi duoc st dung chu
yéu hién nay 1a loai ban dén silic véi tiép xuc
p-n. Pé thuan tién trong vi¢c tinh toan, thiét
ké, d6i v6i loai pin nay thi mach dién tuong
duong dugc dua ra dé thay thé pin mit troi
nhu trong Hinh 2 [6-8].
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Hinh 2. Mach dién thay thé pin mdt troi

So d6 mach thay thé pin mat troi gdm:
dong quang dién Ipy, diode D;, di¢n trd
dong 10 Rgy va dién tro ndi tiép R, dong
dién ngd ra / vadién &pngdra V.

Phuong trinh todn hoc dugc dua ra trong
mach dé thé hién moi tuong quan gitra | va VvV
cta pin mat troi nhu sau [6]:

e<¢(v+ IR)) _ 1] _ V+1Ip (1)

I=1Ipy — Is

Rsy

Trong do:

I5: Dong bao hoa (A)

g: Dién tich electron, g = 1.602 x 1071 C

k: Hang s6 Boltzmann, k =1.38 x 10723 J/K
T¢: Nhiét d§ van hanh cua pin (K)

A: Hé s6 1y tuong phu thudc vao cong nghé
ché tao pin quang dién.

~ Dong quang dién Ipy phu thudc truc
tiép vao birc xa mat troi va nhiét do cua pin.
Iy = [Isc + Ki(Tc = Trer )] 4 (2)
Voi:
Isc: Dong ngan mach (A)
K;: H¢ ) dong dién phu thudc vao nhiét do
T¢: Nhiét @6 van hanh pin mat troi (K)
Tres : Nhi€t d¢ tiéu chuan pin mat troi (K)
A: Buc xa mat tro1 (W/m2)

Dong bao hoa I 1a dong cac hat tai
dién khong co ban dugc tao ra do kich thich
nhiét. Khi nhiét dg ctia pin mat troi tang dong
bao hoa cling tang theo ham m{.
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Trong do6:

Igs: Dong dién nguoc bao hoa tai nhiét do
tiéu chuan (A)

Gy: Nang luong 16 trong cta chat ban dan

Ngodi ra, bd nghich luu nguon ap (VSC)
v6i bo diéu khién dugc the hién trong Hinh 3.
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Hinh 3. B¢ diéu khién Inverter ciia hé th(fng
dién mat troi

Giai thuat diéu khién do cong suét cuc dai
Nhiéu loan va quan sat (P&O) cho hé thong
dién mit troi duoc str dung dé gitip hé thong
t6i wru cong sudt phat ngd ra nhu ham PvaO
sau:

Sfunction D=PvaO(Param,Enabled, V,I)

D init = Param(1);

D _max = Param(2),;

D _min = Param(3);

Delta_D = Param(4);
persistent V_old P_old D _old;
dataType = 'double’;

if isempty(V_old)

V_old = 0;
P old =0;
D old = D _init;
end
P=V*
dV=V-V old;
dP =P—P old;

if dP ~= 0 & Enabled ~=0

if dP <0
ifdv<o0
D =D old—delta D;
else
D =D old + delta D;
end
else
ifdv<o0
D =D old + delta D;
else
D =D old—delta D;
end
end
else D =D old;

end

if D>=D max| D <= D min

D =D old;
end
V old=7V;
P old =P;
D old = D;

Trong bai bio nay, hé théng 5 kWp
dién mat troi st dung 12 tim pin PV
Sunpower voi mdi tAm pin cua ¢ cong sut
445 Wp dugc su dung voi dic tinh P-V thay
ddi theo birc xa va thay d6i theo nhiét do
duogc cho trong Hinh 4.
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a. Duong ddc tinh P-V theo nhiét do
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b. Pwong ddc tinh P-V theo birc xa
Hinh 4. Pac tinh P-V cua hé théng dién mat
troi
2.2 Hé thong dién gié

Cong suat co (Pmecr) thu duge tir gié phu
thudc vao dién tich quét ctia canh gio va ty
1€ v6ilap phuong van toe gio [9].

1
Prech = 2 pACp(4, ﬁ)(‘)3 4)
Trong do:

p: mat do khong khi kg/m3.

w: tbe do gi6 mat, tbc do gi6 ¢ khoang cach
du 16n phia trude canh quat.
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A,: dién tich quét ctia canh gio.

[: gbc xoay cua canh quat.

A: Ti sb gitta toc do gié mit va gi6 lung.
Cp: Hé sb cong suit cua turbine gié duoc
tinh nhu sau:

p =2 (L+)(1-22) (5)

Déi voi cac hé thong dién gié cong suét
nho thi may phat dién ba pha dong bd nam
chdm vinh ctu (PMSG) dugc dung dé
chuyén d6i co niang thu duoc tir turbine gio
thanh dién nang.

Phuong trinh mo6 hinh dién dong cho
PMSG trong hé toa d6 dq duoc dua ra nhu sau
[9-11].

% _ Rled . weLquq + ? ©)
q q d

dig _ Rsig  welgiq + welg +ﬁ )

dt L Lq Lg Lg

Trong do:

R_: dién trd stator (Q)

([ 1an Iuot 1a dién cam may phat trong hé
toa d¢ dq (H)

A, : thong luong tir thong vinh ctru (Wh)

@, : van toc goc dién (rad/s)

@,= @,.p v6i p 1a sb cap cuc cia may phat
dién

@, van toc goc co (rad/s)

Ig,1,: dong dién tao ra dugc do theo hé truc toa
do dq (A)

Trong PMSG loai cuc tron ta co thé xem
nhu Ly=L,=L, nén ta co:

ﬂ — Rgig _ (L)eLqiq + E (8)
dt L L L

dig Rgig ( ) Va

— = —Weg i — |+ — 9
dt L at L ©)

Mach dién tuwong duong cho ca truc d va
g tu cac phuong trinh trén dugc dua ra nhu
hinh bén duoi.

(l)c(Lid +Ao)

V

Hinh 5. M6 hinh mach dién twong dwong
trong hé toa do dq cua PMSG.

3. PIEU KHIEN PHAN BO CONG
SUAT

B diéu khién Droop duoc sir dung trong
hé thong dién tich hop dé phan bd cong suat
tor nguén dén tai theo hudéng wu tién di€n mat
troi va dién gid. Trong ludi dién si€u nho, cac
ngudn ning luong tai tai duoc két ndi truc
tiép thong qua cc phan tir dién tir cong suat.
Hinh 6 cho thiy cac dic diém cua diéu khién
Droop.

1;
Vmax
fmax A
AN :
Vmin, fmin Pmax, Qmax

Hinh 6. Nguyén 1y cua diéu khién Droop

M01 quan h¢ gilra cong suat tac dung va
tan s6 cling nhu gitta cong suat phan khéng
va dién &p dugc mo ta nhu sau:

f=fo + Kps(Py—P)
V="V, + Kov(Qo — Q)
Trong do:

(10)
(1D

fo: tan s6 dinh murc

Vy: dién ap dinh muc

Py, Qq: Cong suét tac dung va cong suat phan
khéng cai dat cua bién tan

Kps, Kgy: he s6 diéu khién droop
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Khi s6 luong cac ngudn phan tan duoc
két ndi voi bd nghich luu song song nhiéu hon,
viéc chia sé cong suit cua tai phu thudc vao
cac dic tinh cta bo bién thn. Khai niém vé cac
dic tinh cua Droop 1a khi tai ting 1én, thi tin
s6 tham chiéu c6 thé dugc giam xudng [12].
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Hinh 7. So d6 mé diéu khién droop ciia hé
thong nghién ciru

4. KET QUA NGHIEN CUU

Trong phan két qua, tac gia tién hanh khao
sat ché do 1am viéc cua hé thong trong 24 gio
v6i cac thong tin ciia buc xa mit troi thé hién
trong Hinh 8 va thong sb toc do gio dugc thé
hién trong Hinh 9. Trong do, may phat di¢n
gi6 co toe do gio dinh mirc 1a 12 m/s.
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Hinh 8. Thong tin dau vao cua bikc xa mat
troi trong 24 gio
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Hinh 9. Théng tin dau vao ciia toc dé gio
trong 24 gio
Do thi thong tin phu tai trong 24 gio
duogc trinh bay nhu Hinh 10, d¢ thé hi¢n tinh
thay doi theo gid cua hé thong nghién ctru.
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Hinh 10. D6 thi phu tdi ciia khu déan cuw trong
24 gio

Nham kiém tra kha ning dap tmg cta hé
thong tic gia tién hanh mo phong hé thong
lam viéc trong 24 gid tuong Ung voi cac
thong tin dugc thé hién tir Hinh 8 dén Hinh
10. Cac két qua mo phong trong truong hop
nay thé hién tuong ung trong Hinh 11 va
Hinh 12 bao gdm cong suat phat cua hé
thong dién mit trdi va cong suat cung cap boi
hé thong dién gi6 trong 24 gio.

Véi cong suat tai duge cho trong Hinh
10 thi tong cong sudt ctia 2 ngudn phat nay 1a
chwa du nén bd diéu khién Droop huy dong
thém cong sudt bo sung tir dién luéi nhu
trong Hinh 13. Dé thdy rd hon cac dap tng
nay, trong Hinh 14 tic gia d3 tong hop céc
ngudn cong suat phat va tai.
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Hinh 11. Céng sudt phat ciia hé thong dién
mat troi
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Hinh 12. Céng sudt phdt ciia hé thong dién gio
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Hinh 13. Cong sudt phdt bo sung tir i
dién

Tir cac két qua mod phong trén, co thé
nhan thdy rang nhd b diéu khién Droop dé
xuit ma hé théng lam viéc & ché d6 wu tién
phat hét cong sudt cia dién mat troi va dién
gi6 dé cung cip cho phu tai, phan con lai s&
lay tir lu6i dién dé tan dung toi da dién nang
phat ra tir cac ngudn phan tan.
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Hinh 14. Tong hop céng sudt phdt va tdi ciia
hé théng nghién ciiu.

5 KET LUAN

Bai bao da trinh bay mot mo hinh phat
dién tich hop ning luong tai tao cong suat
nho bao gom 5 kWp dién mit troi va 4 kW
dién gio sir dung may phat dién dong bo nam
cham vinh ctru vao luéi ha thé cung cép dién
cho phu tai. Bo diéu khién Droop dugc dé
xuat dé phdi hop diéu khién cho cac ngudn
phat cép cho tai theo huéng wu tién dién mat
troi va dién gid. Qua cac két qua nghién ciru
cho thdy rang, qua trinh lam viéc cua hé
théng dé xuat hoat dong 6n dinh va hiéu qua
trong viéc lién tuc cung cap dién cho phuy tai
khi str dung cac ngudn nang luong tai tao ma
khong can phai trang bi thém hé thong luu
trir nang luong.
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