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Tém tit

Ngay nay, nghién civu phirong phap diéu khién,
161 wu vdn hanh ledi dién trén ddao da givp gidi
quyét bai todn tiét kiém chi phi hoat déng va
nang leong. Can thiép triee tiép, thu thdp dir liéu
tir luGi dién thdt dang gap khé khan, thiéu thon
va ton nhiéu chi phi dau tw. Bai bdo nay dé xudt
gidi phdp két hop phan cimg mé hinh lwéi dién
trong phong thi nghiém, mé phéng cdc nguon
nang luwong tdi tao xdy dung MATLAB va PLC
déng vai tro truyén nhan dit liéu diéu khién. Cudi
cung, tng dung mot s6 thudt todn t6i wu qudn 1y
ngu&n va phu tdai co xét dén tram sac xe dién dé
diéu khién va thir nghiém danh gid dwa ra dé xudt
s6 lwong xe dién trong khodng thoi gian khéc
nhau ginip tiét kiém chi phi van hanh hé thong.
Tur khéa: Diéu khién Microgrid, hé thong qudn 1y
ning heong (EMS), PLC két noi MATLAB OPC
UA, xe dién.

Abstract

Nowadays, research and optimal control of
power grid operations on the island help solve
the problem of saving operating costs and
energy. Impact and data collection from real
Microgrid (MG) face difficulties, shortages and
high investment costs. This article proposes a
hardware solution to model a realistic power
grid combining renewable energy sources and
building a communication framework between
MATLAB and PLC that transmits and receives
data. Finally, some optimization algorithms for
power and load management will be applied,
considering electric vehicle (EV) charging
stations for control and testing to provide
suggestions for saving system operating costs.
Keywords: Real-Time Microgrid control, Energy
management system, PLC connected to MATLAB
OPC UA, Electric Vehicles.

1. Mé dau

Ngay nay, san xuat dién ning st dung ning lugng
tai tao nhu gi6, mat troi ngdy cang phd bién trén thé
gii va Viét Nam. Cac nha may dién truyén thong sir
dung nguf‘)n nhién li¢u hoéa thach dang dan can kiét, cac
nha may hat nhan gy ra nhiéu riii ro cho con nguoi va
mdi trudng. Vi vay, ludi MG trén cac dao hién nay cha
yéu sir dung ngudn ning luong gid va mt troi trong khi
viée quan 1y, van hanh lu6i dién voi nhidu phuong thire
khac nhau va chua nghién ctru sau phuy tai tram sac xe
dién. Dé tang cudng giam sat phu tai va quan 1y ngudn
tai tao cac ludi dién nho can phai ap dung cong nghé
hién dai trong quan ly va thu thép dir liu phu tai tir xa
va ty dong hoa trong hé thdng dién.

Trén thé gidi, cac cong trinh nghién ciru ludi dién
thong minh (Smart Grid) véi nhiéu thiét bi c6 kha ning
giao tiép hai chiéu giira nha cung cip va khach hang nhu
giam sat thoi gian thuc, diéu khién va lién lac cac don vi
gilip nang cao hiu qua, giam muc tiéu thy nang hrong
va tang do tin cay cua hé thong giup van hanh linh hoat
va thong minh [1, 2]. Mot MG c6 thé phuc vu toa nha
dan cu hodc thuong mai, dat cong nghiép, khudn vién
truong dai hoc hodc quy mé nho nhu phong thi nghiém
[3]. Ngoai ra, ché d6 van hanh (ché d6 ndi luéi hodc ché
d6 dao), quan 1y cung va cau duoc khao sat gan nhu
khéng ¢6. Cac nghién ctru chu yéu thyc hién trén cac
phin mém mé phong nhu MATLAB, ETAP, PSSE va
khong c6 mo hinh vat ly. Bén canh d6, cac thuat toan t6i
wu hoa nhién lidu, diéu khién va quan 1y tai thong minh
duoc nghién ctru, 4p dung dé didu khién cac dbi trong
nhu phu tai sac xe dién [4].

Trong nudc, mdt sO cong trinh tinh toan tdi wu hé
thong Iuu trix, tinh toan xay dung lui MG véi bai toan
kinh té sir dung phan mém HOMER va xét anh huong
cua sac xe dién Ién Iudi MG [3]. Cac cong trinh nay
mdi ding lai & mtrc md phong gia 1ap hé théng chua c6
mo hinh thye dé thir nghiém diéu khién va thu thap dir
liéu [3-5].Trong sb cic nén tang nay, MATLAB da
duoc tin tuong sir dung cho nhidu nhiém vu khac nhau
tir kinh té dén khoa hoc. Sy phat trién gan day cua giao
thire OPC (Open Platform Communications) da thiic
d4y kha nang tuong tic gitra cac thiét bi PLC Siemens
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va MATLAB v6i nhau trong qua trinh phan tich dit li¢u
va mo phong h¢ thong.

Tir van dé trén, nhém tac gia tap trung nghién ctru
qué trinh giam sat, quan 1y cdc ngudn ning luong tii tao
trong ludi MG trén dao thong qua str dung PLC Siemens
va MATLAB. Sir dung thuét toan t&i uru dé quan 1y phy
tai co xét anh hudng cua tram sac xe dién. Déng thoi dua
ra nhiing giai phap dé tiét kiém chi phi dau tu va van
hanh luéi dién trén cac dao trong tuong lai.

CAu trac cta bai bao c6 bd cuc nhu sau: Phan 2
xay dung md hinh Iudi dién trén dao c6 su dung nang
luong gid trén phan mém MATLAB. Thuat toan diéu
khién va quan 1y ngudn nang lugng thong minh va
truyén thong giita hai phan mém trong phan 3. Phan 4
1a két qua chay mé phong cua hé théng va cudi cing
1 két luan.

2. Xay dung m6 hinh Microgrid trén ddo
2.1. Tong quan mé hinh ludi dién

Nhom tac gia xem xét dir li€u mét dao ¢ Viét Nam
v6i tong dan sb trén dao dén nam 2022 13 6.778 nguoi
v6i tong dién tich 53,68km?. Nam 2022 sb luong
khach du lich dén dao khoang 215.000 khach ting gp
2,5 14n so véi nam 2021, Hé théng dién trén dao duoc
cap tir ludi dién qudc gia ndm 2013 c¢6 duong day trén
khong 110kV. Bén canh d6, ngudn ning luong tai tao
trén dao c6 nhiéu loi thé va tinh kha thi cao. Mot sb
nghién ctru trong nude cho thiy dao co tiém ning vé
nang luong gi6 do cac dinh cao khong bi chin gio.
Nguoc lai, nang luong mat troi ¢6 tiém ning twong
dbi tbt nhung sy chénh Iéch birc xa nhiét giira co cac
thang trong ndm kha Ién. Vi vay, nhom tac gia dé xuat
mot hé théng Microgrid trén dao bao gdm cac ngudn
nang luong gi6 va hé théng luu trit dugc két ndi véi
lw6i dién nhu Hinh 1.

Dién luéi Diesel
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| i)
H~ /m
)
ESS lwu trir
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Green Island

Nha méy dign gié Phuy tii din

L Tram sgc 2

Hinh 1. So d6 lwéi di¢n trén dio

2.2. M6 hinh tuabin gio

Tiép theo, nhom tac gia xét dén anh huong cua gié
dén cong suét cia turbin gié (Wind Turbin-WT). Téc
do6 gi6 thay ddi theo do cao. Tdc do gi6 dwoc may do
gi6 (V) dugce tinh toan nhu cong thue (1) [3, 7]:
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H a
Vi (1) =V [ ““b] e
hub f (t)* Href

Trong d6: Hy,, , H, va a 1a chiéu cao truc,

chiéu cao tham chi€u va hé s0 nham mat dat cia Wind
Turbin.

Cong suat cia WT (P
)

wr ) duoc tinh theo cong thirc

O'thb (vCut—in ’thb >VCul—out

PWT (t) . (t) [ P J7 p ( Vcit in J
hu re
Vc?n in V3 Vc?n in

2
'chl in Sthl:; <V
Pr YVr Svhub —chl—ou(
V6i Vi Voo V2V, 1an luot 1a toc do gisi

han, toc d6 gidi han ra va toc do tham chiéu cua WT.

P.1a cong suat dinh muc cua tuabin gio. Nang luong

duogc san xuat do turbin gio6 ( E,r) trong khoang thoi
gian t dugc tinh [5-7]:
Ewr () = Nyr -Ryr (£).At 3)

Trong d6: Nyr 13 sé luong wind turbin; At la
khoang thoi gian (ldy 1 gid).

Téc do gi6 trung binh khoang 6,31m/s trong mot
nam. Téc dd gié cao nhit khoang 7,4 m/s vao thang 12,
1 va tbc d6 thap nhit vao thang 8 chi khoang 5,03m/s
thé hién trén Hinh 2. Trong m6 hinh luéi dién dir liéu
tc do gio 1a gia tri duoc 1ay thuc té trong mot ngay dém
tai khu vyc nghién ctru dé phuc vu mo phong.

Hinh 2. Bin db phin bé trung binh mdt dj nang luwong
gié (W/m?) thang 12
2.3. Cin bing cong sudt
Mbi 1ai xe di chuyén phuong tién hang ngay véi
khoang cich 1a ngau nhién trén ddo. Vi vay, khoang
cach 1ai xe can dwoc md hinh héa bang cach sir dung
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phan phdi ngau nhién [4]. Cong suit sac hodc xa cua
EV phai thoa man cac rang budc & cong thirc (4).

0<R™™ <P, xCE, vte[TT'] @

cap

Trong d6: PtEV'Chlél cong sut sac vao EV tai thoi
diém t;Pegpcoi la cong suét ctia tram sac; CEjgyla cong
suit sac cta tram va T% T? 1a thoi gian dén va di
ngau nhién cua EV.

Hé théng MG trén déo trén Hinh 1 dugc dé xuat
b6i cac thanh phan nhu sau: Ngudn ning luong gio,
ngudn may phat diesel, ngudn cip tir ludi dién qubc
gia va cong suét tir hé thong Iuu trir. Ngoai ra, phu tai
trén dao bao gom phu tai dan cu, cong nghiép va mot
s6 tram sac xe dién. Can bang cbng suit giita cac
thanh phan h¢ thong phai dwoc dép (mg trong timg
khoang thoi gian phuong trinh (5) mo6 ta phuong trinh
c4n bang cong suét ciia hé théng MG nhu sau [4, 7]:

Pg/VT + PtGTld + PtDG + PtESS — PtEV,Ch + PL!,

vt € [T% T )

Trong d6: P/T,PFT@1an luot 1a cong suit cta
tuabin gi6 va cong suat lay tir ludi; PPS, PFSS1a cong
suét cia may phat diesel va cong suét cua hé thdng luu
trir; P} 1a cong suét tiéu thy cua phy ti.

Tuy nhién, trong truong hop su ¢d may phat diesel
s& hoat dong cung cap cho phu tai quan trong va muc
dich dé giam dugc cong suét tiéu thy tr ludi chinh va
phat cong suét du thira tir ning lugng gio nén phuong
trinh (5) bién d6i nhu sau:

Bus_1
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P(EV,Ch + F>tL _ PtWT _ PtESS _ PtDG — P(Grid

(6)
vte[T*T7]

Ham t6i wu hoa chi phi kinh té (C,.. ) trong
phuong trinh sau [7]:

Cannual ,Total

Cppp = ——onual Tolal__
"¢ CRF(i,R

(7
project)
Vi CAnnual,Total la chi phi hé'ng ném; Rproject
dai dién cho vong doi du an va 1ai hang nam 1a i, H¢
s6 thu hdi vén (CRF).
2.4. Xday dung mé hinh lwoi dién trong
MATLAB
Trong md hinh nay, nhém gia thiét cac ngudn ning
lwong tai tao c6 cac thong sb trong Bang 1 nhu sau:

Bing 1. Théong so thiét bi trén lugi

Tén h¢ Sé . )
A Gia tri Don vi
thong lwgng
Wind
2 1 MW
Turbin
Pin luu triv 1 0.5 MVA
May phat
wpra 1 1 MW
Diesel
Tram sac
20 60 kW
nhanh
Tram sac
R 15 30 kW
thuong
o e OUTPUT KEPWARE OPC
A >
Power Grid mu e

5.

7
0.4KVIBKY

[mree

Prasor | earome S L vt
50tz

EMS CONTROL

Hinh 3. So' dé lwéi dign trén MATLAB
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Hinh 3 mo ta luoi dién trén ddo dugc moé phong
trén phan mém MATLAB va phu tai trong phan nay
nhom tac la tram sac xe dién tham gia vao ludi dién
trong cac khoang thoi gian khac nhau.

3. Thuit toan quan Iy ngudn théng minh

3.1. Xay dung modul truyén théng MATLARB -
PLC

Dé tng dung mé hinh ludi dién thuc té két mo
hinh giam sat, quan ly nang lugng nhom tac gia xay
dung modul truyén thong giita MATLAB va PLC
SIEMEN thong qua phan mém KEPServerEX. PLC
dugc dong vai trdo OPC client va MATLAB dong vai
trd OPC server [8]. Dit liéu thuc t& dugc thu thap
thong qua PLC dua vio MATLAB dé thuat toan dwa
tin hiéu diéu khién tr MATLAB, SCADA quay tré lai
PLC dé diéu khién céc thiét bi dong cit thé hién duéi
Hinh 4.

3.2. Thudt todn qudn ly nguon

Thuat toan EMS nhu sau: Budc 1 chuong trinh s€
thu thap dir lidu toc do gid, cong suat tai, cong suat
WT.,... théng qua dau vao tuong ty ciia PLC. Tiép theo,
tai bugc 2 thudt toan s€ tinh cong sut cta cac nguén
Pwr, PLoad, PEv, PEss, dé so sanh giita ngudn va tai. Budc
3 trudng hop WT, ESS ¢6 cong suat khi d6 thuat toan
dura ra tin hiéu diéu khién cho phép ngudn ti tao tham
gia vao ludi va sac cho hé thong luu trit. Trong budc 4
tin hiéu diéu khién dong cit may cat thong qua phan
mém KEPServerEX két néi PLC dé diéu khién thiét bi
that. Budc 5 va budce 6 thuit toan sé€ tinh todn lai kha
nang tai ciia ludi va phu tai dé dua ra kich ban tiép theo.
Trong truong hgp cd EV thuit toan 1 goi chuong trinh

HIL

Algorithm execution
Data acquisition

Operating Model

Hardware PLC

- ) ——
Matlab/Simulink
OPC UA
Algorithm processing
Relay control (FL,NN, GA, MAS,...)
z Data Transfer Data Transfer Igorithm compilation
Sl — — —_——
Microgrid 19 * 4 — — ¥
o
Switch control % ©
Real model OR
Simulation model Matlab Sensor Data
PROFINET
- s
o\v %’g" PC industrial
?\v“ ok System monitoring
= Web & PC
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con chay thuat toan 2. Hé thong luu trir pin dugc sac
trong diéu kién nhu cau tai it va (20% < SOC < 80%).
Ning lugng phat ra s& dugc hoa ludi dé cung cép cho
cac phu tai. Bac biét, thuat toan co thé canh béo, du
béo cong suat ngudn niang luong tai tao tai ting thoi
diém [4, 5].

//Thudt toan 1

Bitdau (i=t=1);

Thu thap Pwr, Wind speed, PrLoad, Pwr, PEss, Ppc

% Buére 1: So sanh thoi gian i =i+1 (1:3760h)

if i>8760 end
% Buwéc 2: Tinh toan Pwr, PLoad, PEv, PEss,

% tinh can bing cong suit theo cong thirc (5), (6).

% Bude 3: Xét Pwind ?; Penergy >85% hodc Penergy <15%

% Buérc 4: Diéu khién ACB3, VCB1, ACB1, ACB2

% Buwéc 5: Tinh toan kha nang tai Pev, PLoad canh béo

trén man hinh.

% Buwéc 6: Tinh toan (7) Cnrec, chay thuat toan 2.

% Budc 7: Luu kich ban va két thuc.
3.3. Thudt todan sac xe dién

Trong phan nay, nhom tac gia dé xuat thuat toan

sac xe 0 t0 dién cua cac tram sac. Hién nay, c6 hai loai
tram sac dién hinh 1a sac nhanh va sac thudng dugce st
dung tai cac tru sac va hd dan cu. Vi tinh chét ngau
nhién khi di chuyén cua xe dién dan d&én qua trinh sac
duogc chia ra véi mirc d6 wu tién khac nhau. Trong
thudt toan nay c6 xét trudng hop khi WT c6 cong sudt.
P, 1a cong suat khi WT khong di cung cap cho phu tai.
P, 14 cong suat chénh léch giita WT va phu tai. Theo
tht ty wu tién cla cac xe tai tram sac két hop thoi gian

18IS DdO

- )
MATLAB

TIAPORTAL
PLC programming
OPC UA configuration
Kepware
HMI

— e R R —p

1A
Bv17i

o

Software (Workstation)

Hinh 4. Céu triic truyén thong PLC - MATLAB
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sac trong ngdy ma yéu cau sac cho cac EV s& khac
nhau. Truong hop cong suat WT thiéu luc ndy cong
sudt ciia MG s lay thém tir lu6i dién quéc gia. Nguoc
lai, cong suét du thira s& ddy 1én ludi thong qua ACB3
trong tu hoa ddng bo. Hinh 6 thé hién chi tiét cac budc
trong thut todn 2.

“(+2)*Peap

SOC EV*
<(i+2)*Pcap

Sac wu tién
Cip nhit Pe

Nhin cong sudt tir hugi
dé sac EVE"

Sac wu tién s SOCEV
(i+2)*Peay - -
{2y Peap Léy cong suit luéi
b o

sac EV
Cip nhit Pe;Pe=0
Hodn thanh sac

Dimg sac EV-"
Cip nhjt Px

b
Nhan cong suit lugi
dién chinh
Két thic

Hinh 5. Thudt todn 2 t6i wu qud trinh sac

D
Hoa luoi
dongACB3

4. Két qua mé phéng

Sau khi thiét ké hé thdng MG, nhom tac gia tién
hanh chay mé phong hé thong qua hai phan, thong
qua thuat toan 1 diéu khién thiét bi trong phong thi
nghiém va chay thuat toan 2 dé kiém tra kha ning
sac tai cac tram sac. Phan cung va phén mém cua
hé théng mé phong nhom tac gia st dung nhu Hinh
6 bao gdm mo hinh ning lugng gi6, hé thong pin
luu trir va doi tuong phu tai tram sac trong
MATLAB va két hop véi may phat diesel, thiét bi
dong cat that trong phong thi nghiém.

Hinh 6. Phéin citng mé phong lwdi dign

4.1. Thir nghiém hé théng qudn ly niang luwong

Trudc tién, nhém tac gia sir dung phan cimg diéu
khién nhu Hinh 7. Diéu khién dong mg ACB1, ACB2
hién thi trén man hinh va phan cting hé thong va két
qua trong Bang 2.

LJOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

Hinh 7. M phéng diéu khién luéi dién

Bing 2. Trang thdi két néi bién trong MATLAB- PLC

Trang Kiém

Tén Pia chi
thai tra

O_ACBI _close/ %Q136.0

) Good  Good
Trip %Q136.1
O_ACB2_close/ %Q136.2

) Good  Good
Trip %Q136.3
O _ACB3_close/ %Q136.4

- Good  Good
Trip %Q136.5
O _ACB4,5,6 close/ %M1.0

- Good  Good
Trip %M2.0, %M3.0

4.2. M6 phong kich bdn sac xe dién

Tiép theo, dé kiém tra kha nang diéu phdi tram sac
xe dién nhém tién hanh cho cac tram sac hoat dong
v6i s6 lugng xe dién ngiu nhién qua hai kich ban:

- Kich ban 1: Khong st dung thudt toan 2 va cho
s6 lugng xe sac ting dan qua d6 xem xét dién 4p, tin
sO va cong suét cua ludi dién.

Hinh 8 thé hién dd thi can bang cong suit khong
xét dén anh huong boi EV. Trong khoang thoi gian tir
18h00 dén 19h30 1a khung gio cao diém, ngudn ning
luong chinh 14 tir ludi, chiém khoang 78% tong cong
sudt phat dién cua ludi. Trong khi d6, cong sudt ESS
va cong suat ning luong gio 1an lugt 12 10% va 12,5%.
Khoang thoi gian tir 20h00 dén 22h30 14 luc WT phat
cong suét 16n nhat khoang 0,9MW chiém 65% tong
cong suét toan ludi. Ngoai ra, day 1a khoang thoi gian
cong suét tiéu thy ciia nguoi dan trén dao giam nén
tan dung sac cho ESS.

Time (sec) x10*

Hinh 8. Do thi cdn bing céng suit khong xét EV
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- Kich ban 2: Stt dung thuét toan 2 dé giam sat )
luvong xe dién sac va cac tram sac hoat dong va két
qué thé hién trong Hinh 9.

I Gird
W
[CEss

= Load with EV
— total

Time (sec) 10’
Hinh 9. Pé thi cdn bang cong suit cé EV

Tir d6 thi Hinh 9 nhén thdy cong suit ctia phu tai
tang 1én khi s6 lwong EV tham gia sac. Tai thoi diém
15h00 dén 17h00 cong suat tiéu thu cua phu tai 1 cao
nhét dat khoang hon 3,2MW. Trong khoang thoi gian
tir 21h00 ngudi dan ¢6 xu hudng it dung thiét bi nén c6
thé sac xe dién trong khoang nay. Mit khac, cong suat
phét ciia tuabin gi6 14 cao nhat dat 95% nén tan dung
ngudn cong sut du thira sac. Ngoai ra, dé xem kha
nang tai tai cac nit trén ludi MG nhom tac gia ting sb
lugng xe sac dién va cho cac tram sac hoat dong dé
kiém tra thuat toan va két qua thé hién trong Bang 3.

Bing 3. Két qua dé xudt so lwgng xe dign dw kién sac

S6 S6
Ty lwogng  lwong Tram Cong
1€ % xe xe gidi sac suét
thir han
10% 15 12 2 0,6 MW
30% 40 34 4 1,9 MW
50% 68 53 6 2,8MW
75% 80 68 10 3, 1MW
90% 124 105 15 3, 9MW
120%  >200 - - -

Tir két qua Bang 3 danh gi4 thir nghiém 30 lan déu
cho théy s6 luwong xe dién va tram sac gioi han thoa
mén yéu cau. Truong hop cudi khong giéi han sd
lwong xe dién tai cac thoi diém gid cao diém hé thdng
18p turc canh bao va cit tram sac khong uu tién ra khoi
ludi dién. Tiép theo, nhom tac gia kiém tra dién ap,
tan sb tai mot sé nut c6 ndi tram sac dé danh gia chét
Iuvgng dién nang nhu Hinh 10.

Hinh 11 thé hién tin s tai mt s6 nat ¢6 két ndi
tram sac xe dién trong khoang thoi gian tu Sh dén
6h30, tan s6 ludi giam xudng con 49,4Hz va chénh
léch tan s6 khoang 1,2%. Tuong tu, khoang thoi gian

SO 77 (01-2024)

KHOA HOC - CONG NGHE

tr 18h00 dén 19h00 tan sb giam xudng khoang
49,48Hz va lén khoang 50,45Hz. Sau khi sir dung
thuat toan 2 do léch tan s6 khong vi pham céc tiéu
chuan dién ap va tan s6 theo Thong tu 25/2016/TT-
BCT.
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5. Két luan

Bai bao dd mé phong hé thdng quan 1y ning lugng
lu6i dién MG trén dao dya trén phan clmg trong
phong thi nghiém va md hinh xay dung trén MATLAB.
Bén canh do, giao tiép giita PLC Siemens,
KEPServerEX, MATLAB thanh hé théng mé phong
va nghién clru dac tinh cua ludi dién trén dao. Trén
thuc té, kha nang can thiép thir nghiém vao hé théng
dién trén dao 1a rat phuc tap va kho c¢6 kha ning thir
nghiém nén mo hinh bai bao xay dung 1a phuong phap
thir nghiém cac kich ban, thuat toan véi mot s6 thiét
bi that. Ngoai ra, bai bdo xét anh hudng ctia cac tram
sac 1én luoi dién va tan dung cong suét du thira cta
nang luong giod dé sac xe dua trén cac thuat toan tdi
wu va diéu khién va dé xuét sb lugng xe dién tai cac
nat quan trong trong gid cao diém. Cudi cing, day 1a
mo hinh nghién ciru phuc vu phét trién ludi dién thong
minh, hé thong giam sat va didu khién ludi dién tir xa
trong tuong lai.

L&i cdm on

Nghién ctru nay duogc tai trg bdi Truong Dai hoc
Hang hai Viét Nam trong d¢ tai ma s6: DT23-24.60.
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