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In a solar power system, solar energy is converted into electrical energy
through solar panels. However, solar energy is unstable, and dependent
on weather conditions and time of day. Therefore, integrating energy
storage systems into solar power systems is very important. Hybrid
structures combining supercapacitors and Lithium batteries are
considered effective in the field of energy storage. The combination of
supercapacitors and Lithium in energy storage aims to harness the
advantages of both, including fast charging and discharging
capabilities, as well as the high power density of supercapacitors and
the high energy storage capacity of Lithium batteries. The objective of
this research is to determine the coordinated control strategy of
supercapacitors and Lithium-ion batteries in order to highlight the
benefits of combining supercapacitors and Lithium-ion batteries in
energy storage systems through modeling and simulation. Control
loops and power circuits are calculated and verified using Matlab
Simulink software. The simulation results demonstrate that the control
strategy meets the specified requirements for the response.
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Trong mot hé thong dién mat trod, nang lugng mat troi dugc chuyén doi
thanh dién nang thong qua cac tdm pin mat troi. Tuy nhién, ning lwong
mat troi khong 6n dinh, phu thude vao diéu kién thoi tiét va thoi diém
trong ngay. Do d6, viéc tich hop st dung cac hé théng luu trit ning
lwong trong cac hé thdng dién mat troi 1a rat quan trong. Cac céu tric
lai ghép gitra si€u ty va Pin Lithium dugc coi 1a hi€u qua trong linh vuc
kho dién. Viéc két hop siéu tu va Lithium trong hé luu trir ning luong
nham tan dung nhitng uu diém cua ca hai, bao gom kha nang sac va xa
nhanh, cling nhu mét d¢ luu trlr cong suit 16n cua siéu tu va kha nang
lwu trir cong suat lon cua Pin Lithium. Muyc tiéu ctia nghién ciru nay 1a
xac dinh dugc chién lugc diéu khién phdi hop siéu tu va Pin Lithium
qua d6 lam ndi bat nhiing loi ich cua viéc két hop siéu tu va Pin
Lithium trong hé kho dién thong qua viéc md hinh hoéa va mo6 phong.
Cac vong diéu khién, mach cong suit dugc tinh toan va mo phong kiém
ching bang phan mém Matlab Simulink. Két qua mé phong cho thiy
chién lugc didu khién cho két qua dap mg duoc yéu cau dit ra.
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1. Gioi thigu

Hé théng luu trir nang lugng trong hé thong dién nang luong mat troi dong vai tré quan trong
trong viéc cung cap ngudn dién 6n dinh va lién tuc. HE thdng luu trir nang luong duogc str dung dé
luru trir nang lwong du thira dugc tao ra boi cac tam pin mat troi khi san lugng dién mat troi vuot
qua nhu cau. Khi khéng c6 nang luong mat troi (vi dy: vao ban dém hoac khi troi nhiéu may), hé
thong luu trit s& cung cip ning luong can thiét dé duy tri hoat dong ctia hé thong. Hé thng luu
trlr nang lugng ciing gitp duy tri sy on dinh va phan phéi ning lugng trong hé thong dién mat
troi. HE thong lyu trir nang luong cho phép luu trir nang lwong mat troi du thira dé sir dung sau
nay. Piéu nay t6i wu hoa viéc sir dung cac ngudn ning luong tai tao va giam su phu thudc vao
luéi dién qudc gia hodc cac ngudn ning luong khong téi tao.

Pin Lithium mang lai mét s loi thé dang cht y cho viée luu trir ning lugng dién. Thir nhét,
nhimg loai pin ndy ¢6 mat do nang lugng cao, cho phép luu trir mét luong nang luong dang ké &
dang nho gon va nhe. Ngoai ra, chung con c6 hi¢u sudt sac/xa cao, giam thiéu that thoat ning
luong trong qua trinh luu trit va truy xuat. Vi vong doi dai, pin lithium c6 thé chiu dung hang
nghin chu ky sac va xa ma van duy tri dung lugng ctia chiing. Hon nita, pin lithium c6 ty 1¢ tu xa
thap, dam bao duy tri ning luong trong thoi gian dai ma khong can sac lai thudong xuyén. Mt
khac, kha niang mé rong cua chiing cho phép dé dang mo rong hodc giam dung lugng luwu trir dé
dap mg cac nhu ciu ning lwong cu thé, pin lithium khong chira kim loai ning doc hai va d& quan
Iy hon vé khi san xudt va thai bo, do d6, ching duoc coi 14 thin thién v6i méi truong [1], [2]. CAu
tao va nhitng wu diém cia Pin Lithium d& duoc trinh bay kha cu thé trong [3].

Siéu tu (Supercapacitor) hay con goi la siéu tu dién (Ultracapacitor-UC) khac véi tu dién
thong thuong & chd c6 mat do nang lwong rat cao. Nguyén 1y tich trir ning lwong cua siéu ty la
nho tich dién t tinh chir khong phai 14 qué trinh dién hoa cua Pin Lithium, vi vay siéu tu dién co
mat d6 ning lugng cao hon Pin Lithium [4], [5]. Siéu tu dién nhu mot thiét bi luu trit ning luong
ngén han dugc stir dung dé bu dép cho su bién dong nhanh vé cong suit, trong khi Pin Lithium
nhu mot thiét bi luu trix nang lugng dai han dugc sir dung dé dap ung nhu cau nang lugng dai
han. Khi @0, viéc két hop hai thiét bi luu trit ning lugng nay sé rt thuan loi dé dat duogc tée do va
dung luong trao d6i ning lwong va cong suat. Mot s6 dac diém ndi bat cia siéu tu cling duoc
trinh bay kha day du trong [5], [6].

Dbi voi cac kho luu trit nang luong nay, vai tro clia cac bo bién doi dién tir cong suét rit quan
trong, nhing cong trinh [7] — [10] ciing da dé cap dén diéu khién cac bo bién doi DC-DC trong
viéc diéu khién ludng ning lugng trao tir kho dién (c6 thé 1a siéu tu hodc Pin Lithium) dén ludi
hodc cac hé thong xe dién.

Trong bai bao ndy, nhom tac gia tap trung nghién ciru, thiét ké va mé phong mot hé thong dién
mit troi ndi ludi ¢ kha ning tich trit ning luong bang cach sir dung hé lai ghép giira Pin Lithium
va siéu tu. Trong tAm chinh ctia nghién ciru 14 thiét 1ap chién luogc diéu khién phdi hop qué trinh sac
va xa cua kho dién lai ghép, cling nhu tinh toan thiét ké mach luc va cac bd diéu khién cho cac bd
bién d6i DC-DC, nham dam bao on dinh va can bang qua trinh trao d6i ning lugng.

2. Phwong phip tinh toan, thiét ké va xdy dung mé hinh mé phong hé thong

Hé thong nang luong trén hinh 1 mo6 ta hé théng dién mat troi cung ce”ip nang lugng dién mot
chiéu vao DC bus, ning luong tir DC- bus s& cung cap ning luong cho tai DC va nap dién cho
siéu tu va Pin Lithium. B bién d6i DC-DC néi giita Pin mit tri phai dam béao viéce thue thi thuat
toan bam cong suét cuc dai. Hai thiét bi luu trit nang luong 1a Pin Lithium va siéu tuc nay duogc
lién két v6i mot bus dién ap mot chidu chung théng qua cac bd bién doi DC/DC twong tmg. B
DC/DC nay 1a bo bién dbi hai chidu dé dam bao kha ning phong nap ning luong trén cac thiét bi
Iuu trit dién.

Chién lugc diéu khién cho h¢ théng nhu sau: Pin Lithium déng vai tro chinh trong viéc can
bang ning lugng DC dai han, khi ¢6 sy thay doi vé tai tiéu thy hodc ning lugng cung cip tir hé
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thong dién mit troi. Pin Lithium déng vai trd nhu 6n dinh ning luong ngin han, dap tng dugc
nhiing bién dong vé cong suat nhanh cua hé thong.

DC T D
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=7 o @ ! ]
T -

Tai DC o

Hinh 2. Cdu triic diéu khién phoi hop giita Pin Lithium
va siéu tu

Hinh 1. So do khéi hé thong dién mdt troi
c0 kho dién lai ghep

Hinh 2 mé ta cdu trac bo diéu khién phoi hop gitra Pin va siéu ty. Vong diéu khién bén ngoai
1a vong diéu khién giir on dinh dién 4p mot chiéu, vong nay quyet dinh dén viéc can biang nang
luong trong hé thong. Néu dién 4 ap mot chiéu duoc cin bang thi diéu nay cho thay tong cong suat
phat tir dan Pin mat troi, cong sut x4 tir cac kho dién sé can bang voi cong sut tiéu thu va cong
sut nap vao cac kho dién. Pau ra bo diu khién nay s& 1a gia tri dong dién tong can phai bom vao
DC bus tir cac kho dién. Dong dién dat s& dugc dua qua khau loc thong thap dé loc bo nhiing tin
hiéu bién dong nhanh trudc khi 1am gia tri dat cho vong diéu khién dong dién nap xa Pin, phan
con lai cua dong dién tong s& dwa vao 1am gia tri dit cho vong didu khién dong nap x4 cia siéu
tu. Ca Pin Lithium va siéu tu déu duoc nbi véi DC- bus théng qua bd bién déi DC-DC hai chiéu,
& muc tiép theo ddy s& nghién ctru cdu triic va mo hinh bd bién ddi nay.

2.1. Céu tritc va mé hinh bj bién @éi DC-DC hai chiéu ([8] — [10])

[
L Q2 I_GK i
YL ’\ -
l D2
. K}Dl Udc
T- E *a c=

Hinh 3. Céu triic mach luc b6 DC-DC hai chiéu

Hinh 3 mé ta ciu triic mach luc bo bién déi DC-DC hai chiéu, quy u6c chiéu duong cua dong
dién tmg voi trang thai nap dién, khi dong dién ng voi trang thai xa (phong), khi d6 dong dién s¢€
mang dau am. Véi cdu trac ndy, gia str cac van IGBT duogc coi 1a ly tudng, thoi gian chuyén
mach 1a v cung nho, b bién d6i DC-DC 1am viéc & ché do ma dong dién chay qua cudn day la
lién tyc. Tin hiéu diéu khién dong mo hai van IGBT Q; va Q, 14 hai tin hiéu diéu khién theo
phuong phép ddo nguoc nhau nhu trong [7], [8].

Du6i déy s& phén tich hai ché do 1a ché d6 nap va ché do xa.

2.1.1. Ché do nap: O ché dé nay van Q, sé phéi hop lam viéc voi Dy, ¢é hai triong hop

Khi Qzld?m dong (Gy= 1), so 6 mach lyc nhu hinh 4, hé phuong trinh mé ta trang thai hoat
dong hé thong nhu (1):
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I+

di -R . Udc—E
dip _ Ri + (Udc—E)
dt L (1)
Hae - 2y 4 n
. . aa ¢t ¢
Néu Q; dan dong tng vdi Gy = 0, so do mach lyc nhu hinh 5 phuong trinh m6 ta nhu (2):
dy _ ZR; L ZE
ae — L LTL @)
AUge _ iin
L ad ~— ¢
Gx Gy
RL Q= i R L Q2 FL i
D2 D2
A1 — " Udc P Udc
"E Gs c “E Gy C
—_1—- 01

| I

Hinh 4. Ché dg nap va G=1 Hinh 5. Ché dg nap véi G =0

2.1.2.  Ché d xa: Van O sé phoi hop lam viéc véi D2, ciing ¢é hai truong hop xdy ra

Khi Q; dan dong, tirc Gs =1, khi d6 so dd mach twong dwong nhu hinh 6. Hé phuong trinh mo
ta cho nhu (3).

RL Q2 r%u“ in Q2 G i

RL
flvw‘ - _
__ DI Ud D1
T e ¢ < . —K L v
—l—— Q1 ¢ T _‘7, £ e Q1 ¢

Hinh 6. Ché dé xd vmg véi Gs=1

di -R . -E
dt L L (3)
dUgc ll_‘n.

at .~ ¢
Khi Q; khoa (ting v6i Ge= 0), so d0 mach tuong duong cho nhu hinh 7 va phuong trinh vi
phan nhu (4).
aip _ -R, | (Udc—E)
@ -t A
avge _ 1. + lL_n ( )
aa cuLT¢

Dit chung mdt bién h, bién h dugc xac dinh nhu (5).
_(1khiGy=0vaG, =1
‘h - {quhi Gy=1vaG, =0 ©®)
Hai van Q; va Q, duoc diéu khién hoat déng bang hai tin hiéu nghich dao trang thai cua nhau.
biéu nay cho thay co6 thé viét gon cac hé tir (1) dén (4) bang mét hé phuong trinh (6).

dip _ =R, (hUdcoB)
at L L L
_ ; (6)
Wae _ ;) p4lin
, dt Cc c , , ,
Viét (6) dudi dang ma tran nhu (7), nhin vao day ta thay cau trac nay c¢6 dang phi tuyén.
)= o)+ Loe Dl loe
() =00" oMo+ e o luln e @

Dit cac bién trang thai Xy, X, 14 gi4 tri trung binh dong dién chay qua cudn cam L va dién ap
trén tu dién C, vict lai (7) thanh (8).
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. _-R 1 E
X1 = Txl + szh _Z
o 1 ®)
Xy = Txlh + Elm
Tuyén tinh hoa (8) xung quanh diém lam viéc ta c6 (9).
X1 = Xle + jl

Xy = Xze (9)
) h=H+h
Tai diém lam viéc (Xye, Xze), thay vao (8) ta cod
-R 1 E
O—T.Xle'i'zXZE.H_Z (10)

0=—= X0 H+ iy
Tuyén tinh hoa (8) xung quanh dlem 1am viéc (Xle, Xz), ta thu du'oc (11)
x1 —_ (Xle + x1 + Xze (H + h) I (11)

Két hop (10) va (11) ta co (12).
5(“1 = _L_R.fl + %Xze.rl (12)

’TL‘I (12), ta dé rang xac dinh dugc ham truyén dat gitra dong chay qua cudn cam va h¢ sb diéu
ché nhu (13).

_X%(s) _ X2¢/R _ Kq
Gi(s) = () (E)s+1 Tis+l (13)

Ham truyén c6 dang khau béc 1, ta hoan toan c6 thé lua chon bd diéu khién PI quen thudc dé
tong hop bd dicu khién nay.

2.2. Tinh todn, mé phéng hé thong
2.2.1. Khoi nguén phdt Pin mdt troi

Khéi ngudn phat Pin mat trdi gdm c6 hai phan tir chinh 1a Mang Pin mat troi va bo bién dbi
tang ap DC-DC, bo DC-DC ndy dam nhén thudt toan bam cong suat cuc dai nhu hinh 8. Mang
Pin mat troi tao gom hai chudi Pin, mdi chudi 1a 7 tdm Pin mic ndi tiép nhau c6 hé théng nhan
anh sang thong qua tim PV Panel.

Array type: User-defined;

Imadiance 7 series modules; 2 parallel strings
—

(mz)1 . 3 20
T — By ERRTYI]
‘ —f ) L5 gawimi
i ) H P
’ T i g0+ 2
|i. 1 l l I Lo Tunere 3 s 0.4 kKW/m T
! ~ nlu | 0 50 100 150
Il _a_\ o Voltage (V)
il 4000 - L2
f = 3000 __7__: X 2149
£ 2000 = Y 350287
1000 e T T U
a T \\
i 50 100 150 200 2500 300
. . Valtage (V)
Hinh 8. Khéi Pin mat troi va bo DC-DC Hinh 9. D6 thi dac tinh P-I va P-V

Ta c6 déc tinh P-I va P-V nhu hinh 9, ¢in cr vao hinh nay ta thiy cong suat dan pin s& dat c&
3500W tGng v6i dién ap & 215V. Bo bién d6i DC-DC két ndi ning lugng phat ra tir mang Pin
mit troi véi DC-bus. BO bién ddi nay gdm c6 4 linh kién dién tir co ban dé 1a cudn cam L, van
ban dan S (c6 thé MOSFET hoic IGBT), diode D va ty dién C. Nguon dién ap DC ngd vao dugc
nbi véi cudn cam. Pé thiét ké bo Boost thi ta can cb dinh dién ap dau vao 1a khoang 214V va
cong suét khoang 3500W, dién ap mot chiéu DC bus chon bang 250V, tan sd dong cit van chon
1a 10kHz, tir d6 ta tinh dwoc L= 0,0021 H, C = 6,7424.10°.
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Viéc diéu khién bo DC-DC ting 4p ndy nham dam bao cong sudt chuyén tir phia Pin mit troi
vao DC-Bus 14 16n nhat, dién ap dau ra bd bién doi nay duoc gitr xung quanh gia tri mong mudn
1a 300V, dién ap dau vao bg bién doi DC-DC dugc diéu khién sao cho ddm bao cong suét phit ra
tu Pin mat troi 1a cuc dai. Hién nay, co rat nhiéu thuat toan bam cong suét cuc dai tuy nhién trong
bai bdo nay tac gia van dung phuong phap quen thuge 13 INC. Hinh 10 mé ta nguyén 1y diéu
khién b bién d6i DC-DC nham dam bao bam cong suat cuc dai, dong dién va dién ap cua diy
Pin duge do vé thuc hién thuat toan bam cong suét cuc dai dé dua vao khéu tinh toan bam cong
suét cuc dai, dau ra cua khoi tinh toan nay la h¢ s6 diéu ché D ciia mach Boot.

-E Parameters
B Pv [PWM_PV]

m |[0,3,4,5,6,7,8,9, 10, 14, 15]*2 E

D Amplitude

[[0.9,0.7,08 07,05,0.1,0.1,01,02,04,08]*1000 |

@ ) x - e

Hinh 11. Kich ban bién déi cuong dé anh
sang theo thoi gian

Hinh 10. B DC-DC néi PV véi DC-Bus

2.2.2. Kho dién dung siéu tu

| Parameters Stern  Self-discharge
Rated capacitance (F) 8

| Equivalent DC series resistance (Ohms) 8.9e-3
Rated voltage (V) 250%0.9

Number of series capacitors |37

Number of parallel capacitors 1
Initial voltage (V) 250%0.9%sqrt(5/8)

7 Operating temperature (Celsius) 25

Hinh 13. Théng s6 siéu tu

Hinh 12. So do khoi kho dién ding siéu tu

Cong suat t6i da cung cap cho DC bus ¢& Praxeq = 3,5kW, khi si€u tu duoc nap nang lugng,
dién 4p cua siéu tu tang dan dén gia tri t6i da Ugpay. Khi siéu tu xa nang luong, dién ap siéu tu
cling gjém dan dén gia tri Ugmin, lua chon Ugemin hop 1y dé€ si€u tu khong bi x4 ¢ mic nang lugng
qué thap. Theo [6] ta chon Ugmin= Usemax/2 va tinh dugc dién dung siéu tu nhu (14).

C — (g)-Pmaxreq-Atmax
N

o (14)

Euscmax
Luva c}lon Usemax dua tpeo gia tri di€n ap DC bus, theo [6], n€;n chon Uggmax = 0,9.Uq. =225V.
Thong s6 siéu tu dung d€ md phong cho nhu hinh 13. Théng s0 cua cudn day va tu dién trong
hinh 12 duoc tinh twong tu nhu cac mach boot, L= 0,0013H, C = 6,1224.10° F.

2.2.3. Kho dién dung Pin Lithium

Rdc1i: 40 Ohm

Hinh 14. Khoi leu triv ndng lwong ding Pin Lithium Hinh 15. Tdi mét chiéu

Pin Lithium s& dwoc lién két v6i DC- bus thong qua bd bién doi DC-DC hai chiéu nhu hinh
14. Trong hé thong s€ dung hé thong Pin c¢6 dién ap tong la 48V, dung lugng tong cua hé thong
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Pin la 7,5Ah. Tuong tu nhu muc 2.2.2 ta ciing tinh dugc thong s6 ctia mach DC-DC tmg voi hé
théng Pin 14 voi L = 4,7491.10” H, C = 5,0678.10" (F).

2.24. Tai

Mo hinh téj nhu hinh 15 lac ban dau c6 ba dién tr& Rycy» voi dién trd tuong duong 1a 45 Q,
sau 10s may cat dong chi con dién tré Ry, =15Q.

3. Két qua va ban luin

Véi cac tinh toan, thiét ké & muyc 2, tién hanh moé phong. Hinh 16 mé ta dong dién va cong
sudt phat ra bom vao DC-bus. Viéc dong dién va cong suit phat cta dan pin thay ddi 1a do kich
ban thay d6i cudng d6 anh sang gia dinh nhu hinh 11. Két qua md phong trén hinh 18 va hinh 19
thé hién dién 4p va dong dién trén Pin Lithium va Siéu ty. Dong dién 4m ng véi trang thai cac
thiét bi luu trir dién dang phong dién, dong dién duong tmg voi trang thai nap dién. Dya vao két
qud md phong trén hinh 17, 18, 19, ta thiy siéu tu phan ing nhanh hon nhiéu so v6i Pin Lithium
nham dép tmg kip voi cac sy bién dong ctia ngudn nang luong phat ra tir Pin mét troi tai cac thoi
diém c6 sy thay ddi cuong d6 anh sang va sy thay d6i phu tai.

PV Current

Lithium Bat_SOC =

S S —— e — e —

a5

Cumet )

. 5
Time (neconds) = l Time (seconds)
B Bower i sc soc

| | | | ok i
e
| | | | | 4 60 1
L £ = 26 30

: E ) 15
Time (seconds) - I Time (seconds)

Hinh 16. Dong dién va céng sudt phat tir PV Hinh 17. SOC cua Pin Lithium va siéu tu

Két qua md phong trén hinh 20 va hinh 21 cho thay mic du c6 sy thay doi nguon phat nang
lugng tir Pin mit troi va su bién dong ctia phu tai, dién ap mot chiéu DC- Bus van duoc giit &
mirc gia tri dat 1a 250V, diéu nay dugc dam bao 1a do viéc diéu khién phong nap cac kho dién
nham bu dap duoc cac blégdéng cong suat. i

----- EEp===:
SR

Hinh 19. Dlen ap va dong dlen phong/nap cua

Cumat ()

Hinh 18. Dong dién va dién dp cua Pin Lithium

siéu tu
DC Bus Voltage m ool . i DC L‘oad Power i
350
300 4 5000
- ’ oo . -
§ :Z:: E ZDDD[
” | IV SN —
o a of
o 5 \IU 15 AIU 25 J‘U o 11) 1‘0 \‘5 Z‘I] 2‘5 'J‘D
Time (seconds) Time (seconds)
Hinh 20. Pién dp DC-bus Hinh 21. Céng suat tai phia mét chiéu

4. Két luan

Bai bao trinh bay két qua nghién ctru va mo phong hé thdng luu trit ning luong lai ghép gilta
Pin Lithium va si€u ty. Bong gop chinh cua bai bao 1a da xay dyng dugce chién luoc didu khién
nap xa phdi hop gitra siéu tu va Pin Lithium nhdm dn dinh dién 4p mot chiéu trung gian DC-bus,
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can bang qua trinh trao d6i ning lugng ngay ca khi co su blen dong vé ning luong phat tir Pin
mit trdi hodc co sy bién dong tir tai. Két qua nghién ctru s€ 1a tién d& quan trong dé trién khai cac
hé thong thuc nghiém trén cac thiét bi thuc té.

Loi cam on

Bai bao nay dugc thuc hién véi sy hd trg kinh phi tir dé tai NCKH cap truong Ma sb: 13-
2023-RD/HD-DBHCN.
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