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KEYWORDS configuration combining a stand-alone photovolatic (PV) power system

and a lithium-ion battery energy storage system (BESS) is constructed to
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Hybrid power system; control strategy is designed to ensure the safety of the hybrid power system,
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controller. The obtained results show that the hybrid power system and
control strategy ensure the system performance, the battery storage system
operates safely and stabilizes the voltage on the DC bus under different
load operating conditions.
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hé thong pin luu trir dang dugc quan tdm nghién clru va phat trién trong
TU KHOA thoi gian qua. Trong bai bao nay, ciu hinh ngudn lai két hop hé théng pin
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nang lugng mat trdi doc 1ap va hé thong pin luu trir st dung pin lithium-
) . ion dugc xay dung dé néng cao hiéu sut nang luong mat troi thu dugc.
Hg¢ thong nguon lai; Bén canh do, chlen luge diéu khién pin duge thiét ke dé dam bao an toan
Pin mit trosi; cho hé théng nguon lai, dap Ung cac yéu cau cong suat tai va diéu chinh on
’ dinh dién 4p trén DC bus. Dé danh gia hiéu qua cua chién luge diéu khién
dugc d& xudt, cac md phong theo thoi gian thuc dwa trén hé théng
M6 phéng thoi gian thuc. hardware-in-the-loop (HIL) duogc thyc hién bing cach sir dung két hop hé
thong Typhoon HIL404 va b diéu khién TMS320F28069. Cac két qua
thu dugc cho thiy hé théng ngudn lai va chién luge didu khién duoc dé
xuit dam bao hiéu suét hoat dong cua hé théng, hé thdng pin luwu trit hoat
dong an toan va 6n dinh dién ap trén DC bus v6i nhitng diéu kién hoat dong
khac nhau cua tai.
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1. Gigi thiéu

Sy phét trién nhanh chong cia cac nguon nang lugng tai tao, dac biét la nang lwgng mét troi, dang
dong vai tro quan trong trong viéc thay doi co cau cua nganh nang luong toan cau. Nang lugng mat troi
¢6 tiém ndng rat 16n trong viéc thay thé cac ngudn ning luong truyén thong va gdp phan san xuét dién
do day 1 ngudn ning lwong sach va san c6 [1]. Tuy nhién, ngudn nang luong nay ¢6 nhuoc diém 1a tinh
khong lién tyc, phu thude Vao thoi tiét va chu ky ngay dém nén can phai c6 su ket hop véi ludi hoac hé
thong luu trir dé ting do 6n dinh va hiéu suat chuyén doi nang luong. Nhu cau vé str dung niang luong
trén thé glcn lién tuc tang doi hai viéc luu trit ndng lu0’ng c¢b dinh phai 16n @& dam bao cho sy gia ting
cong sudt tai [2]. Tai Viét Nam, phat trién st dung nguon nang hmng tai tao nhat la nang luong mat troi
dang tro thanh linh vyc tiém niang dong gop vao co cau cac nguon nang luorng qudc gia. Trong hé thong
nang luong mat trdi, viée tich hop cac hé thong luu trix nham tang cuong 6n dinh ning luong va nang
cao hiéu suat sir dung ctia pin mit troi [3]. Hé thong ngudn lai pin nang lugng mat trdi ¢ luu trir PV-
BESS d3 dugc chimg minh 14 giai phap hiéu quéa dé ting cudng do tin cdy va tinh doc 1ap vé ning lugng
[4]. Nhiéu cong trinh nghién ctru trong nudc va qudc té tap trung vao viéc nang cao hiéu qua ciia cac hé
thdng luu trir tich hop niang lugng mat trdi nhu tdi wu héa cdu hinh BESS dé thu hoach ning lugng tot
hon [5], phat trién cac chién luoc kiém soat dé dam bao an toan va tudi tho ciia pin [6], toi vu hoa hé
théng quan 1y ning lwong (EMS) dé van hanh hiéu qua trong ludi dién DC siéu nho [7], sir dung PV-
BESS voi may phat dién dé 6n dinh dién ap [8]. Lién quan dén phat trién cdu trac hé thong, nhiéu nghién
clru da trién khai cac thuat toan theo ddi diém cong suit cuc dai (MPPT) dé khai thac ning lwong mit
troi hidu qua [9] va két hop pin lithium-ion véi siéu tu dién dé trao d6i ning luong can bang [10].

Tuy nhién, cac phuong phap diéu khién truyén thong cha yéu tap trung vao MPPT ciia module PV
ma chua chi trong dén viéc phdi hop v6i hé théng luu trit. Diéu nay dan dén lang phi ning luong va
giam hiéu qua cta toan bd hé théng [11], [12]. Viéc thiéu két ndi giita cac nghién ctru nay giy kho khin
cho qua trinh téng hop va phat trién cac giai phap toan dién hé théng ngudn lai PV-BESS. Trong do,
nghién ctru vé hé thdng quan 1y pin (BMS) thuong tap trung vao quan ly pin luu tri rleng 1€, trong khi
nghién ctru EMS chi tap trung vao viéc toi wu hoa dong ning lugng cho toan by hé thong [13]. Mat
khéc, cac nghién ctru vé t6i wu hoa thuong wu tién tdi da hoa viée khai thac ning luong tai tao ma khong
xem xét cac yéu td khac ctia hé thong [14]. Hon nita, viéc dua vao cac mé hinh 1y thuyét va mé phong
ma khong xem xét md hinh thuc t& dan dén cac thuat toan co thé khong hoat dong hiéu qua trong thuc
té do dir liéu dau vao khac nhau hodc cac han ché vé xir Iy [15], [16].

Tir nhitng phén tich néu trén, bai bao nay dé& xuit mot chién luge didu khién pin luu trit trong hé
thong nguon lai PV/BESS tép trung vao viéc thiét lap chién lugc diéu khién phdi hop qua trinh sac va
xa cua hé théng pin nhim dam béo 6n dinh va can bé“mg qua trinh trao ddi nang lugng, dac biét 1a dam
bao an toan cho hé thong pin va cén bang giita cac cell pin. Nghién ctru nay c¢6 ba ndi dung chinh. Mot
1a, md hinh hé théng ngudn lai PV/BESS duoc thiét ké trén phian mém Typhoon HIL bao gém thiét ké
mach dong lyc va bd diéu khién cho cac bd bién d6i DC-DC dé kiém tra va dénh gia hiéu qua cua
phuong phép diéu khién pin dugc dé xuét. Thir hai, thuat toan diéu khién phdi hop dé sac va xa, can
bang cell va bao vé pin luu trit duoc thiét ké va trién khai trén bo didu khién DSP TMS320F28069. Bén
canh d6, mot hé théng giam sat mo phdng cac diéu kién thuc té theo thoi gian thyc dugc thiét 1ap thong
qua HIL SCADA dé kiém tra hiéu qua cac giai phap diéu khién duoc dé xuit trudc khi trién khai thuc
té, gitp giam thiéu riii ro va nang cao hidu suat hé thong. Cubi ciing, cac mod phong duoc thyc hién véi
cac diéu kién hoat dong khac nhau cua tai dé kiém chung va danh gia hiéu qua ciia mé hinh ngudn lai
va chién luoc didu khién dugc dé xuat.

Céc ndi dung trong bai béo dugc trinh bay bao gdm nam phan. Giéi thiéu dugc trinh bay & phan 1.
Phan 2 mo ta cau triic ctia hé théng ngudn lai. Chién lugc diéu khién hé théng pin luu trir dugc trinh bay
& phan 3. Phan 4 s& trinh bay cac két qua thuc hién dugc thong qua mé phong thoi gian thuc trén hé
thong Typhoon HIL404. Phan 5 s& trinh bay két luan va cic hudng phat trién ctia nghién ctru.
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2. CAu trac hé théng nguon lai
2.1. Cdu trac téng quét cia hé théng nguén lai

Hé théng ngudn lai PV/BESS dugc md ta nhu Hinh 1. Trong d6, nang lugng mit troi duoc sir dung
1am ngudn chinh va mot bd pin lithium-ion déng vai trd 1a thiét bj luu trir ning lugng. Cac ngudn nay
duge két ndi song song voi DC bus théng qua cac bo chuyén doi DC-DC. Hé théng co thé diéu chinh
hoat dong mot cach linh hoat dé dap tng nhu cAu tai, xa hodc sac pin khi can. Hon nita, pin dong vai tro
quan trong trong viéc bu phén nang luong dién bi thiéu trong céc qua trinh hoat dong cua tai nhu khoi
dong ban dau, cong sudt tai cuc dai, nhitng bién dong tam thoi dbi véi ngudn cung cip ning luong hodc
Iwru trit ning lwong tai sinh do tai tao ra. Kién triic linh hoat nay cho phép diéu khién dién 4p bus DC va
nang cao hidu qua chung ctia hé théng nguon lai.

PV panel Battery pack

i

i
Q
U E
9}

DC bus

DC/DC

DC load

Hinh 1. Cdu hinh hé théng nguén lai PV/BESS.

2.2. Pgc tinh ciia quang dién
Pac tinh dién ap-dong dién (V-I) ctia mo hinh PV dugc dinh nghia nhu sau [17]:

9OV +R 1y )
| =I I [ nkT 1] va+Rs|pv
“iph T € T 5

@)
” Rsh

trong d6 Vv 12 dién ap pin mit troi (V), lpy biéu thi dong dién cta pin mit troi (A), Is 1a dong dién bao
hoa diode (A), k 1a hing s Boltzmann (1,381 J/K), g biéu thi dién tich electron, n 1a hé s6 Iy tuéng cua
diode, T 1a nhiét d6 tinh bang K, va Ren VA Rs va 1an luot 13 dién trd phan ludng va chudi noi tai cia pin
mit troi. So d6 nguyén 1y cia md hinh quang dién nay dugc dua ra trong Hinh 2.

I Diode /R @ va

Hinh 2. So @6 mach tuwong dwong ciia PV.
Céac duong dac tinh V-1, P-V cta pin mat troi dugc thé hién nhu Hinh 3 véi cac dic tinh tuong Ung
cua dong dién, dién ap va cong suat. Pi€m hoat dong MPPT la di€m dat dugc cong suat dau ra cuc dai
ung véi duong cong dac tinh thay doi theo diéu kién moi truong.
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Preview of PV curve for | = 1000.0 [W/m?], T= 25.0 [*C],

current {A)
w
-]
power (W)

0 k] © B n B
voltage (V)
—— V-l Characteristic  —— P-W Characteristic I

Hinh 3. Céc duong ddc tinh V-1 va P-V cia tém pin RS-M618-60W-EN50530.

2.3. Dqc tinh cia pin luu triv

Hé théng pin luu trit dugc sir dung 13 pin Lithium-ion ¢6 md hinh dugc mé ta nhu Hinh 4.

R,(SOC,T)
I R,(SOCT)

—e

1] *

E, (SOC,T) C,(SOC,T) v

—

Hinh 4. M& hinh mach twong dwong cua pin.

Trang thai sac (SOC) ctia mot té bao thuong duoc biéu thi nhu 1a dién tich con lai trén t& bao do
trong qua trinh hoat dong. N6 1la mot ham cuia dién dung Cq va dién tich Q. [18]:

-1-Q
SOC=1 c, )

Gia sir pin dugc sac déy tai thoi diém t = 0, Qe c6 thé dugc dinh nghia 1a [18]:
t
QW=[1,@dr ®3)
0

2.4. Dic tinh b chuyén d@éi DC-DC

Trong hé thong pin mit troi, cac mach DC-DC tang ap duoc két hop v6i pin mit troi dé khai thac
hi€u qua hon viéc str dung nguon ning lugng thu duoc cling nhu nang cao dién ap ngd ra dé phu hop
cung cip ngudn cho cac thiét bi dién. M6 hinh ciia bd DC-DC ting 4p dugc mé ta nhu Hinh 5.

boost Dlode

.r boost R >

PWM1 S|gnal .

Hinh 5. M6 hinh DC-DC tang dp.
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Trong d6, d6 tu cam (Lsoos) ctia bd chuyén doi duoc tinh toan bang cach sir dung cong thirc sau:

_D(1-D)R

LbOOSt - LbOOSI min~— 2f (4)

Hé s6 chu ky hoat dong (D — duty cycle) cia mach DC-DC ting ap duoc xac dinh nhu cong thirc:

Vinl?
D=1--n"
v 5)
Do gon dién 4p dau ra duoc tinh:
AVy _ D
V. fxRxC ©)
0 boost

Ngoai ra, bo chuyén d6i DC-DC hai chiéu duogc st dung dé két ndi hé théng pin luu trit va DC bus
trong h¢ thdng ngudn lai. CAu tric cia bd chuyén d6i DC- DC hai chiéu duoc mé ta nhu Hinh 6. Khi hé
thong PV tao ra cong sut cao, tin hiéu diéu khién duoc cap cho van S, cho phep mach hoat dong theo
ché d6 giam ap va sac nang luong vao pin. Nguoc lai, khi cong suét ctia hé thong PV thap, tin hiéu dleu
khién dugc cip cho van Sz, kich hoat mach hoat dong theo ché do tang &p cho phép pin xa va cung cap
dién cho tai. Cac thong sd ciia bo chuyén doi hai chiéu dugc thiét ké bang cach sir dung (4)—(8).

A
PWM?2 signal |
.............. 9.-...»-| S
A >
Cbl |:| R ;
Vo) ~KAS,
| v
PWMS3 signal |

Hinh 6. Bg chuyén doi DC-DC hai chiéu.

Dbi véi ché do hoat dong giam 4p, d6 tur cam (Lui) duoc tinh bang cach str dung cong thirc sau [18]:

_(1-DRR

Lbl Lbl mln 2f (7)

Gon song dién ap dau ra co thé duoc dinh nghia nhu [18]:
AVy,_ 1-D o
Vo 8L;Cyf* ©

3. Thiét ké chién lwoc quan Iy pin

Céc hé thong pin luu trir hién nay s dung pin Lithium-ion c6 kha néng luu trit cao va c6 nhiéu uu
diém hon so voi h¢ thong c- quy thong thuong nhung lai dé phat nong va tim 4n nguy co mat an toan
do chay n6. Do d6, viéc diéu khién va quan 1y pin 1 quan trong dé theo ddi, bao v¢, giam sat diéu kién
hoat dong cua pin dya trén cac didu kién nhu dong dién, dién ap, va nhiét do (tung té bao (cell) pin hodc
ca bo pin) theo thong sé cho phép dé dam bao an toan cho viée sac, xa, va can bang pin.

3.1. Piéu khién qua trinh sgc/xd cac nguén ning lweng

Trong nghién ctru nay, bo chuyén ddi ting ap sir dung thuat toan do dfn} gia tang (INC) cho MPPT
dugc minh hoa trong Hinh 7, v&i D 1a chu ky hoat ddng ctia bd chuyén doi tang ap.
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Measure voltage,

current U(k), I(k)

AU =U(k) - Ulk-1)
AL =1(k) - I(k-1)
AR = AVAU
R=1Ik)U(k)

\ D{k)=D(L-1)+Incr || DU)=Dk- 1) Iner || D9=DG&-1) | | D(=D(k-1) |[ Dk)=D(k-1)-Incr || Dk)=D(k-1)+Incr |

! }

¥
U(k-1)=Ut(k)
1(k-1)=I(k)

Hinh 7. Thudt toan MPPT INC algorithm.

Mach chuyén déi dién 4p DC-DC hai chiéu Qiéu kl}iér} chiéu dong dién giita hé thong pin luu triv
va DC bus & ca ché do sac va xa. Thuat toan diéu khién 6n dinh dién 4p dugc mé ta nhu so d6 khoi
trong Hinh 8, v&i D 1a chu ky hoat dong cua bd chuyén doi hai chiéu.

Take data V,
error =V, -V,
step = Kn|g|1lir‘

Keep the same

value of D Duty =D, -step || Duty =D, +step

' ¥

Limitation
0 < Duty < 1
D = Duty

Hinh 8. Thudt todn diéu khién on dinh dién dp.

3.2. Can bang cell pin

Trong qué trinh sac hodc x4, mot cell pin bat ky bi mat cin bang giy nén tinh trang ting hoic
giam dién ap so voi cac cell pin con lai, dan dén néng lugng gitta cac cell pin bi chénh I¢ch. Do do,
dé giai quyét van dé nay, phuong phap can bang pin thu dong s€ dugc ap dung bang cach mac song
song tré xa voi céc cell pin. Luu d6 qua trinh can bang dugc mo ta nhu Hinh 9. Trong d6, qua trinh
can bang sé két thic khi dién ap gilra cac cell pin chénh 1éch nhau nho hon ngudng AV,, . Néu phat
hién sy chénh 1é€ch vuot nguong AV,,, céac cell pin s€ dugc két ndi vé6i dién tré xa béng cach dong
cong tic dé ning lwong du thira duoc tiéu tan va counter s& tién hanh dém thoi gian cin bang. Sau
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khi counter dém xong, cong tic s& md ra va kiém tra su chénh 1éch giita cac cell pin. Néu sy chénh
1éch nam trong ngudng AV,,, cac cell pin s& ket thuc qua trinh can bang.

min_V_cell,
max_V_cell
Vc=Bubble_Sort(\Vcell)

—

( for (i=0;i<N;i++) )

C for (i=0;i<N;i++) )

I

‘ Open switch (i) ‘

S

Yes

Hinh 9. Luu dé cdn bang cell pin dwa trén dién dp.

3.3. Bdo vé qua dong, qué/thdp ap, qua nhigt/thdp nhigt

Hé thdng bao vé qua dong, qua/thap ap, qua nhiét/thp nhiét dong vai trd quan trong trong viée
dam bao an toan cho hé théng pin. Hé théng bao vé qua 4p ngdn chan tinh trang dong dién sac qua
cao vao pin, co thé gy hu hai pin hoic tham chi chay nd. Nguoc lai, h¢ théng bao vé thap 4 ap s€ ngan
chén tinh trang pin bi xa qua muc, dan dén giam tudi tho va hiéu suét hoat dong. He¢ thdng bao vé
qua nhiét s& tu dong ngat dong dién khi nhiét do pin qué cao, tranh nguy co chy nd. Trong khi do,
hé théng bao vé thap nhiét dam bao pin khong hoat dong trong mdi truong qué lanh, han ché anh
huong dén hiéu suit sac va xa. Nho vao sy két hop cua cac hé thdng bao vé nay, hé thdng pin duoc
bao vé toan dié€n, ddm bao hoat dong an toan, on dinh va kéo dai tudi tho. Pé bao vé hé théng pin
tranh khoi cac yéu té do, hé thdng bao vé s& tuan theo Bang 1. Pé tranh truong hop hé théng duoc
sac/xa qua muc, cac ngudng gia tri bao vé s€ dugc cai dat. Trong truong hop qua ap, hé théng pin s&
x4 ning luong tir tir qua tai. Con trong trudng hop thip ap, s& ngét hét cac tai, wu tién sac cho hé
thdng pin.

Bang 1. Bang diéu khién qud trinh dong/ngdt ciia hé thong

Contactor load (phia tai) Contactor (phia hé théng pin)
Qua nhiét 4|
Qua ap 4] M
Thap nhiét ™
Thap ap M

trong d6 M: déng, [XI: ngit
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Ché d6 bao vé dong }é mét co ché quan trong dé dam bao an toan cho ca hé théng dién va pin.
Dong dién qua 16n c6 thé gy ra nhiing van dé nghiém trong nhu qua nong, hong pin, ro ri dién, thdm
chi 1a chdy n6. Do dg’), béao vé qué’ dong dién raﬂkhi SOC > 70% nham muc dich han ché dong sac vao
pin 16n gdy nguy hi€ém cho h¢ thong pin c6 thé chiu dugc.

4. Két qua mo phéng sir dung hé théng HIL
4.1. Thiét ké mé hinh va cai dgt thong sé6 md phéng

MO hinh cua hé thong nguon lai duoc thiét ké dua trén phan mém Typhoon HIL nhu mé ta Hinh 10.
Trong do, tdm pin mat troi la nguén nang luong chinh, mach DC-DC tang ap dong vai trd lay nang
luong mét troi va di€u chinh dién ép tir tam pin 1én mire phu hop cho sac pin va bus DC. H¢ thong pin
dung d¢ luu trir nang lugng, mach chuyén d6i DC-DC hai chiéu giup quan ly dong néng luong hai chiéu
dé sac/xa pin va can bang bus DC. Tai tiéu thu nang lugng tir bus DC.

BO CHUYEN DOI

TAM PV BOOST DC BUS TAI

- . (r — —e l
ot Contactor_load | Contactor_gisch L
) Iisch ‘\}-’-)'
s lload (> )
% )
<)
<)

Rdisch

w —

PV

/—)77

A\
)

Rload

Ibat

1=

o (<

HE THONG PIN BO CHUYEN POI
BIDIRECTIONAL

Hinh 10. M6 hinh mé phéng hé thong nguon lai.

Hé thdng gdm nguon pin PV, pin luu trir Lithium-ion, b chuyén d01 DC-DC téang ép, bo chuyen
d6i DC-DC hai chiéu, mo hinh tai va cac bo diéu khién. Cac thong sb k¥ thuat ciia hé thdng ngudn
lai dugc mo ta nhu Bang 2.

Bang 2. Théng sé ky thudt ciia hé thong nguon lai

Bus DC 24V
Tai
Pload 20W
RS-M618-60W
. Prmax 60W
Tam PV

Vinp 17.6V

Tmp 3.41A
Lboost 6.48mH

Mach chuyén dbi boost Choost 608uF
fboost 10kHz
Mach chuyén dbi bidirectional Lui 9.12mH
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Chi 52 uF
fi 10kHz
] Dung lugng 8.8Ah
Hg¢ thong pin
Vbat 14.8V

Trong nghién ctru, mé hinh mach dong luc trong HIL Schematic cua thiét bi HIL404 két ndi voi
thiét bi ngoai vi dé thiét 1ap mo phong hé thong ngudn lai. Chién luge diéu khién hé thong pin duoc
thyc hién théng qua vi diéu khién TMS320F28069 cua hing Texas Instruments dé diéu khién phan
clg cua hé thong dugc xay dung & thiét bi HIL 404 va giam sat qué trinh hoat dong trén giao dién
man hinh HIL SCADA. So d6 két n6i hé théng duoc mé ta nhu Hinh 11.

HIL S(‘A[}A diéu khién va
gi-[!m sit 50 li¢u
DS#’ 'I’MSSZOFé;()G‘)
Hinh 11. M6 hinh két néi Typhoon HIL 404 va thiét bj ngoai vi.
4.2. Két qud thc hign
4.2.1. Truong hep 1: CoNng sudt tdi thay doi

Khi cong suét tai thay d6i v6i cing didu kién cudong do chiéu xa cua anh sang, két qua dap ung cong
suat tai cua hé thong dugc mo ta nhu Hinh 12.

= o N f-.;\ == attery Cel1.50C
1 S B pattery Cell2.50C
2 . . 9 0 = m:zcals_soc
:‘;’ === | |mm pattery CellSOC g 512 =2 sattery calsOCf
=T - | |mm gattery Cellz.50C s> T
“ // @ Battery Cell3.50C| ® osu | I N A
0.5042 | |= Battery cell4.50¢ |1 . |
- - : | | — — 0.510 = - :
o | = o
g z . : “|= pioad
: 40 : | | = ppy
E [:l I P e v
=3 = 1
: . |
160 180 240
[~ |
< £ | ‘| Lkt
.é L ’AJ“] il MHWI -
91 100 110 16 180 _;:':: 220 240
Hinh 12.(a) Céng sudt tai thay doéi ¢ birc xa Hinh 12.(b) Céng sudt tai thay doi ¢ birc xa
1000W/m? 600W/m?
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Két qua trén Hinh 12.(a) cho thiy, khi & cuong d6 birc xa 1000W/m2 va Ppv > Pload, hé thong ning
lwong mit troi vira cip ngudn cho tai vira sac cho hé thdng pin. Sau khoang 65s, tién hanh dong thém
tai phu vao hé thong, Pload sé ting 1én nhung van nho hon Ppv, nén ngudn tir PV van du dé cung cap
ca 2 tai va hé thong pin s& sac cham. Khoang 60s tiép theo, cit tai phu ra khoi hé thong va Ppv > Pload,
hé thdng pin s& sac nhanh hon so v6i trudng hop hé théng cung cp ngudn cho 2 tai. Két qua twong tu
khi quan sat & Hinh 12.(b), nhung khi dong tai phy, do Ppv < Pload, nén hé thng pin s& x4 ning lugng
két hop nang lugng tir ngudn pin mit trdi cung cp cho 2 tai. Dién ap ngd ra trén bus DC quan sat trén
ca 2 trudng hop déu dao dong 6n dinh & 24V,

4.2.2. Truong hop 2: Can bang pin

Tién hanh mo phong thoi gian thyuc va quan sat hé thong trén HIL SCADA khi ning lwong mit troi
dang sac hé thng pin luu trix, dic biét tap trung vao cell s6 4 caa khéi pin Iuu trit. Trong tinh hubng
nay, mot cell pin dot nhién ting dién 4p (sac nhanh) so vdi cac cell khac va mét tinh hudng khac trong
d6 moét cell dot nhién giam dién ap (sac cham) so voi cac cell khac. Chénh Iéch dién ap gitra cell 4 va
cac cell khac vuot qua ngudng 20mV (twong dwong v6i 1% dung luogng pin). Hé thong can bang pin s&
hoat dong va Kkét qua s& dugc hién thi 14n luot trong Hinh 13.

P  al
.
o -
- o o
- — o e e
2 - = —
= '_——'-- [=va K e =
[ - SRR N T S~ |- [ e
~ —— | < —— = v
> o w— ]|= ves P r——d
* i- /eq
] [ gea v |
= i [=cera v ‘— al_threshold|
~C | Bal_threshold == srart_bat }
{m= stact_bat ~ [
2 I“ < : ﬂ v e
Q i Bt > U sy Rt e s ULELANT,
I ; I a AN ! | | L

Hinh 13.(a) Truwong hop mét cell pin (cell pin s6 4) Hinh 13.(b) Truong hop mét cell pin (cell pin s6
¢6 ap cao hon cac cell con lai 4) ¢6 thap ap hon cdc cell con lai

Trong truong hop dang sac, co mot cell pin bat ky (cell pin sé 4) dién ap cao dot ngdt lam mat
can bang dién ap giita cac cell con lai nhu Hinh 13.(a) hodc c6 mot cell pin bat ky (cell pin s6 4) ¢o
dién 4p thap hon cac cell con lai & Hinh 13.(b) Do chénh léch giira cell pin s 4 va cac cell pin con
lai d vuot qua ngudng trude 20mV (twong duong voi 1% pin). Dbi véi truong hop Hinh 13.(a), qua
trinh can bang dién ra bang cach cho cell pin s6 4 x4, dé giam bdt nang lugng thong qua tai xa. Dbi
v6i trudong hop nhu Hinh 13.(b), cac cell pin con lai s& x4 b6t nang lugng qua tai xa duoc mic song
song nham giam bét ning luong gitta cac cell voi cell sé 4. Qua trinh cin bang nay s& két thuc khi
su chénh léch dién ap giita cac cell pin nhé hon ngudng AV,, (cu thé nho hon SmV) va SOC giira
cac cell pin < 0.5%.

4.2.3 Truong hop 3: Bdo vé qua dong

Khi hé théng pin duoc sac dén SOC > 70% & cuong do birc xa 1000W/m?, Hinh 14.(a), ché do
bao vé qua dong duoc kich hoat dé han ché dong sac di vao pin, dam bao khong vuot qua gia tri
ngudng can bao vé dé tranh gay hu hai cho pin. Khi cudng do birc xa thay doi tir cao xudng thip hay
tir khong c6 ngudn birc xa dén ngudn birc xa cao, dong dién di vao hé thong pin ludén nim dudi
ngudng ma hé théng pin co thé chiu duoc nhu moé ta Hinh 14.(b).

JTE, Volume 20, Issue 02(V), 05/2025 (SWPEA2025) 86


mailto:jte@hcmute.edu.vn

JT E TAP CHi KHOA HQC GIAO DUC KY THUAT
Truong Dai hoc Su pham K§¥ thuat Thanh phd H6 Chi Minh

HCMIUTE Website: https:/jte.edu.vn
ISSN: 1859-1272 Email: jte@hcmute.edu.vn

= Pbat
\h"“"-‘,.,___ &= Ppy
~ b 1] [ Pload
- = pattery Cell1.S0C 13 b
9 Em Battery Cell2.50C o ) B v e 0 sl
~ == pattery Cell3.50C I~ =
o = - IPSSSFIRN W [N G- |
8 l:l. Battery Cell4.50C] E TN e TN
\ m - hat
S [hat
Tref
B It M
= —
b e o] Yy

Hinh 14.(a) Ché dj bdo vé dong voi cwong do birc Hinh 14.(b) Ché dé bao vé d@ng voi cuong do birc
xa 1000W/m?. xa thay doi.

5. Két luan va hwéng phat trién

Bai bio da trinh bay xay dung hé thong ngudn lai PV/BESS va phat trién thanh céng mé hinh mo
phong HIL thoi gian thyc st dung phan mém Typhoon HIL gia lap cac tinh hudng thyc té c6 thé xay ra
va thuc nghiém giai thuat diéu khién bang card DSP TMS320F28069 va HIL 404. Két qua dat duoc
chtng minh rang hé thong hoat dong dat yéu cau va chién lugc didu khién pin dam bao hiéu qué an toan
ddng thoi cin bang ning luong cho h¢ thong pin tich hop voi hé thong pin mit troi. Ba trudng hop
nghién ciru dugc thyc hién vo6i cong suét tai thay doi, can bang pin va bao vé qua dong dugc thuc hién
trong mo phong thoi gian thyc voi két qua thu dugc giai quyet Cc4c van dé an toan cho hé thong pin, qua
nhiét, qua dong, can bang cho hé théng pin thé hién cac ché do van hanh phu hop va dam bao hé thong
hoat dong dn dinh. V&i muc dich cai thién hiéu qua cua cac hé théng luu trir nang luwgng trong tuong lai,
nghién ciru nay sé tiép tuc phat trién cac phuong phap du doan an toan ciia hé thong pin, bao gdm SOC
va trang thai strc khoe (SOH), dong thoi di sdu hon vao bao vé nhiét cho hé théng pin. Ciing nhu dé c6
thé img dung véi hé thong khong két ndi voi ludi dién nhu tau thuyén, cac ving sdu ving xa, hai dao
phai con nghién ctru sau hon vé hé thong, giai thuat va mé hinh thuc nghiém.

Loi cam on

Nhg’)m tac gia xin chan thanh cam on Khoa Diép — bién tir (FEEE) da tao diéu kién dé nhom thuc
hién dé tai nghién ctru khoa hoc cap trudong voi ma s6 T2024-138 do Pai hoc Su pham Ky thuat TP.HCM
(HCMUTE) tai tr¢ kinh phi.

Xung dot lgi ich
Céc tac gia tuyén bd khong c6 xung dot loi ich trong bai bao nay.
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