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TOM TAT

Bai bdo dé xudt thiét ké mach can bang néing lirong cho hai cell pin Lithium-ion lién ké trong
g6i pin dwa trén nguyén Iy bé chuyén @i Cuk hai chiéu c6 sira doi. Thiét ké nay chi sir dung mét
MOSFET dé truyén ning lwong gitta hai cell lién ké véi mot chuyén mach diéu khién huéng truyén
nang heong, chuyén mach thir 2 diéu khién cdt mach can bang ra khéi cdc cell khi trang thdi tich
dién (SoC) cua 2 cell da dwoc cdn bcing. Thiét ké nay khdc phuc mot s6 nhwoc diém khi ap dung
nguyén 1y bo chuyén doi Cuk hai chiéu dé thiét ké mach cdan bang, dé la can cé nguon mot chiéu
(DC) nhiéu mirc dé mé MOSFET va van dé mdt ning lwong trén cdc phan tir ciia mach cdn bang.
Mach cdn bang thiét ké ciing dé dang mé réng cho goi pin c6 s6 lwong cell 1om. Céc két qua thir
nghiém diéu khién can bang cell dya trén diéu khién phan hoi trang thdi SoC cho 07 cell pin
SAMSUNG 22P néi noi tiép d@é chirng minh hiéu qua cia thiét ké mach cdan bang cho hai cell lién
ké dwoc dé xudt trong bai bdo.

Tir khoa: Pin Lithium-Ton; Mach can bang; Bé chuyén déi Cuk; Trang thai tich dién; Diéu khién cén bang t6i uu.
1. MO PAU

bé cung cap ning luong cho xe dién (EV), goi pin voi nhiéu cell duge két ndi ndi tlep va song
song dé co6 dién ap cao va dung lugng 16n. Céc cell pin Lithium-on duoc str dung phé bién cho EV
vi nhitng wu diém nhu téc do tu xa cham, mat d6 ning luong cao, khong c6 hidu ng nhé va trong
luong nhe hon so véi cac loai pin sac khac. Pé giit cho goi pin hoat dong an toan, tranh trang thai
sac/xa qua murc giy hai cho pin thdm chi c6 thé phat nd, ..., hé théng quan 1y pin (BMS) duoc
trang bi trén goi pin [1]. Mot trong nhiing chirc nang chinh ciia BMS 1a kiém sot cAn bang ning
luong cua céc cell, ¢6 hai chién luoc dé kiém soat can bang ning luong 1a dua trén phan hoi dién
ap va phan hdi SoC [2]. Mirc ning luong cua cac cell trong goi c¢6 thé khac nhau khi lam viéc vi
cac cell 1a khong dong nhit khi san xudt, toc do tu xa khac nhau, nhiét d6 hoat dong va qua trinh
130 hoa khong dong déu [1, 4]. Dé dam béo tat ca cac cell hoat dong an toan, tranh céc trang thai
xé/sac qua muc va phat nd trong qua trinh hoat dong, nang lwong con lai cia cac cell phai ludn
bang nhau. Néu mot cell ¢6 ning luong thip hon cac cell khac, né c6 thé bi xa qua mirc, trong khi
cac cell khac van con nang lugng. Do d6, cell d6 bi hong va khong cung cip dugc nang lugng dién
cho tai. Trong khi d6, néu mét cell c6 nang lugng cao hon cac cell khac, n6 ¢ thé bi sac qua mirc.
Mot cell bi sac/xa qua mirc c6 thé bi nd, dan dén hong cac thiét bi [5]. Vi vay, mot goi pin thuong
dugc trang bi mach can bang ning luong dé gitr mirc ning lugng cla cac cell dong déu dé tranh
cac trang thai nhu duge dé cap ¢ trén. Trong cac ung dung thuc té, viéc duy tri mirc ning lugng
can bang 14 rit quan trong dé ting tudi tho cua pin; ning lwong con lai cua cell duoc thé hién bang
SoC, chénh 1éch SoC tbi thiéu giira cac cell trong goi khong duoc vuot qua 2%.

D3 c6 nhiéu nghién ctru vé didu khién can biang ning lwong cho cac cell, ¢6 hai loai chinh bao
gdém phuong phap can bang cell chii dong va phuong phap can bang cell thy dong. Phuong phap
can bang thu dong dan khong duoc st dung trong cac tmg dung doi hoi cong sut 16n vi chiing tiéu
tan nang lwong dién trong cac dién tré cong suit va gy lang phi nang luong [6]. Cac phuong phap
can bang cell chu dong sir dung tu dién va cudn cam, ciing voi chuyén mach dé truyén niang luong
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tur cac cell o6 mure nang lugng cao hon sang cac cell ¢ muc nang luong thap hon. Vi vay, nang
lugng dugc luu trir trong cdc cell khong bi lang phi, méc du cau triic cua mach can bang va chién
lugc didu khlen can bang rét phirc tap hon, dic biét 1a di voi hé thong Iuu trit dién 16n v6i nhidu
cell duoc nbi ndi tiép. Ngoai ra, chi phi cho bd xir Iy trong mach can bang nay kha cao. Cac phuong
phap can bang cell chu dong bao gom cac phuong phap nhu cell bypass, cell-to-cell, cell-to-pack,
pack-to-cell va cell-to-pack-to-cell [7-9]. Trong tai liéu [10], tat ca cac phuong phép can bang chu
dong da dugce so sanh. Qua phan tich cac thong s, cac tac gia da chira rang phuong phap cell-to-
cell hi¢u qua hon va co the duge su dung trong cac ing dung cong sudt 16n. Dé thyc hién céc
phuong phap cell-to-cell, cAn c6 cac mach chuyen d6i dé can bang nang lugng cua céc cell trong
goi pin. Trong cac tai liéu [1] va [11, 16], cho thay bo chuyen d6i Cuk rat hiéu qua dé truyén ning
lugng gitra hai cell lién ké. Bo chuyen d6i Cuk 13 bo chuyén ddi DC- DC khong bi ¢6 lap [9, 12,
13], mach yéu cau hai cuén cam, mot ty dién va hai MOSFET dé truyén hodc nhan ning luong
cho cac cell lién k&. Uu dlem ctia bo chuyén doi “nay la klem soat dugc dong dién theo yéu cau.
Tuy nhién, viéc thiét ké va trién khai trong thuc té ¢ hai van dé bét loi khi ap dung nguyén ly cua
b6 chuyén (101 Cuk hai chiéu: Thtr nhét 1a mach Cuk ban dau str dung hai MOSFET dé diéu khién
qua trinh truyen ning lugng theo hai huéng. Di véi viée didu khién can bing ning luong cac cell
trong goi, can n-1mach can bang duya trén mach Cuk [9]. Bé mé 2(n-1) MOSFET trong n-1mach
can bang ning luong, can ¢6 ngudn dién DC v6i nhidu mirc dién ap khac nhau, do d6 géy kho khan
trong qua trinh ché tao mach. Thir hai 1a khi mirc ndng luong cua cac cell duge cén bang, n-1mach
can bang ning luong Van duogc két ndi véi cac cell; diéu nay sé gay ra dong dién ro qua cac tu dién
giita hai cell, din dén mit ning luong [14].

Trong nghién ctru nay, dé khic phuc hai nhuoc diém trén, mach can bang dugc thiét ké bang
cach chi sir dung mot MOSFET va mét role dé diéu khién viéc truyén ning luong giita hai cell
lién k&; mot role khac duoc sir dung dé cit mach can béng khoi hai cell khi hai cell ¢6 cung muc
nang luong. Piéu khién can bang dugc thuc hién tryc tiép boi cac mach can bang ning luong cho
bat ky hai cell lién ké nao hodc tir xa cho tat ca cac cell qua bd vi xir Iy sir dung truyén thong
RS485 [15]. Phan con lai cta bai bao nay duoc trinh bay nhu sau. Trong phin 2, mach can bang
cell dya trén bd chuyén d6i Cuk sira d6i. Phan 3, két qua thir nghiém cia diéu khién can bang ning
lwong dua trén phan hdi SoC. Céc két luan va kién nghi dugc trinh bay trong phén 4.

2. MACH CAN BANG CELL DUA TREN BQ CHUYEN POI CUK HAI CHIEU
2.1. Mach cén bing ning lwong duwa trén b chuyén ddi CuK co ban

Xem xét 02 MOSFET ctia mach cin bang cell nhur trong hinh 1. Hai MOSFET khang c6 cing
mirc dién 4p trén chan D va S vi chan D cia MOSFET1 va chan S ciia MOSFET2 dugc ndi chung.
Dé mé MOSFET], dién 4p cua tin hiéu PWM phai 16n hon V2 + 3.6 V (3.6 V 1a dién 4p Vps clia
MOSFET). Tuong tu, & mé MOSFET2, dién 4p cua tin hiéu PWM chan G 16n hon V1 + 3.6 V.
Vi vay, dé thuc hién n-1 mach cén bang cho n cell ndi tiép can phai c6 ngudn cung cip véi dién
ap 2(n-1), vi vay, hé théng kho thuc hién. Mat khac, khi mirc nang luong cuia hai cell lién ké can
bang hai MOSFET bj khoa, nhung vi linh kién 1 khong 1y twong nén c6 dong dién ro qua L va C,
didu nay gay ra sy tiéu tan ning lugng khong can thiét cua céc cell.

Vi v,
+ 1= +]1=
11 If
L € £L7
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PWM PWM

Hinh 1. Mach cdn bang 2 cell lién ké dwa trén nguyén 1y ciia bé chuyén doi Cuk hai chiéu.
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Hai van d& trén 13 hai nhugc diém cua viéc 4 ap dung nguyén ly bo chuyén d6i Cuk hai chiéu khi
thiét ké mach can bang cho goi pin. Trong phan tiép theo, ‘mach can bang cho hai cell lién ké dya
trén viéc sira doi bo chuyén dbi Cuk hai chidu duoc d& xuét dé khic phuc hai nhugc diém trén.

2.2. Mach can bang cell cho hai cell ké nhau dva trén bd chuyen d6i Cuk hai chiéu sira doi

Mach cén béqg cho hai cell lién ké tht i va i+1 dya trén viée stra d6i bo chuyén dbi Cuk hai
chiéu duge de xuat nhu the hién trong hinh 2, trong d6 ¢6 phan tir chinh 1a 02 cudn cam Ly, Lo, tu
dién C, 01 MOSFET, 02 role, vi xtr Iy PIC 18F2685, 02 di-ot.

V; Vi1
1= + 1=
I L
Cell i Cell i +1 Dong dién
1]
Do lsmg Mach cén bang cho
l 2 cell lign k&
Rxd BMS
) PIC18F g‘dd (HE thong
2685 n quan ly pin)

Truyén thong
RS485

MOSFET

Hinh 2. Mach cin bang cell dé xudt dia trén bg chuyén doi Cuk hai chiéu sira doi.

Gia sir mic ning luong ctia hai cell dugc can bang dua trén phan hoi SoC, SoC; biéu thi SoC
cta cell thir i, nguyén 1y hoat dong ctia mach cén bang nhu sau: Khi SoC cua hai cell thi i va i+1
dugc can bang trong pham vi |SoC; - SOC,| < €, & 1a ngudng can bang duoc thiét 1ap theo yéu cau,
role 2 md&, toan bd mach bao gém L1, Lo va tu dién C; dugc tach khoi hai cell, khong c6 dong dién
10 qua cac cell, L va C, do d6 khong gay ton that. Khi hai cell ¢ chénh léch SoC nam ngoai pham
vi cho phép |SoC; - SoCy| > &, ro-le 1 déng, tu Ci va 2 cudn cam Ly, Lo duge két ndi voi cac cell,
mach cn bang cell hoat déng. Néu SoC; > SoC, ro-le 1 déng, niang lugng cua cell 1 truyén sang
cell 2. Néu SoC, > SoCi ro-le 1 tit, nang lugng cua cell 2 dugc chuyén dén cell 1. Vi xx ly
PIC18F2685 xuit tin hiéu PWM véi duty mong mudn dén MOSFET va céc tin hiéu diéu khién ro
le nham kiém soat sur c4n bang. Hinh anh ctia mach can bang niang lugng cho 2 cell lién ké da thiét
ké nhu hinh 3.

Hién thi: (dia chi, tan s8, duty)

PIC18F2685
Ro-le
MOSFET
Cudn cam
Tu dién

Chan két néi: DC, RS485, tdl cac cell

Hinh 3. Mach cin bang cell dé xudt.
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. Trong chu ky chuyén mach, luong nang dugc tmyén tir cell nay sang cell khac phy thude vao
tan sO va duty cua tin hiéu PWM dua dén di€u khién MOSFET. Bién diéu khién cua chu ky di¢u
khién can bang c6 thé dugc lya chon linh hoat theo duty hoéc tan so.

3. KET QUA THU'C NGHIEM PIEU KHIEN CAN BANG SOC
Thyc nghiém st dung chién 11er’0 ’diéq khién can béng tbi uu dya trén phan hdi SoC cho‘ g0i pin
v6i1 7 cell SAMSUNG 22P ndi ndi ti€p dé chimg minh hi¢u suat hoat dong cua mach cén bang cell
duoc dé xuat trong bai bdo. Hé thong thi nghiém duoc thé hjén trong hiph 4. Céac thong so vat ly
cua cell dugc liét ké trong bang 1. Thong so ciia mach can bang dugc thé hién nhu trong bang 2.

1

. ; Wl i, g Ys
& s N W
3 | O 4 A o ¢ ' ~)_ J. ‘}\5'-‘.’;
Measuements /,‘ \ Battery Pack _
/ T BN

Hinh 4. M6 hinh hé thong thi nghiém diéu khién cdn bang cell dé xudt.
Bing 1. Cdc thong s vit Iy ciia cell SAMSUNG 22P.

Loai pin: ICR 18650-22P | Dung lugng: 2150 mAh | Diér} ap danh dinh: 3.62 V
Sac 4.20 V max; 1075 mA tiéu chuép; 2150 mA max
Xa 2.75 V cut-off; 430mA tiéu chuan; 10000 mA max
Bing 2. Cdc thong s6 ciia mach cdn bang.
L C T f S0Chin S0Chmax lcmax I Dmax
0.1mH | 470 uF ls 10 kHz 5% 95% 15A 2A

Cac kich ban sac/xa va can bé“mg cell minh hoa cac ché do hoat dong duogc tién hanh déng thoi
trong thuc nghiém nay, SoC ban dau cua cac cell dugc ligt ké trong bang 3.

Bing 3. Thong s6 SoC ban ddu ciia cdc cell

Cell 1 Cell 2 Cell 3 Cell 4 Cell 5 Cell 6 Cell 7
76% 86% 62% 96% 48% 91% 72%

Hinh 5 mé ta sy thay ddi ciia dong dién qua géi pin trong thuc nghiém. Tong thoi gian thuc
nghiém 1a 50 phut. Trong 10 phat dau va trong khoang (21 + 30) ph(t va (41 = 46) phut, cac cell
dugc xa véi dong xa 1,5 A. Trong khoang tir (10 + 21) phat va (30 + 41) phut, cac cell dugc sac
bang dong khong ddi 1 A. Tir (46 + 50) phut cac cell khong sac/xa. Hinh 6 va hinh 7 cho thiy su
thay doi dién 4p va nhiét d9 cia cell trong qua trinh cin bang SoC ciia cac cell. Két qua ctia qua
trinh can bang ning lugng ciia cac cell dugc thé hién trong hinh 8, sau thoi gian khoang 50 phut
cac cell co cung SoC bang 53%. Qua trinh can bang dugc dimg lai bi hé théng BMS khi chénh
léch SoC cac cell ndm trong pham vi £ 1%.

Tir hinh 9a dén 9f mé ta vé kha ning diéu khién truyén ning luong giita hai cell lién ké. Hinh
9a m6 ta duty xung diéu khién truyén ning luong giita cell 1 va cell 2 do mach cén bang 1 thuc
hién. Trong 450 gidy dau, cell 2 truyén nang lugng cho cell 1 véi bién do cuc dai (duty = 0,5). Tir
thoi diém 450 gidy tré di, SoC cua hai cell gan nhu bang nhau, duty cua tin hiéu PWM giam tir 0.5
xudng bang 0 tai thoi diém 10 phit, sau d6 2 cell c¢6 cing mic SoC. Tir khoang thoi gian 10 phut
trg di, hai cell duoc sac, cell 1 ¢6 SoC cao hon cell 2 vi cell 2 truyén ning luong cho cell 3 lién ké,
cell 1 truyén nang lugng cho cell 2 cho dén thoi diém 46 phut SoC cua hai cell gan nhu bang nhau.
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Hinh 7. Nhi¢t do cdc cell trong thuc nghiém.
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Hinh 5. Dong dién qua cdc cell. Hinh 6. Pién dp cdc cell trong thuc nghiém.
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Hinh 8. Qud trinh cin bang SoC ciia cdc cell.
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Hinh 9. Duty ciia tin hiéu PWM diéu khién cdc mach cdin bang.
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Phan tich twong tyr nhur hinh 9a, tir hinh 9b dén hinh 9f cho thay viéc diéu khién qua trinh truyén
nang lugng sang cac cell lién ké duoc thuc hién boi cac mach can b'fmg con lai. Pbi v6i mach can
bang 5, qua trinh truyén nang luong chi dugc thuc hién theo mot hudng tir cell 6 dén cell 5 trong
toan bo qua trinh can bang, vi cell 6 ban dau c6 SoC cao nhét (96%) va cell 5 ¢6 SoC thap nhat
(48%). Thyc nghiém nay dugc thyc hién theo kich ban xa/sac va diéu khién can bé‘mg déng thoi, do
do, thoi gian cin bang s& 1au hon (khoang 3000 gidy nhu thé hién trong cac hinh). Néu céc cell dugc
can béng trong kich ban chi sac, chi xa hodc khong xa/sac, qua trinh can béng c6 thé nhanh hon.

4. KET LUAN

Bai bao d3 trinh bay thiét ké mach can bang ning luong cho hai cell pin Lithium-ion lién ké
trong goi pin dya trén nguyén ly cua bd chuyén d6i Cuk hai chiéu. Thiét ké nay chi st dung 01
MOSFET dé truyen nang luong gitra hai cell lién k&, 1 role dé diéu khién huong truyen nang luong,
01 role dé dong/ngit mach can bang ning lugng véi cac cell. Viée diéu khién can bang ning luong
¢6 thé duge thyc hién truc tiép boi timg mach can bang hodc tir xa boi BMS st dung giao tiép
RS485. Mach can bang nay phu hop véi cac chién luge diéu khién can bang cell khac nhau (cin
bang dua trén SoC hoic dién 4p cua cell). Thiét ké nay loai bo viée phai str dung ngudn DC nhiéu
mirc dé mé 2n MOSFET, dan dén su bat tién khi thiét ké n - 1 mach can béng nang luong dua trén
nguyén ly bo chuyén ddi Cuk hai chiéu cho géi pin c6 n cell dugc két ndi ndi tiép. Thiét ké nay
loai bo sy mat nang lugng trén cac thanh phan cua mach cén bang khi cac cell duoc can bang, thiét
ké nay ciing dugc mé rong d& dang cho géi pin ¢6 sd lwong cell 16n. M6 hinh thuc nghiém xay
dung cho 07 cell pin Samsung 22P ndi tiép dua trén vé phan hoi SoC da chimg minh hiéu qua cta
mach cén bang duoc d& xuét trong bai bao. Mach can bang nay c6 thé dugc ap dung hiéu qua vao
viéc didu khién can bang cell cho goi pin Lithium-lon ¢6 cong suat 16n ding trong xe dién hoic
trong tram luu trit ning lwong trong hé théng ning lugng téi tao.
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ABSTRACT

Design of energy balancing circuit for battery cells connected in series
based on modifying the bidirectional Cuk converter

This paper proposes a design of an energy balance circuit for two adjacent Lithium-ion
battery cells in the cell string based on the modifying of the bidirectional CuK converter
principle. This design only uses one MOSFET to transfer energy between two cells in a
direction controlled by the first relay, the second relay controls the cutting energy balance
circuit off the cells when they have the same energy level. This design overcomes some
disadvantages caused by applying the principle of bidirectional CuK converter to design
the energy balancing circuit, these are the need for a multiple level DC source to open
MOSFETSs and the issue of the energy loss on the elements of the energy balance circuit.
This design is also easy to expand for the battery string with a large number of cells. The
experimental results of online optimal energy balance control based on state of charge
(SoC) feedback for 07 SAMSUNG 22P battery cells connected in series are presented to
prove the efficiency of the energy balance circuit design for two adjacent cells proposed in
this paper.

Keywords: Lithium-lon battery; Balance circuit; CuK converter; State of charge; Optimal balancing control.
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