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TOM TAT

Trong xu hwéng phdt trién phirong tién dién va chuyén dich sang nang lwong sach, hé thong
pin lithium-ion giit vai tré quyét dinh dén hiéu sudt, dé bén va mirc do an toan cia é té dién. Tuy
nhién, sw mdt can bang dién dp giita cdc cell trong b pin lam suy giam dung leong khai théc, rit
ngcfn tuéi tho va tiém an rii ro van hanbh.

Bai bdo trinh bay co so 1y thuyét vé pin lithium-ion va hé thong qudn 1y pin (BMS), dong
thoi tdp trung nghién cieu phirong phdp cén bang cell pin chit dong nham duy tri sw dong déu dién
dp giita cdc cell trong bg pin. Trén co s¢ @6, mé hinh mach can bang chii déng dwoc xdy dung va
mé phong trén nén tang Matlab/Simulink dé phan tich qud trinh phdn phéi nang lwong giita cdc cell
trong cdc ché dg sac va xa.

Két qud mé phong cho thdy phirong phdp cin bang chii dong cé kha nang tdi phan phoi
nang luong gitta cdc cell hiéu qua, giup giam do léch dién ap, cai thién trang thai dung lwong va
ndng cao hiéu sudt khai théc ciia b pin. Nghién ciru g6p phan cung cdp co sé kjj thudt cho viéc thiét
ké va t6i wu héa hé théng quan 1y pin trong 6 té dién, tir d6 ndng cao hiéu qud qudn 1y nang heong,
tuéi tho va do an toan cia hé théng pin.

Tw khoa: Pin lithium-ion;, BMS; Can bcing cell; Mo phong; O 16 dién.
ABSTRACT

In the trend of developing electric vehicles and transitioning to clean energy, lithium-ion
battery systems play a crucial role in the performance, durability, and safety of electric cars.
However, voltage imbalance between cells in a battery pack reduces usable capacity, shortens
lifespan, and poses operational risks.

This paper presents the theoretical basis of lithium-ion batteries and battery management
systems (BMS), and focuses on researching an active cell balancing method to maintain voltage
uniformity among cells in a battery pack. Based on this, an active balancing circuit model is built
and simulated on the Matlab/Simulink platform to analyze the energy distribution process between €~
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cells in charging and discharging modes.

Simulation results show that the active balancing method can effectively redistribute energy
between cells, reducing voltage deviation, improving capacity state, and enhancing the operating
efficiency of the battery pack. This research contributes to providing a technical basis for the design
and optimization of battery management systems in electric vehicles, thereby improving energy
management efficiency, lifespan, and safety of the battery system.

Keywords: Lithium-ion battery; Battery Management System; Cell balancing,; Simulation;

Electric vehicle.
1. GIOI THIEU

Trong nhiing nim gan ddy, xu huéng
dién hoa phuong tién giao thong dang phat
trién manh mé trén toan cau nham giam phat
thai khi nha kinh va hudéng t&éi muc tiéu trung
hoa carbon. O t6 dién (Electric Vehicle — EV)
dugc xem la giai phap quan trong thay thé
dong co ddt trong truyén thong nho kha nang
van hanh khong phat thai tai chd va hiéu suét
nang luong cao [1]. Trong cau trac cua xe dién,
b pin lithium-ion déng vai tro 13 ngudn cung
cap nang luong chinh, quyét dinh truc tiép dén
quing duong di chuyén, hiéu suat van hanh va
dd an toan cua phuong tién [2].

Tuy nhién, trong qué trinh hoat dong,
cac cell pin trong ciing mot b pin thuong xuat
hién su sai 1éch vé dién ap, dung luong va dién
tr¢o trong do sai s6 ché tao, diéu kién nhiét do
va chu ky sac — xa khong dong déu [3]. Su mat
can bang nay lam giam dung luong khai thac
clia toan bd pack pin, ddy nhanh qué trinh 3o
hoa va c6 thé gay ra hién tuong qué sac (over-
charging) hodc qua xa (over-discharging), tiém
an nguy co mat an toan [4].

Dé khic phuc van dé trén, hé thong quan
Iy pin (Battery Management System — BMS)
duoc phat trién nham giam sat, diéu khién va
bao vé b pin trong sudt qua trinh van hanh [5].
Mot trong nhiing chtrc ning quan trong nhat

ctia BMS 14 can bang cell (cell balancing), gitip
duy tri sy dong déu dién ap giira cac cell, toi uu
hoéa hiéu suat va kéo dai tudi tho pin [6]. Hién
nay, hai phuong phap can bang chinh dugc ap
dung 13 can bang thy dong va can bang chu
d6ng. Can bang thu dong c6 ciu trac don gian
va chi phi thip nhung gay t6n hao ning luong
dudi dang nhiét [7]. Nguoc lai, can bang chu
dong cho phép chuyen nang luong gilita cac
cell, nang cao hiéu suit tong thé nhung yéu cau
mach diéu khién phtec tap hon [8].

Mic du nhiéu nghién ctru quéc té da
phan tich nguyén ly va hi€u qua cua cac phuong
phap can bang pin, viéc xdy dung mé hinh mé
phong va so sanh dinh lugng gitra hai phuong
phap trong diéu kién cu thé van c¢6 ¥ nghia thuc
tién cao, dic biét trong dao tao va nghién ctu
ung dung tai Viét Nam. Do do, bai bao tap trung
phan tich co s¢ 1y thuyét, xdy dung mé hinh va
mo phong hé thong can bang cell pin chi dong
nham dénh gia hiéu qua cta ting phuong phap,
1am co s6 cho thiét ké va t6i wu hoa BMS trong
0 to dién.

2.CO SO LY THUYET
2.1. Pin lithium-ion trong 0 t6 di¢n
Pin lithium-ion 1a ngudn ning luong

chu dao trong 6 t6 dién nho mat do nang lugng
cao va tuoi tho chu ky 16n [1]. M6t cell pin gdbm
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cathode, anode, chét dién phan va mang ngin
(Hinh 1). Trong qua trinh sac — x4, ion Li" di
chuyén gitta hai dién cuc tao ra dong dién cung
cap cho tai [2]. Pién 4p 1am viéc ctia mbi cell
thuong trong khoang 3,0-4,2 V; vugt qua gidi
han nay co6 thé giy qua sac hodc qua xa, anh
huong dén d6 bén va an toan cua pin [3].

Trong bd pin gém nhiéu cell méc ndi
tiép, su sai 1éch dic tinh giira cac cell dan dén
mét can bang dién ap theo thoi gian [4]. Dé
dam bao van hanh an toan, hé théng quan ly
pin (BMS) duoc sir dung nhim giam sat dién
ap, dong dién, nhiét d va thuc hién can bﬁng
cell [5] (Hinh 2).

Hién nay, c¢6 hai phuong phéap can bang
chinh. Can bang thy dong st dung dién tré dé
xa nang luong du thira cua cell ¢6 dién ap cao,
c¢6 vu diém don gian va chi phi thip nhung gay
t6n hao nhiét [6]. Can bang chii dong chuyén
nang luong gitta cac cell bang cac phan tir tich
trlr (ty, cudn cam hodc bo DC-DC), gitip nang
cao hiéu sudt nhung céu trac phtic tap hon [7].

Electrolyte

Hinh 1. Cdu tao pin lithium-ion
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Hinh 2. So' do cdu triic chirc ning ciia hé thong
quan ly pin
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3. PHUONG PHAP NGHIEN CUU

Nghién ctu duoc thuc hién bing
phuong phap phan tich 1y thuyét két hop mo
phong sd trén nén tang Matlab/Simulink [9,
10]. Quy trinh gom:

* Xay dung md hinh mach tuong duong cua
cell pin;

* Thiét ké mach can béng chu dong;

* Thiét 1ap kich ban sac — xa;

« Xuét két qua va danh gia.

4. KET QUA NGHIEN CUU

Két qua mo phong hé thong can bang
cell pin dugc thuc hién trong hai ché do: qua
trinh sac va qua trinh xa. Cac tiéu chi danh gia
bao gdm do léch dién ap giira cac cell thoi gian
dat trang thai cAn bang va muc ton hao ning
luong cua hé thong.

4.1. Két qua ddi véi mach can bang chi dong

L

=Y, = 3
8 M 5 3 3
251§ @ :

S-ABER > w-FR

Hinh 4. Két qua do thi SOC(%), Ampe(A), Vol(V)

cua cell pin 1 qua trinh sac
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Trong qua trinh sac, khi dién ap mét $6
cell vuot ngudng cai dat, dién tro xa duoc kich
hoat dé tiéu tan phan ning luong du thira. Két
qua cho thy dién ap giira cac cell duoc dua vé
muc twong di dong déu sau mot khoang thoi
gian nhat dinh. Tuy nhién, qua trinh cin bang
dién ra cham va xuét hién ton hao ning luong
dudi dang nhiét, lam gidm hiéu suét téng thé
cua bg pin.

Do thi biéu dién sy bién thién dong thoi
cua SOC, dong dién va dién ap trén ting cell
trong qua trinh sac khi 4p dung mach can bang
chi dong cho thay rat rd cach hé théng didu
khién dong niang lugng giita cac cell (Hinh 4,
5, 6).
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Hinh 5. Két qua do thi SOC(%), Ampe(A), Vol(V)
cua cell pin 2 qua trinh sac
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Hinh 6. Két qua do thi SOC(%), Ampe(A), Vol(V)

cua cell pin 3 qua trinh sac

Trong ché d6 x4, sy chénh léch dién
ap gitra cac cell van ton tai trong thoi gian dai
trudc khi dat trang théi can béng, dac biét khi
do léch ban dau 16n.

Do thi thé hién su bién thién dong thoi
cua SOC, dong dién va dién ap cua tung cell
trong qué trinh xa khi 4p dung mach can bang
chu dong cho thiy rat rd cach hé thong can
thiép vao qué trinh phan phdi nang luong giita
cac cell. Co thé quan sat rang dong xa khong
con phan bd mot cach tu nhién theo dic tinh
riéng cua timg cell, ma duogc diéu khién dé cac
cell c6 SOC cao hon dam nhén phan 16n dong
tai, trong khi cac cell c6 SOC thap dugc giam
tai (Hinh 7, 8, 9).
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Hinh 7. Két qua do thi SOC(%), Ampe(A), Vol(V)
cua cell pin 1 qua trinh xa

Hinh 8. Két qua do thi SOC(%), Ampe(A), Vol(V)
cua cell pin 2 qua trinh xa

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 340, thang 4 nim 2026
cokhivietnam.vn



NGHIEN CU’U - TRAO DBOI

H

Hinh 9. Két qua do thi SOC(%), Ampe(A), Vol(V)
cua cell pin 3 qua trinh xa

4.2. Nhan xét két qua

Két qua mo6 phong cho thdy mach can
bang cell pin chi dong c6 kha nang diéu chinh
va phan phdi ning luong gitra cac cell trong bd
pin mdt cach hi¢u qua. Trong qua trinh sac, khi
dién 4p ctia mot s6 cell ting nhanh hon cac cell
con lai, hé théng can bang chii dong s& chuyén
mot phan ning luong tir cac cell c6 dién ap cao
sang céc cell co dién ap thdp hon. Nho d6, do
chénh léch dién ap gitra cac cell duoc giam dan
theo thoi gian, giup céc cell dat trang thai can
bang 6n dinh.

Céc d6 thi mo phong biéu dién sy bién
thién dong thoi cua trang thai dung luong
(SOC), dong dién va dién 4p cua tung cell
cho thay qua trinh phan phdi nang lugng duoc
diéu khién chu dong boi hé théng quan 1y pin
(BMS). Trong giai doan sac, cac cell co SOC
thdp nhan duoc ning luong bo sung tir cac cell
¢6 SOC cao hon, lam cho su chénh 1éch SOC
giira cac cell giam dang ké. Diéu nay giup qua
trinh sac dién ra d(‘Sng déu hon va han ché hién
tuong qua sac & mot s6 cell.

Trong ché d6 xa, mach can bé“lng chu
dong tiép tuc dong vai tro di€u phoi nang luong
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gitra céc cell. Cac cell c6 trang thai dung lugng
cao hon s& cung cap nhiéu ning luong hon cho
tai, trong khi cac cell c6 dung luong thap hon
dugc giam tai. Co ché nay gitp duy tri sy on
dinh dién 4p cua toan b b pin va han ché su
suy giam nhanh cua céc cell yéu.

Tong thé két qua md phong cho thiy
phuong phap can bang chu dong giup cai thién
dang ké su dong déu vé dién ap va trang thai
dung lugng giita céc cell trong bo pin. Didu nay
khong chi nang cao hiéu suit khai thac ning
luong ciia hé thong pin ma con gop phan kéo
dai tudi tho va ting d6 an toan trong qua trinh
van hanh cua 0 t0 dién.

5. KET LUAN

Nghién ctu da xay dung va mé phong
mach cin bang cell pin chu dong cho bo
pin lithium-ion trén 6 t6 dién bang Matlab/
Simulink. Két qua cho thay hé théng c6 kha
ning diéu phdi va tai phan phdi ning luong
gitra cac cell, giap giam do chénh I¢ch dién ap
va duy tri trang thai dung lugng (SOC) tuong
d6i dong déu.

Nho d6, qua trinh sac — xa cua b pin
dién ra 6n dinh hon, gép phan nang cao hiéu
suat khai thac nang luong va do tin cdy cua
hé théng p1n Két qua nghién ctru 1a co s cho
viéc phét trién va toi wu hoa hé théng quan 1y
pin (BMS) trong céc ung dung 6 t6 dién va hé
théng luu tri nang luong. <%
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