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TOM TAT

Trong xu huéng phdt trién 6 t6 dién va chuyén dich sang nang leong sach, b pin lithium-
ion déng vai tro then chot quyét dinh dén hiéu sudt, dé bén va mirc dé an toan ciia phu"ong tien. Tuy
nhién, sy sai léch dién ap gitra cac cell trong cung mot bo pin la hién tuwong pho bién trong qua trmh
van hanh, lam gidm dung heong khai thdc, day nhanh qud trinh suy gidm chat lwong pin va tiém dan
nguy co mdt an todn.

Bai bdo tdp trung phén tich co sé Iy thuyét cia pin lithium-ion, chitc ndng ciia hé thong
quan ly pin (BMS) va nguyén Iy hoat dong cua mach can bang thu dong. Trén co so do, mo hinh
mach can bang thu dong dwoc Xdy dyng va mo phong trén nén tang Matlab/Simulink nham ddanh
gid kha nang duy tri sw dong déu dién dp giita cdc cell trong qud trinh sac — xd. Két qua mé phéng
cho thdy mach can bang thu dong cé thé dwa dién dp cdc cell vé mirc twong doi can bang, gop phan
cdi thién do on dinh ciia bé pin, mdc du van ton tai tén hao nang luong duoi dang nhiét.

Nghién ciru cung cap co s6 ky thudt cho viéc thiét ké va ung dung mach cin bang thu dong
trong h¢ thong BMS, dic biét phu hop voi cac hé théng yéu cau cau triic don gian, chi phi thap va
dé trién khai trong thuec té.

T khéa: Pin lithium-ion; BMS; Can bang cell; M6 phong; O t6 dién.
ABSTRACT

In the development trend of electric vehicles and the transition toward sustainable energy,
lithium-ion battery packs play a crucial role in determining vehicle performance, durability, and
operational safety. However, voltage imbalance among cells within a battery pack is a common
phenomenon during operation, leading to reduced usable capacity, accelerated degradation, and
potential safety risks.

This study focuses on the theoretical background of lithium-ion batteries, the functions of the
Battery Management System (BMS), and the operating principle of passive cell balancing circuits.
Based on this foundation, a passive balancing circuit model is developed and simulated using the
Matlab/Simulink platform to evaluate its capability to maintain voltage uniformity among cells

during charging and discharging processes. Simulation results indicate that the passive balancing

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

cokhivietnam.vn



NGHIEN CUU - TRAO DOI

circuit can effectively reduce voltage deviation between cells and improve pack stability, although
energy losses in the form of heat dissipation remain unavoidable.

The research provides a technical basis for the design and application of passive balancing
circuits in BMS, particularly for systems requiring simple structure, low cost, and ease of
implementation in practical electric vehicle applications.

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

Electric vehicle.
1. GIOI THIEU

Su phat trién nhanh cta 6 to dién lam
gia ting yéu cau vé hiéu suat va do tin cdy cia
bd pin lithium-ion — ngudn ning luong trung
tam cua h¢ théng truyén dong dién [1], [2].
Trong qua trinh van hanh, do sai 1éch dac tinh
giita cac cell va diéu kién lam viéc khong dong
déu, hién twong mat can bang dién ap thuong
xuat hién trong bd pin [3]. Su chénh léch nay
lam giam dung luong kha dung, thuc day qua
trinh 130 hoa va c6 thé dan dén qua sac hoac
qua xa & mot sb cell riéng 16 [4].

Pé kiém soat tinh trang trén, h¢ théng
quan 1y pin (BMS) duoc tich hop nham giam
sat va bao v¢€ bd pin, trong d6 chiic nang can
bang cell giit vai trd quan trong [5]. Can bang thu
dong 1a phuong phap dugc ing dung phd bién
nho cau tric don gian va chi phi trién khai thap.
Nguyén Iy cua phuong phap nay dua trén viée stir
dung dién tro xa dé tiéu tan phan ning luong du
thira cta céc cell co dién ap cao, qua do gidm do
1éch dién ap trong toan b pack pin [6], [7]. Mic
du ton tai tén hao nang lugng dudi dang nhiét,
giai phap nay van phu hop véi cac hé thong yéu
cau tinh don gian va do tin cay cao [8].

Trén co so do, nghién ctu tap trung
phén tich nguyén ly va xay dung mo hinh mo
phong mach cén bang thu dong nham danh gia
kha ning duy tri sy dong déu dién ap giira cac
cell trong bd pin 0 t6 dién.

2.CO SO LY THUYET
2.1. Pin lithium-ion trong 6 to6 dién

Pin lithium-ion hién la gidi phap luu
trir nang luong duogc sir dung phd bién trong
6 t6 dién nho wu thé vé mat do nang lugng va
d6 bén chu ky cao [1]. Mdi cell pin bao gom
dién cuc duong, dién cuc am, chét dién phan va
mang ngan (Hinh 1). Trong qua trinh lam viéc,
cac ion Li* dich chuyén qua lai giira hai dién
cuc trong chu ky sac va x4, tao nén dong dién
cung cip cho hé théng [2]. Dién 4p van hanh
cua cell thuong dao dong trong khoang 3,0-4,2
V; néu vuot ngudng cho phép co thé giy suy
giam tudi tho va anh hudng dén mirc do an toan
cua pin [3].

Khi nhiéu cell dugc ghép nbi tiép thanh
bd pin, su khac biét vé dung lugng va di¢n
tré trong s€ lam phat sinh chénh l¢ch dién ap
theo thoi gian [4]. Vi Vay, hé thong quan Iy p1n
(BMS) dugc tich hop dé theo ddi cac thong sb
van hanh nhu dién ap, dong dién, nhiét do va
thue hién chtc ning can bang cell nham dam
bao hoat dong 6n dinh (Hinh 2) [5].

Céc giai phap can bang hién nay chu
yéu gom hai dang. Can bang thy dong tiéu tan
phan ning luong du cua cell ¢6 dién 4p cao
thong qua dién tro xa, uu diém 1a ciu triic don
gian nhung ton tai ton hao nhiét [6]. Trong khi
d6, can bang chu dong st dung cac phan tir tich
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trit hodc bo bién ddi cong sudt dé chuyén ning
luong gitra cac cell, giip nang cao hi€u suat song
yéu cau mach di€u khién phurc tap hon [7].

DES CH AIRGE

N

i
R 11

Hinh 1. Cdu tao va nguyén Iy pin lithium-ion
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Hinh 2. Phan mém hé thong quan 1y pin BMS
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3. PHUONG PHAP NGHIEN CUU

Nghién ctu duoc thyc hién bang
phuong phap phan tich 1y thuyét két hop mo
phong sb trén nen tang Matlab/Simulink [9,
10]. Quy trinh gom:

» Xay dung mo6 hinh mach tuong duong
cua cell pin;

« Thiét ké mach can béng thu dong;

« Thiét 1ap kich ban sac — xa;

« Xuét két qua va danh gia.

4. KET QUA NGHIEN CUU

Két qua md phong hé thdng can bang
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cell pin dugc thuc hién trong hai ché do: qua
trinh sac va qua trinh xa. Céc ti€u chi danh gia
bao gdm do 1éch dién ap giira cac cell, thoi gian
dat trang thai can bang va muc ton hao ning
luong ctia hé thong.

4.1. Két qua vé SOC(%), Ampe(A), Vol(V)

DPbi véi phuong phap can biang thu
dong, ning luong dugc chuyén truc tiép tir cell
c6 dién ap cao sang cell ¢ dién ap thap thong
qua mach chuyén dbi.
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Hinh 4. Két qua do thi SOC(%), Ampe(A), Vol(V)

cua cell 1 pin qua trinh sac
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Bén canh su thay doi vé dién ap va
dong dién, dién bién cua SOC trong qua trinh
sac ciing phan anh rd han ché cua phuong phap
can bang thy dong. Khi céc cell duoc nap ning
luong, nhitng cell ¢6 dung lwong thip hon s&
tang SOC nhanh hon, trong khi cac cell dd gan
day s& bi mach can bang xa bét ning luong
thong qua dién tré (Hinh 4, 5, 6).
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Hinh 5. Két qua do thi SOC(%), Ampe(A), Vol(V)
cua cell 3 pin qua trinh sac
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Hinh 6. Két qua do thi SOC(%), Ampe(A), Vol(V)
cua cell 3 pin qua trinh sac

Su thay d6i dong thoi cia trang thai
dung lugng (SOC), dong dién va dién 4p cua
tung cell trong qué trinh x4 khi sir dung mach
can bang thy dong cho thiy rd nhitng han ché
ctia phuong phap nay. Két qua mé phong cho

thdy dién ap cua céc cell yéu suy giam nhanh
hon dang ké so véi cac cell con lai, trong khi
dong xa qua cac cell van gan nhu gidng nhau
do chiing dugc méc ndi tiép trong bd pin (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 quad trinh xa

Hinh 9. Két qua do thi SOC(%), Ampe(A), Vol(V)
cua cell pin 3 quad trinh xa
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4.2. So sanh va danh gia v6i mach cin bing
chii djong

So sanh tong thé véi can bang chu dong
cho thay mach cén bang thu dong c6 hiéu suat
thip hon va kha ning duy tri trang thai dong
déu gitta cac cell kém hon, dic biét trong diéu
kién bo pin c6 d6 1éch dién ap ban dau 16n. Tuy
nhién, mach can bang thy dong tuy don gian va
dé trién khai nhung hiéu qua ning luong thap
hon va thoi gian can bang dai hon.

Két qua nghién ciru khang dinh rang lya
chon phuong phap cin bang phu thudc vao yéu
cau thiét ké hé thong: dbi voi cac tng dung yéu
cau hiéu sudt cao va dung luong 16n nhu 6 t6
dién, can bang chu dong 1a giai phap phu hop
hon; con ddi voi cac hé thong nho hodc yéu cau
chi phi thap, can bang thy dong van l1a phuong
an kha thi.

5. KET LUAN

Nghién ctru da phan tich co s 1y thuyét
vé pin lithium-ion va hé théng quan 1y pin
(BMS), dong thoi xay dung mo hinh mé phong
phuong phap can bang cell thu dong. Can bang
thu dong c6 vu diém vé cau trac don gian va chi
phi thdp nhung hiéu quéa ning luong chua cao.
Két qua nghién ctru 13 co sd cho viée lwa chon
va t6i wu hoa giai phap can bang phu hop trong
thiét ké hé thong BMS cho 6 to dién, gop phan
nang cao hiéu suat khai thac va do an toan cia
b pin. %
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