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Tém tit

Trong nhitng ndm gan day, hé thong leu trik nang
lwong dién dd tré thanh thanh phdn then chot
trong xu huong dién hoa phwong tién va tich hop
nang leong tdi tao, gép phan ndng cao hiéu sudt
va giam phat thadi. Trong linh vuc hang hai, tau
thuy chay dién va tau hybrid dwoc xem la hudng
phat trién tiem ndng nham t6i wu tiéu thu ning
liong va dép iing yéu cau van hanh bén viing. Bai
bdo tdp trung mé phong hé thong quan 1y ning
leong (EMS) cho tau thiy dién/hybrid véi chién
lugc quan Iy nang lwong dua trén ludt (rule-
based), thé hién sy khdc biét so véi cic hé thong
truyén thong.

Nghién ciru xdy dung moé hinh pin lithium-ion dua
trén mo hinh mach twong duong (ECM), cho phép
mo ta dac tinh dién dp-dong dién va trang thai sac
(SoC) trong cdc ché do lam viéc khéic nhau. Pong
thoi, co ché suy giam tham sé dwoc tich hop nham
phadn énh anh hwong ciia lio héa dén dung lwong
va dién tro trong theo chu ky van hanh. Trén co so
mé hinh todn hoc va cdu triic mé phong trién khai
trong MATLAB/Simulink, nghién cuu danh gia anh
hieong ciia suy giam ddc tinh pin dén dap iing dién
dp va quyét dinh phén phoi nang luong trong EMS.
Két qua mé phong cho thdy ldo héa pin lam suy
gidm kha nang cung cdp nang leong va thiic ddy
EMS theo chién e rule-based chuyén sém tir
ché dé pin sang ché dg lai hodc mdy phat, qua dé
g6p phan duy tri on dinh hé thong va ndng cao dé
tin cdy vdn hanh.

Tw khéa: By pin, mé hinh mach twong dwong
(ECA/D, trang thdi sqc (SoC), quan Iy nang hrong,
diéu khién Rule-based.

Abstract

In recent years, electrical energy storage systems
have become a key component in the
electrification of transportation and the

integration of renewable energy, contributing to
improved efficiency and reduced emissions. In the
maritime sector, electric and hybrid ships are
considered a promising development direction for
optimizing energy consumption and meeting
sustainable operational requirements. This paper
focuses on the simulation of an energy
management system (EMS) for electric/hybrid
ships based on a rule-based energy management
strategy, highlighting its distinction from
conventional systems.

The study develops a lithium-ion battery model
based on the equivalent circuit model (ECM),
which describes voltage-current characteristics
and state of charge (SoC) under different
operating conditions. In addition, parameter
degradation mechanisms are integrated to
represent the effects of aging on battery capacity
and internal resistance over operating cycles.
Based on the mathematical models and simulation
framework implemented in MATLAB/Simulink,
the impact of battery degradation on voltage
response and energy distribution decisions within
the EMS is evaluated.

Simulation results show that battery aging
reduces energy supply capability and drives the
rule-based EMS to switch earlier from battery-
only operation to hybrid or generator-based
modes, thereby contributing to improved system
stability and operational reliability.

Keywords: Battery pack, equivalent circuit model

(ECM), state of charge (SoC), Energy
management system, Rule-based control.

1. Gioi thiéu

Hé théng luu trit ning lugng dién ngay cang tré
thanh mot trong nhitng nén tang quan trong thiic dy
su phat trién cua cong nghé phuong tién dién hoa,
nang luong ti tao ciing nhu cac hé théng ty dong hoa
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hién dai. Trong linh vuc van tai duong thiy, su xuét
hién ngay cang nhidu cua tau lai dit dién, tau hybrid
va tau thity ¢ nho chay dién cho thiy xu hudng
chuyén dich rd rét sang cac giai phap van hanh hiéu
qua va than thién moéi truong [7]. Cung voi do, thi
trudng pin sac ting trudng nhanh va thu hat nhidu
nghién ctru tdp trung vao viéc nang cao hiéu suét, do
an toan va tudi tho cua cac cong nghé pin hién co6, dac
biét 1a pin lithium-ion [4], [5].

Dé déap mg yéu cau thiét ké va khai thac thuc té,
nhiéu cong trinh da chi ra sy can thiét cua viéc mo
hinh hoéa déc tinh pin nham du doan chinh xac dién ap,
dong dién va thoi gian hoat dong trong cac diéu kién
tai khac nhau [2]. Mot trong nhitng hudng tiép can phd
bién 13 st dung mé hinh mach twong duong
(Equivalent Circuit Model - ECM) nho wu diém vé
tinh truc quan, kha ning trién khai thuan loi va phu
hop cho c4c bai toan diéu khién, udc lugng trang thai
sac (SoC) [1]. Ngoai ra, cac phuong phap loc va quan
sat trang thai nhu Kalman mé rong ciing dugc ap dung
nhdm nang cao do chinh x4c cua viéc uéc lugng SoC
trong hé thong quan 1y pin [3].

Tuy nhién, thach thirc hién nay khong chi nim &
viéc mo6 phong dac tinh tirc thoi ma con & kha nang
phan 4nh sy suy giam tham sd theo thoi gian do co
ché 130 hoa. Nhiéu nghién ciru dd chimg minh ring
céc co ché 1o hoa theo chu ky va theo thoi gian lich
lam suy giam dung lugng va tang dién trd trong, anh
huong truc tiép dén hiéu suét va do tin cay cua hé
thong [4], [5]. D4 véi cac t6 hop pin 16n sir dung trén
tau thuay, viéc t61 wu van hanh can xét dén cdu hinh ndi
tiép - song song, ché 4o phong dién va diéu kién nhiét
d6 nham giam chi phi bao tri va kéo dai tudi tho khai
thac [8].

Xuét phat tir cac yéu cau do, bai bao trinh bay
phuong phap md phong pin c6 tich hop suy gidm tham
s6 trong méi truong MATLAB/Simulink va danh gia
dac tinh lam viéc cua cum pin phuc vu thiét ké va tdi
wu hé théng nang lugng cho phwong tién duong thuy,
duong bién.

Theo cac quy dinh méi cia TS chirc Hang hai
Qudc té (IMO), viéc cét giam phat thai khi nha kinh
trong linh vyc van tai bién 1a yéu cAu bit budc, thac
day xu huéng chuyén ddi tir tau sir dung nhién liéu
hoéa thach sang tau thuy dién va tau hybrid. Trong cac
hé thong nay, pin khong chi dong vai trd 1a ngudn
ning lugng ma con 1a dbi tugng trung tam dugc giam
sat va diéu phdi boi hé thdng quan 1y ning lugng
(EMS).

Khéc voi EMS truyén thong trén tau diesel, EMS
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trén tau thuy dién/hybrid phai dua ra quyét dinh phan
phdi ning lwong duya trén trang thai pin nhu SoC, SoH
va muc suy giam theo chu ky. Do d6, mé hinh hoa
chinh x4c dic tinh va sy suy giam cua pin 1a diéu kién
tién quyét d& EMS hoat dong hiéu qua va an toan.

Vi viy, nghién ctru mo hinh pin c6 tich hop suy
giam tham s khong chi mang y nghia khoa hoc trong
viéc phan anh hanh vi dién hoa ctia pin ma con cé gia
tri thyc tién trong viéc hd trg xay dung va danh gia
chién luoc quan 1y niang lugng cho tau thiy dién/
hybrid. Trén co s& d6, bai bao trinh bay kién truc tong
thé cua hé thong quan 1y ning luong (EMS) va muc
tiéu xay dung mo hinh pin lithium-ion cé tich hop co
ché suy giam tham sé nhiam danh gia ddc tinh van
hanh ciia cum pin trong diéu kién khai thac dai han.

2. Hé théng quén 1y niing lwong trén tau thiy
2.1. Ciu tric tong thé

Hé théng quan 1y ning luong (Energy
Management System - EMS) trén tau thuy dién/hybrid
1a cAu phan trung tim c6 nhiém vu diéu phdi, phan
phdi va téi vu dong ning luong gitra cac ngudn phat,
hé luu trlr va cac tai tiéu thu trén tau. Trong bdi canh
xu huéng dién hoa tau thily ngay cang phat trién, EMS
khong chi dam bao dap tmg cong suit cho hé truyén
dong ma con duy tri tinh 6n dinh cua ludi dién tau,
giam ti€u hao nang lwong va nang cao do tin cay van
hanh [7]. M6t hé théng EMS dién hinh trén tau thuong
bao gdm: Cum pin (battery pack), bo bién dbi cong
suat (DC/DC, DC/AC), dong co dién lai chan vit, tai
phu tro (chiéu sang, diéu hoa, bom,...), hé giam sat va
diéu khién trung tam, cung cac khdi do luong - bao vé.
Trong d6, pin dong vai trd 1a ngudn luu trit nang lrong
chinh, cung cr?ip dién cho dong co va cac tai quan trong
trong cac ché d6 hanh trinh khac nhau, dic biét khi
yéu cau giam phat thai va ting hiéu suat khai thac [8].

DPé EMS hoat dong hiéu qua, mo hinh hoa pin la
budc nén tang nham md phong chinh xéc trang thai
lam viéc cta hé luu trir trong cac diéu kién tai bién
thién va moi trudng van hanh phtre tap. Cac dai lugng
quan trong can duoc mo ta bao gém dién ap déu cuc,
dong dién, nhiét do, trang thai sac (State of Charge -
SoC) va kha nang suy giam dung lwong theo thoi gian.
Trong cac phuong phap md hinh hoéa, mé hinh mach
tuong duong (Equivalent Circuit Model - ECM) dugc
sir dung phé bién nho can bang t6t giita d¢ chinh xac
va chi phi tinh toan, dong thoi thuén loi cho trién khai
mo phong hé thdng va thiét ké diéu khién [1], [2].
ECM cho phép biéu dién hanh vi dién hoa cua pin
thong qua cac phan tir dién tro - dién dung, tir d6 phan
anh dac tinh dap img qua do va trang thai 6n dinh cia
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pin khi sac/xa. Bén canh d6, cac phuong phap udc
lugng trang thai dya trén loc Kalman mé rong (EKF)
dugc ap dung dé nang cao d6 chinh xac trong xac dinh
SoC, hd trg EMS dua ra chién lugc phan phdi ning
luong t6i wu va tranh cac trang thai van hanh nguy
hiém [3].

Mot thach thitc quan trong cia EMS trén tau thuy
1a su suy giam tham s6 cua pin theo chu ky sac/xa va
theo thoi gian sir dung. Nhiéu nghién ctru di chi ra
rang ldo hoa pin lam giam dung luong kha dung va
tang dién tro trong, kéo theo suy giam hiéu suét, ting
ton hao va rii ro mét on dinh dién 4p trong hé thdng
[4], [5]. Do d6, mo hinh pin trong EMS can tich hop
co ché suy giam dé du doan tudi tho va hd tro lap ké
hoach vén hanh - bao tri hop 1y. Ngoai ra, EMS con
phai tuan thu cac yéu cu ky thuat lién quan dén hé
thong dién DC trung 4p trén tau, dam bao tiéu chudn
an toan va kha nang van hanh lién tuc trong céc kich
ban tai khac nhau [8].

May phat Diesel
(AC Generator)

Cum pin
(Battery pack)
B6 chinh luu DC BUS
AC/DC (Lwai DC)

Tai phu trg
(Hotel loads)

¥
B6 DC/DC phu trgr
(néu cd)

Hinh 1. Ciu triic hé théng qudn Iy ning lwong

Bo DC/DC
hai chiéu

béng co lai
chan vit

= Dong cong sudt
~== Tin hiéu diéu khién/giam sat

(EMS) cho tau thiy hybrid sir dung pin va mdy phat

Tir cac phan tich trén, bai bao dé xuét ciu trac mo
phong EMS trén tau thdy dién/ hybrid trong
MATLAB/Simulink, trong d6 mé hinh pin ECM duoc
tich hop dong thoi véi mé hinh suy giam tham sd
nham phan 4nh sat diéu kién van hanh thuc té. Luéi
DC (DC bus) dong vai tro la nut ghép nang lugng
trung tdm trong hé thong quan 1y nang lugng tau thiy
hybrid. Théng qua cac bd bién ddi cong suit (AC/DC,
DC/DC), lu6i DC cho phép két ndi linh hoat giita may
phat dién, hé pin va céc tai tiéu thy, dong thoi tao diéu
kién thuan loi cho EMS thuc hién chién lugc phéan
phéi ning lwong duya trén trang thai pin (SoC, SoH) va
ché d6 van hanh tau. Kién triic nay phu hop véi xu
huéng hé thong dién DC trung ap trén tau thiy hién
dai theo khuyén nghi cua IEEE Std 1709-2010. Cach
tiép can nay cho phép danh gi4 anh hudong cia ldo hoa
dén dic tinh cum pin ndi tiép - song song, tir d6 hd trg
ti wu chién luoc didu khién ning lugng va ning cao
d6 tin cdy cuia hé thong dién tau.
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Trén co s& cau tric hé thong ¢ Hinh 1, pin 1a dbi
tuong duoc EMS giam sat va diéu phdi thong qua cac
dai lugng trang thai nhu SoC, SoH va dac tinh suy
giam theo chu ky. Do d6, viéc m6 hinh hoa chinh xac
pin va sy suy giam tham s6 13 nén tang dé danh gia
hiéu qua hoat dong ciia EMS trong céc diéu kién van
hanh khac nhau.

2.2. Chién lwgc quin Iy ning lwong

Trong nghién ctru nay, chién luge quan 1y ning
luong dugce xay dung theo phuong phap rule-based,
phit hop véi muyc tiéu mo phong - danh gia hé thong
va dic biét thich hop cho cac bai toan thiét ké ban dau
cua tau thuy dién/hybrid. Phuong phép rule-based cho
phép EMS dua ra quyét dinh phan phdi cong suat dya
trén cac ngudng va didu kién logic don gian, dong thoi
dam bao tinh 6n dinh, d& trién khai va minh bach trong
van hanh.

Piast
B6 quyét dinh EMS n J
(Rule-based logic) H pe
(L soc_hign/soC_tow =
Trang théi pin
S0C, SoH

Ludt phan phdi cong suét
- Pin-Only

Hybrid
- Generator- Only

Hinh 2. Chién lwoc quén Iy ning lwong dwa trén
ludt (Rule-based)

Céc tin hiéu dau vao chinh cia EMS bao gom:
Cong sudt tai yéu cau Plag, trang thai sac pin (SoC),
va trang thai suy giadm cua pin (thong qua dung luong
kha dung hoac dién tré trong). Trén co s¢ cac tin hiéu
nay, EMS xac dinh cong sut cap tir pin Py va tir may
phat Pg., theo céac luat van hanh sau:

Ché dj pin (Battery-only mode):

Khi SoC 16n hon ngudng trén SoChigh va cong
sut tai nho hon cong suat cho phép cua pin, toan bd
tai dugc cap boi pin, may phat khong hoat dong. Ché
d6 nay uu tién khai thac nang luong luu trit, gidm tiéu
hao nhién li¢u va phat thai.

Ché dg lai (Hybrid mode):

Khi SoC nam trong khoang trung gian [SoClow,
SoChigh] hoic tai vurgt qua kha ning cip don 1é cia
pin, EMS phan phdi cong suét cho ca pin va may phat.
Trong ché do nay, pin déng vai trd san bang tai va
giam dao dong cong suit ciia may phat.

Ché d¢ may phat (Generator-only mode):

Khi SoC nhé hon ngudng dudi SoClow, EMS wu
tién cap tai tir may phat, ddng thoi han ché phong dién
pin sdu nham tranh gia ting toc do suy giam dung
lugng va dién tro trong.
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Ngoai ra, khi xét dén anh huong cua l3o hoa pin,
cac ngudng SoC va gidi han dong/ cong suét pin c¢6
thé dugc diéu chinh twong (mg véi trang thai suy giam
(SoH), nhdm bao vé pin va duy tri d6 tin cdy cua hé
thng dién tau. Chién luoc rule-based nay cho phép
danh gia truc tiép mdi lién hé giita suy giam tham sb
pin va quyét dinh phén phdi ning lwong trong EMS,
pht hop véi muc tiéu nghién ctru cua bai bao.

3. M0 hinh toan hoc va ciu triic mé phong ciia
hé thong
3.1. M6 hinh Peukert

Pay 1a m6 hinh don gian nhat mé ta sw phu thudc
cua thoi gian phong dién (7) vao dong dién phong (1)
dua trén mot luat mii. Phuong trinh Peukert dugce dinh
nghia nhu sau:

f= Yy (1)

Trong do:

t - Thoi gian pin phong dién (h),

I - Dong dién phong (A),

O - Dung lugng danh dinh (Ah) ¢ dong danh dinh
tuong Umg voi H,

H - Thoi gian xa danh dinh (h),

k - Hé sb Peukert (khong don vi) phan anh muc d6
phu thudc cua dung lugng vao dong xa.

Mot dang phé bién khac cta phuong trinh nay la:

Q=1 (2)

Véi O, 1a dung luong quy chi€u ¢ dong 1A; £ 1a
hé s0 Peukert.
3.2. M6 hinh Shepherd

Mo hinh Shepherd thuong dwoc dung dé mo ta
dién &p dau ra V(z) cua pin theo thoi gian dua trén
trang thai sac (SoC) va dong dién xa [6]. Mot biéu
dien kinh dién cia mo hinh Shepherd:

KQ

g0 i) G)

Vhau(t) = Vo_(

Trong dé:

Vian(t) - Dién ap dau ra tai thoi diém ¢,
V, - Dién ap khong tai (hing sd),

O - Dung lugng danh dinh pin (Ah),
i(z) - Dong tai (A),

K - Hang s6 phan cuc,

R - Pién tro trong.
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3.3. Ciu tricc so do khéi ciia hé thong trong mé
phong

M6 hinh MATLAB-Simulink dugc st dung dé xay
dung so d0 khdi md phong hé théng pin nham phan
tich déc tinh van hanh va danh gia sy suy gidm dung
luong theo thoi gian ciing nhu s chu ky lam viéc.
Trong ciu trac nay, khéi pin thude thu vién Simscape
Battery dong vai trd trung tim, mo ta cc thong sé nhu
dung lwong danh dinh, dién &p ho mach, dién tro trong
va dic tinh suy giam theo chu ky sac-xa. Cac khdi do
luong dong dién, dién ap va nhiét d¢ duoc tich hop
nham thu thap dir liéu phuc vu danh gia trang thai sac
(SoC) va trang thai sirc khoe (SoH) cua pin. Hé thong
con bao gom khdi tai va khdi ngudn sac dé mé phong
qué trinh phong va nap trong cac diéu kién van hanh
khac nhau, cho phép quan sat sy bién thién cua dién
ap va dong dién theo tirng chu trinh.

a_cell_charger Memory
< ioad2]
.
=
Memory1

Controller

Hinh 3. So do khoi mé phéng lam viéc voi 2 té bao pin

-
{ Voltage Measurement Scope

Controlled
Current
Source

l

Ganstant

Lithium-ion battery model

Hinh 4. M6 hinh mach xd pin khi mé phong

Dbi voi pin lithium-ion, mé hinh cho phép thiét
lap cac duong cong déc trung phong dién va cac tham
sb suy giam thuc té, tir 46 hd tro dy doan tudi tho con
lai. Nguoi ding c6 thé tiy chinh cac tham sb trong
giao dién cdu hinh khéi hodc nhép dit liéu thuc nghiém
dé ting do chinh xac ciia moé phong. Nho cdu tric so
dd khdi 1o rang va linh hoat, MATLAB-Simulink
khong chi hd trg nghién ctru dic tinh pin ma con phuc
vu thiét ké, kiém chung va t6i wu hoa hé théng quan
ly nang luong trong cac ng dung cong nghiép yéu
clu do tin cay va hiéu sudt cao.

Mo hinh pin dugc xay dung theo cau tric phan cip
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(hierarchical structure) nham thun tién cho viéc mod
phong va mé rong. Trong d6, khoi Internal Resistance
ding d¢é thiét 1ap dién tro trong cua pin, khdi Current
Measurement ¢6 nhiém vu do dong dién lam viéc va
truyén tin hiéu dong dién vé khdi mé hinh pin. Ngoai
ra, khéi Controlled Voltage Source dong vai tro 1a
ngudn dién ap diéu khién, cho phép mé phong dién ap
dau cyc pin thay doi theo trang thai van hanh.

m Model

D,

v Ta 4—/ 1

Inport

— W T

Internal Resistance Current Measurement

(2
Hinh 5. Céu trisc phéin cép ciia kiéu pin

I I,z

o

First order
low-pass filter

1t 0 (Discharge) Internal

it ‘ Sl Resistance
=41 (Charge) AN ——b—o+
Exp(s) _ A lyat
Sel(s) LAB-i{t)) 5+1 >
Echarae = f(t.1*. Exp, BartType) | Gnnlttm\led
E; »(*) voltage
Edischarge = fa(it.i* Exp. BattTvpe) o Tsource—\
o=

Hinh 6. So @6 mach dién twong dwong ciia pin
Trén Hinh 6 cho thay mach tuong duong cua pin
duogc mo hinh hoa bdi cac khoi. Khoi pin thyc hién
mot mo hinh dong chung.
Mo hinh tich hop st dung cac phuong trinh sau
lién quan dén cac thong so dién cua pin:
Khi xa (i*>0):

uit, i, it) = V, - Ri - K[ v ]z

Q - it
o

“)
0 t}it + A~e:cp(—B~it)
-1

Khi nap (i*<0):
w(it, i, it) = V, - Ri - K[
—- K!' Q
Q — it
Trong do:

V, - Dién ap khong doi, V;
K - La dién tré phan cyc, Ohm;

Q ).
it —0,1.Q (5)
}it + Aexp (—B-it)
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K- La hang s phan cuc, V/(Ah);

i* - La dong dién sau bo loc,

I-Ladong dién cua pin, A

V - La bién d6 dién ap, V;

B - La nghich déo ciia hang s6 thoi gian, (Ah)-1.

Dbi v6i pin, anh hudng cua sy suy giam dung
luong va dién trd trong dugc thé hién bang mé hinh
sau:

_ QB()L - S(H)(QBOL _QE()L)7 ifk/2+0; 6
= {Q(n -1), otherwise; ©)

R = 1 EBOL — &) (Ryoy, - Rpop ) ik /2% 0, e
R(n-1), otherwise,

Trong do:
n=kTy(k=12 3, .
hoat dong cua pin;

., ) - Thong s thoi gian

Ty - La khoang thoi gian cua ntra chu ky nap-
phong dién, s;

Osor - Dung lugng 16n nhat cta pin khi bit du thoi
gian st dung & nhiét 6 moi truong xung quanh, Ah;

Oror - Tuong tu khi két thic tudi tho sir dung &
nhi¢t d§ moi truong, Ah;

Rsor. - Dién tré trong cua pin khi bit dau sir dung
& nhiét d6 moi trudng, Ohm; Reor - Tuong ty khi két
thac tudi tho st dung & nhiét d0 moi truong , Ohm;

e(n) - He s6 l3o héa pin.

Heé s6 130 hoa bang 0 khi bit dau thoi gian sir dung
va thong nhat khi két thiic, duoc biéu thi bang hé
phuong trinh:

o125 02 [Q_DOD(n-2)+D0D(n>} k20
&(n) = N(n-1) DOD(n -1)
en-1), otherwise,
®)
Trong do:

DOD(n) - B$ xa siu ctia pin sau khi hét thoi gian
ntra chu ky, %;
N(n) - S6 chu ky tbi da, dwoc tinh theo cong thirc:

&
[ DOD(n) exol - o1
N(n) = H[ 0 ] P[ v {Tr@f Ta(n)]

(Idis _ave (n))7y1 (Ich _ave (n) )7},2

)
Trong do:
H - La mot héng $6;
&-Laheésd;
¥ - Téc d6 khong dbi dbi véi sé chu ky;
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Liis ave (n) - DONg x4 trung binh trong nura chu ky, A;

Leh_ave (n) - Dong dién tich trung binh trong nira chu
ky, A;

Tres; Tapny - Nhi€t d§ moi truong xung quanh ly
tuong va hién tai, K;

Y1, 72 - S6 mil ctia dong xa va dién tich twong tmg.
4. M6 phéng va thio luian
4.1. Théng s6 mé phéng

Dé danh gia anh huong ciia suy giam tham sd pin
dén dac tinh 1am viéc trong hé thong quan 1y ning
lwong (EMS), nghién ctru tién hanh mé phong qua
trinh phong dién ctia mét té bao pin lithium-ion trong
mdi truong MATLAB/Simulink dya trén md hinh
mach tuong duong (ECM) da trinh bay ¢ muc 3. Cach
tiép can nay phu hop véi cac nghién ctru mo hinh héa
pin phuc vu bai toan diéu khién va quan Iy nang luong
& murc hé thong [1], [2].

Muc tiéu ctia mo phong khong nham xay dung mot
md hinh dién héa mdi, ma tap trung phan tich sy thay
ddi dic tinh dién ap dau cuc va trang thai sac (SoC)
khi cac tham sé dic trung cua pin (dung luong kha
dung va dién trd trong) bi suy gidm theo chu ky lam
viéc, nhu dd duoc chi ra trong cac nghién ciru vé co
ché 130 hoa pin lithium-ion [4], [5].

Céc thong sb mé phong chinh dugc trinh bay trong
Béng 1. Hai truong hop dugc xét gdbm: pin méi (0 chu
ky) va pin da suy giam (2000 chu ky twong duong).

Viéc Iya chon dong tai 3A nham dam bao diéu kién
tai dn dinh, tao co so so sanh truc tiép anh huong cua
suy giam tham sé dén dap ung dién ap. Néu sir dung

Ky thuat va Cong nghé Hang hai

dong 16n, thanh phan sut ap tirc thoi do dién tro trong
¢6 thé chiém wu thé va lam che khuét anh huong cua
co ché 130 hoa. Do d6, nghién ctru tap trung vao phan
tich xu huéng thay dbi dic tinh dién theo muc suy
giam tham sd, thay vi danh gia ché d6 tai cuc dai.

Céc tham sb suy giam duogc x4c dinh theo cac biéu
thirc (6)-(9), trong d6 dung lugng giam dan va dién try
trong ting dan theo s& chu ky twong duwong
(Equivalent Full Cycles - EFC), phit hop véi cac két
qua thuc nghiém da cong bd trong [4], [5].

4.2. Két qua mé phong
4.2.1. So sanh ddc tinh dién ap cua pin moi va
pin suy giam

Hinh 7 trinh bay dac tinh phong dién cua pin méi
va pin suy giam dudi cung diéu kién tai 3A trong thoi
gian 300s.

Dbi véi pin méi, dién ap dau cuc tai thoi diém bat
dau phong dién giam nhanh tir khoang 4,05V xudng
xép xi 3,95V do anh huéng cua dién tré trong va hién
tuong phén cuc. Sau giai doan sut ap ban dau, dién ap
giam dan theo thoi gian va dat khoang 3,81V tai thoi
diém 300s. Dang duong cong nay phu hop véi dic
tinh phong dién dién hinh cia pin lithium-ion dugc
md ta trong cdc md hinh ECM kinh dién [2], [6].

Dbi voi pin da trai qua khoang 2000 chu ky sac-
x4, dién ap dau cuc ban dau chi dat khoang 3,77V va
tiép tuc suy giam xudng khoang 3,61V sau 300s. So
v6i pin mai, c6 thé nhan thay:

Dién ap ban dau thap hon do dung lugng kha dung
giam.

Bing 1. Théng sé mé phong trong MATLAB/Simulink

STT Théng s6 Ky hiéu Gia tri Ghi chii
1 Dong tai phong dién I load 3A Tai dong khong d6i
\t dép (me dien 4
2 Thoi gian mo phong t sim 300 s Quan s‘a. .ap Hng Gl ap
theo thoi gian
Thiét 13 :
o . P o thé dat 100% hodc theo
3 Trang thai pin ban dau SoCo trong mé | ; .. )
. cau hinh Simscape
hinh
4 Truong hop pin mai N_cycle 0 chuky | Pinchua ldo hoa
2000 chu | Pin dé qua nhiéu chu kg
5 Truong hop pin suy giam N _cycle . e 1r{ 4 qua niueu chu Ky sac
ky - xa
6 | Pién ap diu cuc ban dau (pin méi) Vo ~4,05V | Theo két qua mé phong
7 Dién 4p cubi qué trinh xa (pin méi) V_end ~3,81V | Sau300s
Dién 4p da ban dau (pi ,
g | Dien dp dau cyc ban dau (pin suy |\ ~3,77V | Theo két qui mé phong
gidm)
9 Dlén ap cudi qua trinh xa (pin suy V end =361V | Sau300s
gidm) -
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3.95 1 —— Pin ma&i (0 chu ky)

Pin suy giam (2000 chu ky)

3.90 1

3.85 1

V)

= 3.80 4

3.75 1

Dién ap

3.70 1

3.65 1

3.60

I0 SID 160 15‘0 2 60 2 5‘0 360
Thai gian (s)
Hinh 7. So sanh ddc tinh phong dién ciia pin maoi va
pin suy giam (I =3A, t = 300s)

Miic sut ap dudi cung diu kién dong tai 16n hon
do dién tro trong tang.

Puong dic tinh dién 4p ndm thap hon trong toan
b6 khoang thoi gian mé phong. Két qua nay phu hop
v6i cac phan tich v& co ché ldo héa pin lithium-ion,
trong d6 qué trinh suy giam theo chu ky dan dén ting
dién trd trong va giam dung lugng hiéu dung [4], [5].

4.2.2. Anh hweong dén trang thdi sac va chién
lwoc EMS

Su suy giam dién 4p dau cyc cua pin kéo theo su
thay ddi trong toc d giam cua trang thai sac (SoC).
Khi pin bi 130 hda, SoC cé xu hudng cham ngudng
dudi som hon so véi pin méi trong cting diéu kién tai.
Theo chién lugc quan 1y ning luong dua trén ludt
(rule-based), khi SoC giam xudng dudi ngudng nay,
hé théng EMS s& chuyén tir ché d¢ chi s dung pin
(pin-only) sang ché d9 lai hodc chi sir dung méay phat
(generator-only). Viéc chuyén d6i ndy nhdm han ché
hién tugng phong dién sau, giam tdc do suy giam dung
lugng va duy tri sy 6n dinh dién ap trén thanh cai DC
ctia hé thong. Nhu véy, su suy giam tham s ctia pin
khong chi anh huéng dén dic tinh dién ap tirc thoi ma
con tac dong truc tiép dén quyét dinh phan phdi cong
suat trong EMS. Khi pin bi ldo hoa, qua trinh chuyén
d6i ché do van hanh dién ra sém hon, tir d6 lam thay
dbi chién luoc khai thac ning lwong tong thé cia tau
thity dién/ hybrid. Két qua nay phu hop voi xu huéng
nghién ctru cac chién lugc EMS c6 xét dén yéu to suy
giam pin trong cac hé théng hybrid hién dai [7], [8].

4.3. Nhin xét tong hop

Tir cac két qua mo phong c6 thé thiy rang sy gia
tang dién trd trong va suy giam dung lugng theo chu
ky lam viéc anh hudng 10 rét dén dién ap diu cyc cua
pin duéi cing didu kién tai. So v6i pin méi, pin suy
giam thé hién kha ning duy tri dién 4p kém hon, ngay
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ca khi tai dugc giit on dinh & muc trung binh. Sy thay
dbi cac dic tinh dién nay din dén sy thay doi thoi diém
kich hoat cac ngudng diéu khién trong hé thong EMS.
Do d6, néu khong xem xét dén qué trinh suy giam
tham sb cua pin, viéc thiét ké va danh gia chién lugc
quan 1y ning luong c6 thé khong phan anh chinh xéac
diéu kién van hanh thyc té trong khai thac dai han. Két
quéa nghién ctru gop phan 1am rd mbi lién hé giita trang
thai strc khoe ctia pin (SoH) va hanh vi phan phdi ning
lugng trong hé thong quan 1y nang lwong cia tau thity
dién/ hybrid.

5. Két luan

Bai bao da trinh bay phuong phap mo6 hinh hoa pin
lithium-ion phuc vy mo phong hé thong quan Iy ning
luong (EMS) cho tau thuy dién/ hybrid trong moi
truong MATLAB/Simulink. Trén co s& m6 hinh mach
tuong duong (ECM) di duoc cong bd trong cac
nghién ctru trude [1], [2], [6], nghién ctu tich hop co
ché suy giam tham s6 (giam dung luong va ting dién
tr& trong theo chu ky) nham phan 4nh anh huéng cia
130 hoa dén dic tinh van hanh cua pin.

Két qua mo phong v6i dong tai khong ddi 3A trong
thoi gian 300s cho thay pin suy giam cé dién ap dau
cuc thip hon va mic sut ap 16n hon so v6i pin méi
dudi cung diéu kién lam viéc. Xu huéng nay phu hop
v6i cac két qua nghién ctru vé& co ché l3o hoa pin
lithium-ion [4], [5].

Su thay ddi ddc tinh dién nay dan dén thay doi
thoi diém kich hoat cac ngudng diéu khién trong
chién lugc quan 1y niang luong dua trén luat (rule-
based). Cu thé, trong trudong hop pin suy giam, trang
thai sac (SoC) dat dén ngudng dudi sdm hon, 1am
EMS chuyén ché d6 van hanh sém hon nhim duy tri
on dinh dién ap va bao vé hé luu trir nang lugng.
Diéu nay cho thiy viéc tich hop mé hinh suy giam
tham s6 vao mo phong EMS 1 can thiét ¢é danh gia
chinh x4c hiéu suét van hanh dai han cua hé théng
dién tau thuy dién/ hybrid, phu hgp véi dinh hudng
nghién ctru EMS c¢6 xét dén suy giam pin trong céac
cong trinh gan day [7], [8].

Trong cac nghién ctru tiép theo, mo hinh s& dugc
mo rong theo hudng xét dén tai bién thién, cAu hinh
cum pin nhiéu t& bao ndi tiép - song song va anh
hudng ciia nhiét d6 méi truong dén qua trinh suy giam
tham sb, nham nang cao tinh img dung trong thiét ké
va t6i wu hé théng niang luong tau thiy.

Loi cam on

Nghién ctru nay duoc tai trog bdi Truong Dai hoc
Hang hai Viét Nam trong dé tai ma s6: DT25-26.63.

SO 86 (04-2026)



TAPCHI  ISSN: 1859-316X, e4SSN: 3093-3161

KHOA HOC CONG NGHE HANG HAI
JOURNAL OF MARINE SCENCE AND TECHNOLOGY-|

TAI LIEU THAM KHAO

[1] H. He, R. Xiong, and J. Fan (2011), Evaluation of
Lithium-Ion Battery Equivalent Circuit Models for

State of Charge Estimation, Energies.

[2] M. Chen and G. A. Rincon-Mora (2006), Accurate
Electrical Battery Model Capable of Predicting
Runtime and I-V Performance, IEEE Transactions
on Energy Conversion.

[3] G. L. Plett (2004), Extended Kalman Filtering for
Battery Management Systems of LiPB-Based HEV
Battery Packs, Journal of Power Sources.

[4] J. Vetter et al. (2005), Ageing Mechanisms in
Lithium-Ion Batteries, Journal of Power Sources.

[5] M. Ecker et al. (2014), Calendar and Cycle Life
Study of Li(NiMnCo) O2-Based 18650 Lithium-Ion
Batteries, Journal of Power Sources.

[6] Shepherd C. M. (1965), Design of Primary and
Secondary Cells. Part 2. An Equation Descri- bing
Battery Discharge, Journal of Electrochemical
Society, Vol.112 (7), pp.657-664.

Ky thuat va Cong nghé Hang hai

[7] Choi, Y., & Kim, K. (2024), Energy management
strategy for hybrid electric ships considering
battery degradation, Journal of Marine Science
and Engineering, Vol.12(10), p. 1755.
doi: 10.3390/jmse12101755.

[8] Ge, Y., Zhang, L., Wang, H., & Sun, Z. (2023),
Energy management systems for hybrid ship
power systems: A review, Journal of Marine
Science and Engineering, Vol.11(7),p. 1271.
doi: 10.3390/jmse11071271

[9] Tian, J.; Chen, C.; Shen, W.; Sun, F.; Xiong, R
(2023),
ion battery state of charge estimation: Recent

Deep learning framework for lithium-

advances and future perspectives, Energy Storage
Mater. Vol.61, p. 102883.

[10] Yang, F.; Shi, D.; Mao, Q.; Lam, K.H (2023),
Scientometric research and critical analysis of
battery state-of-charge estimation, J. Energy
Storage, Vol.58, p. 106283.

Ngay nhan bai: 26/01/2026
Ngay nhén ban stra: 14/02/2026
Ngay duyét dang: 22/02/2026

SO 86 (04-2025)



