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TOM TAT

Ac quy la mét trong nhitng thanh phan quan trong nhdt va c6 gid tri cao nhdt trén 6 té dién.
Thiét bi nay quyét dinh khd nang huy dong cong sudt cho xe bén canh dong co va bg bién doi cong
sudt, nhung quan trong hon cd, né quyét dinh quang dwong cé thé di chuyén cia xe. Sw phdt trién
ciia 6 té dién van vap phdi rao can la tuéi tho va thoi gian sac ddy cho dc quy. Do vy, mé hinh héa
tuéi tho cua dc quy sé giip cho nha san xudt va nguwoi sir dung cé thé can nhdc phdt trién ciing nhu
quyét dinh lira chon logi xe ciia nguoi siv dung Nghién civu tuéi tho ciia dc quy c6 tinh thiee tién hién
nay khi 6 to dién ngay cang dwoe sir dung phé blen 0] baz bao nay, tac gia trinh bay cac dac tinh co
ban ciia bon logi de quy sir dung trén é 16 dién gom dc quy chi axit, Lithium-Ion, Niken- Cadmzum
va Niken-Metal-Hydride. Trén co sé cdc phdn mg 1y héa xdy ra bén trong ciia cdc loai dc quy, tir
a6 sir dung phan mém mé phong Matlab-Simulink dé xdy ding mé hinh nghién ciru tuéi tho ciia dc
quy stk dung trén xe 6 16 dién. Két qua c6 thé sir dung dé wéc lirong tudi tho cia cdc loai dc quy trén
6 16 dién dong thoi gitip nha san xudt va ngueoi sir dung xe 6 t6 dién c6 ké hoach bdo dudng, sira
chita ciing nhuw chon ché dg van hanh phu hop.

T khoa: M6 hinh dc quy; Tuéi tho dc quy; O t6 dién; Matlab-Simulink.

ABSTRACT

The battery is one of the electric vehicle's most essential components. This device determines
the vehicle's ability to mobilize power besides the engine and power converter, but more importantly,
it determines the distance the vehicle can travel. The development of electric cars still faces the
barrier of battery life and full charge time. Therefore, modelling the life of the battery will help
manufacturers and users to consider the development and decide on the user's choice of vehicle.
Studying the battery's lie is practical nowadays when electric cars are increasingly popular. In
this article, the author presents the basic characteristics of four types of batteries used in electric
vehicles: Lead-Acid, Lithium-Ion, Nickel-Cadmium and Nickel-Metal-Hydride. Based on the
physicochemical reactions inside the batteries, Matlab-Simulink simulation software has been used
to build a model to study the life of the battery used in electric vehicles. The results can be used to
estimate electric vehicle batteries' life. At the same time, it helps electric car manufacturers and
users plan maintenance and repair and choose the appropriate operating mode.

Keywords: Battery's model; Battery's life; Electric vehicles; Matlab-Simulink.
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1. PAT VAN PE

Thé giéi dang ding trudc hai van dé
16n 1a ndng luong va moi truong. Trong khi do,
cac phuong tién giao thong dong mot vai tro
rat quan trong trong ca hai van dé nay. Do vay,
cac phuong tién sir dung nang luong dién (xe
dién), dién hinh 1a 6 t6 dién, dang dugc nghién
clru va phat trién manh mé trén toan thé gioi.
Ac quy 1a mét trong nhitng thanh phan quan
trong nhat va co gi tri cao nhat tren 0 t6 dién
[1,2]. Ac quy bi suy giam hleu sut r0i dan dén
hong do qué trinh 130 hoa gdm 140 hoa theo thoi
gian va lao hoa chu ky [3, 4]. Viéc nghién ctru
du bao duoc tudi tho c quy cho xe 0 to6 di¢én
rat quan trong cho hé théng xe 0 t0 dién. Dua
vao két qua nghién ctru nay, ngudi st dung s&
biét ltc nao thay thé va sac ac quy. Trong [5],
nhém céc tic gia da danh gia cac thong s6 ldo
hoéa trong dc quy Lithium sit phdt phat, thong
qua viéc diéu tra cac toc do dong dién, nhiét do
moi truong lam viéc va do xa sau khac nhau.
Trong [6], nhoém tac gid da trinh bay mdt mo
hinh dc quy dong, c6 thé sir dung dé mé phong
mot hé thong quan 1y ¢ quy chung. Trong [7],
nhom tac gia trinh bay tom tit cac k¥ thuat, mo
hinh va thuat toan dugc st dung dé uéc tinh
tudi tho cua dc quy, di tir cach tiép can dién
hoa chi tiét dén phuong phap thong ké dwa trén
dir liéu. Trong [8], nhom tac gia dd cung cip
mot bai danh gia toan dién vé cac van dé chinh
lién quan dén sy xudng cip ciia dc quy Lithium
trong toan by vong doi. Tuy nhién, chua co
cong trinh nao dé cép t61 van dé so sanh su bién
thlen tudi tho cuia ac quy khi thay d6i gia tri cac
yéu té anh huong téi tudi tho dc quy trén xe 6
to dién.

Trong bai bao nay, tac gia tap trung trinh
bay mo hinh toan cta 04 loai ¢ quy sur dung
trén 6 to dién gom ac quy chi axit, Lithium-Ion,
Niken-Cadmium va Niken-Metal-Hydride.

Trén co s¢ do, sir dung phan mém mé phong
Matlab-Simulink dé xdy dung mo hinh nghién
ctru tudi tho (theo chu ky) ciia dc quy. Tién
hanh khao sat tudi tho cia mot sd ching loai
ic quy sir dung trén 6 t6 dién. Két qua sau do
dugc phan tich, danh gia 1am rd sy anh hudng
ctia cac yéu t6 nhu nhiét do méi trudong, toe do
phong dién t6i tudi tho cua ic quy.

2. MO HINH TOAN AC QUY TREN O TO
PIEN

2.1. M hinh toén ic quy trén 6 to dién

Theo [9, 10], ta c6 mo hinh toan cia cac
loai ac quy trén 6 t6 dién nhu sau:

-
N
Exp(s) _ A "
i Sel(s)  1/(B-i(t)) s+1
Exp
Y # v Moan
Euap = f20i1.0%, Exp. Kiéu ic quy) Kiém ngubn dién dp
Epwonz = f; (it.1*. Exp. Kiéu fc quy) Eae

Hinh 1. M6 hinh phéng, nap cia dc quy.
a) M6 hinh to4n dc quy chi axit

- M6 hinh phong (i* > 0):

S, Git,i%,i,Exp) =

Q o+ o 0O . xp(s)
E, - KQ—lt K.Q_it.zt+Laplace {S j(l)

- M6 hinh nap (i* <0):
(it i*,i,Exp) =

E,-K. Y i-K. Y it+ Laplace™ EXP(S).l 2)
it+0,10 Q-it Sel(s) s

b) M hinh toan ic quy Lithium-ion

- M6 hinh phong (i* > 0):
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St i#%,0) =

E, - K.ﬁ_i* -~ K.%jt + A.exp(—Bit) (3)
- M6 hinh nap (i* <0):

[t i*,0)=

o = o . .
E,-K. i —-K. it + A. —-Bit) (4
Kongt Kttt Aew(-Bit) (4)
¢) M6 hinh toan ic quy Niken-Cadmium va
ac quy Niken-Metal-Hydride

- M6 hinh phong (i* > 0):
(it i%,i, Exp) =

. 9 . L O . 1| Exp(s)
E, K.Q—it i K-Q—it it + Laplace ( Sel(s) .0) (5)

- M6 hinh nap (i* <0):
1ot *,i,Exp) =

E,-K. 0 i-K. 0 .it+Laplacel(EL(S).lJ (6)
lif] +0,10 0-it Sel(s) s

Trong do:

E, - Dién 4p khong doi (V);

Exp(s) — Pong luc ving ham mii (V);

Sel(s) — Pai dién cho ché d6 ic quy.
Sel(s) = 0 khi phong dién; Sel(s) = 1 khi nap
dién;

K — Hang s phan cuc (V/Ah);

it — Dung luong trich xuét (Ah);

i* — Dong dién tan sb thap (A);

Q—Dung lugng 16n nhét ctia 4c quy (Ah);

A —Ham dién ap (V);

B — Ham dung lugng (Ah).

2.2. M6 hinh khio sat xac dinh tudi tho cia
ac quy

2.2.1. Anh hwéng ciia hiéu irng nhiét dp

Theo [9, 10], tdic dong cua nhiét do lén
cac thong s6 ciia mo hinh ac quy dugc biéu
dien bang cac phuong trinh sau:

- M6 hinh phong (i *> 0):

fi(it:i*aiaT)T;) ZEO(T)

-K(T) &.(z’ *+it)+ A.exp(-B.it) - C.it (7

o)~ it
- M6 hinh nap (1 *<0):

or)

St BT T = B =KD oy

k(=29 4 exp(-Bit) - Cit ®)

oT,) it

Trong do:

T — Nhiét d6 bén trong dc quy (K);

T,— Nhi¢t do méi truong (K);

C — Do dbc duong cong xa danh nghia
(V/Ah).

2.2.2. Anh hwéng ciia hiéu irng lio hod
Theo [9, 10], tac dong cua qua trinh 1ao

hoéa lén dung luong dc quy va dién trg bén trong
dugc biéu thi bang cac phuong trinh sau:

~ 0,5 (., DOD(n-2)+DODM)) .. &
e(n) = {5(" D+ N(n—l)[z DOD(n—1) j i b=0 (9)

e(n—-1) otherwise

N = H(D ?ODJ)j g.exp[—w[i—ﬁ]]‘(% )Ly (10)

Trong do:

e — Yéu tb 130 hoa ic quy;

N — S6 chu ky 16n nhat;

H — Hang s6 chu ky;

& — Hé s6 mil cua DOD;

v — Hang sb toc d6 Arrhenius cho s6
chu ky;
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dis wver Ly e — DONg dién phong, nap
trung binh (A) trong khoang thoi gian nira chu
ky;
v, v, — Hé sb mil doi véi dong phéng
dién, dong nap dién.
DOD — D6 x4 sau (%) clia dc quy.

2.3. M6 hinh mo phéng tinh toan wéc lwgng
tuoi tho cua cac loai ac quy

M6 hinh mé phéng tinh toan tudi tho

«<soc (%)>

0% xb sdu (DOD)

<Bién ip (V>
<Doeg Gién (A
<Nt 0 b bio ("C)>
<Toth i 30 cukcy rorg GorgP|
<Dung hrng lén ohat (AR)> \‘ .
K gk G

Hinh 2. M6 hinh tong qudt tinh todn tuéi tho cia

ctia 4c quy (hinh 2) dugc xay dung bang cong dc quy.
cu Matlab-Simulink trén co s mo6 hinh toan da
dugc trinh bay ¢ trén.
3. KHAO SAT UOC LUQNG TUOI THQ AC QUY
3.1. Chon théng s6 dau vao
Bdng 1. Théng s6 co ban ciia dc quy.
Gia tri
TT Théng sb Pon vi Ghi chu
Lithium Niken Lead axit
1 bién ap danh dinh \Y 12,6
2 Dién ap cit \Y% 10,5
3 Dién ap sac day \Y% 13,8
4 Dung luong dinh murc Ah 40
5 Hing s6 chu ky (H) 4730 24900 24890
6 Hing s6 toc d6 Arrhenius (y) 1814 2013 2188
7 Hé s mii ciia dong phong ) 0,2803 0,2403 0,297
8 | Hé sd mil cua dong nap dién (v, 0,103 0,7719 0,8505
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3.2. Két qua khio sat bing mé hinh mé phong

3.2.1. Anh hwéng ciia nhiét dp moi truwong téi
tuéi tho ciia dc quy

Khao sat ¢ nhiét do moi truong 25°C
v6i d0 xa sdu DOD = [20 80 20] va toc do
phéng dién I, = [20 80 20] khong doi. Tiép
theo, thay doi gié tri nhiét d) moi trudong thanh
15°C, 40°C... v6i DOD = [20 80 20] va I,= [20
80 20] khong doi.

Két qua mo phong nhu sau: Khi nhiét

Anh hudng nhigt 86 toi tudi tho ohi axit
1 " - T T

Chu lej{ldn}

d6 méi truong thay doi voi cac gia tri khac
nhau thi c6 cac gid tri chu ky khac nhau, nhan
thay:

- Tai thoi diém t = 0,5.10° (s) thay d6i
nhi¢t do moi truong tr 25°C 1én 40°C va so
sanh sy thay ddi sé chu ky cua ba ac quy. Két
qua: A, = 7,65 (tang 42,1%) > A, = 7,04 (tang
36,7%) > A = 6,01 (tang 33,7%).

- Tuong tu, tai thoi diém t = 3,5.10° (s).
Két qua: A, = 79,8 (tang 42,3%) > A = 71,3
(tang 37,7%) > A,.= 61,7 (tang 34,2%).

Anh hudng nhiét 88 téi tudi tho Lithium-ion
. r v - - r

Chu lkildn)

Théi gianit) <1

55 anh hudng nhiét 35 téi tudi tho cla 3 3c quy

Chu ky(lén)
]
A
s

] 0s 1 15 2 25 3 as 4
Théi gian(s) 1P

Hinh 3. Anh huong ciia nhiét dé t6i tuéi tho ciia cdc dc quy.

Qua khdo sat anh huong cua nhiét do
moi truong dén tudi tho cua cac loai ac quy,
nhan thay:

- Sy bién thién chu ky cta c quy chi axit
14 16n nhét va dc quy Lithium-ion 1a nhé nhat;

- Nhiét d6 moi truong tang thi s6 chu ky
tang theo, nghia Ia tudi tho cua ac quy giam. So
sanh su bién thién tudi tho cua ic quy tai cac

nhiét d6 khac nhau, ta thiy khi nhiét d6 ting thi
s0 chu ky ciing ting dan theo thoi gian, nghia la
thoi gian cang giai doan vé sau, thi sy anh huong
ctia nhiét do t6i tudi tho cua ic quy cang tang.

3.2.2. Anh hwéng ciia toc dp phéng dién téi
tuoi the cua dc quy

Thay d6i cac gia tri dong phong dién
nhu sau: [, = [10 40 10]; I, = [20 80 20]; I,
[40 80 40] voi DOD = [20 80 20] va nhiét do
moi trudng bang 25°C khong doi.
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Két qua mo phong nhu sau:

Anh hwong déng phéng téi tudi tho Chi axit
- 4 = + i v

Thési gian(s) <10f

Anh huwéng déng phéng ti tudi tho Niken

Théi gian(s) 10°

Anh huwong dong phong téi tudi tho Lithium
- v v ¥ v v

Thai gian(s) 1

55 anh hwong dong phing toi tudi tho cda 3 dc quy

Chu by (léin)

Hinh 4. Anh hieong ciia dong phéng t6i tudi tho ciia dc quy.

Qua khao sat anh huong cia toc do
phong dién dén tudi tho cua céac loai ac quy,
nhan thay:

- Su bién thién chu ky cta ac quy chi
axit 1a 16n nhat va ac quy Lithium-ion l1a nho
nhéat;

- Téc @6 phéng dién tang thi s chu ky
tang theo, nghia 1a tudi tho cua dc quy giam. So
sanh sy bién thién tudi tho cua ic quy tai cac
toc do phong dién khac nhau, ta thay s6 chu ky
tang dan theo thoi gian, nghia 1a thoi gian cang
giai doan vé sau, thi su anh huong ctua tdc do
phong dién t6i tudi tho cua dc quy cang ting.

4. KET LUAN VA KHUYEN NGHI

Bai bao nay da tap trung trinh bay mo
hinh toan cua cac loai dc quy su dung trén 6
t6 dién. St dung phan mém mé phong Matlab-
Simulink dé xay dung mé hinh nghién ctru tudi
tho ctia ic quy. Phan tich d4nh gia 1am 13 sy anh
huong cia cac yéu to nhu nhiét d6 moi truong,
tdc do phong dién toi tudi tho cua dc quy. Khi

nhi¢t d0 moéi truong, tbe do phong dién tang
thi s6 chu ky tang, nghia 1a tudi tho cta ic quy
giam. Két qua cho thiy ic quy Lithium-ion chiu
anh huong it nhat, nghia 1a ic quy Lithium-ion
ding sé& tot nhat va co tudi tho cao nhat. Két
qua nay s€ dugc su dung cho cac nghién ctru
tiép theo vé viéc toi uu héa ngudn ning luong
trén xe 6 to dién, dong thoi giup nha san xuét
va nguoi su dung xe 6 t6 dién co ké hoach bao
dudng, stra chita cling nhu chon ché d6 van
hanh phu hop. <
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