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Tom tat

Nham ting quéng dwong di chuyén cia 6 16 dién,
thé gidi tap trung vao nghién cizu dnh hwong cua
nhiét dg, dong dién, dién &p. Bai bao nay nghién
CitU téi s anh hweng cua nhiér dg dén thoi gian
phodng dién cua de quy chi axit trén 6 té dién. MO
hinh mét ngdan de quy dwoc cau thanh tir 2 nhéanh.
Nhanh chinh md ta cho hoar dgng chinh cua dc
quy, nhanh ki sinh md ta phdn ing cia dac quy tai
thoi diém dién thé dc quy cao. M6 hinh md phong
sé danh gid quan hé gira nhiét dj, dong dién
phéng, dung lwong dc quy, dién ap. Két qua mod
phéng cho thdy mai quan hé cia nhiér d6 va dong
dién phong véi thoi gian phéng dién, chi ra rang
khodng nhiér dg ma thoi gian phéng cua dc quy
dat gia tri cao nhat la trong khodng 40-50°C.

Tur khoa: O 16 dién, dc quy, thoi gian phong.
Abstract

To increase the distance run of electric cars, the
world's study focuses on the influence of
temperature, current, and voltage. This paper
studies the influence of temperature on the
discharge time of lead-acid batteries in electric
cars. The model of a battery cell is composed of
two branches. The main branch describes the
main operation of the battery, the parasitic branch
describes the reaction of the battery at the time of
high battery voltage. Simulation model will
evaluate the relationship between temperature,
discharge current, battery capacity, voltage. The
simulation results show the relationship of the
temperature and battery currents with the
discharge time, indicating that the temperature
range of the battery s discharge time reached the
highest value of 40-50°C.

Keywords: Electric car, battery, discharge time.

1. Pat van dé

Nham ting quing dudng cho xe 6 t6 dién, nhiing
nghién cu tap trung vao su anh huéng cua nhiét do
va dién 4p dén thoi gian phong dién cua ic quy dang
1a xu huéng nghién ctu trén trén thé giéi. Da co mot
nghién ctiru vé su anh huéng cua nhiét do dén dung
lwong va dién ap phéng cua 4c quy chi axit cua nhom
tac gia S. W. Arsri, bai bao chi ra gia tri ma nhiét do
ma tai d6 ac quy bi suy giam manh vé dung luong la
tir 63,31°C [1]. Pé xac dinh rd hon su anh huong cua
nhiét do dén hiéu qua phong dién cua 4c quy. Trong
bai bao nay sé& thuc hién nghién ctru vé sy anh huéng
cua nhiét do dén thoi gian phong dién cua ac quy chi
axit. Nghién ctru dugc thuc hién mé phong trén phan
mém Matlab Simulink. Dya trén tinh toan tir chiéc xe
dién co nh¢ tai phong thi nghiém truong Pai hoc Bach
khoa Ha Noi.

2. Md hinh éc quy

Mach tuong dwong dugc thiét lap theo kinh
nghiém gan dung vai hoat dong 4c quy. Cau tric nay
bao gém 2 nhanh: Nhanh chinh mé ta cho hoat dong
chinh cua 4c quy, nhanh ki sinh mé ta phan tng cua
4c quy tai thoi diém dién thé 4c quy cao [2, 3].

Mach tuong duong cua pin dai dién cho mot cell
cta pin dugc md ta dudi Hinh 1. Dién ap dau ra dwoc
nhan vai sau, sé luong cell ndi tiép, dé tao md hinh
cho mét pin 4c quy.

,,,,,,,,,,,,,,,,,,,,,,,,,,,

[Nhénh chinh] [Nhanh ki sinh]

Hinh 1. M6 hinh mach twong dwong [5]
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M3i phan tir mach tuong duong dua trén cac phuong
trinh phi tuyén. Cac phuong trinh phi tuyén bao gom céc
tham sb va trang théi. C4c tham s ctia phuong trinh phu
thudc vao cac hang sb duoc xéac dinh theo thuc nghiém
ctuia Massimo Ceraolo[4] vé m6 phong 4c quy. CAc trang
thai bao gom nhiét d chét dién phan, dién tich duoc luu
trix, dién 4p va dong dién ndt mach.

Céc phuong trinh nhu sau:

*. Dién ap nhanh chinh:

Phuong trinh (1) tinh toan strc dién dong trong
(Em) hay dién &p mach hé ciia mot cell pin. Gia tri sut
dién dong duoc do tai hai dau cyc khi chua c6 phu tai.
Do d6, suat dién dong nay chi phu thuc vao nhiét do
va trang théi nap SOC ciia 4c quy:

Em = Emo — Kg (273+6)(L-S0C) (1)

Trong dé:
En - Dién thé mach ha, (V).
Emo - Dién thé mach hé khi sac day, (V);
Ke - Hang sd, (V/°C);
6 - Nhiét @6 dung dich dién phan, (°C);
SOC - Trang thai nap ac quy.

* Pién tré dau cuc:

Phuong trinh (2) tinh toan dién tro dau cuc. Pay
chinh 1a dién tré cua cac xuwong ban cuc hop kim chi.
Dién tré nay chi phu thudc theo ham bac nhat ddi voi
trang thai nap SOC.

Ry = RoolL+ Ay (1—SOC)] @)

Trong do:

R, - Dién tro dau cyc, (Q);
Roo - Gid tri Ro tai SOC =1;
A, - Hang s6.

*. Pién tré' nhanh chinh R;:

Phuong trinh (3) tinh toan dién tr¢ trong nh&nh
chinh cua dc quy. Dién tré nay la cua cac vat liéu hoat
tinh ndm trén cac khung xuong ban cyc. Gia tri dién
tré phu thudc vao dién lwgng con lai theo dong dién
phéng DOC la mét thong sé diéu chinh dién lugng 4c
quy cho dong phong. Dién tré nay tang theo ham mil
khi 4c quy trong qua trinh phong dién.

R, =-R,In(DOC) (3)

Trong do:

R1 - Bién tr¢ nhanh chinh, (Q);
Rio - Hang s, (Q);
DOC - bién lugng con lai theo dong phéng.

*, Dong dién ky sinh

Phuong trinh (4) tinh toan dong dién ky sinh ton
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hao khi dc quy dugc sac. Dong dién nay phu thudc vao
nhiét 6 dung dich dc quy va dién thé tai nhanh ki sinh.
Dong dién nay rat nho trong hau hét cac didu kién,
ngoai trir trong trudng hop 4c quy ¢ trang thai nap
SOC cao.

VPN
TpS+1 0
"o =VeNCpo &P| — —— [Ap| 1= | ()
po f

Trong do:
I, - Dong dién t6n hao nhanh ky sinh, (A);
Ven - Bién ap nhanh ky sinh, (V);
Gro - Hang sb, (s);
7, - Hang sb thoi gian, (S);
Vpo - Hang sb, (V);
A, - Hang s6;
6% - Nhiét d6ng bang dung dich binh, (°C).
*. Pién lwgng va dung luwgng
Dung luong duoc xac dinh 1a luong 16n nhat trong
qua trinh sac ma ac quy c6 thé luu trir. Trang thai dién
lugng SOC dugce xac dinh bang ty 1€ gitra gia tri dién
lugng trén dung lugng ban dau. Pién lwgng theo dong
phong DOC dugce xac dinh qua ti sb dién lugng dc quy
trén dung lugng co ich, boi vi dung lwgng cé ich giam
khi dong dién phong tang. Cac phuong trinh theo doi
dung lugng SOC va DOC nhu sau:
*. Dung lwong phdng
Phuong trinh (5) tinh theo dién luong thoat ra
trong qua trinh 4c quy hoat dong. Dung lugng cua 4c
quy tinh bang tich phan don gian theo dong dién.

Qe (1) = [§-Im(@)dr (5)

Trong do:

Im - Dong dién nhanh chinh, (A).

* Téng dung lrgng C

Phuong trinh (6) tinh toan dung lwong ac quy dua
trén dong dién phong va nhiét dung dich binh 4c quy.
Tuy nhién sy phu thudc dung luwgng phu thuge vao dong
dién chi trong qué trinh phdng. Trong qué trinh nap,
dong dién phong dugc thiét 1ap vé khong trong phuong
trinh (6) cho két qua tinh toan tong dung luong.

Céc két qua thi nghiém trén toan bo pham vi kiém
tra dong cho thay dung lugng ic quy da bat dau giam
tai nhiét do trén khoang 60°C. Bang tra cuau (LUT)
bién s6 K trong phuong trinh (6) dugc sir dung dé
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thuc nghiém mo hinh phu thuéc nhiét d6 cua dung
lwong c quy.

KcCoxKt
1+ (Ke =D(1/1°)

c{,0) =

w5 Ky =LUT(9) (6)
Trong do:
K - Hang s;
Co~ - Dung lugng khong tai tai 0°C, (As);
K: - Hang sb phu thudc cua nhiét do;
| - Cudng do dong dién, (A);
I* - Cuong d6 dong dién danh nghia, (A);
A - Hang s6.
*. Trang thai dién lwgng SOC, dién lwgng theo
dong phéng DOC:
Phuong trinh (7) tinh toan SOC va DOC bang ti s6
cua bién dién luong trén tong dung lwong 4c quy.
Trang thai dién luong SOC dugc xac dinh bang ti
sb dién luong con lai. Pién lugng theo dong phéng
DOC tinh theo ti s6 cua dién luong ¢ ich con lai, dién
lugng nay dugc cho béi cuong do dong dién phong
trung binh. Cuong d¢ dong phdong 16n hon lam dién
lwong cua 4c quy hao hut nhanh hon, vi vay DOC lu6n
nhoé hon hoac bang SOC.

soc:=1—CQe ,DOCzl—iQe @)

(0,6) Clavg. )
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*. Cwong d¢ dong dién trung binh wéc lwgng:
Trong qua trinh qué d6 cudng d6 dong dién trung
binh duoc du tinh trong céng thic (8).

Im
= 8
Ian (rls +1) ®

Trong déng: 71 - Hang s thoi gian, (s).

M®& hinh nhigt:

Phuong trinh (9) dugc md hinh héa dé dénh gia
nhiét d6 dung dich binh ic quy, do ton that trén dién
tré trong va nhiét téa ra mdi treong. Mo hinh nhiét
bao gom mot phép toan vi phan, cac tham sb dién tro
va nhiét dung ic quy.

( B (H‘Ha)]

* R

H(t) = ‘9init + _%C—Od‘[ (9)
0

Trong do:

0 - Nhiét d6 méi truong, (°C):
Ginit - Nhiét do ban dau binh ic quy, (°C), gia
thiét bang nhiét d6 méi trueong xung quanh;
Ps - Ning lwong ton hao trén Rova Rz, (W);
Ry - Hé s truyén nhiét doi luu, (°C/W);
Cy- Nhiét dung nhiét, (J/°C).
*Khéi tinh toan mach:
Khéi nay st dung két qua tinh toan phan tir mach,
két hop céc cong thirc co ban mach dién dé dua ra tin

Trong do: hiéu dién ap, cuc‘mg d6 dong dién, cong suat can thiét.
C - Dung luong 4c quy, (As); Ven =B, —(1+1))R (10)
lavg - Cudng do dong phong trung binh, (A). V=V, —-LR, (11)

1[A]
I v otage|
require current b
mlaj theta P Theta R1 > R1

Ambient Temp_y,(pg

Themal Model

—mIm SOC [— SOC

Charge and Capacity

™ Vpn

theta DOC | DOC Em

A 4

Em

RO P RO

Data

Ip »ip Vpn
Battery Circuit Equat;‘

Hinh 2. So dé khéi md phéng
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P=I°R, (12)

So d6 khdi mé phong Hinh 2 dugc xay dung trén
cac khéi co ban cau thanh nén mé hinh 4c quy, miéu ta
hoat dong hoan chinh cia mét ac quy, dau vao bao gom
nhiét do moi truong (Ambient Tempt), dong dién
(require current). Pau ra 1a dién &p, nhiét do ic quy,
DOC va SOC cuia ic quy. Trong d6 gdm cac khdi chinh:

Khdi “Thermal Model”: M0 ta trang théi nhiét do
ctia 4c quy. Khéi “Charge and Capacity”: M0 ta trang
thai vé dién luong va dung luong cua 4c quy.

Khéi “Data”: Bao gom phuong trinh miéu ta cau
tao cac ban cyc cua ac quy, dong dién nhanh ki sinh
va dién &p nhanh chinh.

Khéi “Battery Circuit Equation”: Dam nhiém tinh
toan dién ap dau ra va hoat dong ciia nhanh ky sinh.

3. Khao sat va danh gia

*. Muc dich: Banh gid mirc d6 anh hudéng cta nhiét
d6 ac quy thay doi dén thoi gian phong cua ac quy chi axit.
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* Piéu kién khao sat:

Qua nghién ciru khao sat vé nhiét d6 trung binh tai
Viét Nam tién hanh khao sét tai nhiét d6 méi truong
trung binh caa Viét Nam 1a 15°C, 25°C, 30°C. Tién hanh
khao sat dong dién phéng cua 4c quy ¢ 10, 50, 100(A)
va & riéng nhiét @6 moi truong 25°C coi nhiét d6 cua
binh bang nhiét d6 moi truwong, theo thoi gian phéng.
Cho két qua thé hien méi quan h¢ giira dong dién phong,
dién ap, nhiét o va thoi gian phong cua ic quy nhu &
trén Hinh 3. Su sut giam dién &p ac quy theo thoi gian
phdng cang lIon khi dong dién phong cao. Nhiét do cua
4c quy s& tang 1én mot gia tri cuc dai sau d6 c¢6 xu
huéng giam dan, cuong do dong dién phéng cang cao
nhiét d6 binh ac quy tang lén cang nhanh.

Dé kiém chimg 13 rang hon mdi twong quan giira
cudng d6 dong dién phong va nhiét do tiép tuc tién hanh
khao sét riéng biét mdi quan hé giira dong dién phéng va
nhiét d cua ac quy & ca 3 nhiét 46 moi trudng 1a 15°C,
25°C, 30°C két qua nhan dugc nhu trong Hinh 4.

—e—15°C —25°C —=—30°C
45
40
35Y E 0.2851x2 - 0.8777x + 30.827
<25 "

=20V E 0.2851x2 - 0.8777x + 25.827
£15 |

10 Y[ 0.285x2 - 0.8757x + 15.83

5
0 L A L A L A L A L A L A L

10 20 30 50 60 80
Cwong d¢ dong dién[A]

100
Hinh 4. Moi quan hé giita dong dién phéng va nhigt dg ic quy

m15°C =25°C m30°C

o1 O

10 20 30 50 60 80 100
Dong dién phéng [A]

Thoi gian Bh(?l\lg sl
o o1 O

Hinh 5. Méi quan hé giita dong dién phong va théi gian
phéng dc quy
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Khi dong dién phéong tang dan thi ¢ ca ba nhiét do
mbi truong dugc khao sat nhiét do binh ac quy ting
theo dang dwong bac hai. Gia tri dong dién phong
cang cao nhiét do cua binh 4c quy tang cang cao. Do
d6 két luan dugc dong dién phong 1a mot nguyén nhan
gay Nnén sy gia tang nhiét d6 cua binh ic quy trong qué
trinh hoat dong.

Sau khi khao sat mdi twong quan giita cuong do
dong dién phong va nhiét d cua binh ac quy, tiép theo
di khao sat mdi quan h¢ giita dong dién phong va thoi
gian phong dién cua 4c quy ¢ ba nhiét d6 moi truong
15°C, 25°C, 30°C cho két qua trong dé thj Hinh 5. Tir
6 thi thiy duoc khi dong dién phong tang 1én thoi
gian phong cua ac quy giam va tai mi nhiét do khac
nhau thoi gian phong dién ciing khac nhau do d6 co
sy anh hudng caa nhiét d6 téi thoi gian phong dién
cua ic quy.

Nhu vay nhiét d6 va dong dién phdng c6 anh
hudng dén thoi gian phong dién cua ic quy. Tir d6 tiép
tuc tién hanh khao sat dé tim ra vang nhiét do téi wu
ma tai d6 thoi gian phéng dién cua éc quy hiéu qua
cao nhat.

Khao sat tai cuong d6 dong dién phong trong
pham vi 10-100(A), lGc nay ic quy s& duoc lam méat
dua dén nhiét d6 cb dinh khong ddi cho két qua dwoc
biéu dién trén d6 thi Hinh 6. Tai mdi nhi¢t do cua ac
quy khac nhau dong dién phdng cang cao thi thoi gian
phéng cang it di va viing nhiét ¢ ma thoi gian phéng
dién cua 4c quy hiéu qua nhat Ia 40-50°C.

—o— 30A i 40A —50A
== T70A —m=—100A
20
[se]
<
2
Yo /“-\
2 A —
—_— \
<=
[=9 M
=
5 F R E—E—
.a ./ HE—g
:,g
E o

0 20 40 60 80 100
Nhiét do [°C]
Hinh 6. Méi quan h¢ gida nhiér d va théi gian dong
di¢n tai cdc dong dién phong khac nhau

*. Muc @ chénh léch thai gian phong:

_ tmax - tmin

H (13)

max
Trong do:
H - Mtrc d6 chénh Iéch thoi gian phong ¢ cung maot
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dong dién phéng;

tmax - Thoi gian phong I6n nhat tai cing mot dong
dién phong;

tmin - Thoi gian phdng nho nhét tai cing mot dong
dién phong.

Tién hanh so sanh thoi gian phéng tai vang nhiét
d6 hiéu qua va vung nhiét do khac. Sau khi tinh toan
so sanh cho thay mirc do chénh léch dao dong xung
quanh gié tri 25%. Tir d6 thiy duogc tac dong cua nhiét
d6 dén thoi gian phong dién twong ddi cao. La tién dé
cho céc qué trinh nghién ctu tiép theo dé cai thién
hiéu qua cho hé théng cung cap dién cho 6 t6 dién.

Bdng 1. Mire dé chénh léch thoi gian phéng dign

1(A) tmax tmin H(%)
30 16130 10775 33.2
40 12415 8930 28.1
50 10129 7639 24.6
70 7456 5405 27.5

100 5385 3801 29.4

4. Két luan

Viéc stir dung md hinh mdé phong trong qua trinh
danh gia va kiém nghiém da tiét kiém dwoc rat nhiéu
chi phi va thoi gian. Da két luan dugc sy anh huong
cua nhiét do dén thoi gian phong dién cua dc quy:
viing nhiét d6 ma tai d6 dc quy dat hiéu qua thoi gian
phong cao nhit la 40-50°C. Ung véi mdi dong dién
phdng khac nhau mirc d6 hao hut thoi gian phéng &
vung nhiét do 40-50°C va cac vung khac 1én t&i 24%-
35%. Pay 1a mot sy chénh léch kha 16n vé thoi gian
sir dung. Tir d6 c6 thé dan dén nhitng nghién cau sip
t6i tap trung vao van dé nay dé c6 thé ting hiéu qua
sir dung cua dc quy chi axit trén 6 t6 dién.
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