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Tém tit:

Su gia tang nhanh chdng cua cac phuong tién giao thong khong chi lam gia tdng nhu cau tiéu thu
nhién liéu ma con gay ra cac van dé 6 nhiém mdi trudng nghiém trong. D& dap (ing muc tiéu giam
phat thai khi nha kinh, phét trién xe dién dan thay thé xe déng cd dét trong 1a xu hudng va giai
phap quan trong trong k€ hoach cta nhiéu qudc gia, trong dé cé Viét Nam. Bai bao trinh bay ba noi
dung nghién citu chinh: nghién cu t8ng hop vé cac cdng nghé pin xe dién dién hinh dd va dang
dugc st dung, nghién cfu cac mo hinh mo6 phong pin va thuc hién mo phdng tinh toan hiéu suat
clia pin trén mét cdu hinh xe cu thé.

T khoéa:
Xe dién, cac cong nghé pin, cac mo hinh pin, cac tham s6 cta pin, moé phong.

Abstract:

The rapid increase of means of transport not only increases the demand for fuel consumption but
also causes serious environmental pollution problems. To meet the goal of reducing greenhouse gas
emissions, developing electric vehicles to gradually replace internal combustion engine vehicles is an
important trend and solution in the plans of many countries, including Viethnam. The paper presents
three main research contents: a comprehensive study on typical electric vehicle battery technologies
that have been used and are being used; study of battery simulation models and perform
computational simulations of battery performance on a specific vehicle configuration.

Keywords:
Electric vehicles, battery technologies, battery models, battery parameters, simulation.

1. DAT VAN BE c4c ngudn nang luong tai tao, giao thdng
Sy phét trién bén ving cua toan thé gigi  van tai sach va hiéu qua gitr mot vai trd
phu thuéc mot phan quan trong vao viéc  ngay cang lén trong viéc thuc hién nhiém
giam thiéu 6 nhiém méi truong. Bén canh vy nay. Hién nay va trong mot twong lai
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rat gan, cac loai xe dién, bao gébm ca xe
thuan dién va xe lai dién, s& théng trj thi
truong xe sach noi riéng va dan dan
chiém hitu ty trong ngay cang 1én trong
cac phuong tién giao théng noi chung.
Theo théng ké cua To chirc Ning lugng
quéc té [1], ndm 2021 da c6 khoang 16,5
triéu 6 to dién dang van hanh trén toan thé
gioi.

Hinh 1 biéu dién s6 luong xe dién toan

Electric car stock (million)
I

2010 2011 2012 2013 2014 2015

2016

cau trong giai doan 10 nim gan nhat,
thdng ké phan loai theo c4c xe thuan dién
(BEV-Battery electric vehicle) va cac xe
lai di¢n (PHEV-Plug hybrid electric
vehicle), c&c thi truong lon la Trung
Quéc, chau Au, My va céc khu vuc con
lai. S6 luong xe dién nam 2021 gép ba lan
so véi nam 2018 d3 noi 1én toc do ting
truong rat nhanh chéng cua thi truong
xe dién.

0 Other PHEV
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Hinh 1. Sé lwong xe dién toan cau (théng ké cua IEA [1])

Su thanh cdng nay cua xe dién duoc thic
day boi nhiéu yéu t6: chinh sach cua cac
qudc gia trong viéc uu tién giam thai 6
nhiém méi truong va su phét trién ngay
cao cua cong nghé 6 to dién, trong do
cbng nghé pin gitr mot vai tro quan trong.
Bai béo trinh bay nghién ctu vé cac cong
nghé pin dién hinh sir dung trong xe dién,
cac mo hinh mé phong pin va thyc hién
md phong tinh todn cho mot cau hinh xe
thuc té véi cac truong hop pin khéc nhau
nham danh gia dinh luong wu va nhugc
diém cua cac loai pin nay.

2. CAC CONG NGHE PIN XE PIEN

Trong tién trinh phat trién cua xe dién, pin
lubn gitr vai trd thiét yéu trong cac ung

dung xe dién tir giai doan mo dau cho toi
c4c tng dung hién nay. Pin duoc cau tao
boi dién cuc duong va dién cuc am voi
chat dién phan dan dién va cach dién ¢
gitra. Trong qué trinh sac pin, dién cuc
duong thuong xay ra phan tng oxi hoa va
dién cuc &m xay ra phan ung khtr. Trong
qua trinh phong dién, phan tung nguoc lai
va do do cuc tinh cac dién cuc s€ dao
nguoc. Trong qua trinh phat trién cua
minh, bon loai pin dién hinh di duoc sur
dung cho xe dién ciing nhu xe lai dién la:
pin axit-chi, pin nickel-metal-hydrite, pin
nickel-cadmium va pin lithium-ion.

2.1. Pin axit-chi

Pin axit-chi la loai pin dugc str dung trong
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thoi ky dau cua ky nguyén xe dién.
nguyén ly hoat dong cua pin la su dung
dién cuc chi va axit két hop dé tao ra dién.
Uu diém cua pin la gia thanh ré tuy nhién
pin c¢6 nhuoc diém 16n 1a trong lugng
nang, khéng than thién véi moi truong va
mat do nang luong riéng thap, thuong
trong khoang 20-40 W/kg [2] [3]. Nghién
ctiu [4] chi ra rang dé cung cap cho cling
mot mau xe van hanh ctng mot quéng
duong néu can 150 kg trong lugng Li-ion
thi s& can hon 500 kg néu sir dung pin
axit-chi. Tudi tho cuia pin axit-chi ciing 1a
mét nhuoc diém khi ngan hon so véi cac
loai pin khac nhu pin nickel metal hydride
hay pin li-ion [5]. tuy nhién, vu diém 16n
caa pin la gia thanh ré nén hién nay loai
pin nay van c6 thé duoc str dung cho céac
phuong tién van tai nho, yéu cau hiéu suat
thip [6].

Véi cac nhuge diém cét yéu nhu vay, pin
axit-chi dan duoc thay thé bang pin dua
trén nickel, dién hinh nhu NiMH va
NiCd.

2.2. Pin nickle-metal-hydrite (NiMH)

Pin nickle-metal-hydrite (NiMH) la mot
trong hai loai pin dugc s dung pho bién
cho ung dung xe dién hién nay cung vai
pin lithium ion. Pin c6 mat d¢ nang lugng
cao hon nhiéu, vong doi dai hon va trong
leong nhe hon so véi pin axit-chi. Tuy
nhién, pin dua trén nickel c6 nhuoc diém
1a hiéu suat sac/xa kém va tdc do tu xa
cao. Tudi tho cua pin s& bi giam dang ké
néu né bi xa nhanh lap di 1ap lai nhiéu lan
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nhim tao niang luong nhanh cho xe dién
[2]. Vi vay, pin NiMH phu hop hon khi
sir dung trong c&c tng dung xe lai dién,
dién hinh nhu st dung trong xe Toyota
Prius, khi nguon cua xe dugc bd sung
song song bang mot dong co dbt trong

(51, [7].

2.3. Pin nickel-cadmium (NiCd)

Mot loai pin pho bién khac dua trén
nickel la pin nickel-cadmium (NiCd). Pin
NiCd ciing ¢6 wu diém chung cua pin
nickel nhu mat do nang lugng cao hon va
trong lugng nhe hon so vai pin axit-chi.
Tuy nhién, pin NiCd [8] c6 cong suat dién
tuong ddi thdp. Cong suat dién thap co thé
gay chay hoic chay pin néu pin bi phong
dién sdu va sac nhanh trong thoi gian
ngan. Pong thoi, do thanh phan ciu tao c6
cadmium nén pin NiCd kém than thién
hon pin NiMH nhiéu lan [9].

2.4. Pin lithium-ion

Pin lithium-ion (Li-ion) la loai pin dugc
st dung rong rdi va pho bién nhat hién
nay trong cac tng dung xe dién. Pin
Li-ion [10], [11] s& hitu mat do nang
luong cao, tham chi tét hon ca pin nickel
do phan tr Li ¢6 thé ning dién hoa cao va
trong luong riéng thap. Pin Li-ion [12],
[13] c6 hiéu suat cao, tudi tho dai, do tu
phong dién thap va rat than thién véi moi
truong do hau hét cac bo phan déu co thé
tai ché. Nhuoc diém 16n nhéat cua pin
Li-ion nim & khia canh kinh té, do gia
thanh cao hon cac loai pin khac.
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Bang 1. Téng hop so sanh dac diém
cac cong nghé pin [14], [15]

Axit- NiCd | NiMH | Li-ion
chi
Matdo | 20~30 | <50 <60 >100
nang
luong
(Wh/kg)
Chu ky 400 500~ 400~ 300~
tudi tho 1000
Tu xa 10% 30% 30% 3%
Than Khoéng | Khong Co Co
thién
moi
truong
Trong Rat Nang | Trung Nhe
lugng nang binh

Bang 1 trinh bay so sanh cac dic diém
chinh cua bén loai pin dién hinh da miéu
ta & trén. Voi uu diém ndi troi vé hai
thong s6 quan trong, mat do niang luong
cao nhat va trong luong thap nhat, pin
Li-ion 1a pin phd hop nhit trong céc tng
dung xe dién hién nay.

3. CAC MO HINH PIN

Néu nhu cac xe dong co dbt trong (ICE),
muac do nhién liéu hoa thach c6 thé dé
dang do dugc trong binh, thi ndng luong
tai thoi diém thuc té trong pin khéng thé
do mét cach truc tiép do SOC (Stage of
Charge) phu thudc vao nhiéu théng sb
khac nhu nhiét d, dong dién va chu ky
nap xa thyuc té [16]. Cac mé hinh pin git
mot vai tro quan trong trong viéc nghién
ctru dé du doan hoat dong dién cua pin,
nam bét cac thong tin vé trang thai sac
SOC va trang thai sicc khoe SOH (State of
Health) cua pin, qua d6 dam bao xe dién

c6 thé van hanh mot cach an toan va hiéu
qua. Trong qué trinh phat trién caa minh,
c6 nhiéu phuong phap mé hinh hoéa pin
vé6i nhitng wu diém va nhuoc diém khac
nhau [17], [18], tuy nhién c6 thé xép cac
md hinh md phong pin xe dién thanh 3
nhém chinh: mé hinh thyc nghiém, mé
hinh dién hdéa va mé hinh mach tuong
duong.

3.1. M6 hinh thwc nghiém

M6 hinh thuc nghiem [19], [20], [21],
[22], [23] con goi la m6 hinh toan hoc.
Day la cic mo6 hinh pin ma cic nha
nghién ctu thu duoc tr két qua thuc
nghiém, st dung phuong phap tiép can
ngdu nhién dé du doan mot s6 dac tinh
ctia pin. Piém han ché ciia md hinh nay la
tinh chinh xac khéng cao, sai s6 lon,
khong dua ra dugc méi quan hé tryc tiép
gitra cac hién tuong, phan ng hda hoc
xay ra trong pin. Bong thoi, md hinh thuc
nghiém kho dua chinh X&c cac du doan
SOC ciia pin khi cac dong dién bién thién.

3.2. M6 hinh dién héa

Cac md hinh dién héa [21], [24], [25],
[26] st dung cac phuong trinh dao ham
riéng bién thién theo thoi gian biéu dién
tinh chat cua dién cuc va chat dién phan
cta pin dugc md phong. M6 hinh dién
hoa c6 wu diém 1a do chinh xac cao hon
so v&i mo hinh toan hoc hoac mé hinh
thuc nghiém. Tuy nhién, nhugc diém cua
mo hinh dién héa 1a cac han ché, khé
khan di kém trong viéc dam bao thuc hién
khéi lwong tinh toan 16n va phuc tap,
cling nhu yéu cau cac dit liéu hda hoc dau
vao chi tiét cua pin, cac thong sé nay doi
khi khong duoc nha san xuat céng bd.

4
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3.3. M6 hinh mach twong dwong

Cac md hinh mach twong duong [27]-
[32] st dung mach dién véi cac thanh
phan dién tro, tu dién dugc ghép ndi thich
hop nham mé hinh héa hoat dong caa pin
va biéu dién céc hién twong bén trong pin.
M& hinh pin dua trén nguyén ly mach
twong duwong c6 nhiéu loai, duoc Xxay
dung véi mic do phac tap va do chinh
xac khac nhau tiy thudc vao yéu cau va
muc dich sir dung mong muén. Cac mo
hinh pin str dung mach twong dwong dién
hinh la; md hinh Thevenin, md hinh Rj,
md hinh DP va gan day 1a mo hinh st
dung bd loc Kalman mao rong.

3.3.1. M6 hinh Thevenin

M®& hinh Thevenin [33]-[36] str dung dién
tré ndi tiép va mang song song RC dé mo
ta phan tng caa pin voi tai va gia thiét
dién &p ho mach khong d6i. Do chinh xac
cua md hinh pin nghién ctu c6 thé duoc
nang cao Ién bang cach gia ting sd luong
mang RC song song.

—
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O

Hinh 2. M6 hinh Thevenin [33], [34]

Hinh 2 biéu dién mé hinh Thevenin cua
pin trong d6 R la dién tro phan cuc, C,
la dién dung phan cuc va U; la dién ap
cia mang RC. Phuong trinh mé hinh
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Thevenin:

Ut = Uoc - U]_ - |.R0 (1)

3.3.2. M6 hinh Ry

M6 hinh Rin [37]-[39] dé mé phong pin
hay con goi la m6 hinh dién tro trong
(internal resistance model — Rjy) c6 ciu
tao kha don gian, chi bao gdm mét ngudn
4p va mot dién tro. Cac tham s thay doi
theo SOC, nhiét d6 cua pin va hudng cua
dong dién theo chiéu sac hoic xa.

|
—

Ro O
+ Ut

O

Hinh 3. M6 hinh Rin
Phuong trinh biéu dién:

Ui =Uoc - LR, (2)

Trong md hinh trén, U, 1a dién ap dau ra,
R, 1a dién tro trong, Uoc chi ngudn &p
OCV, | 1a dong dién phong cua pin.

4. MO PHONG PIN

4.1. Phwong phap nghién ctu

Dé so sanh, dinh lwong vé hiéu qua cua
céc loai pin dién hinh, nhém nghién ctu
thuc hién md phong dac tinh cac loai pin
thdng qua phan mém Advisor-Matlab
simulink khi duoc lap 1&n cung mot mau
xe cu thé. Phuong phap mé phong pin
duoc lya chon 13 Rin: voi cac tham sé thuc
té twong tng ting loai pin.
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Mau xe duoc lua chon 1a GM EV1 cua
General Motors, ddy 1a mau xe dién dau
tién duoc san xuat hang loat trén thé gidi.
Vé kiéu dang, GM EV1 l1a mot mau xe 2
ctra ¢& nho dugc trang bi mot dong co
dién khong ddng bo xoay chiéu ba pha
cho cong suat téi da 137 ma lyc va md
men xoian 149 Nm. V& luu trit ning
luong, GM EV1 ¢6 hai thé hé tuong ung
sur dung pin axit-chi va pin NiMH.

Hinh 4. B6 cuc xe GM EV1
(nguén: motorl.com)

Bai bdo m6 phong xe GM EV1 trong hali
truong hop : st dung pin axit-chi va pin
NiMH véi cac thdng sé cua xe va pin thuc
té dé danh gia uu va nhugc diém cu thé
cua tung loai pin.

ke
|

b '&;{

Hinh 5. Cac khdi truyén déng ctia xe GM EV1
trong Advisor

Hinh 5 mé ta cac khdi hoat dong chinh

cua xe GM EV1: hé théng pin két néi truc
tiép toi dong co sau do dan truyén chuyén
dong qua hop s t6i truc cau trude cua xe.

Bang 2. C4c théng s6 co ban cia xe GM EV1

Hé thdng truyén Xe dién
dong
Pong co MC_AC124 EV1
Pin Axit-chi hoac NiMH
Dan dong Dan dong cau trudc
Trong luong xe 1,4 tAn
(khéng tinh pin)

4.2. Két qua md phéng
4.2.1. M6 hinh Thevenin

Truong hop 1, md phong thuc hién khi su
dung pin axit-chi nhan hiéu Horizon. Cac
két qua thu duoc nhu hinh 6.

Hinh 6 biéu dién két qua mé phong cua
pin axit-chi PB85 vai cac gia tri thu dugc
la: dién ap ho mach Voc, nhiét do caa pin,
t6n that pin, SOC, hiéu suét pin khi sac va
khi xa.

Truong hop 2, mo phong thuc hién khi st
dung pin Ovonic 60Ah NiMH di 14p trén
xe GV EV1 gen 2. Két qua mod phong thu
duoc nhu hinh 7.

Hinh 7 biéu dién két qua mé phong cua
pin Ovonic 60Ah NiMH véi cac gia tri
thu duoc la: dién ap hé mach Voc, nhiét
d6 cua pin, tén that pin, SOC, hiéu suat
pin khi sac va khi xa. Két qua mo phong
theo trinh tu thoi gian twong tu nhu gia
thuyét mé phong ¢ truong hop 1.

6
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Hinh 6. Két qua md phéng cta pin axit-chi

a - Bién a4p hé mach (V); b — Nhiét d& ctia module (°C); ¢ — Tén that thuc té (W)
d - SOC cla pin; e - Hiéu suét cta pin khi sac; f - Hiéu suét cla pin khi xa
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Hinh 7. Két qua mé phéng cta pin Ovonic 60Ah NiMH
a - Bién 4p h& mach (V); b - Nhiét dd ctia module (°C); ¢ - Tén that thuc té (W)
d - SOC cla pin; e - Hiéu suét cta pin khi sac; f - Hiéu suét cla pin khi xa
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Bang 3. So sanh két qua mo phéng pin PB85
va Ovonic NiMH

Pon PB85 Ovonic
Vi NiMH
Hiéu suit % 88,08 94,12
Ton that kJ 204,91 | 192,09
bién ap cuc \Y 16,50 15,68
dai
bién 4p cuc Vv 9,50 9,14
tidu
Nang lugng | kJ | 5,49.10° | 548.10°
luu trix
Hiéusudtxa | % 99,05 97,87
trung binh
Hiéu suit % 88,92 96,16
sac trung
binh

Tir két qua md phong ta nhan thay:

Dai dién ap hoat dong, dién ap cuc dai va
dién &p cuc tiéu twong dwong véi do
chénh thap;

Ton that cua pin PB85 cao hon pin
Ovonic NiMH: 6,3%;

Hiéu suat xa trung binh cua PB85 cao
hon Ovonic NiMH nhung khong nhiéu,
khoang 1,2 %;

Tuy nhién, hiéu suat sac trung binh cua

NiMH lai cao hon PBS5 t6i 8,1 %;

Va théng sb quan trong nhit, hiéu suét
tinh toan duoc cua pin Ovonic NiMH cao
hon PB85 hon 6%.

5. KET LUAN

Bai bao thuc hién mot nghién ciu tong
hop vé céc cong nghé pin da va dang st
dung trong xe dién, cu thé 1a: pin axit-chi,
pin NiMH, pin NiCd va pin Li-ion. Cac
tinh chat va cac dic diém dién hinh cua
cac loai pin nay da dugc trinh bay va so
sanh.

Sau do, cac moé hinh moé phdéng pin da
dugc bao cdo va tong hop trong 3 nhém
md hinh chinh: md hinh thuc nghiém, mé
hinh dién hoa, va md hinh mach tuong
duong. Cudi cling, mot md phong vai hai
kich ban pin khac nhau duoc lap Ién cling
mot mau xe dién thuc té nham tinh toan
hiéu suat va c4c gia tri ning luong cua pin
dugc thyc hién nhim dinh luwong, danh
gid cac nghién cau tong hop néi trén.
Nhan thay rang: pin NiMH va pin Li-ion
¢ nhitng wu diém vuot troi vé hiéu suat
va mat do nang luong, do d6 rat thich hop
dé st dung trong céc ung dung xe dién
hién nay.
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