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TOM TAT

Bai bao tap trung phan tich va danh gia cac dic tinh cla hé théng pin dién nhim t6i
wu héa hiéu suit, kéo dai tudi tho va ddm bao an toan cho 6 t6 dién. D€ dat dwoc muc
tiéu nay, mé hinh mé phdéng dwa trén thong s6 ctia 6 t6 BYD ATTO 3 dwoc xy dung
dé nghién ctru, khdo sat kha nang hoat déng ctia 6 t6. K&t qua mé phong cho thiy sw
anh hwdng ctia cic yéu td nhw nhiét d6, diéu kién mdi tredng va ché do van hanh dén
hiéu suit téng thé cta hé thdng. Nghién ctu ciing chi ra nhitng gi¢i han vé kha nang
hoat dong cida 6 t6, tir 6 dwa ra nhitng danh gia va giai phap cai thién. Bai bao gép
phin gidi quyét vin dé ning cao dé tin ciy va hiéu qua ctia hé théng pin cling nhuw tdi
wu kha ning quan 1y ning lwgng trén 6 t6 dién. Nhirng két ludn thu dworc gitup dinh
hwéng nghién clru, phat trién ¢ng dung cdng nghé pin trén 6 té dién trong twong lai.
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ABSTRACT

The paper focuses on analyzing and evaluating the characteristics of the electric
battery system to optimize performance, extend lifespan, and ensure safety for
electric vehicles. To achieve this goal, a simulation model based on the specifications
of the BYD ATTO 3 was developed to study and assess the vehicle’s operational
capability. The simulation results show the impact of temperature, environmental
conditions, and operating modes on the overall system performance. The study also
identifies limitations in the vehicle’s operational capability, providing assessments
and improvement solutions. This paper contributes to enhancing the reliability and
efficiency of the battery system while optimizing energy management in electric
vehicles. The findings help guide future research and the development of battery
technology applications in electric vehicles.
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Phdn tich va ddnh gid cdc ddc tinh hé théng pin st dung trén 6 t6 dién

1. Gidi thiéu

0 nhiém khong khi 13 mot trong nhitng van dé mai
trwong nghiém trong nhit hién nay, anh hwdng truc
tiép dén stirc khde con ngwoi, hé sinh thai va bién doi
khi hiu. Nguyén nhén chinh c6 thé ké dén bao gbm
khi thai tr cac nha may cong nghiép, hoat dong xay
dung va phuwong tién giao thong st dung nhién liéu
héa thach. Trong do, phat thai tir nganh giao thong
chiém tilé rat cao, c6 thé chiém t&i 70% [1].

0 nhiém khong khi khong chi anh huéng dén stkc
khae, tudi tho con nguwdi ma con gép phin lam néng

1én toan cau va giy ra cc hién twong thoi tiét cuc
doan. D& gidm thiéu 6 nhiém, cAn ddy manh st dung
cac nguon nang lwong tai tao nhw dién mat troi, dién
gi6 dé thay thé nhién liéu hoa thach, ting cwong kiém
soat khi thai tir cic nha mday. Dic biét, phat trién
phwong tién giao thong than thién véi méi trweong
nhw 6 t6 dién, 6 t6 hybrid hay 6 t6 st dung ngu6n
nhién liéu khi. Trong dé, 6 t6 dién dwoc danh gia la
giai phap téi wu gitp gidm dang ké lwong khi thai 6
nhiém. P& 6 t6 dién dat hiéu qua cao nhat khi ngudén
dién sac pin dwoc san xuat tir nguon nang lwong sach.

Bang 1. Bang so sanh cac phwong phap gidm 6 nhiém khéng khi tir phwong tién giao thong [2] [3].

Phwong phap Co'chéhoatdéng  Mikc gidam 6 nhiém Uu diém Nhuoc diém
0 t6 dién (EV) St dung pin sac, RA&tcao (giam 100% Gidm 6 nhiém dang  Gid thanh cao, phu thudc
' khong phat thai Kkhi thai truc tiép) ké, hiéu suit cao vao ha ting tram sac,
truec tiép san xuft pin c6 thé gy 6
nhiém

0 t6 Hybrid (HEV) K?t hqp dong c’o.' Trung bln%l (g71.31m 30 ’liiet k\u_am n,h.len CO? tao ra k\hl thai, hiéu
xang/diesel voi - 50 % khi thai) liéu, phithgpvédico  suat trung binh
déng co dién s& ha tAng hién c6

0t st dung nhién 1SlAr dl_;lng(gj plnt nhién R:e\; c?o (lfhl thai chi K}tllgngl -oA nhlﬁm, }tllep ghl ph\l sa;ln Xua;chac\), ha

lidu Hydro (FCEV) 1?u }./A ro tao ra c6hoinudc) nhién liéu nhan an%con \a_m cheé va rai
dong dién ro vé an toan

016 sir dungkhi tu S:m dli]ngv llz}}il d“fl_r ;I;hliﬁf(il?-m 10 - 30 RAe h;m xang/dles:al, (EAon tz_'if,) rahﬁhl IF}:\lal,h ha

nhién (CNG/LNG) nhién hoac khi dau % khi thai) tan dung t6t nguén tang ti€p nhién liéu han

md hoéa léng thay
cho xang/diesel

khi thién nhién ché va rui ro vé an toan

Hé thong pin chinh 1 trai tim va déng vai tro quan
trong trén 6 t6 dién, quyét dinh dén hiéu suit va
pham vi hoat dong cta 6 t6. Tuy nhién, hién nay hé
thdng pin trén 6 to van con nhiéu thach thirc, dic biét
vé kha nang lwu triv nang lwong, thoi gian sac, tudi tho
va an toan pin [4]. Viéc nghién ctru, danh gia cac dac
tinh ctia hé thong pin khong chi gitip t6i wu héa hiéu
suit hoat dong ma con déng gép ning cao tudi tho,
dam bao an toan va gidm chi phi van hanh. Vi vy,
nhdém tac gia tap trung nghién ctru, phan tich cac dac
tinh quan trong cta hé thong pin st dung cho 6 tb
dién, bao gobm dung lwong, hiéu suit sac, xa, tudi tho
chu ky, dac tinh nhiét. Théng qua viéc danh gia cac
thong s6 nay, bai bao cung cap cai nhin tong quan vé
dac tinh dién hoa, co ly trong pin, qua d6 danh gia
hiéu suit, mit d6 nang lwong, tudi tho chu ky cling
nhw cac yéu to an toan va tac dong ctia méi truong
1én pin. Ngoai ra, bai bao cling danh gia tac dong cta
hé thdng pin dén hiéu suit téng thé 6 to dién, bao gom
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quang dwong di chuyén, cong sudt, thoi gian sac va
kha ndng van hanh trong cic diéu kién moi truong
khac nhau. Bén canh d6, thiét 1ap mo hinh mé phong
dé phan tich, 1am rd cac dc tinh cta pin thong qua sy
van hanh cta 6 to dién, nho d6 c6 thé danh gia, dé
xudt gidi phap cai thién hiéu suit va do bén cua pin
trén 0 t6 dién. V&i cach ti€p cin nay, nhom tac gia
mong muon cung cip Kién thikc, dit liéu dang tin ciy
cling nhw déng gbp vao dinh hwdng nghién ctru va
tng dung cong nghé pin trong twrong lai.

2. Thiét 1ap van dé
2.1. Nguyén ly hoat dong ctia pin dién

Pin dién la thiét bi chuyén doi truc tiép hoa ning
thanh dién nang bang phwong phap oxi héa khir dién
héa. Khi mot tai dién dugc két néi véi cac cuc pin
thanh mdt mach khép kin, khi d6 c6 dong dién chay
qua tai, pin dang chuyén tlr dv trir ning lwgng sang
trang thai xa [5].
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Hinh 1. So' d6 qua trinh sac xa cta pin dién.

béi véi 6 16, pin dién khong chi dong vai tro cung
cip nang lwong cho dong co dién dé 6 to di chuyén
ma con cung cap nang lwgng cho cac thiét bi khac nhw
hé thong chiéu sang, hé théng théng tin, hé thong 4m
thanh. V&i diéu kién hoat dong khic nghiét, pin st
dung trén 6 t6 dién duoc thiét ké va san xuat theo quy
trinh nghiém ngit, ky lwong vé vat liéu, dic biét la
chat lwong pin. Pin dién dwoc 1ap trén 6 to dién con
doi héi nhirng yéu cau noi bat nhw [6], [7]:

e (o thé dat dwoc mat do nang lwong cao trong
mot lan sac d€ cung cip nang lwong cho 6 t6 di duorc
quang dwdng xa hon;

e Pin c6 cong suit on dinh véi dic tinh phong
dién sau gitap cai thién dac tinh dong lwc hoc 6 t6 dién;

e Dam bao tinh an toan, chi phi bao tri, bao duwdng
thap va dac biét 1a tudi tho pin l1au dai;

e Thén thién véi moi tredmg, dac biét c6 thé tai
ché.
2.2. Muyc tiéu nghién ctru

Muc tiéu nghién ctru cda bai bao dwoc thyc hién
theo ba giai doan:

Giai doan 1: Phan tich cac ddc tinh ctia hé théng
pin nhim 1am rd cac diéu kién hoat dong, s tic dong
cla cac yéu t6 bén ngoai anh hwdng dén hiéu suit,
tudi tho va tinh bén virng ctia pin.

Giai doan 2: Xay dung m6 hinh mo6 phéng dwa trén
cac thong so ctia 6 t6 BYD ATTO 3 v&i muc dich so do
hoa diéu kién hoat dong, ho tro viéc khao sat, danh
gia 6 to cach hiéu qua hon.

Giai doan 3: Thuc hién mé phong, danh gia két qua
hoat déng ctia 6 t6 gitip phéan tich kha nang téi wu héa
hiéu suit hoat dong, kéo dai tudi tho, ddm bao an toan
cuia pin trong diéu kién vin hanh thuec té.

3. Phin tich dic tinh cta hé thong pin dién
trén o6 t6
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3.1. Pién dp ctia pin va cell pin

Tir gi tri dién cuc tiéu chuln ta c6 thé xac dinh thé
dién cwc cia mot hé pin nhw sau:

Egell = Et(:)athode - Egnode (1)
Déi véi pin b hé thé dién cuc tiéu chuln cang cao
thi dong nghia véi viéc dién ap cda cell pin dé trén
thuec té cang cao. Dién ap cia pin cling bi anh hwéng
bé&i nhiéu yéu to, trong d6 c6 cac yéu td ton that vi hao
hut. Nhirng yéu t6 d6 dwoc thé hién qua biéu do sau:

Dién ép hoat (ne)a, + (Nee

dong

Dién ap pin ——

Dong dién ————p=
Hinh 2. Quan hé giita dién ap va dong dién trong pin.

Dai véi hé thong pin cho 6 t6 dién doi hoi yéu cau
phai cung cap di nguon nang lwong va dap g duoc
pham vi hoat dong nhit dinh. Vi vay, véi 6 t6 dién can
thiét ké mot hé thong pin véi sw két ghép ctia nhiéu
cell pin dé tao ra ngudén nang lwong phu hop. S6
lwong cell pin mic ndi tiép hoic song song thanh cac
mo-dun pin. CAc mo-dun pin mac ndi tiép, song song
thanh hé thong pin ma 6 t6 dién yéu cau. Cell pin c
dién ap cang cao thi hé thong pin cin it cell pin hon
khi két noi. Cic mo6-dun pin thwong dwoc thiét ké cd
dién 4p t6i da < 50V va trong lwong < 22kg nham an
toan hon. Téng dién ap ctia cic mo-dun pin thwong
dwoc thiét ké & mic dwdi 600V dé giam chi phi ché
tao va van hanh céc thiét bi dién ti& bén trong. Ngoai
ra, con c6 yéu td khac d6 1a dong dién va tén thit nang
lwong trén day dan [6] [8].

3.2. Dung lwong cua pin (kWh)

Dung lwong ly thuyét caa cell pin dwoc xac dinh
bdi khoi lwong vét liéu hoat dong bén trong té bao.
Thuc té bén trong pin luén c6 lwong dién tré tiéu hao,
vi thé gia tri dién ap ly thuyét hodc gia tri suat dién
dong sé giam dan dén dung luwong pin thuc té c6 gia
tri thip hon. Dung Iwong pin dwoc do bang kWh, tirc
cong suat dién ma pin c6 kha nang cung cip trong 1
gi®r hay 1C (pin c6 dong sac, xa dung bang gia tri dung
lwgng pin).
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Dién 4p Cell (V)
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2 +————r—— —

1 ——
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Dung lugng xa (Ah)

Hinh 3. Biéu d6 dung lwgng pin va dién ap pin theo
dong xa.

—
100 120

Hinh 3 thé hién, cing mdt loai pin néu dong xa
cang lén thi dién ap thuc té trong cell pin cling sut
giam theo, do dong dién cao din dén dién tré khuéch
tan cao hon. Pién ap gidm dong nghia véi dung lwong
kha dung cida pin cling gidm di. Vi viy, néu 6 t6 hoat
dong vai diéu kién binh thwong, diéu kién chuyén
dong 6n dinh va duy tri mirc xa dwdi 1C thi hé thong
pin lam viéc hiéu qua hon vé moi mat.

3.3. Ndng lwong riéng va mdt dd ndng lwong

Nang lwgng riéng, mat dé nang lwong la lwong
nang lwong lwu triv t6i da trén mot don vi trong
lwong, thé tich pin. Pin c6 nang lwong riéng, mat do
nang lwong cao sé gitp t6i wu vé trong lwong cling
nhu thé tich chi€ém chd trén 6 t6 khi thiét ké hé théng
pin. Khi xét vé gia tri thuc té, chi c6 mot phan nang
lwong ly thuyét dwoc chuyén hda thanh ning lwong
c6 ich, do pin khong xa 6n dinh & dién ap ly thuyét
cting nhw khong xa hoan toan xudng 0V.

1000

-

Ning lrong
300 riéng ly thuyét

200

Ning lwgng riéng Iy
thuyét cua pin thwc té

—

Nang lwgng
riéng thue té

Wh/kg

100

30

20

10 =

Leclanche
dry cell

Nickel -
Cadmium

Magneslum/
Mno.

Nickel -
metal
hydride
Lithium-
lon

Alkaline-
Mno,

Zinc/
mercurlc
oxlde

Zinc/
sliver
oxlde

Hinh 4. Nang lwong riéng cda pin dién.

Tl Hinh 4 c6 thé nhin xét dwoc: Nang lwong riéng
thuc t€ ma pin c6 thé cung cip, ngay ca khi xa & diéu
kién t6i wu chi c6 thé bang 50-75% gia tri ly thuyét
sau khi ké dén cc thanh phan hao ton.
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Nang lwong riéng, mat do nang lwong 1a hai dac
tinh dong vai tro quan trong trong viéc quyét dinh
hiéu suét, pham vi di chuyén, chi phi vin hanh ciing
nhuw tién dé cho viéc thiét ké hé thong pin cho 6 t6
dién. Cu thé c6 thé xét dén nhu:

e Ting pham vi di chuyén;
¢ Giam trong lwong va kich thwérc pin;

e Tang kha nang sac nhanh va duy tri hiéu suat
sac cao;

e Giam chi phi san xuit;

e Hiéu qua st dung va tudi tho cta pin cao.

Tuy nhién nang lwong dwgc lwru trit trong pin con
thay doi dang ké theo cac yéu té nhw nhiét do, téc do
xa va ciling c6 thé thay ddi theo cong suit riéng.

3.4. Céng sudt riéng cta pin (W/kg)

Céng suat riéng 1a lwgng dién nang thu dworc trén
mdi kg pin. Mot s6 loai pin c6 niang lwong riéng rat tot
nhung lai c6 cong suit riéng thap [7]. Tuy vao tirng
loai pin nhwng théng thwong, pin c6 cong suat riéng
cang cao thi nang lwong riéng cang thap.

100.000

10.000
5L ower
z T <Chighipewer
2 1000 .~ e
< . %
= v
3
H
2 100 H
10
14 + t
0 20 40 60 80 100 120 140 160 180 200
Nang lwong riéng Wkg
Bl Super capacitors [ Lead - acid spirally wound I Lead - acid
I Ni-Cd B Ni-MH 1 Na/NiCl,
B LiM - polymer [ Li-ion

Hinh 5. M6i quan hé gitra ndng lwong riéng va céng
sudt riéng.

T Hinh 5 c6 thé danh gid, siéu tu dién c6 cong
sudt riéng rat cao nhwng nang lwong riéng lai rat thap
hay khong c6 kha ndng duy tri niang lwong. Tiép theo
1a pin chi-axit, pin goc niken, pin natri va cuéi ciing la
pin Li-on. Tuy theo nhiing loai pin khac nhau sé c6
nhirng thiét ké cho nhirng &ng dung khac nhau. Pin
nang lwong cao sé hoat dong & mirc xa thong thwong
1a tr 3 - 5C (dung lwgng pin, kWh). Con ddi véi pin
thiét ké cho cong suit cao thi mirc xa c6 thé 1én toi
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15C. DB6i véi 6 t dién thuwong mai, pin duoc thiét ké
s€ 1a pin c6 nang lwong riéng cao.

Mot s6 dic diém noi bat cda dic tinh cong suit
riéng cuia pin cho 6 t6 dién:

¢ Kha ning ting téc, leo ddc;

¢ Kha nang lam mat cta pin;

e Can bang v&i dung lwong hé thdng pin;

e Ung dung trong thiét ké 6 to dién.
3.5. Ddc tinh sac va xd ctia pin (Ah)

Pdc tinh Iy hoa x4y ra bén trong cell pin: qua trinh
x4, cac electron sé di chuyén tir anode di qua mach
dién dén cathode, noi nhan electron. Qua trinh dwoc
dién ra nguwoc lai trong qua trinh sac. Pudng dic tinh
sac xa cua pin dién phu thudc vao rat nhiéu cic bién
sO nhw dién ap, dién tré khang, thoi gian phuc hoi
dién ap va dac biét phu thudc vao nhiét dé pin. Khi do,
nang lwong lwu trir ¢6 trong pin dwgc thé hién qua
thong s6 trang thai sac SOC hay ty 1é % cta mic sac
t6i da bén trong pin. SOC c6 thé thay déi theo cic gia
tri toc do xa khac nhau, mot phan dién 4p cta pin
cling thay d6i lam dung lwong trong pin thay ddi nhw
thé hién & Hinh 6.

Dién ap (V)

3 ; : : ;
100 80 60 40 20 0
Trang thai sac - SOC (%) —>
0.05C - rate - 010 - rate
— 0.5C -rate - 1C-rate

Hinh 6. DPuwong cong dién ap cida pin Li-on & cac téc do
Xa.

Nhiéu thong s§ ky thuat ca pin rang budc 1an
nhau khi sac, xa pin nhu: dién ap sac, dong dién sac,
nhiét do pin khi sac va an toan khi sac theo tirng giai
doan.

Qua trinh sac va xa pin tic dong rat 16n dén hiéu
suit, tudi tho, do an toan cling nhw kha ning van hanh
On dinh trong thoi gian dai ctia hé thdng pin trén 6 t6
dién. Nhirng tdc dong chinh c6 thé ké dén nhu:
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Hiéu sudt va pham vi hoat déng: Téc d6 sac xa
nhanh lam ting nhiét do pin, din dén tén hao ning
lwong va gidm hiéu sut, tir d6 gidm pham vi hoat
dong cua xe.

Tudi tho pin: Sac, xa nhanh lam tang nhiét do bén
trong pin va diy nhanh qua trinh 4o hoéa. Khi xa qua
sau, cac phan ng bén trong c6 thé lam giam dung
lwong cua pin theo thoi gian, lam gidm tudi tho cda
pin.

Dé an toan: Néu dong sac, xa qua cao lam nhiét do
trong pin tang dot ngodt, nguy co qua nhiét tang va cé
thé giy ra hién twong chay no.

Vi nhitng anh hwdng 16m nhw vy, dé t6i wu héa
qua trinh nay, cin c6 suw két hop giita cac cong nghé
pin tién tién, hé thong quan Iy pin hiéu qua va phwong
phap sac hop ly.

3.6. Tudi tho va s6 chu ky hoat déng ctia pin

Céc co ché 130 héa cua pin bat ngudn tir cac bién
déi ly héa xay ra bén trong dién cuc, chit dién phan
va cac phan trng qua lai gitra ching. Co ché 130 hoa
cta pin c6 thé dwoc chia lam bén loai nhuw sau [6],
[11]:

1) Hinh thanh mang bé mat, bao gobm pha dién
phan ran anode, cathode va ma dién cuc.

2) Thay d6i cau truc khéi lwong, bao gom dich
chuyén cac cation va chuyén pha.

3) Thay doi co hoc, bao gdbm ran nitt, hinh thanh
Kkhi.

4) Phan &rng ky sinh bao gobm dn mon bd thu dong
dién cling nhw phan huy chat két dinh.

Hé thong pin str dung trén 6 t6 dién doi hoi phai
c6 tudi tho cao cling nhw tang d tin ciy khi st dung.
Thong thwong pin sé trai qua ba giai doan trong sw
thay ddi dung lwong pin theo thoi gian. Giai doan thi
hai s€ la giai doan dac trung bdi sy sut giam dung
lwong.
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Phase 2

Phase 1 Phase 3
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Thong lugng (Ah)
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Hinh 7. Pwong cong gidm dung lwgng qua thong
lwgng pin.

Tuo6i tho cia pin dwgc thé hién va danh gia qua s6
chu Ky sac, xa siu ctia pin. S6 chu Ky va tudi tho pin bi
phu thudc rit nhiéu vao cac yéu té6 nhw: nhiét do
trong qua trinh sac, x3, d xa sau, dong dién sac, xa.
Dai vi 0 t6 dién, thue sw kho hodc c6 thé khong xac
dinh dwoc s6 chu ky cua pin do diéu kién lai xe thay
doi. Cac nha san xut pin chi cung cp s6 chu ky sac,
x4 trong thi nghiém. Mic khac, toc do sac, xa trén hé
thong pin cta 6 t6 dién khong 6n dinh nén sé dnh
hwdng 16m dén s6 chu ky str dung dworc. Ngoai ra, tit
ca cac cell pin trén mdt hé thong cling khéng thé dong
nhat trong qua trinh sac, xa nén chu Ky ciing c6 thé bi
thay déi tuy theo diéu kién 1am viéc cta tirng cell pin.

3.7. Nhiét dj lam viéc ctia pin dién

Trong pin, dién nang tao ra dwoc chuyén hoa tir
ho6a nang, do cac phan tng hoa hoc xay ra trong pin.
Cac phan &ng xay ra luén mong mudén & mot téc do
nhat dinh dé dat hiéu suat cao vé muc dich st dung
va téc do phan &g phu thudc rat nhiéu vao nhiét do.

Theo Van't Hoff: “Ct¥ ting nhiét d6 1én 10°C, t6c do
phan &g héa hoc trung binh ting tir 2 1én dén 4 1an”
(71, [13].

45

SC___]

41

37

33

Nhiét d§ (°C)

29

25

4.1 39 3.7 35 33

Dién dp (V)

31

Hinh 8. D6 tang nhiét d6 cac cell pin Li-on khi xa.

Yéu t6 nhiét do tac dong dén cac dic tinh khac cia
pin dién nhu:

71

Nhiét dé dnh hwéng dén hiéu sudt va ldo héa pin:
Néu nhiét do tang thi toc do cua cac phan rng bén
trong, bao gdbm qua trinh 130 hda va qua trinh tw xa
khéng mong muén ctia pin cang nhanh.

Dung lwong va dién ndng gidm ddn theo nhiét do:
Dung lwong cia pin sé gidm néu nhiét do hoat dong
dwdi mire thap nhat, twong tw cling sé giam khi nhiét
dd hoat dong cao hon mtrc cho phép.

Nhiét do dnh hwéng dén hién twong tw xd ctia pin:
Lam thic ddy qua trinh phan &ng héa hoc dién ra
nhanh hon.

Nhiét do va tinh déng nhit cda pin anh hudng
manh mé dén qua trinh sac va xa pin. Suw thay dai
nhiét do trong mot cell pin phai dwoc gitr trong
khodng tir 5°C dén 10°C trong khi thay ddi cia toan
khoi pin vao khodng tir 30C dén 50C. Sy chénh léch
nhiét do 5°C c6 thé€ dan dén kha ning cip dién suy
giam 10% va tang 25% dong hoc 140 héa do nhiét. Sy
130 hoa theo chu ky va nhiét dé6 anh hwéng dén tudi
tho pin, lam gidm dung lwgng va 1am tang ndi tré bén
trong pin [13], [14].

3.8. Hiéu sudt ndng lwong ctia hé théng pin dién
trén 6 té

Hiéu suit nang lwong pin la do mitc tiéu thu nang
lwong cta pin, cho biét phan nang lwong dién dwoc
bién d6i thanh céng hiru ich so véi tong nang lwong
dién tiéu thu. Hiéu suit nang lwong dworc tinh:

_ Py 0
l’]nl = P_ . 100/0
tt

(2)

Trong d6, na 1a hiéu suit nang lwong pin véi Ph
biéu thi cho ning lwong hiru ich, va Py 1a tong nang
lwong tiéu thu.

C6 rat nhiéu yéu té anh hwdng dén hiéu sut cua
pin nhw: mic dién ap, dong xa cta pin, ché do sac, xa
(dong dién khong doi, tai khéng doi, cong suit khong
d6i), nhiét do cta pin trong suét qua trinh x4, loai xa
(lién tuc, gian doan).

Ngoai ra cac yéu t6 nhw chu ky hoat déng, diéu
chinh dién ap, dién ap pin khi sac, cac anh hwéng cua
cell pin va viéc thiét ké cell pin, tudi tho pin cling nhw
diéu kién Iwu trir déu dnh hwdéng dén hiéu suat cia
pin.

4. M6 phong dac tinh ctia hé théng pin dién
dung trén 6 to

4.1. M6 hinh tinh todn va ddnh gid 6 t6 dién
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0 t6 mo phéng dwoc lwa chon dé thiét 1ap théng s6
la 6 t6 BYD ATTO3 trén phidn mém Simcenter
Amesim. Co s& ly thuyét dwoc thiét 1ap trén pham
mém dwoc thé hién qua cac khéi moé phong chinh sau

[16]:

Hé théng pin: Hé thdng pin dwoc xay dwng tir viéc
két hop nhiéu khéi pin lai véi nhau. Trong do, khdi
pin dwoc két ndi tir nhiéu cell pin. Dwa vao dién ap,
dung lwgng pin dau ra mong muén ma cé thé ghép
ndi tiép hodc song song cac khéi pin véi nhau. Ung
dung va thiét 14p mot s6 tham sé cho hé thong pin,
phwong trinh cho khéi pin dworc trinh bay.

e Trang thai sac
dsoC 100 I 3
dt - . QI 'rl ( )

Véi Q' 1a dung lwong tinh bang As, 1 1a hang s6
Faraday va Q 1a dung lwgng tinh bang Ah.

o Nhiétlwong toéa ra trén pin

dh = q’add + q)nfara + q)hyst + q)ohm

(4)
+ P + Pyirr

Trong do, biéu thirc twong tw nhw dién ap thit
thoat:

MAt mat Faradic:
q)nfara = 1.OCV. (1 - T]fara) (6)
e Tubi tho pin
Qioss = Bcoef-tyrzcoef (7)

Trong dé:
Qioss: Dung lwgng mat mat;
Beoer : Tién t6 140 héa B (%/nam);
Zcoer: SO mil ldo hoa z;

tyr: Thoi gian trong mot nam.

e U¢c tinh pham vi hoat dong

Ap dung phwong phap ngoai suy tuyén tinh, ta cé
thé xac dinh dwoc pham vi cho xe:

dcycle

Drange = (Socmax - Socmin)-m
cycle

(8)

Trong dé:
SOCpqy: Trang thai sac 16n nhat (%);
SOCyin: Trang thai sac nhé nhat (%);

deycre: Quang duwong xe di chuyén trong mot
chu ky;

ASOCcycie: % ti€u thu ctia SOC trong mot chu ky.

Méi trwomg Idi xe: O khéi ndy, cac thong s6 duoc
thiét 14p nhw: chi s6 moi treong, ap suit khong khi
xung quanh, nhiét do khong khi, mat d6 khong khi,
téc dd gid, do doc dwong, hé s6 bam duwdng va 16p xe.

B diéu khién trung tdm: Nhan thong tin tir nguoi
14i, ttr hé théng pin va dong co dién. Bo diéu khién
phén tich théng tin va diéu khién mé to hoat dong
theo tirng ché d6 hoat dong cta 6 t6 thdng qua viéc
kiém soat nguon nang lwong tir hé thong pin. Péng cor
dién c6 thé dwoc st dung nhw mot may phat dién dé
sac pin khi ngudi 1ai phanh. Bo diéu kién gii 1énh dén
dong co dién va xe.

Cdc théng sé ddu vao bao gom: Téc dd ddong co, md
men xoan cuc dai, cc tin hiéu ting tdc tir nguoi 14i,
tin hiéu phanh, trang thai SOC.

Trinh diéu khién nguoi 1ai cho hép sé tw dong:
Nhén tin hiéu tir moi trueong 14i xe, tir nguwoi 1ai giri vé
cho bd xt ly trung tAm. Day la trinh diéu khién doc,
tinh toan theo vi tri chin ga, chin phanh va can s6
theo van téc yéu ciu. Phin mém st dung tiéu chuin
mo phdng diéu kién 14i 6 té6 theo WLTP [17] d&é mo
phong va wéc tinh cac thong s6 co ban cta 6 to khi
hoat dong cling nhw cac dic tinh ctia hé thong pin.

Cdc thong s6 chinh cia xe BYD ATTO 3 khi mé
phdng va so sdnh trén phdn mém [18]:

Bang 2. Théng s6 ki thuit ctia xe BYD ATTO 3

Thong tin chung bVT Gia tri
1 Pham vi hoat dong thwc té (235 - 490 km)
1.1 Két hop - thoi tiét 6n hoa km 380
2 Pong co’ dién & kha nang hoat dong
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2.1 T6c d6 16n nhat km /h 160

2.2 Pham vi hoat déng dién cong bd km 521

2.3 Loai dong co dién Pong bo nam chidm vinh clru

2.4 Coéng suit cuc dai ddng co kW 150 (204 Ps)

2.5 M6 men xoan cuc dai N.m 310

3 Hé théng pin

31 Dung lwgng danh nghia/kha dung kWh 62/60,5

3.2 Loai pin Lithium-ion LFP

3.3 S0 cell pin/ c4u hinh pin 126/ 126s1p

3.4 bién 4p danh nghia \ 403
4.2. So d6 mé phdng hoat déng xe BYD ATTO3 trén e Thiét 1ap dit liéu cho b diéu khién trung tAm
phdn mém Simcenter Amesim VCUEC;

Quy trinh xdy dwng mo hinh: e Thiét14p théng s6 cho trinh ngwdi 14i hop so tw
dong;

¢ Tinh todn va xiy dwng khéi pin;
o Thiét 14p thong s6 SOC, nhiét do... cho pin; _® Thi€tlap thong s6 cho dong co dién, hop giam
toc co dinh;

e Thiét 14p théng s6 moi trrong lai; o o
o Thiétlap hé thong pin thap ap.

e
ELECTRIC VEHICLE MODEL )Y

id

%mwm%mwm  3{

............................................................

Hinh 9. M6 hinh m6 phéng hoat dong ctia 6 t6 dién.

Bang 3: Chu thich mot s6 khai chinh trong so @6 Hinh 9.

Khdi Y nghia

BAT Khdi BAT dwoc st dung d€ mo hinh héa dic tinh cta pin dién, déng vai tro 1a ngudn niang
lwgng mé phdong. Thiét1ap cac thong s6 ki thuat cia cell pin hodc mé dun pin, phan 4nh hanh
vi sac/x3, trang thai ndang lwong.
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VCUEV

Khéi VCU EV (Vehicle Control Unit - Electric Vehicle) 12 khgi diéu khién trung tAm cta xe dién,

déng vai tro “bo ndo” diéu khién cac khdi tin hiéu. Khéi VCU nhan tin hiéu tir nguwoi 1ai (ban
dap ga, phanh) va tir hé thdng cdm bién diéu diéu phdi toan bd hé théng truyén dong.

DRIVER

Kh6i DRIVER mé phdéng hanh vi ngwdi 1ai khi diéu khién st dung hop s6 tw dong, dong vai tro

“ngwoi lai do - Virtual Driver” trong mo hinh, phdn rng véi cac diéu kién van hanh.

GL

Khdi GL (Generic Load) duwoc st dung dé mo phong tai dién phu trg, c6 thé thiét 1ap gia tri tai

dién cu thé hodc thiét 1ap function tai thay doi.

M
VEHICLE

Khéi M (Motor) dwoc dung d€ mé phong cac thong sé ctia mo to truyén dong.

Khdi Longitudinal Vehicle dwgc sit dung dé md phong déng hoc xe theo phwong doc truc

(chuyén dong théng), tich hop cac lwc kéo tir ddng co, cac lwc can chuyén ddng nhw can lin,

can ddc, can gié.
E,S V, T
Sensor.

Cac khdi tin hién cam bién: E - Energy Sensor, S - SOC, V - Voltage Sensor, T - Temperature

5. Két qua va danh gia

e T6c do dong co dién

875V
[Nm]
300 x10? :
20 o
200 14
8
100 2
3
0 x10
0 4 8 12 16
Motor speed [rev/min]
350V
[Nm]
300 x10°? :
20 —
200 14
8
100 2
x10°?

0

0

4 8 12 16

Motor speed [rev/min]

Gia tri téc do dong co dién theo cac gia tri dién
ap:

2975V
[Nm]
3 D ——
300 x10 g
20 —
200 14
8
100 2
3
0 x10
0 4 8 12 16
Motor speed [rev/min]
4025V
[Nm]
3 ——
300 x10 =
20 —
200 14
8
100 2
3
0 x10
0 4 8 12 16

Motor speed [rev/min]

Hinh 10. T6c d6 va m6 men ctiia dong co dién theo gia tri dién ap hoat dong.

Tt Hinh 10, cAc mic dién ap cung cip cho dong co
dién khac nhau thi bién dang dwdong momen theo toc
do ciing khac nhau. Véi dién 4p thap 87.5 V thi
momen dat gia tri cwc dai chi trong khoang toc do
1800 vong/phut va bat dau gidm dan cho téi dat tdc
do6 cuc dai. Dién ap tang dan qua hai mirc la 297.5V
va 350 V cho thiy dic tuyén thay d6i momen dong co
theo téc do. Pén mirc dién ap cao nhit cung cip cho
dong co 1a 402.5 V, m6 men cuc dai dat gia tri 310
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N.m vakéo dai 6n dinh t&i toc d6 dong co diénla 4500
vong/phut sau d6 gidm din xudng 150 Nm va giam
sau cho t6i toc do dat cuc dai 12000 vong/phut.

e Téc dd 6 to khi hoat dong

Phin mém s dung trinh diéu khién nguoi 1ai
WLTP dé thwc hién mo phong. Tdc dd cuia 6 t6 sé thay
doi theo chu ky lai tuy thudc vao hé théng thiét 14p
theo ché d6 14i. Hinh 11 cho thiy quan hé gitra t6c d6
diéu khién va téc d6 6 to c6 sw twong dong nhau. Sau
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gan 6 gio ciia két qua mé phong, pin dién hét 01 chu
ky pin. Trong trwomg hop moé phdng, van téc mb
phéng 6 t6 dat dwgc twong dwong 130 km/h. So véi
thong s6 cong bé cia nha san xuat, két qua téc do cuc
dai dwoc md phéng thap hon 13%. Piéu nay c6 thé do
chénh léch cac thong s6 khi thiét 14p cac thong sé dau
vao. Vi vay két qua sé co sai s6 so v&i khi 6 t6 vAn hanh
thuec té trén duong.

To6c do cta 6 t6 con dwoce xac dinh theo quan hé
can bang cong sut gitra cong suit dong co phatrava
cac cong sudt can nhw can lan, can gio6, can déc, can
quan tinh va céng sudt can trong hé théng truyén
dong. Khi cung cip ngubn dién 87.5 V, momen dong
co dat cuc dai sau d6 gidm nhanh khi ting s6 vong

= Tac 80 phuang tién thue té (km/h)
— Tocdé trinh didu khien phuang tién (km/h)

[km/h]

quay phu hop hon cho cac 6 t6 ¢6 trong lwgng nho.
Trong khi dé, dién ap pin ap pin dién cao hon té ra
pht hop vi 6 t6 o trong lwong 1én hon dé cai thién
viéc duy tri kha ning gia téc cho 6 to.

Ngoai ra két qua md phoéng ciing chi ra & cac dién
ap khac nhau cua pin dién cho thdy dac tuyén momen
va toc do cia dong co dién cling khac nhau nhw diém
bit dau gidm sau khi momen cuc dai, diém giam
nhanh cia momen & s6 vong quay dong co dién cao
(khoang 12.000 vong/phut). Viéc bé tri bo giam téc
va sO cip hé théng truyén dong 6 té dién phu thudc
vao dién ap pin dién, tir dwong dic tuyén momen
dong co dién.

X:

thai gian (s)

Hinh 11. T6c dd diéu khién va van tdc tuyén tinh ctia xe khi mé phong hét mét chu ky pin.

— Trang thai sac (%)
— Trang thai sac udc tinh (%)

10

Hinh 12 thé hién dién 4p cling nhw thoi gian xa cua
pin gidm nhanh so v&i dién 4p ly thuyét. Trong nghién
ctru nay, thiét 1ap khdo sat mo phong trong trang thai
SOC tir 95% va gidm dan dén 20% dwa trén cac danh
gid viing hé thong pin lam viéc 6n dinh nhat [11], [19].
Két qua cho thay trang thai sac gidm tuyén tinh cho
dén khi hét cho ky pin. Cang vé cudi cia chu ky pin,
trang thai sac SOC gidm dan déu ciing minh ching
cho giai doan nay hé thong pin lam viéc 6n dinh. Giai
doan nay cda luwgng dién trong pin nén dwoc st dung
trong 6 t6 dién dé viéc khai thic an toan va kéo dai
tuoi tho cta 0 t6 dién.

6. Két luin

Bai bao da tap trung nghién ctru mot sé dac tinh
quan trong cda pin dién cling nhw cic yéu té anh
hwdéng dén hiéu suit vin hanh cia hé thdng truyén

X:
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T v - r + T
15

thai gian (s)
Hinh 12. Trang thai (SOC) cta pin khi m6 phong hét mot chu ky pin.

dong trén xe 6 t6 dién. Thong qua mé hinh m6 phong
str dung cac théng s6 thuc té€ cia hé théng pin trang
bi trén xe dién BYD ATTO3, cac dac tinh nhw momen
dau ra ctia dong co dién theo dién ap pin, van toc xe
va chu trinh diéu khién, cling nhw trang thai sac SOC,
da dwoc phan tich. Két qua cho thay dién ap cua pin
anh hwdng truc ti€p dén dic tinh mémen ctia dong
co, tir d6 anh hwdng dén hiéu suit tong thé ctia hé
thong truyén doéng. Pong thoi, viéc vin hanh pin
trong vung SOC thich hgp khéng chi gitip dam bao
hiéu suit vin hanh ma con gép phan ning cao d6 an
toan va kéo dai tudi tho cta pin.

Tuy nhién, nghién ctru hién tai van con ton tai mot
s6 han ché can dwoc xem xét trong cac hwdng phat
trién ti€p theo. Cu thé, nhiét dd méi trwong va nhiét
dd van hanh cta pin trong mo6 phong dwoc gid dinh la
hang s8, mo hinh chua tich hop hé théng lam mat cho
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thong pin, vi vdy chwa phan anh hét diéu kién vin
hanh thuec té cda pin dién. Nhitng diém han ché nay la
co s& quan trong cho cac nghién ctru tiép theo nham
hoan thién moé hinh, nang cao do chinh xac va mé
rong kha nang &ng dung trong mo phdng va thiét ké
hé thong dién cho xe 6 t6 dién.
Pong gop caa cac tac gia trong bai bao

Nguyén Thanh Sa: T6éng quan, Phwong phap,
Thao ludn két qua, Phan hoi y kién phan bién. Hoang
Van Chuan: Bién soan dit liéu, Phan tich dir liéu, Viét
- ban thao gbc. Poan Van Pong: Phuong phap, Thao
ludn két qua, Bién soan dir liéu.

Tuyén b6 khong xung dot lgri ich va cam két
ban quyén
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