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LIEN NGANH DIEN - DIEN TU - TU DPONG HOA

M hinh héa pin xe dién va so sanh hiéu suat sac/xa dién
cho cac loai pin

Modeling of electric vehicle battery and performance comparisons on
charging/discharging of selected types of battery

Ta Thi Mai

Tac gia lién hé: maidtth@gmail.com

Trwdng Pai hoc Sao Do

Ngay nhan bai: 15/7/2024

Ngay nhan bai stra sau phan bién: 18/9/2024
Ngay chap nhén dang: 30/9/2024

Tém tat:

Xe dién ngay cang thay thé cho déng co xang vi tinh ndng wu viét ctia né déi véi mai trwdng. Trong hé thdng xe
dién, pin déng vai trd rat quan trong ddm bao cung cap nang lwong cho toan bd xe hoat déng. Do do, loai pin,
tudi tho cuia pin, thoi gian va quang dwdng dé ngudn pin dé cé thé ddm bao cho phwong tién hoat dong tt 1a bao
lau, bao xa. Day la nhivtng méi quan tam rat Ién dbi véi ngudi tiéu dung khi mua moét chiée xe dién. Truwdc nhirng
quan tam do bai viét nay da tim hiéu va xay dwng mé hinh hé théng pin xe dién va danh gia pham vi hoat déng
cla céac loai pin ma cac nha san xuét xe dién phai di mat. Trong nghién cru nay cho thay pin Lithium - ion |a
loai pin ¢ mat dd ndng lwong cao, bao phd nhiéu dién tich nhat nén cho phép khodng cach di chuyén xa hon.

Twr khéa: Lead Acid; Nickel-Cadmium (NiCd); Lithium lon (Li-ion); Nickle-Metal-Hydrite (NiMH).

Abstract:

Electric vehicles are increasingly replacing gasoline engines because of their superior environmental benefits.
In an electric vehicle, the battery plays a vital role in ensuring the energy supply for the entire vehicle to operate.
Therefore, the type of battery, the battery life, time, and distance that the battery source can ensure the vehicle
operates well is how long and how far. These are huge concerns for consumers when buying an electric vehicle. In
response to these concerns, this paper has explored and modeled electric vehicle battery systems and evaluated
the operating ranges of battery types that electric vehicle manufacturers are using. This study shows that Lithium
-ion batteries have the highest energy density, covering the area largest, and allowing longer travel distances.

Keywords: Lead Acid; Nickel-Cadmium (NiCd); Lithium lon (Li-ion); Nickle-Metal-Hydrite (NiMH).

1. DAT VAN BE Hinh 1 chi ra mach twong dwong mé hinh hoéa hé
Pin xe 6 t6 dién la loai pin sac lwu trir nang lwgng dién. thc:ng p[n' Pin SLf dung d? C“f‘? capvdu_an nlzing Ch‘? hé
[1,2, 10, 11] thong dong co cua xe thuar] dle’n hoac xe dién hypndg.
Pin 6 t6 dién bao gom nhiéu té bao pin duwgc ket noi
tlL thanh cac modul. M&i modul bao gdm dién cuc dwong,
o o dién cwc am va dung dich dién ly. Mét hé théng pin
low-pass filer hoan chinh cho & t6 dién c6 thé bao gdm nhiéu modul
e I i két néi v&i nhau. Pin nay déng vai trd nhw trai tim cla
| o Sel 7 DRsegn): e xe dié?, khéng czhi cung cép n?ng Iu;c,rng can th.iét aé
| yyLs 1 (Charge) ANN——o+ van hanh xe ma con anh hwéng dén pham vi hoat

Expi2) A leae . e Z. 5 Lia X
| A | PR T T = doéng, tho’l,glan sac, tudi tho cua xe va hiéu suat chung
| ] e cua hé théng. Hién nay, thi trwong xe dién st dung
A L Vi X N N L L e N , . N
Behmye = J0IT B, Barlvpe) | Controlied rat’ nhiéu chang loai pin v&i gia thanh, kich thwéc va
Edischase = AL Ksp. BattType) }‘E'”'_""T’ i | tudi tho khac nhau, tuy nhién chung dwoc chia lam 3

loai. M6t la: Loai pin c6 kich thwdc nho va thoi gian st
dung pin lau, nhung khéng bén va tudi tho ngan. Hai
la: Pin dwoc thiét ké tang “tudi tho”, nhung kich thuwédc
Nguoi phan bién: 1. PGS.TS. Tran Hoai Linh kha 16n va c@‘)ng kénh. Ba la: Loai pin c6 thé dung hoa

| 2. TS. Pham Cong Téo ca hai yéu cau nhd, gon, thoi gian s dung lau va pin

Hinh 1. M6 hinh héa cta hé théng pin
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“khde”, tuy nhién gia sé cao dé s dung cho thwong
mai. Trong bai viét nay tac gia da dwa ra mé hinh hé
théng sac dién va xa dién s& dung céc loai pin khac
nhau dé& danh gia hiéu suét cia chung tr d6 dua ra
loai pin cé chat lwgng tét nhét.

2. CAC LOAI PIN S DUNG TRONG XE DIEN
2.1. Pin axit chi (Lead Acid battery) [8]

Pin axit str dung trong 6 t6 théng thworng dé khéi dong,
danh Itra, chiéu sang va cac thiét bi khac. Pay 14 loai
pin dwoc st dung trong thoi ky dau cla xe dién, voi
gia thanh thwong dbi ré tuy nhién né cé trong lwong
I&n va pham vi hoat ddng chwa dap (rng dwgc cho rng
dung cla 6 to dién. Qua trinh sac dién va xa dién dwoc
thwe hién qua phwong trinh phan ng (1):

x4 dién
PbO, + Pb + 2H,S0, ——— 2PbS0O, + 2H,0 (1)
sac dién

2.2. Pin Nickle - Metal - Hydride (NiMH) [8]

Pin NiMH 1a mét trong sb hai loai &c quy duwoc sl
dung nhiéu nhét cho xe 6 té dién hién nay. N6 duwoc
st dung rong rai trong xe dién do kha nang lwu gil
nang lwong I&n hon nhiéu so véi pin axit chi, tudi tho
cao hon va trong lwgng nhe hon. O xe 6 to dién st
dung pin NiMH, nguén nang lwong cho xe 1a t& déng
co dbt trong hodc ddng co dién. Loai xe nay pin cé tbc
dd tw xa cao hon va cé kha nang cung cap nang lvong
nhanh. Tuy nhién, tudi tho cla pin sé& bi gidm néu lién
tuc & trang thai phong dién nhanh I13p di lap lai véi tai
cao dé dat dwoc cong suat téi wu nhanh. Tl nhitng wu
diém trén pin NiMH phu hop trong &ng dung xe dién
hydride hon 1a xe dién chay bang pin théng thuong.
Phan &rng co dién cta pin NiMH c6 thé dwoc biéu dién
bang phwong trinh (2) dé sac dién va xa dién.

xa dién
MH + NiOOH ———M + Ni(OH), (2)

sac dién

2.3. Pin Nickel - Cadmium (NiCd) [8]

Pin NiCd cé vong d&i dai vi pin c6 thé chiu dwoc chu
ky xa sau lau hon pin NiMH, né ciing co trong lwong
nhe hon pin axit chi. Tuy nhién, pin NiCd c6 dung
lwong dién twong dbi thap. Dung lwong dién thap co6
thé khién pin bi tan chay hoac chay néu pin bi xa sau
va sac nhanh trong th&i gian ngan. Khéng giébng nhw
NiMH, né ciing c¢6 nhuoc diém la c6 “van dé vé bo
nhé” hodc hiéu ng bd nhé. Van dé bd nhé xay ra khi
pin dwoc sac lai nhiéu 1an trwdc khi xa hoan toan.

Phwong trinh (3) biéu di&én phan &ng dién héa hoan
chinh ctia pin NiCd trong qua trinh sac va xa dién.

5 dién

Cd + 2Ni0(OH)——=2Ni0(0H), + Cd(0OH),  (3)

Xxa
sac dién

2.4. Pin Lithium lon (Li-lon)

Pin Li-ion 1& mét trong hai loai pin hang dau duwoc
st? dung trong céng nghé xe 6 t6 dién, bén canh NiMH.
Loai pin nay c6 nhiéu wu diém hon pin Nickle do mét
sb yéu t6 nhw dung lwong, néng lwong I&n hon trong
mot géi nhe hon, tw xa th&p va hiéu suét nhiét do tot.
Ngoai ra pin Li-ion than thién vé&i mai trudng khi hau
nhw tat ca cac bd phan va thanh phéan pin déu co thé
tai ché. Tuy nhién, pin c6 gia thanh dat hon so véi cac
loai pin khac. Mac du vay, pin Li-ion van la lwa chon
wu tién cho hau hét cac loai xe hydride va xe 6 t6 dién
chay bang pin.

Qua trinh sac va xa dién cua pin dwoc diéu chinh theo
phwong trinh (4).

) ) X3 dién )
Li;_,Co0, + C,Li, m’ LiCo0O, + C, (4)

3. MACH DPIEU KHIEN SAC/XA DIEN CHO PIN

Mach diéu khién sac/xa |a mot bd dém nang luong. Hé
thdng pin cta hé théng nay duoc két ndi véi bus DC va
dwoc diéu khién bdi bd chuyén déi DC-DC hai chiéu
(Hinh 2) bao gdm hai céng tac, S1 va S2, diéu khién
qua trinh sac/xa. Hinh 2 giai thich quy trinh kiém soat
chi tiét qua trinh sac dién va xa dién cuta pin. Trong
ché do két ndi lwdi hoac tai, véi lenh DC_ref _Ctrl =
0, bd chuyén dbi diéu khién dong dién (P,,,) vao hodc
ra khéi pin, trong d6 & ché d¢ xa P, > 0 va & ché do
sac P__<0. Bau ra cubi cung clia bo diéu khién pin 1a
tin hiéu chuyén mach hai chiéu T, (g1, g2). Trong ché
dd “dao”, 1énh diéu khién DC_ref_Ctrl dwoc dat la “1”,
lic nay bd chuyén déi lam viéc & ché dd tham chiéu
dién ap. Dién ap dau ra cta bd chuyén dbi, cling la
dién ap bus DC, dwoc diéu chinh theo tham chiéu dé
dién ap tai DC dwoc 6n dinh. Bo diéu khién giam sat
SoC (state of charge) cla pin va thwec thi cac gioi han
trén va dwdi ctia né (SoC_upper=90% va SoC_lower=
10%) dé tang vong ddi. Viéc chon céc gi¢i han SoC
khéng anh hwéng dén hiéu suét ctia bo diéu khién.

m
Poa [0 :
e Pl —{ PWM Thu(91. 92)
Voo {1
> g2
Vit DC_ref_Curl S2

Hinh 2. Quy trinh kiém soat qua trinh sac/xa [3]
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4. HE THONG SAC/XA THONG MINH

4.1. So db khoi

Hinh 3 1a so d6 khéi hé théng diéu khién sac dién va
xa dién cho pin dung phwong phap diéu khién DC-DC
hai chiéu.

PID kiém soat .
dongsac ¥ Chuyén Dong
mach lya d'?xu
chon khien
SaC}Xé sac/xa
PID kiém soat [~
dong xa l
Bién ddi
.. Ac qu DC-DC hai
Tai W e chidu
! x
Hién Ngudn
thi DC

Hinh 3. So d6 khéi

Khéi kiém soat dong sac (Hinh 4): Nhiém vu cGia mach
la diéu khién dong 16i ra sao cho sai l&ch (V (t) = V-
V,,) gitra gia tri dat voi gia tri do la nho nhéat, trong hé
théng gia tri dat 1a 25.955 (~26V), gia tri do Ia 25.61V,
ta c6 sai sb 1a 0,345V tin hiéu nay dwa dén bo 14y mau
va bién déi PID, qua bd khuéch dai va dwa ra dién ap
dau ra 1a -22V, dong ra iref_ch dwa t&i chuyén mach
Iwa chon.

Hinh 4. Khéi kiém soéat dong sac

Vorefofload

p liref dig

]

f

Flap

W alpt

Hinh 5. Khéi kiém soét dong xa

Khéi kiém soat dong xa dién (Hinh 5): Nhiém vu
ctia mach la diéu khién dong 16i ra sao cho sai léch
(V.(t) =V, g0 Veo) gilra gid tri dién ap ngqén va gia tri
do la nhd nhat, trong hé thong gia tri ngudn la 48V va
gia tri do 1a 47.93V, ta cé sai sb 1a 0,07V tin hiéu nay
dwa dén bo l4y mau va bién déi PID, qua bd khuéch
dai va dwa ra dién ap dau ra la 15V dwa ra dong ra
iref_dis dwa t&i chuyén mach Iwa chon [4, 5, 9, 10].

Fromi3

Hinh 6. Khéi diéu khién dong sac/xa cho pin

Khéi sac va x& cho pin (Hinh 6): La mach gém bo diéu
khién PID dé so sanh dong i_ref véi dong do dwa ra
sai sb. Tin hiéu ra PID so sanh vé&i mét tin hiéu xung
réang cua, lay dong ra S1 dwa t¢i bd DC-DC hai chiéu
dé sac/xa cho pin.

Detect mode (chraging or discharging)
[iref_ch]
“[state}

ey

Hinh 7. Khéi chuyén mach Iwa chon sac/xa

Khéi chuyén mach lwa chon: La mét chuyén mach ba
trang thai tw dong dé lwa chon trang thai sac dién, xa
dién hay trang thai khéng sac hoac xa.
Mach bién dbi DC-DC hai chiéu: Tao mach sac hay xa
dién trén &c quy. Gilr cho dong dién va dién ap xa luén
on dinh.

Bidirectional DC-DC Converter

From
G
3 —|
E w
v

g

a1l
1

Hinh 8. Khéi chuyén déi DC-DC hai chiéu
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Khdi chuyén ddi DC-DC: Hinh 8 la cAu tric khéi chuyén
ddi DC-DC hai chiéu. So db l1a sw két hop song song
clia cac bod bién ddi buck-boost. Trong qua trinh sac
dién, S1 dan dién thyc hién qua trinh nap dién cho pin,
trong khi d6 S2 & ché do khoa. O ché do xa dién, S2
dan dién tao mach xa cho pin va S1 khéa. Giira hai
qua trinh sac dién va xa dién cua tu ton tai mot khoang
thdi gian tré nhé dé hai qua trinh hoat dong ddc lap
khong bi chéng lan gay xung dot véi nhau [3]. Mach
loc RC dé san phang dién ap trong qua trinh sac cla

Bidireciional DC-DC Converter

Pin va mach loc RL dé& san phang dién ap trong quéa
trinh x& cta Pin. Tin hiéu [S1] va diéu khién qua trinh
sac va xa cua Pin.

Khéi hién thj: Hién thi dang séng tin hiéu tai cac diém
do hoac gia tri tai cac diém do.

Tai: La thiét bj tiéu thu dung chung cho ca qua trinh
sac va xa dién cla ac quy.

4.2. So d6 mé phéng trén Matlab/Simulink
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Hinh 9. So d6 mé phdng trén Matlab/Simulink [9, 10]

5. KET QUA MO PHONG, PHAN TiCH
5.1. Két qua mé phéng

Két qua 1: M6 phéng cho qua trinh xa dién va sac dién
cho pin Axit; pin Lithium - lon; pin Nickel - Cadium;
pin Nickel - Metal - Hydride vé&i cac tham s nhw sau:
Dién ap ngudn cung cap mot chiéu 1a 48V; Pin sac dén
100%; dién ap danh dinh 1a 24V; dung lwong &c quy la
50Ah v@&i pin Li-lon; NiMH; dién ap danh dinh 6V, dung
lwong pin 225Ah v&i pin axit; dién ap danh dinh 6V,
dung lwgng pin 180Ah v&i pin NiCd.

Nominal Current Discharge Characteristic at 0.2C (45A)
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Hinh 10a. Bdc tuyén xa cua pin axit

OCV vs. Residual capacity of Lead Acid
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Hinh 10b. Bdc tuyén sac cda pin axit
Nominal Current Discharge Characteristic at 0.43478C (97.8261A)
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Hinh 11a. Péc tuyén x4 cda pin Lithium-lon
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0 OCV vs. Residual capacity of Li-ion Typical Charge Charactenstics
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el 14 Két qua 2: Md phdng cho hé thdng sac hodc xa dién

1 cho pin vé&i cac tham sb nhw sau: Dién ap ngudn cung
1 cép mot chiéu la 48V; Pin sac dén 90%; Dién ap dat
cho &c quy sac day la 26V; dién ap danh dinh 24V;
dung lwong &c quy 1a 50(Ah); &c quy loai Lithium-ion.
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Hinh 17. D6 thi dong dién trén pin

Power Calculation (Source, Battery, Load) Watt
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Hinh 18. D6 thj céng suét ngudn, pin, tai
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Bang 1. Béng céc tham s6 hé théng tai ché do sac
90% cua cac loai pin

PIN
: Axit | Lidon  NiCd | NiMH
Tham so
U,,(v) 2315 | 2587 | 2602 | 2631
V_clapin(V) | 2595 | 2595 | 25955 25955
i (A) 1744 | 1545 | 1538 | 15.18
Plto/p1) Sacl | 1e41 | 05555 | 05713 | 0.567
xa (A)
i (A) 04837 | 05661 | 0.8815 | 0.7694
Poe(W) | -1164c5| 82985 | -8.298e-5 | -11.66e-5
P, (W) 399.7 | 4044 | 3988 | 3943
P,(W) 3852 | -385.2 | -384.1 | -364.6
5.2. Phan tich

T két qua md phéng trén Hinh 10 dén Hinh 13 mo6 ta
hai trang thai nap dién va xa dién cla cac loai pin. Céac
dac tuyén sac hodc xa cla ching déu cé hinh dang
giébng nhau cé phan dau la phan suy gidam theo ham
emd khi pin dwoc sac. Phan th(r hai biéu thi mirc dién
tich c6 thé trich xuét trong pin cho dén khi gidm dén
dién &p danh dinh. Phan thr ba biéu thj tdng lvong xa
cta pin cho dén khi dién &p gidm nhanh. Tuy nhién,
quan sat dac tuyén xa cla pin Lead Axid va NiCd ta
thay viing e mii rat nhd (pin NiCd) hodc khéng c6 (pin
lead axid). Dbi v&i pin NiMH va Li-ion ta thdy ving
gidm theo ham e mi khi x& va tédng theo ham e mi
khi nap rat rd rang. Pin NiMH va Li-ion 1& hai pin dang
dwoc str dung rong rai trong hé théng xe dién hién nay
va theo khao sat & Hinh 11 va Hinh 13 ta thay tai dung
lwong 20% pin Li-ion van cho dién ap cao hon NiMH.
Hinh 14 th4y ré d&c tinh sac vuot trdi cla pin Li-ion so
v&i pin lead axid.

Hinh 15 dén Hinh 18 va Bang 1 chi ra dac tuyén dong
dién, dién ap, cong xuat va bang so sanh cac tham
sb twong ng cho méi loai pin. T day ta thay réng
dac tuyén tat ca cac loai pin dwoc khdo sat déu giéng
nhau. Tuy nhién, v&i pin Li-ion cho dé sai léch dong
tham chiéu, ap tham chiéu nhé va én dinh hon va céng
suét pin, ngudn, tai cta loai pin cho phép cao hon cac
pin khac.

6. KET LUAN

Trong bai viét tac gia da nghién ctru, mé phdng, dua ra
dwoc mo hinh diéu khién ac quy nap dién va xa dién.
Két qua moé phdng da dwa ra duwoc cac do thj bién dbi
clia dong dién, dién ap trén &c quy (pin), cong suét
tin hiéu ra twong tng tai ngudn, ac quy, tai trong cho
bdn loai pin, tir d6 lap bang so sanh cac tham sé cla
chung. Ngoai ra tac gia ciing dwa ra duwgc cac két qua
danh gia qua trinh sac dién hoac xa dién cua trng loai

pin tr d6 lam rd dwoc chat lwong xac xa clha chung.
Tw két qua trén ta thay pin Lithium-ion cho d&c tuyén
sac dién, xa dién &n dinh nhét, cho dién tich sac I6n,
lwong pin x& &n dinh gidp pin dat dwoc hiéu suét cao
va mat dd nang lwong bao phi nhiéu dién tich nén
cho khoang cach di chuyén xa hon. Tuy nhién, v&i sy
phat trién ctia cong nghé va kha nang s dung néng
lwong tai tao trong twong lai né sé& dwoc thay thé dan
cho hé théng sac tiéu chuén trén cac dong xe doi maoi.
Han ché cda bai viét, két qua mé phéng chwa duoc
nghién ctu trén cac yéu td nhiét d6 khac nhau, nén
chwa danh gia dwoc tinh wu viét ciia hé thdng trong
moi triedng c6 nhiéu. Day cling 1a huwéng phat trién cia
tac gia trong cac bai viét tiép theo.
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