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TOM TAT

Bai bao tap trung nghién ciru anh huong cua nhiét do dén qua
trinh lam viéc cua pin xe dién Panasonic NCR-18650B. Vi
cdng cu mé phong Matlab - Simulink, c&c anh hudng lién
quan tdi qué trinh sac/xa pin xe dién nhu dién ap, dong dién,
chi s6 trang théi sac (SOC - State of charge) da duoc xem xét
& cac muc nhiét do khac nhau 0°C, 25°C, 50°C. Két qua
nghién ctru gop phan vao viéc tdi wu hoa qua trinh sir dung
pin, tir ¢ giam thiéu tac dong cua pin téi moi truong, gop
phan phat trién cho nganh cdng nghiép xe 6 td dién hién nay.
T khoa: Pin Panasonic NCR-18650B; qua trinh sac/xa; trang
thai sac; anh hudng cua nhiét dg; xe dién.

1. Mé& dau

Theo cac s6 liéu thdng ké cua cac cong ty chuyén nghién
cau, phan tich nganh cong nghiép 6 t6, vao nam 2021,
doanh sb ban 6 to dién da tang gip doi 1én 6,6 triéu chiéc,
chiém gan 9% thi truong 6 to toan cau va ting gap ba lan
thi phan so véi hai nam truée d6 [1]. Trong ndm 2022, da
c6 7,8 triéu chiéc 6 t6 dién duoc ban ra, chiém 10% téng
luong 6 td méi, va con sé nay duoc du béo s& gap 4 lan
trong nam 2023 [2]. Bén canh wu diém bao vé méi truong,
han ché khi thai, cdu tao don gian, d& bao tri, bao dudng
thi xe dién cling c6 mot sb van dé dang duoc dat ra va
nghién ctiru nhu vé pham vi hoat dong cia xe, thoi gian
nap nhién liéu, tram sac chua phé bién nhiéu nhu hé théng
tram nap nhién liéu xang dau. .. Trong tdm cua c4c véan dé
d6 déu nam ¢ pin xe dién. Do vay, nghién ciru pin xe dién
hién nay la mot hudng nghién ctu tich cuc va quan trong,
viéc t6i wu duoc hiéu suat s dung hay kéo dai tudi tho
pin 1a mot trong nhiing van dé dang duoc quan tm nhat
hién nay.

Bai béo trinh bay két qua nghién cau cac anh huong cua
nhiét 6 dén qua trinh 1am viéc cua pin, cu thé 12 qua trinh
sac/xa trén ddi teong Panasonic NCR-18650B thudc loai
pin lithium-ion dang rat phé bién va duoc st dung rong
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rdi hién nay. Nghién ciru nay khong chi xac dinh nhitng anh huong caa nhiét 6 ddi voi
hiéu suit va tudi tho cia pin ma con ap dung phuong phap mé phong sir dung Matlab -
Simulink dé dua ra cac dd thi va tién hanh cac phan tich chi tiét. DBidu nay dic biét hiru
ich dé giai quyét cac van d¢é lién quan dén qua trinh sac/xa pin trong céc diéu kién nhiét
do khac nhau.

2. Co sé nghién ciu
2.1. Qua trinh sac/xa cuaa pin lithium-ion

So vai cac loai pin axit-chi va niken, pin lithium-ion c6 kha nang sac/xa cao hon,
vong doi dai hon va khéng c6 hiéu wng bo nhé [3]. Pin lithium-ion st dung cac hop chat
xen k& lithium lam dién cuc duwong va am, trong d6 céc ion lithium di chuyén giira hai dién
cuc. Trong qua trinh sac, cac ion lithium dugc loai bé khoi cuc 4m dé chén vao vat liéu
cuc duong. Su chuyén dong cia cac ion lithium con duoc goi 1a qua trinh xen ké&. Hinh 1
md ta cau trdc cuaa pin lithium-ion.

S )

[ Cuc am Timcich dien  Cwe dwong ]

OO 'f‘ﬁ;;; N1 B
A8 000 Qua frinh
imissaimiy [ [ —t s Lit -1

Khung gop dién
ud1p dog Sunydp

Li,C Chét di¢n phan LiPFs  Li, MO,
Hinh 1: So' @6 nguyén ly cua pin lithium-ion [3]

Kha ning chap nhan sac hoic sac lai cia pin dugc do bang hiéu suat Coulomb va
hiéu suat ning luong caa chu ky sac/xa. Hiéu suat Coulomb duoc dinh nghia theo cong
thirc (1) [4], VGi tais VA tena 130 Tuot 12 tong thoi gian xa va sac, con igis Va icna lan luot 12
dong dién chay qua pin trong qua trinh xa va sac.

tdis tcha

He = .[ idisdt/ J. ichadt (1)
0 0

Hiéu suit ning luong dugc dinh nghia theo cdng thic (2) [3], VOi Vais VA Vena 14N
luot 1a dién ap cua pin trong qua trinh xa va sac. Vi dién ap trong qua trinh sac cao hon so
véi trong qua trinh xa nén hiéu suat nang luong thap hon hiéu suat cong suat [3].

tdis tt:ha

He = _[Vdisidisdt/ IV Ionadit 2)

chalcha
0 0
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S6 1an sac/xa chinh 13 vong doi cia caa pin. Trong xe dién, thoi gian st dung hitu
ich sip hét duoc dinh nghia 1 cong sut giam xudng con 80% so véi cong suit ban dau.
Tudi tho caa chu ky phu thudc chir yéu vao nhiét do pin, cau hinh xa va d6 sau xa (DOD -
Depth of Discharge). DOD cang thap thi pin c6 tudi tho cang cao.

2.2. Pham vi hoat déng nhiét d¢ cua pin

Pin hoat dong kém & nhiét do cuc thap va cao. Nhiét do thip can tré sy khuéch tan
va di chuyén cua ion va dan dén cac phan tng phu gay hai. Nhiét d6 cao gay ra cac phan
ng phu khéc, chang han nhu an mon va tao khi. Pin lithium-ion c6 pham vi hoat dong tur
-20°C dn 60°C. Bang 1 so sanh bén loai pin khac nhau, c6 thé thiy rd nhirg wu diém cua
pin lithium-ion so vai cac loai pin con lai.

Bang 1: So sanh céac loai pin dwoc s dung trén xe dién [3]

Lead-acid NiCd NiMH Lithium -ion
Dién 4p danh dinh (V) 2 1,20 1,20 3,6
Tu xa (moi thang) < 5% 10% 20% <5%

Nhiét d6 hoat dong (°C) | -15dn50 | -20dn50 | -20 dén 60 -20 dén 60
Tubi tho cua pin (s6 lan
sac/xa)

Hiéu suat nang luong >80% 75% 70% 85-95%

500 dén 1000 2000 <3000 2000

2.3. H¢ théng quan 1y pin

Hé thong quan ly pin cua xe dién thuan tay ciing c6 thé thu thap thdng tin thoi gian
thuc vé dir liéu caa bo pin trong qué trinh 1am viéc, sau d6 thuc hién cac huéng dan va
diéu khién twong ng duwa trén dir liéu va chién lugc diéu khién dugc tich hop trong bo
diéu khién BMS (Battery Management System). Céc chirc ning ctia hé thdng quan Iy pin
duoc mo ta tai Hinh 2.

HE THONG QUAN LY PIN
l l A4 l l
Phat hién Danh giad Quén Iy Quan 1y Quan ly
Tinh trang pin Tinh trang pin An toan Can bang pin Thoéng tin pin
Bao
vé Tdm
Bao| [qua| |Bao Can Can tat | [Tuong| | Dix
Dién| [Nhiét| [Dong S0C SOH vé | | tai | | v§ bang bang thong| | tic | |lidu
ap do | |dién d qua | | va ud chu thu tin | |thing | | lich
dong| | xa | [nhiét dong dong vé tin st
qua pin
mirc

Hinh 2: So do cau tric chize nang cua hé théng qudan Iy pin
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Trong khuén khd cua nghién ciu, cac tac gia tap trung vao mo-dun danh gia tinh
trang pin. Md-dun chirc ning nay chu yéu dya trén dir liéu da thu thap, sau d6 thuc hién
tinh toan va wdc tinh thoi gian thuc theo mo-dun udce tinh trang thai sac (SOC)/tinh trang
stc khoe (SOH - State of Health) cua pin. Bo diéu khién BMS dya vao céc thuat toan khac
nhau dé diéu khién mirc dién ap va dong dién sac trong hé thng pin dua vao rat nhiéu cac
thong sb dau vao, trong d6 c6 muc nhiét d6, mé hinh BMS duoc thé hién qua Hinh 3.

~| trén bo mach . 16

Thu thip T
I > di liéu I Giao tiép
> PoV,LT <-> + f
| Luwu tri
thong tin
. g Biové V,LT |a B6 didu
1 Kkhién [ Usc tinn (ni‘:;ghi:;’l‘];)
Iy <—'_Qﬂt_l<— - trung SOC(OR) con l:«_l.i
H . Bg diéu - Sm (m6
g <[5t e Khién nhiét [* L
| hinh.¥a .| Ubctinh Cinh bio
thuat |  soH tudi tho
T - B cin bang té - toan
I bao
- U'éc tinh Nhu ciu
SOop nang lwong
< Sac pin <
I Chin doan 16i Cinh bio

Hinh 3: Phan mém hé thong quan Iy pin BMS [3]

Pé tinh toan dién ap dau cudi va SOC, nghién ctu st dung md hinh mach dién
tuong duong (EEC - Electric Equivalent Circuit). Viéc lva chon md hinh nay yéu cau uéc
tinh bon tham sé doc 1ap, cu thé 1a suat dién dong (Em), dién tro ndi tiép (Ro) va nhanh
RC song song (R1, C1), lan lugt thay doi theo nhiét ¢6 va SOC cua pin. SOC caa mot cell
pin thudng duoc trinh bay dudi dang dién tich con lai c6 sin trén cell (1a chi sb thé hién
trang théi sac cua pin), thé hién qua cong thic (3), vai Qe 1a dién tich trich xuat duoc tinh
theo cong thirc (4) [4].

SOC =1-Q,/C, (3)
Q)= j |, (z)dz @)
2.4. M0 hinh mo phéng
Cong cu Matlab - Simulink da dugc st dung. Nghién ctru sir dung cac khbi mo

phong hé thdng quan ly pin: Khéi wéc tinh tinh trang sirc khoe caa pin (Hinh 4), khéi can
bang thu dong (Hinh 5) va khéi wdc tinh trang thai sac cua pin (Hinh 6).
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[ [

current sensor voltage sensor
noise noise

noisy current
measurement

n O noisy voltage G

measurement

Augmented EKF

D real SOC

noise

Hinh 4: Khei wéc tinh tinh trang sitc khde cia pin
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Hinh 6: Khai wéc tinh trang thai sac cia pin
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Théng sé cu thé caa pin Panasonic NCR-18650B dugc thé hién trong Bang 2.
Bang 2: Thong sé ky thugdt Cell NCR-18650B [5]

Dung lugng dinh muc (tai 25°C) 3200 mAnh
. . 3250 mAh
(0]

Dung luong danh dinh (tai 25°C) 3350 MAR
binh muac dién ap 3,6V
Phuong phap sac Dong dién khong doi - Pién ap khong doi

bién ap sac 42V
Dong dién sac 1625 mA
Thoi gian sac 4 gio
Sac 10°C dén 45°C
e Xa -20°C dén 60°C
Nhietdomoitong ™y “20°C dén 50°C
Trong lugng (Toi da) 4759
, o (T A (D) 18,25 mm
Kich thuéc (Toi da) (H) 65.10 mm
Mat d6 nang luong thé tich 676 Wh/I
Mat d6 nang luong trong lugng 243 Wh/kg

Luu db thuat toan st dung trong nghién ciru dugc mo ta theo Hinh 7, trong d6 3
muc nhiét 4o dugc dua ra trong nghién ctru 1a 5°C, 25°C va 50°C. Déy ciing la 3 muc nhiét
d6 co ban cua pin trong qua trinh sac/xa, phu hop véi cac théng so6 gidi han cuaa pin.

—> ChoT, T, T; Ha so dong dién xa
9 Ems Rﬂs R]; Cl l l
Mo hinh Simscape Pin

Voo

Pién ap mo phéng Pién ap thi nghiém

Khéong
Sita 6 thong sb

Co

Két thiic

—

En(SoC,T), Ry(S0C,T), Ry(SoC,T), C1(SoC,T)

Hinh 7: Lueu d6 quy trinh woc tinh tham sé cua pin [6]

Lap lai quy trinh 3 mac nhiét d6 tng vai 4 bo dix liéu dac trung cho cell pin dugc
xem xét: Em (SOC,T), Ro (SOC,T), R1 (SOC,T) va C1 (SOC,T). Céc gié tri nay, ngoai quy
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trinh ndi suy tuyén tinh, di tao thanh cac bang tra ciru hai chiéu xac dinh gié tri cua cac
phan t&r mach twong duong trong giai doan md phong. M6 hinh thu duoc gia dinh rang tro
khéang cua té bao khong thay d6i dang ké do d6 16n ciia dong xa.

3. Két qua nghién ciu

Két qua nghién ctiu thé hién ¢ Hinh 8, Hinh 9 va Hinh 10 cho thdy anh huéng cua
nhiét 46 dén céc thong sb lién quan toi qué trinh sac/xa caa pin nhu dién ap, cuong do
dong dién hay SOC ddi véi 1 cell va 1 mo dun (516 cell). Md-dun gébm 516 cell pin
Lithium-lon NCR-18650B c6 cau hinh 6S86P: 86 cell pin mic song song thanh mét bo va
c6 6 bo cell pin mic ndi tiép.

Trang thai sac

—08
R
086
7]
o) —Ss0C (T =5°C) (@)
» 04 ] - -S0C (T = 25°C)
02 SOC (T = 50°C)
0 2000 4000 6000 8000 10000 12000 14000
Thei gian (s)
Trang thai sac
1 —T=5cC
—~0.8 - T=25°C
N, T =50
0.6
2]
g )
0.2 I I I I i I
0 2000 4000 6000 8000 10000 12000 14000
Thei gian (s)
Hinh 8: Anh hwong cua nhiét do den SOC doi vai 1 cell (a) va 1 mé dun (b)
bién ap (V)
S 4
&
w38
& | —Dién 4p (V): T = 5°C (a)
@ 36( - -Pién ap (V): T = 25°C
----- Dién ap (V): T = 50°C
0 2000 4000 6000 8000 10000 12000 14000
Thei gian (s)
Dién ap (V)
—_ —Pién ap (V): T=5°C
S a4 - -Dién ap (V): T = 25°C
Y Dién ap (V): T =50°C
'g 38
250 [S—— (b)
@3 T [ —
0 2000 4000 6000 8000 10000 12000 14000

Thei gian (s)

Hinh 9: Anh huong cua nhi¢r do len dien ap cua pin theo thoi gian sac
doivoi 1 cell () va 1 mé dun (b)
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Két qua nghién ctu tir 6 thi Hinh 8 cho thay, khi ting sé lugng cell pin Ién thi gi&
tri dao d6ng SOC c6 xu hudng giam xudng manh. Trong khoang thoi gian tir 5581s dén
10581s, SOC tang va dat cuc dai la 50% tai 10581s (¢ cac muc nhiét @6 5°C, 25°C, 50°C
déu giéng nhau). Trong khoang thoi gian tir 0s dén 5581s, SOC giam, dat cuc tiéu 1a 30%
tai 5581s va trong khoang thoi gian tir 10581s dén 14398s, SOC giam, dat cuc tiéu Ia
34,24% tai 14398s, sau d6 SOC c6 xu huéng tiép tuc giam xudng (6 cac muc nhiét d6 5°C,
25°C, 50°C déu gidng nhau). So véi trudng hop thiét 1ap cho 1 cell, thi gia tri cao nhat cia
SOC trong truong hop nay giam 45,98% va gia tri thap nhat cia SOC trong truong hop
nay tang 33,33%. Khi cac cell mic song song dan dén sy khong dong nhat trong hiéu suat
va dién ap trén céc cell, din dén su bién d6i nhanh chéng caa SOC.

Tir do thi Hinh 9 cho théy, khi ting sb luong cell pin 1én thi gia tri dao dong dién
ap c¢6 xu huéng giam xudng. Trong khoang thoi gian tir 5581s dén 10581s, dién ap tang va
dat cuc dai la 3,73 V tai 10581s (& cac muc nhiét do 5°C, 25°C, 50°C khong c6 su khéac
biét dang ké). Trong khoang thoi gian tir 0s dén 5581s, dién &p giam, dat cyc tiéu la 3,57
V tai 5581s va trong khoang thoi gian tir 10581s dén 14398s, dién ap giam, dat cuc tiéu 1a
3,58 V tai 14398s, sau d6 dién ap c6 xu huéng tiép tuc giam xudng (¢ cac muc nhiét do
59C, 25°C, 50°C khdng c6 su khéc biét dang ké). So véi truong hop thiét 1ap cho 1 cell, thi
gia tri cao nhat cua dién ap trong truong hop nay giam 9,02% va gié tri thip nhat cua dién
ap trong trudng hop nay tang 1,4%. Do pin c6 cau hinh 6S86P: 86 cell pin mac song song
thanh maot bo va c6 6 bo cell pin mic ndi tiép nén dién ap co xu hudng khong thay doi
nhiéu.

Déng dién (A)

E- 4 [ re——— —Dong dién (A):T = 5°C
~ L - -Dong dién (A):T = 5°C
s 2 [ T\ 1 | T Ut Déng dign (A):T = 5°C
g 0f
a
22| (@)
Q |
(=)
0 2000 4000 6000 8000 10000 12000 14000
Thei gian (s)
Dong dién (A)
o |
[ = 2 |
@ 0 i
k<] | |
o | —Dongdién (A:T=5C | (b)
5 -2 { - -Déngdign (A): T=25C |
0.4 Déng dién (A): T=50C teo
0 2000 4000 6000 8000 10000 12000 14000

Theéi gian (s)

Hinh 10: Anh hwong cua nhjét do 1én cuong do dong dién sac cua pin
theo thoi gian doi vai 1 cell (a) va 1 mé dun (b)

Hinh 10 thé hién anh huéng cua nhiét d6 téi cuong do dong dién sac cua pin & ché
d6 dién ap khong d6i. Két qua nghién ctru cho thay khi ting sé lwong cell pin 1&n thi gia
tri dao dong cuong do dong dién sac c6 xu hudng khong thay doi. Trong khoang thoi gian
tir 5581s dén 5582s, cudng do dong dién sac ting vot tir -4 A va dat cuc dai 12 4 A tai
5582s (& cac muc nhiét do 5°C, 25°C, 50°C déu giong nhau) va giit nguyén gié tri dén thoi
diém 10581s. Trong cac khoang thoi gian tir Os - 5581s va 10582s - 14398s, cuong do
dong dién sac ludn dat cyc tiéu 1a -4 A (& cac mic nhiét do 5°C, 25°C, 50°C déu gidng
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nhau). So véi truong hop thiét 1ap cho 1 cell, thi gia tri cao nhat ciia cuong do dong dién
sac trong truong hop nay khong thay doi va gia tri thap nhat cua cuong do dong dién sac
trong truong hop nay khong thay doi.

4. Két luan

Nghién ctru d 1am rd dwoc cac méi quan hé gitra cac gia tri lién quan truc tiép dén
qué trinh sac/xa caa pin va tudi tho pin 1a dién ap, dong dién, SOC dén su thay doi nhiét
do, xét trén dbi twong pin phd bién cua xe dién 13 pin Panasonic NCR-18650B thugc loai
pin lithium-ion. Véi viéc dua ra dugc cac khéi xir Iy va thuét toan quy trinh wéc tinh tham
s6 cua pin, két qua nghién ctu danh gia duoc do tin cdy cia md hinh va thuat toan mo
phong, dong thoi hoan toan cé thé duoc st dung dé lam co sé cho viéc giai quyét cac bai
toan lién quan ti qua trinh 1am viéc cua pin trong cac diéu kién nhiét do khac nhau. Két
qua mo phong da so sanh dugc cac anh huong caa cdc mac nhiét do khac nhau 5°C, 25°C,
50°C dén SOC, anh huong cua dién ap va dong dién dén qua trinh sac xa pin caa 1 cell va
1 mo-dun gém 516 cell. Trong gidi han ciia bai bao dwa ra, cic mau dua vao van tuong
dbi nho so vai thyc té sir dung cua xe 6 to dién, do vay su chénh léch caa d6 thi ¢ cac mic
nhiét d6 dwa ra 1a chua thuc sy rd rang. Diéu nay s& dugc cai thién ¢ cac nghién ctu tiép
theo, khi xét dén nhiéu pack pin va c6 luu y dién hinh dang sap xép cua céc cell pin.
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ABSTRACT

STUDY ON THE EFFECT OF TEMPERATURE ON
THE OPERATION OF THE PANASONIC NCR-18650B
ELECTRIC VEHICLE BATTERY

Nguyen Phi Cuong Anh?, Le Duc Hieu? Luong Ngoc Minh!
YInstitute of Engineering and Technology, Vinh University, Nghe An, Vietnam
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This paper focuses on studying the influence of temperature on the working
process of Panasonic NCR-18650B electric vehicle battery. Through the Matlab -
Simulink simulation tool, the effects related to the charging/discharging process of
electric vehicle batteries such as voltage, current and state of charge (SOC) have been
considered at different temperature of 0, 25, 50 degrees Celsius. Research results
contribute to optimizing battery usage, thereby minimizing the impact of batteries on the
environment, contributing to the development of the current electric car industry.

Keywords: Panasonic NCR-18650B battery; charging - discharging process; state
of charge; effect of temperature; electric vehicle.
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