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1. Giéi thiéu

Nganh cong nghiép 6 t6 dang trai qua mdt cudc chuyén d6i sau rong theo hudng dién khi hoa, thé
hién o qua sy gia tang dang ké doanh s6 xe dién (EV) trén toan cau trong subt thap ky qua. Dong luc
chinh thiic day su thay d6i nay trong linh vuc giao thong van tai 1a ap luc ngay cang 1on tir van dé bién
d6i khi hau, xuat phat tir su gia tang lién tuc cua lugng phat thai khi nha kinh (GHG) [1]. Vi vay, nhiéu
nghién ctru chuyén sau vé dién khi hoa trong nganh giao théng da duoc trién khai, véi muc tiéu cot 16i
12 nang cao hiéu suat va do tin cdy ctia xe dién chay bang pin (BEV), tir d6 cai thién hidu qua kinh té va
tinh kha dung cho ngudi dung.

Hién nay, pin lithium-ion dién ap cao (HV) dugc xem la nguén nang lugng chinh cho tat ca cac tai
dién cua BEV. Song song v61 nghién ciru va phat | trién cong nghé pin, cac phuong thic sac cling dang
dugc quan tdm va nghién ctru rong rai trén toan cau. Trong s6 do, phuong phap sac CC-CV (Constant
Current - Constant Voltage) da ndi 1én nhu mot tiéu chuan hang du nhd vao hiéu suit cao va kha ning
bao vé pin vuot troi. Cu thé, giai doan sac CC cung cap dong dién khong ddi, giup pin dat khoang 70-
80% dung luong trong thoi gian ngén, trong khi giai doan sac CV duy tri dién ap khong d6i, dam bao
Qué trinh sac dién ra an toan va toi wu [2].

Tuy nhién, cac nghién ctru thye nghiém cting cho thiy phuong phap sac CC-CV van ton tai mot sd
han ché. Pang chti y nhat 1a thoi gian sac kéo dai trong giai doan dién ap khong doi (CV), déc biét sau
khi pin dat khoang 80% dung luong, gay bét tién khi can sac nhanh. Hon nira, viéc kiém soat chinh xéac
nhiét do trong sudt qua trinh sac, dic biét v6i dong dién 16n, van con nhleu thach thie, lam tang nguy
co qua nhiét va suy giam chat luong pin. Do d6, phuong phap CC-CV can tiép tuc dugc diéu chinh va
t6i uu hoa de tuong thich tSt hon vOi pin thé rin va cac loai pin c6 mat d6 nang luong cao, nham dam
bao hiéu suit va do an toan & muc tdi wu.

bang cht y, qua trinh nghién clru va phat trién cong nghé sac CC-CV doi hoi lugng 16n thoi gian va
nguon luc, dac biét trong viéc thu thap va xur 1y dit liéu thye nghiém [3]-[5]. Trong nghién cttu “Lithium-
ion battery modeling and SoC estimation” ctia nhom tac gia Ruoyu Xu, tac gia nhan manh ring mé hinh
hoa sac CC-CV gip nhiéu khé khan do dir liéu thuc nghiém khong day da va thiéu do chinh xéc cao.
Viéc phu thudc vao dir liéu sin ¢ 1am giam tinh linh hoat trong viéc xay dung mé hinh, dong thoi anh
hudng dén do chinh x4c trong wdc luong trang thai sac (SOC) & cép d cao [6].

Ngoai ra, trong nghién ctru “Joint Estimation of SOC and Available Capacity of Power Lithium-lon
Battery” ctia nhom tac gia Bo Huang va Chang Liu, da chi ra ring phuong phap CC-CV ciing can sy hd
trg cua tri tué€ nhan tao (Al) dé nang cao hi€u qua tinh toan va du doan. Sy két hop gitra Al va céc thuat
toan loc nang cao nhu EKF (B¢ loc Kalman mé rong) trong linh vuec Machine Learning (May hoc) va
Deep Learning (Hoc sau) s€ giup cai thién dang ké do chinh xac trong viéc du doan SOC theo thoi gian
thue. Nho do, hé thdng c6 thé cung cap cac gia tri SOC day du, chinh xéac hon, phuc vu t6t hon cho nhu
cau quan 1y ning luong va bao vé pin trong cac tmg dung thyc té [7].

Trong nghién ctru nay chung tdi tap trung vao viéc md phong qua trinh sac dya trén md hinh hoa tién
tlen nghién ctru da khao sat tudi tho pin dudi nhiéu kich ban sac khac nhau va dé xuit cac chién lugc
t6i wu hoa quy trinh sac nham kéo dai tudi tho va nang cao hiéu qua khai thac ning luong.

2. Co s 1y thuyét
2.1. Théng so tinh todn

Dbi voi dé tai nghién ctru, nhom tac gia sir dung théng sd cua pin loai li-ion Samsung SDI INR-
18.650 (Bang 1), 1am co sé tinh toan mé phong cho qua trinh sac ciing nhu 1a du doan tuoi tho cta pin
thong qua cac tac nhan khac tac dong trong qua trinh sac.

Bang 1. Thong sé ki thudt ciia pin Pin Samsung SDI INR18650-20X [8].

Name Samsung SDI INR18650-20X 2000mAh (Green)
Cell Samsung SDI INR18650-20X 2000mAh
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Supplier ENERdan gmbH Date 2-2013
Size Weight: 42,49 Length: 64,9mm Diameter: 18,2mm
Info Top: flat Bottom: metal Rated A
Test Condition Charge Voltage 4,2V Termination current 0,1
Test Current (A) 0,2 0,5 1 2 3 5
Meas“r(fhc)apac'ty 2,064 2,047 2,019 1,980 1,965 1,962
Measured energy (Wh) 7,626 7,550 7,420 7,220 7,107 6,995
PCB protection trip
current (A) N/A

Bang 2. Bang gid tri cdac thong $6 do dac dvoc twe thuc nghiém dya trén SOC.

SOC Uocv RO R1 R2 C1 C2
10 3,17242 0,1867 0,0170 0,1898 3.737,7 7.051
20 3,2651 0,1469 0,0337 0,3775 20.592,2 2.785
30 3,36809 0,1190 0,0385 0,2770 47.868,8 4.753,3
40 3,47107 0,1224 0,0366 0,1077 806,19 1.227,5
50 3,57405 0,1180 0,0330 0,0898 1.361,6 1.461
60 3,67703 0,1160 0,0484 0,1514 1.908,8 1.363,8
70 3,7791 0,1084 0,0490 0,2361 2.095,8 7.842,1
80 3,87006 0,1079 0,0403 0,3066 2.858,5 4.182
90 3,97226 0,1102 0,0389 0,4284 2.336,3 3.535
100 4,16831 0,1117 0,0323 0,4363 3.084,7 2.995

M6 hinh Dual Polarization [9] hién tai 1 mé hinh dugc sir dung rong rai nhat ¢&& mo phong dic tinh
dién hoa cua pin trong cac tmg dung nhu quan 1y niang lugng hodc nghién ctru vé hé thdng luu trit ning
lwong. M6 hinh nay phan anh chinh xac hon cac dic diém dong hoc cua pin so véi md hinh don gian
hon nhu mé hinh Thevenin [10] (n = 1). Vi vay trong nghién ctru tac gia st dung mé hinh Dual
Polarization dé tinh toAn mé phong.

Theo Bang 2, dién ap hé mach (Uocv) tang déu tir 3,17V tai SOC 10% 1én 4,17V & SOC 100%, phan
4anh rd mbi quan hé gitra di€n &p va trang thai sac. Pién tré ndi tai (ndi tro) RO giam dan khi SOC tang,
thip nhét tai SOC 80% (0,1079 Ohm), cho thiy pin dat hiéu suit téi vu trong vang SOC 50-80%. C4c
dién tro R1, R2 va dién dung C1, C2 mé ta phan tmg dong cua pin: R1 va R2 bién d6i theo SOC, anh
huong dén ton hao ngin han va dai han, trong khi C1 va C2 phan anh kha nang luu trit dién tirc thoi va
6n dinh dién ap. Pac biét, ton hao dién ning cao hon 6 SOC thp va cao, cho théy pin hoat dong hiéu
qué nhat & ving SOC trung binh. Dir liéu nay rat quan trong trong thiét k& hé thong quan 1y pin (BMS),
gitip md phong chinh xac dién ap, ton hao va tudi tho pin trong cac diéu kién van hanh khac nhau.

Bang 2 thé hién dic tinh dién theo SOC cua pin du6i dang cac théng sb trong moé hinh mach twong
duong (ECM), gitp md phong va du doén hiéu suét, ton hao va phan tng dién 4p clia pin trong thuc té.
Thong qua cac gia tri dién ap hé mach (Uocv), dién tré (RO, R1, R2) va dién dung (C1, C2), bang cung
clp co so dit liéu quan trong dé xay dung mé hinh pin trong phdn mém Matlab/ Simulink. Y nghia chinh
clia bang 1a giup danh gia hiu suat pin theo SOC, x4c dinh ving hoat dong tdi uwu (SOC 50-80%), tir
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d6 t6i wu hoa qua trinh sac/xa, giam ton hao, kéo dai tudi tho va dam bao d6 on dinh dién ap cua hé
thong pin.

2.2. Nguyén ly hoat dgng ciia co ché sac CC-CV

Qua trinh sac CC-CV (Constant Current - Constant Voltage) dugc chia lam hai giai doan chinh (Hinh
1), nhung hoat dong lién mach nham t6i vu hiéu suat va do an toan khi sac pin. Giai doan dau tién la sac
dong khéng ddi (CC - Constant Current), trong d6 dong sac dugc duy tri ¢ mic ¢b dinh (thuong la
khoang 1C) dé nhanh chong ting dung luong pln Trong suét qua trinh nay, dién &p cua pin tang dan
khi ning luong duoc nap vao cho dén khi dat dén gia tri dién &p tdi da dugc dinh muc (vi du: 4,2 V/cell
dbi voi pin lithium-ion). Khi di¢n ap dat dén giéi han nay, qua trinh chuyén sang giai doan sac di¢n ap
khéng d6i (CV - Constant Voltage). Trong giai doan CV, dién ap dugc gitr 6n dinh & mure dinh mic,
trong khi dong sac giam dan theo thoi gian do sy béo hoa cia pin. Giai doan CV két thic khi dong sac
giam xudng dudi mot gia tri ngudng nho (thuong 1a 0,05C hoic thap hon), dam bao pin dugc sac day
(100%) ma khdng gy qué tai hoac 1am giam tudi tho ciia pin. Phuong phap sac CC-CV két hop tdc do
sac nhanh ¢ giai doan CC véi sy an toan va chinh xéac ¢ giai doan CV, gilp tdi wu héa hiéu suat hoat
dong, bao vé hoa hoc bén trong pin va kéo dai tudi tho pin. [11]

Trong qué trinh sac pin, dac biét ¢ giai doan sac dong khong d6i (CC mode), dong dién Ién duoc
cung cap dé nhanh chéng nap niang luong cho pin, dan dén sy gia ting dang ké nhiét do. Khi chuyén
sang giai doan sac dién ap khong do6i (CV mode), dong dién bit diu giam dan theo thoi gian, gidp nhiét
d6 cuia pin ha xudng [12]. Trong giai doan nay, hé thong lam mét s& hd trg hiéu qua hon, giap duy tri
nhiét d pin & muc an toan va on dinh.

45 — - 90
4.0 - 80
. - Dyng Irgng sa \Dién ap|khéng dbi
3.5 70
[ / g
< 3.0 f - 60 3
g ¢ Dong dién|khong dai —
c / ¥
& 25 " 50 §
& / @
5 20 y w0 g
@5 a y 30 2
ong sac ~
1.0 v 20
/
0.5 10
/ —
0 0.5 1.0 1.5 2.0 2.5 3.0

Thoi gian sac ( gio)
Hinh 1. D6 thi minh hoa co ché sac CC-CV. [11]
2.3. Co ché lam mdt khi sac CC-CV

Co ché lam mat ciia pin xe dién hoat dong dua trén hai nguyén 1y chinh 1a truyén nhiét dan
(conduction) va ddi luu cudng birc (forced convection), dam bao duy tri nhi¢t d6 pin trong gidi han an
toan khi sac nhanh hodc xa & cong suit cao. Hé thong lam mat s dung chat long, thuong 1a hon hop
50% nudc va 50% ethylene glycol, duoc bom tudn hoan qua cac éng dan bd tri tiép xuc hodc gan sat
v6i bé mit cac mo-dun pin (Hinh 2). Nhiét luong tir pin dugc truyén qua vat lidu dan nhiét cua dng dan
dén chét long bén trong. Chét 1am mét sau do6 hép thu nhiét lwong nay va dugc bom dén bo tan nhiét
(radiator), noi nhiét duoc truyén ra méi truong xung quanh nhd quat va canh tan nhiét. Pong thoi, viée
lam mat nay tic dong gian tiép dén céac té bao pin, duy tri nhiét d6 dong déu va giam thiéu rui ro qua
nhiét cuc bo. Chat 1ong sau khi dugc lam mat s& quay trd lai 6ng dan d¢ tiép tuc chu trinh lam mat. Hé
théng d6i luu cudng buc nay khong chi t01 uu hoa hiéu qua tan nhi¢t ma con gitp bao vé pin khoi nguy
co qué nhiét, dam bao hidu suat van hanh 6n dinh, kéo dai tudi tho pin, ngay ca trong cac diéu kién nhiét
d6 moi truong khic nghiét. [13], [14]
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Battery Cooling System

Radiator

Battery pack

Hinh 2. Hinh dnh minh hoa bé tri ciia hé thong lam mdt cudng birc trén pin xe dién.[13]
3. Tinh toin, md phéng hé thong sac CC — CV va md hinh dy doan tudi tho
3.1. M6 hinh hé thong sac CC-CV
3.1.1. Théng s6 dau vao

Trong nghién ctru md phong sac nay, nhom tac gia Iya chon trang thai SOC ban dau ciia pin 13 10%.
Tai mtrc SOC 10%, céac thong s6 nhu dién tro, dién 4p mach hd, dung khang, ... déu c6 gia tri tuong rng
dugc trinh bay trong bang dit lidu tai Bang 3. Cac thong s6 d6 dugc két hop voi cac thong sd cua pin
Samsung SDI INR18.650-20X da dé cap trudc do, nhom tac gia di xay dung bang gia tri co ban cia cac
thong s pin dé phuc vu cho qué trinh mé phong.

Bang 3. Bang gia tri cua pin twong urng voi mirc SOC = 10%.

Théng sb ki thugt Don v SDIPIiIr:I Iiign&SSSuOn?ZOX
Trang thai sac SOC % 10
bién ap mach ho OCV Volt 3,17242
bién tro trong R Ohm 0,1867
bién tr6 Ohmic R, Ohm 0,0170
bién tro phan cuc R, Ohm 0,1898
Tu dién nhanh RC déu tién C, Farah 3.737,7
Tu dién nhanh RC thir hai C, Farah 7.051

3.1.2. Xay dung va tinh toan gidi thudt sac CC-CV

Tac gia str dung Matlab - Simulink 1am c6ng cu dé mo phong qua trinh sac pin theo thuat toan CC-
CV. Théng qua do, c6 thé danh gia hi¢u qua ciing nhu xac dinh nhiing vu diém va han ché cia thuat
toan nay. Giai thuat sac CC-CV thi sé duoc chia ra lam 3 giai doan chinh — Hinh 3a,b:

Ché dj Standby (Standby Mode):

Trong trang thai ndy, pin khong con dang sac, do d6 dong dién s& bang 0:
1=0 (1)

Khi sac da hoan tét (SOC=100%), hé thong s& chuyén sang ché do Standby. Néu pin con ndng, nhiét
d6 cua cell s€ giam dan nho su tac dong ctiia dung dich 1am mat, voi cong thire tinh nhiét 6 nhu sau:

JTE, Volume 21, Issue 01(V), 02/2026 5


mailto:jte@hcmute.edu.vn

JTE TAP CHi KHOA HQC GIAO DUC KY THUAT
Truong Dai hoc Cong nghé Ky thuat Thanh pho H6 Chi Minh

RENEAILE Website: https://jte.edu.vn

ISSN: 1859-1272 Email: jte@hcmute.edu.vn
chermal - Qcool

Teen (t + At) = Teen (t) + X AT )

mXCp

Trong do:

Tee; (£): 12 nhiét do cta cell pin tai thoi diém t

Teey (t+ At): 1a nhiét do cua cell pin tai thoi diém ké tiép t + At, trong d6 At 1a bude nhay thoi gian —
khoang thoi gian nhd dung dé€ cép nhat nhiét do trong cadc mo phdng hodc tinh toan dong (s).

Qthermar- 12 nhiét lugng dugc sinh ra khi pin hoat dong sac/ xa (W).

Qcool: 12 nhiét lugng 14y di hodc giam bét do c6 su tic dong clia hé théng 1am mat (W).

m: khdi luong cua cell pin (kg).

Cp: la nhi¢t dung riéng ctia moi chat 1am mat (kg.J/K).

AT : D6 chénh 1éch nhiét 3o

Bit dau sac

'

Sac CC Mode +«———
Sai

V=42V ——»

J, Bung

Sac CV Mode +——

1
Sai

50C = 100% ————

i Pang
Standby Mode

4

Két thic sac end

@ (b)
Hinh 3. (8) Luwu dé thudt todn mé phong sac Pin va (b) Gidi thudt mé phong sac CC-CV.

Ché dg sac CC (Constant Current Charging Mode):
Khi bit dau sac, dong dugc luon dugce gitt ¢ muc 1C.

I =min(ly¢, Liimit) (3)

Dbi v6i cong thirc trén mo ta qua trinh diéu chinh dong sac trong giai doan dau cta ché do sac CC-
CV (dong khong d6i — dién ap khong ddi) cho pin lithium-ion. Trong d6 I, 1a dong dién sac & muc
1C, tirc 1a dong dién bang chinh dung lugng danh dinh cua pin (vi du pin INR 18.650 c6 dung luong
danh dinh 13 2A thi 1C = 2A) con I}j;e 12 gidi han dong dién sac toi da 1a do gidi han an toan ctia pin.
Ham “min” chon gi4 trj nhé hon giita hai dong nay dé dam bao rang dong sac thuc té khong vuot quéa
mirc cho phép, vira gitp pin sac an toan, vira kéo dai tudi tho. Trong mé phong MATLAB/Simulink,
cong thirc nay 1a co s¢ dé duy tri dong sac 6n dinh ¢ mirc tdi uu trong pha dong khong doi (CC), trude
khi chuyén sang giai doan dién p khong ddi (CV) khi pin dat t6i ngudng dién ap dinh mirc. Hon nita
viéc duy trinh dong sac cho phép sac nhanh hon, va khi dong dién khong doi thi dién ap s& ting dan theo
thoi gian. Lac nay, dién ap V(t) ctia pin dugc tinh nhu sau:

V() = 0CV(S0C) + I(t) X Ry + Ve (t) + Ve (D) 4
Va diéu kién dé chuyén mode sang CV d6 1a V(t) = 4.2V, hogc 1a khi SOC = SOCuisired (SOC mong
muon) thi s€ ngat dong vé ché dg Standby.
Ché dg sac CV (Constant Voltage Charging Mode):
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Khi pin gan day hodc khi dién ap dat ngudng t6i da (Volt_limit = 4,2V), h¢ thong sac s& chuyen sang
che do sac cham CV Mode (Constant Voltage). Trong ché do nay, dién ap dugc duy tri ¢6 dinh ¢ muc
tdi da, trong khi dong sac giam dan theo thoi gian dé dam bao nhiét do cua pin on dinh va qua trinh sac
dién ra hiéu qua, va dong dién dugc tinh thong qua cong thirc:

I(t) = Iprev - CVgain X(V(t) - Vlimit) (5)

'Trong d6 hé s6 CVagain duge sf; dung dé diéu chinh téc do gié}m qﬁa dong dién, to mirc 1C gidm dan
xuong 0,05C. Khi pin dugc sac day, qua trinh sac sé& tu dong ngat d¢ bao v¢ pin.
Va Hinh 4 13 d6 thi mé phong két qua sac CC-CV:

State of Charge (50C)
I — I

o I | I | I | | |
0 02 04 06 08 1 12 14 16 18 2
Time (s) 10

Cell Voltage
.o I

Voltaga (V)
N
[
[

©

| | | |
] 02 0.4 0.6 08 1 12 14 18 18 2
Time (s)

Cell Temperature
I

)
=}

Temperature {°C)
..
T
\
L |

I | ] |

0 0.2 04 086 0.8 1 1.2 14 18 18 2

Time (s) x10*
) Charging Current
2 I I
= _
g —
o [ S \ I | | |
0 02 04 06 08 1 12 14 18 18 2
Time (s) %10
Charge State
! T T \ T
Q
B2 o
@
i | | | | | | | |
0 02 04 06 08 1 12 14 18 18 2
Time (s) xio*

Hinh 4. Két qua mé phong gidi thudt sac CC-CV.

Phan tich do thi (Hinh 4):

Giai doan dau (SOC ban dau ~10%, kich hoat ché dé sac CC):

O thoi diém bét dau sac, SOC thap (~10%) va dién ap cell ciing kha thap (~3,5V, dua trén d6 thi Cell
Voltage).

Hé thong sac ngay ldp tirc chuyén sang ché dj sac dong khéng doi (Constant Current - CC, State 2).

Trong giai doan nay dong sac dugc giit 6n dinh & mirc 1C (xem do thi Charging Current). Diéu nay
dam bao qua trinh sac nhanh va hi¢u qua, gitip SOC tang nhanh chong (d6 thi SOC). Dién ap cell tang
dan tuyén tinh theo thoi gian (d0 thi Cell Voltage). Day la mét déc diém cua ché d§ CC: khi dong dién
dugc gilr ¢6 dinh, dién ap cell s& tang dan nho vao qua trinh tich Ity nang lugng bén trong pin. Nhiét do
cell tang manh (d6 thi Cell Temperature). Nguyén nhan la do nhiét lugng sinh ra tir dong sac lon. Tuy
nhién, hé thong quan 1y nhiét (Thermal Management System) s€ hoat dong d€ lam mat pin, dam bao
nhiét d6 khong vuot qua ngudng an toan.

Chuyén sang trang thdi sac CV khi dién dp dat 4,2V

Khi dién ap cua cell dat dén murc t6i da (Volt_limit = 4,2V), h¢ thong chuyén tir ché do CC sang ché
do dién ap khong doi (Constant Voltage - CV, State 3). Trong ché d6 sac CV nay dién ap dugc duy tri
on dinh ¢ mirc 4,2V (xem do thi Cell Voltage). Day la dic¢u kién 1y tudng d¢ tranh qua tai dién ap, bao
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vé pin khoi nguy co hu hong hodc giam tudi tho. Dong sac giam dan (do thi Charging Current). Diéu
nay xay ra do su bio hoa ning lugng trong pin khi SOC ting cao. Tai thoi diém nay, pin gan dat dung
luong tdi da, va viéc giam dong sac s€ giam tai nhiét sinh ra, bao v¢ tudi tho pin. Trong qua trinh sac
CV thi nhiét d6 cell giam dan (dd thi Cell Temperature). Py 1a két qua cua viéc giam dong sac, dong
thoi hé thong 1am mat vin hoat dong hiéu qua. Vi dong sac nhé nén SOC ting chdm dan va gan dat
100%. Piéu nay phan anh viéc sac pin trong ché @6 CV cham hon so v&i ché do CC, nhung can thiét dé
dam bao tinh an toan va hi¢u qua.
Két thiic qud trinh sac (chuyén sang trang thai Standby - State 1):

Khi SOC dat 100%, hé théng tur dong ngét sac va chuyén sang trang thai Standby (State 1). Trong
trang thai nay dong dién sac giam vé 0 (d6 thi Charging Current), ngin ngira qua sac hodc sinh nhiét
khong can thlet SOC duy tri 6 mirc 100% va khong tang thém, dam bao pin da day va khong bi qua tai.
Nhiét d tiép tuc giam nhe, dan 6n dinh & mirc gan bang nhiét @6 moi truong. Didu nay 1a nho sy ngimg
hoat dong ctia dong sac va hé thong lam mat van dam bao tan nhiét du thua.

3.2. Qudn ly nhiét dp khi sac

Trong qua trinh sac, viéc kiém soat nhiét do pin la quan trong boi nhiét do khong chi anh hudng truc
tiép dén hiéu suat va tudi tho pin ma con lién quan dén tinh an toan chay nd, bao vé sirc khoe con nguoi
va tai san. Do do, hé thong quan 1y nhiét d trong qua trinh sac (Hinh 5)dong vai trd quan trong trong
viéc dam bdo qua trinh sac dién ra an toan va hiéu qua, d@)ng thoi ti wu hoa viée luu trix va st dung
nang luong.

Bat dau

v

T_cell(t}
¥

Sal
T cellit) =

T_coolingActive
¥ Blng

Q cooling=h*3.14* "
ling=
A_pipe*(T_cell-T_fluid) L=

¢ l end

T_cell(r+1) = T_cell(t)+ T_celltc+1) = T_cell(t)+ % Cap nhat nhigt d§ cia cell
(Q_thermal - ¢ cooling) * {Q_thermal * deltaT/(m*cp) CellTemp = CellTemp + (ThermalPower

deltaT/(m*cp)

ud 1am n *
urrent*2 = (RO +

(V_RC12 / R1) + (V_RC2*2 / R2)); % Cdng sudt nhigt (W)

¢
if CoolingActive

CoolingEffect = h * 3.14 * D * L * (CellTemp - FluidTemp); ¥ Céng sudt lam mét (W)

CoolingEffect) * DeltaT / (m * cp); X K

% DiBu khién trang tha

N _ l if CellTemp < Temp_min
T_cell{t=1) CoolingActive = false; % Ngit
¢ elseif CellTemp > Temp_limit
CoolingActive = true; %

1am mat khi nhiét 4§ dudi nguwdng t6i thiéu

Kich hoat 1am m hi vugt npudng t6i da
KEt thiic end

(@) (b)

Hinh 5. (@) Luu d6 thudt toan lam mat pin; (b) Gidi thudt mé phong CTMS.

Béng 4 14 cac thong s lién quan dén moi chat lam mat duoc st dung trong hé thong:

Bang 4. Bdng gid tri ciia méi chat lam mat Etylen Glycol.

T(K) | p (kg/m?) p (mPa-s) k (W/m-K) cp (I/kg-K) € (W/m-K) 6 (S/m) | Pr(-)
273 1.130,8 2.294 6,51 57,6 0,933 617 0,65
280 1.125,8 2.323 4,20 37,3 0,933 400 0,65
290 1.118,8 2.368 2,47 22,1 0,936 236 0,65
300 11144 2.415 1,57 14,1 0,939 151 0,65
310 1.103,7 2.460 1,07 9,65 0,939 103 0,65
320 1.096,2 2.505 0,757 6,91 0,940 73,5 0,65
330 1.089,5 2.549 0,561 5,15 0,936 55,0 0,65
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340 1.083,8 2.592 0,431 3,98 0,929 42,8 0,65

350 1.079,0 2.637 0,342 3,17 0,917 34,6 0,65

360 1.074,0 2.682 0,278 2,59 0,906 28,6 0,65

370 1.066,7 2.728 0,228 2,14 0,900 23,7 0,65

373 1.058,5 2.742 0,215 2,03 0,906 22,4 0,65
Trong do:

T (K): Nhiét d6 theo Kelvin — don vi do nhiét do tuyét doi.
p (kg/m3): Mat do khdi lugng (Density) —
u (mPa:s): o nhét dong luc hoc (Dynamic Viscosity) — do luc can dong chay cta chat 1ong.

k (W/m-K): Hé s6 din nhiét (Thermal Conductivity) — kha ning din nhiét ciia vat chét.

cp (J/}(g-K): Nhiét dung riéng (Specific Heat Capacity) — nhiét lugng can thiét dé ting nhiét d6 mot don
vi khoi lugng 1én 1 Kelvin.

luong khdi luong trén mot don vi thé tich.

& (W/m-K): Hg s6 phat xa hogc hi¢u suat dan nhiét tiy diéu kién (don vi gia dinh) — c6 the 1a higu suét
truyén nhiét.
o (S/m): Po dan dién (Electrical Conductivity) — kha niang dan dong dién.
Pr (-): S?) Prandtl — ty s6 gitta d6 nhot dong luc hoc va do dan nhiét, khong c6 don vi, ding trong phan
tich truyén nhiét.

Két qua mo phong:

Cell Temperature
e \

"
5
T
/
/

1

Temperature {°C)
T
/
!
/
/

™
S

=}
I5)
)
o
IS
o
@
=
@
o
IS
@
o
~

Time (s) x10*
Hinh 6. Két qua mé phong nhiét @ pin khi sac ¢ ché dg CC-CV

Theo Hinh 6 c6 thé nhan thy rang trong giai doan Constant Current (CC), nhiét do pin ting nhanh
va dang ké, c6 thé dat trong khoang 40°C - 45°C. Néu khong c6 hé théng tan nhiét hiéu qua, nhiét do c6
thé tiép tuc ting 1én mirc 65°C — 70°C, gy anh hudng tiéu cuc dén tudi tho pin.

Mac du g1a1 doan CC c6 tac dong nhiét 16n, nhung thoi glan duy tri trang thai nay tuong ddi ngan.
Khi pin dat dén mot muc dién 4p nhét dinh, he thdng s& chuyén sang ché d6 Constant Voltage (CV).
Trong giai doan nay, dong sac giam dan, giap 6n dinh nhiét do pin, dong thoi ngan ngira cac hién tugng
nhu qua tai nhiét va stress hoa hoc, tir d6 bao vé cAu trac hoa hoc bén trong pin.

Bén canh anh hudng cta nhiét do, mot yéu té quan trong khac trong viéc danh gia tudi tho pin 1a tan
suét sac. So lan sac-xa trong sudt vong doi cua xe c6 tac dong truc tiép den mu:c suy giam dung lugng
va hiéu sudt tong thé cua pin. Do d6, dé c6 mot danh gia chinh xac hon vé tudi tho pin, cin xem xét
dong thoi ca nhiét d6 hoat dong va chu ky sac cua xe. Va dé truc quan trong hon trong viéc dua ra danh
gié, thi day la biéu dd biéu thi tudi tho ctia xe khi sac ché do CC-CV mot cach déu dan, khong lam dung
che do CC.

3.3 M4 hinh dw dodn tuoi the dwa vao SOH va ty Ié thodi héa ciia pin

Viéc xay dung mé hinh du doan Hinh 7a,b khéng chi giup hiéu rd hon vé cac yéu t6 anh hudng dén
tu6i tho ma con hd trg toi wu hoa thiét ké hé thong pin va chién luge sir dung, qua d6 kéo dai thoi gian
hoat dong hi¢u qua cua pin trong cac tng dung nhu xe dién (EV) va luu trlt ndng lugng.
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Bt diiu
S0H_min

Standand_cycle
DoD
energy_consumption
battery_capacity
battery temp

!

degradation_rate_standard =
{100-50H_min) / standard_cycles

K_temp= exp{alpha (battery_temp-25))
K_DOD = DOD{%)/100

!

degradation_rate=
degradation_rate_standard™ K_temp"

K_DOD
¢ % --- TINH TY LE THOAI HOA ---
distance_per_cycle = battery_capacity* degradation_rate_standard = (100 - SOH_min) / standard_cycles; % Ty 1& thodi héa co ban
(DOD/ X 100) alpha = 0.02; % Hé s& diéu chinh nhiét dd
temp_factor_nominal = exp(alpha i (batter‘y temp - 25)); % Hé sd nhiét do danh dinh
k_DOD = DOD / 100; % Anh hudng ctia DoD

S0H=50H-degradation_rate* K_Temp; B s o piia sa
o e degradation_rate = degradation_rate_standard * temp_factor_nominal * k_DOD; % Ty 1& thodi héa hiéu

Total_cycle % --- TINH TOAN QUANG BUONG MOI CHU KY ---
Total_distance distance_per_cycle = battery_capacity * (DOD / 100) / (energy_consumption / 100); % km
¢ % Giadm SOH theo ty 1é thodi hda va yéu td nhiét dd
KEt thuc

SOH = SOH - degradation_rate * temp_factor;

(@) (b)

Hinh 7. (8) Luwu dé thudt todn; (b)Code mé phong dir dodn tuéi tho pin.

- Két qua mo phong

Trwong hop 1: Xe hoat dong, sac xe lién tuc va mirc sac s€ tir 30 dén 60%.

Hinh 8 cho thy viéc wu tién sac nhanh CC trong qu4 trinh van hanh lién tuc khién pin thuong xuyén
lam viéc ¢ dong va nhiét g cao, tiém cén gidi han BMS cho phep (45-50°C). Do do, quang duong khai

thac cuia xe chi dat muc tdi thiéu thlet ke Két qua chi ra rang du sb chu ky sac cao, tudi tho pin van suy
giam dang ké do nhiét do 1on va tan suét sac/xa lién tuc.

Biéu db SOH theo 6 chu ky

T
% |-
g o 1
3
2 ®
5 X 1825 =
Y 69.9989
70 5
65 ! 1 l
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S8 chu ky (Cycle Count)
25 210° Biéu db quang duéng xe chay theo sb chu ky
5 T T
2|
€
2
f:" 15— =
5
3
3
21
&
3
(=}
05 m
o 1 ! ! ! ! | L !
o 200 400 600 800 1000 1200 1400 1600 1800 2000

S6 chu ky (Cycle Count)

Hinh 8. Két qud mé phong theo truong hop 1.

Truong hop 2: Xe khong sir dung can pin, sac xe déu din tir 20% dén 100%.

Hinh 9 mé ta truong hop xe gia dinh v6i tan sudt sir dung thap. Chii xe duy tri mirc SOC tdi w,
thuong sac khi pin con khoang 20%, tranh xa sau va han ché tang nhiét. Nho d6, anh hudng cia nhiét
do va do sau xa (DOD) gan nhu khong dang ke, giup ty 1€ thodi hoa thap, s6 chu ky sac cao va tong
quang duong dat ding tiéu chuén thiét ké (160.934-321.868 km). Trong di€u kién nay, tudi tho pin c6
thé vuot 9 nam vdi tan suat sac khoang 4 ngay/lan. Két qua cho thay chién lugc st dung va sac hop 1y
1a yéu t0 then chot kéo dai tudi tho pin, dong thoi giam chi phi van hanh va nang cao an toan khai thac.
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Biéu 06 SOH theo s6 chu ky
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Hinh 9. Két qud mé phong theo truong hop 2.
Truong hop 3: Xe luon ludn st dung can pin va sac xe tir 0% dén 100%.

~ Hinh 10 minh hoa viéc sir dung xe thiéu kiém soat, khi nguoi dung khong theo ddi SOC va thudng
dé pin can hoan toan trude khi sac. Thoi quen nay lam tang nhiét d, gia tang phan tng hoa hoc trong
té bao pin, d@n dén thqéi hQa nhanh va ru1 ro an toan cao. Viéc sac lién tuc tir 0% Ién 100% khién pin
giam hiép suat, rﬁt’ ngan tuodi tho dang ké. Trong tru{mg hop nay, tac d@ng cua nhiét d6 va do xa sé}u
(DOD) rat Iérr}, khiép ty 1€ thoai hoa dat 0,08-0,1% moi chu ky, cao hon nhiéu so véi muc 0,03% ¢ dicu
kién tiéu chuén. Két qua 1a pin chi duy tri khoang 300 chu ky va hon 120.000 km, trong khi cach st
dung hop 1y cé thé dat trén 800 chu ky va hon 250.000 km.

Biéu d6 SOH theo sb chu ky
T

| |

6
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S6 chu ky (Cycle Count)

10* Biéu a6 quang duéng xe chay theo sb chu ky
- - . )
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| |
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Hinh 10. Két quda mé phong theo triong hop 3.
4. Két luan

Tir két qua phaén tich, c6 thé thay rang phuong phép sac anh huong dang ké den tu01 tho va hiéu suét
cua pin. Hai yéu t6 quan trong nhit 13 sy thay ddi nhiét do trong qua trinh sac va tin suét sac. Sac nhanh
& ché do CC gitp rat ngan thoi gian nhung lai lam nhiét do p1n tang cao, gay cang thang hoa hoc, diy
nhanh qua trinh suy giam dung luong va lam giam tudi tho pin xudng chi con khoang 66% so voi sac
CC-CV. Nhiét do cao cling ¢6 thé gay gian no co hoc, mét can bang dién ap gilra cdc cell va tang nguy
co chay nd néu khong dugc kiém soat tot. Trong khi do, sac CC-CV, du mat nhiéu thoi gian hon, lai
gitip duy tri nhiét ¢ on dinh hon, giam tac dong tiéu cuc 1én pin va kéo dai tudi tho dang ké.

Dé t6i wu hoa qua trinh sac va bao v¢ pin, can han ché lam dung sac nhanh, két hop gitta sac nhanh
va sac cham hop 1y, déng thoi kiém soat nhiét do thong qua hé théng lam mat hiéu qua. Ngoai ra, viéc
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nang cap thuét toan quan 1y pin (BMS) gitp can bang dién ap giita cac cell, giam sat nhiét 6 va tdi uu
chu ky sac cling dong vai trd quan trong trong viéc duy tri tudi tho pin. Do d6, @& dam bao hiéu suat van
hanh lau dai va an toan, nguoi dung can ap dung chién lugc sac hop 1y, han ché sac déy 100%, duy tri
SOC trong khoang 20%-80%, dong thoi thuc hién bao tri dinh ky dé kiém soét cac yéu té anh huong
dén tudi tho cua pin.

Lo1i cam on

Nghién clu nay la két qua nd luc cua tat ca thanh vién trong nhom: TS. Pham Thanh Tuén, TS.
Duong Tuan Tung, ThS. Van Anh Duong, Nguyen Hoang Duy Tan va Nguyen Tien Thang - Truong
Pai hoc Cong nghé K§ Thuat TP. HCM (trude day 1a Truong Pai hoc Su pham K¥ thuat Thanh pho Ho
Chi Minh).
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