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Tén dé tai: Nghién ctru thiét ké hé théng lam mat pin lithium-ion trén 6t6 dién
Sinh vién thuc hién: Luu Van Thanh
S thé sinh vién: 103200103 Lép: 20C4CLCI

Trong bdi canh chuyén dich ning lvong va xu hudng phat trién xe dién ngdy cang
manh mé&, viéc ddm bao hiéu suit va tudi tho cta hé thé)ng pin lithium-ion Ia thanh
phan then chét cua xe dién tré nén cip thiét. VAy nén muc dich dé tai nay 1a nghién
ctru thiét ké hé thong 1am mat pin lithium-ion trén 6 t6 dién bao gdm tinh toan thiét
ké bd pin md phong danh gia két cau va mo phong danh kha ning 1am mat cua hé
théng, nham danh gia do bén co hoc va danh gia nhiét do hoat dong trong gi61 han an
toan tir d6 ta c6 thé thiét két hé thong lam maét pin phi hop dé nang cao tudi tho va
hiéu suét caa pin.

Mé dau, bao céo trinh bay téng quan vé cong ngh¢ xe dién hién nay, nhan manh
vai tro cua pin lithium-ion va cong nghé hién nay. Tiép theo, hé théng pin duoc xiy
dung dua trén cac gia dinh ky thuat cu thé, bao gém lua chon cell, tinh toan cAu tric
dién ndi tiép — song song, va tinh xac dinh cic thong sb co khi ctia hé thdng pin rdi
ta di mo phong két ciu va danh gia hé théng co khi da thiét ké.

Phan ba trinh bay qua trinh mé phong nhiét va dong chay bang phan mém ANSYS
Fluent. Dua trén viéc tinh s6 Reynolds, bai toan duoc phan loai ché do dong (chay
tang hay rdi), tir d6 thiét 1ap mo hinh va xay dyng mé hinh mé phong phu hop. Qua
trinh doc lap ludi va danh gia hoi tu dugce thuc hién nghiém tac dé dam bao do tin cay
ctia két qua mo phong, sau khi tim duwoc phan tir ludi doc 1ap ta di moé phong danh gia
kha nang lam mat cua pin tai phan tir ludi da xac dinh.

Tiép theo tinh toan hé thong lam mét bang chat 1ong, lua chon cac thanh phan cho
hé thong lam mat pin dé dam bao luu lugng nude 1am mat phu hop phi hop voi hé
théng.

Cubi cung, két luan danh gia lai hé thong da thiét ké va két qua mo phong da thu
dugc.
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1. Tén dé tai do an:
Nghién ciru thiét ké hé théng 1am mat pin lithium-ion trén 6 t6 dién
2. Pé tai thude dién: O C6 ky két théa thudn sé hitu tri tué doi voi két qua thyc hién
3. Cdc s6 liéu va dit lidu ban dau:
Heé thdng pin cho xe dién cong suat 504 kW.
4. Néi dung cdc phan thuyét minh va tinh todn:
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CHUONG 1: TONG QUAN VE XE PIEN
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6. Ho tén nguoi huwéng dan: PGS.TS. Phan Thanh Long
7. Negady giao nhiém vu dé dn: ... /...../202....

8. Ngay hoan thanh do an: ceeee /202
Pa Nang, ngay  thing

Truéng BOmén .......................... Nguoi huwéng dian

nam 20



LOI NOI PAU

Trong qua trinh hoc tap tai "Khoa Co khi Giao thong — Truong Pai hoc Bach
khoa, Dai hoc Pa Ning", em dugc cic thiy cb giang day va dinh huéng vé nhiéu van
dé k¥ thuét co tinh thoi sy, trong d6 ndi bat 1a tac dong cua phat thai giao thong ddi
v6i moi trudng — mot chu dé mang tinh cip thiét trong bdi canh bién ddi khi hau va
xu hudng phat trién bén viing hién nay. Tir nén tang kién thirc d6, em dan hinh thanh
mdi quan tim dén cac giai phap k¥ thuat nham giam phat thai va nang cao hiéu suét
nang lugng cho phuong tién giao thong.

Pic biét, trong qud trinh thuc tip, em d3 nhan duoc sy huéng dan tan tinh cia
"PGS.TS Phan Thanh Long". Qua nhirng budi lam viéc va trao doi véi thay, em duoc
thay dinh hudng tiép can chuyén sau vao linh vuc quan 1y nhiét cho pin lithium-ion
— mdt trong nhitng yéu t6 then chét trong viéc phat trién xe dién dé gitip giam phat
thai ra moi trudng. Tir nhitng goi m& quy bau 4y, em da xac dinh va lya chon dé tai
d6 an tot nghiép xoay quanh viéc nghién ctru thiét ké hé théng lam mat pin lithium-
ion trén 6t6 dién.

Trong subt qua trinh thuc hi¢n dd an, em d3 nhan duoc su chi dan tan tinh cta
thay. Thay khong chi giup em lam 13 cac van dé k¥ thuét c6t 161 ma con luon khuyén
khich em tiép can van dé mot cach khoa hoc, phan bi¢n va co6 hé théng. Em xin bay
t6 10ng biét on chan thanh va sau sic dén thay vi sy dong hanh quy bau d6. Em ciing
xin chan thanh cam on quy thay c6 trong "Khoa Co khi Giao thong — Trudng Pai hoc
Bach khoa, Pai hoc Pa Nang" da tan tAm giang day, truyén dat cho em nén tang kién
thirc vitng chic cung tu duy k¥ thuat chit ché. Pay chinh 1a hanh trang quan trong
gitip em tiép can va hoan thanh d6 an mot cach nghiém tic va c6 co so khoa hoc.

Mic du di nd luc trong qua trinh thuc hién, do gidi han vé thoi gian va kinh
nghi¢m, dd an kho tranh khoi nhiing thiéu sot nhét dinh. Em kinh mong nhan duogc
su thong cam va gop vy tir quy thdy cd dé em c6 thé tiép tuc hoan thién hon trong
nhirng nghién ctru sau nay.

Em xin chan thanh cam on!

Ngay 02 thang 06 nam 2025

Sinh vién thyuc hién



CAM DOAN

T6i xin cam doan rang d6 an nay duoc thyc hién ding theo yéu cau va huéng dan
da duogc giao. Tét ca sb lidu déu co ngudn goc rd rang duge coéng bd hop phap. Cac
két qua trong d6 4n 1a do em tu nghién ciru, phan tich va tinh todn mot cach trung
thue, khach quan va chinh x4c nhat.

Ngay 02 thang 06 nam 2025

Sinh vién thyuc hién
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DANH SACH CAC KY HIEU VA CHU VIET TAT

KY HIEU:
D. :Duong kinh cell (mm).

c

e Chiéu cao cell (mm).

: Bién 4p dinh muc cua cell (mm).

o

O C <

o

: Dung luong cell (mm).

: Khoi luong cua cell (mm).

o

UO 3

: Dung lugng cua bd pin (Ah).

Jm

: Nang lugng cua b pin (kWh).
: Bién 4p dinh mtc (V).

o
3

< C

: Thé tich cua cell (m®).

: S6 cell bat nbi tiép.

7]

: S cell két ndi song song.

©

: S6 cell trong bo pin.

< =z zZz =z

: Thé tich cua bo pin (m3).

: Khoi luong cua bo pin (kg).

=

: Bién &p ctia b pin sao khi tinh lai (V).

o -

: Dung lugng cua bd pin sao khi tinh lai (Ah).

o

: Nang lugng cta bd pin sau khi tinh lai (kWh)

o

: Mat d0 nang lugng riéng (kWh/kg).

«

: Mat do nang lugng theo thé tich (kWh/1).

: Bé rong kénh lam mat (mm).

® o m m m O C

: Bé day vo modun vdi cell (mm).

: Bé day gia d& (mm).

D

x

: Khoang céch cua 2 cell pin song song (mm).

: Khoang cach ctia 2 cell nbi tiép (mm).

fibg
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@ m 3 3 3

JSY)

: Khoang cach cta 2 cell ni tiép qua kénh lam mat (mm).
: Khoang cach cell theo chiéu cell ndi tiép dén ria kénh 1am mat (mm).
: Khoang céch cua 2 cell song song (mm).

: Khoang cach cell theo chiéu cell ndi song song dén ria kénh lam mat (mm).
: Chiéu dai cua gia d& cell pin trong mot modun (mm).

: Chiéu rong cua gia do cell pin trong mot modun (mm).

: Chiéu dai cia modun (mm).

: Chiéu rong cua modun (mm).

: Chiéu cao ctia modun (mm).

: Bé rong cua vach ngin (mm).

: Khoang h¢ cua khay pin va cac modun (mm).

: Bé day cua khay pin (mm).

: Chiéu dai ctia vach ngin doc (mm).

: Chiéu dai ciia vach ngin ngang (mm).

: Chiéu cao ciia vach ngan (mm).

: Chiéu cao bén trong khay pin (mm).

: Chiéu dai trong khay pin (mm).

: Chiéu rong trong khay pin (mm).

: Bé dai cua nap bo pin (mm).

: Chiéu dai ctia nip bo pin (mm).

: Chiéu rong cta nap bo pin (mm).

: Khéi luong cua gia 45 (kg).

: Khéi lwong cia vach ngan (kg).

: Khdi luong cta nip bo pin (kg).

: Khoi lugng tac dung 1én khay pin (kg).

: Luc tac dung 1én khay pin (N).

: Gia tdc trong trudng (m/s?).

: Ung suét cho phép (MPa).



: G161 han chdy cua vat li¢u nhom 6061 (MPa).
: Hé sd an toan chon.

: Ung suat 1am viéc.

¥e - Chuyén vi cho phép (mm).

7, :Chuyén vilam viéc (mm).

H_ : Chiéu cao kénh dan dung dich (mm).

r :Bérong cia inlet (mm).

: Chiéu cao cua inlet va outlet (mm).

: Khoi lwong riéng cua dung dich (kg/md).

: Van toc dong chdy vao kénh 1am mat (m/s).

a
o,
\'
u  : Hé s6 nhdt dong hoc cua dung dich (kg/m.s)
A :Dién tich cua inlet (m?).

D

.- Duong kinh thuy luc (m).

: Luu luong khéi luong (kg/s).
R, :S6 Reynolds.

ou, 5 . .
a—t' : Thanh phan khong thdi gian cua gia toc (m/s?).
aui \ A A gk- T A 2
U, —= : Thanh phan phan doi luu cua gia toc chat luu (m/s?).
L ox,

0 . ; .
@» : Gradient ap suat theo hudng i (Pa/m).
X

2

- YL . Thanh phan khuéch tan nhét (1/s2).
NG
]

C, g 1 Cpp: Nhiét dung ri€ng dang ap cia chat long va pin (J/(kg-K)).

OMuia o s A Lk ="
u, ot Thanh phan doi luu nhiét (K/s).

J

0Thig O°T , . , :
5 — a—zb : Khuéch tan nhiét cua chat long va pin (K/m?).
X X

i i

K, k,: Hé s6 dan nhiét ciia chat 1ong va pin (W/(m-K)).
X



g :Quad trinh sinh nhiét ndi tr& (W/m3).

Q :Luu luong qua kénh lam mat (m?/s).

Q, :Luu lugng thuc té (m%fs).

v, :Van dong chay trong duong éng (m/s).

Q, :Luu lugng trén duong 6ng bom (m%/s).

A, :Dién tich duong éng (m?).

D, :Duong kinh duong 6ng (mm).

I, :Chiéu dai duong ong trong hé théng (m).

A :Heésbtyle.

AP, Tén that ap doc duong (Pa).

$1:65163:64,65. 6 HE s6 ton that 1an lugc tai van, &, co, clra vao bo trao doi nhiét,
bén trong bo trao ddi nhiét va cira ra bd trao d6i nhiét.

AP, AP, ,AP,,AP,,, AP

AP, AP, AP, AP, AP, : Ton that ap tai van, té, co, clra vao bo trao ddi nhiét,
bén trong bo trao doi nhiét va ctra ra bo trao d6i nhiét (Pa).

AP, : Tén thét ap tai kénh lam mat pin (Pa).

AP : Tén thét ap tong ctia hé théng (Pa).

7 :Hiéu suét cia bom.

N, :Cong suat thuy luc caa bom (W).

CHU VIET TAT:

EV (Electric Vehicle): Xe di¢n.

BTMS (Battery Thermal Management System): Hé théng quéan 1y nhiét pin.
PCM (Phase Change Material): Vat viét chuyén pha.

PHEV (Plug-in Hybrid Vehicels): Xe lai dién c6 cong sac.

HEV (Hybrid Electric Vehicles): Xe lai di¢n.

BEV (Battery Eclectric Viehicles): Xe thuan dién.

CFD (Computational Fluid Dynamics): M6 phong dong luc hoc chat long.

Xl



Nghién ciru thiét ké hé théng lam mdt pin lithium-ion trén 6 t6 dién

MO DAU

Trong bdi canh khung hoang ning luong va 6 nhiém méi trudng ngdy cang
nghiém trong, nganh cong nghiép 6 t6 toan cau dang ¢ su chuyén dich manh mé tir
dong co dbt trong sang cac giai phap van hanh biang dién. Xe dién (Electric Vehicles
- EVs) dugc xem 1a mot huéng di tit yéu nham giam thiéu phat thai khi nha kinh va
phu thudc vao nhién li¢u hoa thach.

Tuy nhién, bén canh nhirng lg1 thé rd rét vé méi truong va hi¢u suét van hanh, xe
dién cling dat ra nhiéu thach thirc vé cong nghé, trong d6 ndi bat 1a van dé quan ly
nhiét cho h¢ thong pin lithium-ion.

Pin lithium-ion 1a trai tim cta xe dién, chiu trach nhiém luu trit va cung cip ning
lugng cho toan bd hé thong. Khi hoat dong véi dong cao trong thdi gian dai, pin sinh
ra mét luong nhiét dang ké. Néu khong duoc kiém soat hiéu qua, nhiét do cao co thé
lam giam tudi tho, giam hiéu suat va tham chi gy ra hién tuwong thoat nhiét nguy
hiém. Do d6, viéc nghién ctru thiét ké hé thong 1am mat pin lithium-ion trén 6t6 dién
pht hop 12 mot yéu cau thiét yéu trong qua trinh phat trién xe dién.

Xuat phat tir thuc tién d6, do 4n nay tap trung vao viéc nghién ctru thiét ké hé
thong 1am maét hiéu qua cho hé thong pin lithium-ion trén 6t6 dién. Noi dung d6 an
bao gdm téng quan so luge vé xe dién, tinh toan hé thong pin, thiét ké co khi bo pin
(m6 phong danh gia két cau), thiét 1ap bai toan md phong va xay duyng md hinh dé
mo phong danh gia kha ning lam mat ciia pin lithium-ion trén 6t6 dién bang phan
mém Ansys, tinh toan thiét ké cho hé thong 1am mat pin, va tong két va danh gia lai
hé théng da thiét ké.

Sinh vién thyc hién: Luu Van Thanh Huéng dan: PGS.TS Phan Thanh Long 1



Nghién ciru thiét ké hé théng lam mdt pin lithium-ion trén 6 t6 dién

CHUONG 1: TONG QUAN VE XE DPIEN

1.1. Giéi thiéu vé xe dién va vai tro caa pin lithium:
1.1.1. Lich si phdt trién ciia xe dién:

Vao khoang nhitng nim 1740, cdc nguyén 1y dau tién vé dong co dién da duoc
hinh thanh théng qua cac cong trinh cua Andrew Gordon — mét tu si Benedictine
ngudi Scotland — va Benjamin Franklin. Nhitng phat minh lién quan dén dién hoc
trong giai doan nay di dit nén méng k¥ thuat quan trong cho viéc nghién ciru chuyén
d6i dién ning thanh co ning théng qua hién twong dién tir. Pang chu ¥, vao nim
1821, Michael Faraday lan dau tién trinh dién hién tuong dién tur tao ra chuyén dong
quay. Tiép do6, vao nam 1828, nha khoa hoc ngudi Hungary Anyos Jedlik gi6i thiéu
nguyén miu dong co dién dau tién st dung nam cham dién. Nam 1832, William
Sturgeon — nha khoa hoc ngudi Anh — phat minh dong co dién mot chiéu, gop phan
quan trong trong lich st phat trién nganh co dién. Pén nhitng nim 1880, cac nghién
ctru vé dong co dién xoay chiéu dugc day manh nho kha nang truyén tai dién nang

hi¢u qua ¢ dién ap cao va khoang cach xa [1].

Cung véi su hoan thién vé k¥ thuat, dong co di€én sém duoc ing dung rong rai
trong cong nghiép va giao thong van tai, dac biét 1a phuong tién chay dién. Lich st
phat trién ctia phuong tién giao thong dién, tidu biéu 13 6 t6 dién, c6 thé dugce phan

chia thanh cac giai doan nhu sau:

Giai doan khai dau (1801-1850): Xuét hién nhiéu nghién ciru va phat minh lién
quan dén phuong tién chay dién. Mot s6 nguyén mau di duoc thir nghiém trong van
tai hanh khach va hang hoa, mo dau cho viéc tng dung dong co dién trong giao thong
[1].

Giai doan hoan thién va phd bién ban dau (1851-1900): Cac mau 6 t6 dién dan
dugc hoan thién, da dang vé mau ma va dugc san xuat hang loat. Trong giai doan
nay, 6 to dién chiém wu thé vé sé lugng. Song song d6, cac nguyén mau xe sir dung
dong co dbt trong ciing bat dau xuét hién, dat nén méng cho su canh tranh trong linh

vuce 0to [1].

Giai doan phat trién manh (1901-1950): O t6 dién budc vao thoi ky ting truong

nhanh chong véi khoang 30.000 xe duge van hanh vao nam 1912. Tuy nhién, cung
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Nghién ciru thiét ké hé théng lam mat pin lithium-ion trén 6 t6 dién

v6i sy cai thién ha ting giao thong, gia xing/dau giam va sy linh hoat cua dong co
d6t trong (hoat dong ¢ khoang cach xa, gia thanh ré hon), 6 to dién dan mat vi thé.
Nhitng han ché nhu dung luong pin thip, thoi gian sac dai va chi phi pin cao khién

dong xe nay khong con duge wa chudng va gan nhu bién mét tir nhirng nam 1930 [1].

Giai doan tai quan tam (1950-2000): Tinh trang gia nhién li¢u hoa thach tang cao
va mbi lo ngai vé phat thai khi nha kinh cting 6 nhiém khong khi da khién 6 t6 dién
dugc cac qudc gia chu trong trd lai. M¥ va Nhat Ban 1a hai qudc gia tién phong trong

viéc gidi thiéu cac mau xe dién hoa tich hop nhiéu cong ngh¢ hién dai [1].

Giai doan chuyén tiép (2001-2012): Gia nhién liéu tiép tuc leo thang, dong thoi
¥ thire vé méi trudng duoc nang cao, din t6i su gia ting dang ké vé s6 luong xe dién.

Pén nim 2012, téng s xe dién toan cau da vuot mbe 180.000 chiée [1].

Giai doan bung n6 (2012 dén nay): Tir nam 2012, nganh cong nghiép 6 to dién
chtng kién sy ting truong dot pha ca vé cong nghé va san lugng. S6 luong xe dién
tang tir dudi 500.000 chiéc nam 2013 1én hon 5 triéu vao nam 2018. Pén nam 2022,
téng sb xe dién toan cau da gap hon 5 1an con sé nim 2018, dat khoang 26 triéu chiéc
(bao gdm ca xe thuan dién va xe hybrid). Trung Qudc vuon 1én tré thanh thi truong

dan dau thé gidi vé ca san xuét 1an tiéu thy 6 t6 dién [1].
1.1.2. Phan logi cdac dong xe di¢n:

C6 3 loai xe dién chinh pho bién hién nay: HEV (Hybrid Electric Vehicle-xe xing
lai di¢n), PHEV (Plug-in Hybrid Electric Vehicle — xe hybrid sac dién), BEV (Battery
Electric Vehicle - xe thuan dién chay hoan toan bang pin) [2].

HEV PHEV BEV

Hybrid Electric Vehicle Plug-in Hybrid Electric Vehicle Battery Electric Vehicle

gICE Y

Reganerative Agenars Regenarative

Braking

Hinh 1.1: Céu trac cac dong xe dién.
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Nghién ciru thiét ké hé théng lam mdt pin lithium-ion trén 6 t6 dién

a) Xe lai dién (HEV):

Xe Hybrid Electric Vehicle hay HEV dugc van hanh boi ca dong co dién va dong
co xdng truyén thdng. Ngudn ning luong dién duge san sinh ra boi chinh hé thong
phanh ctia xe dé nap lai pin. Hé thdng phanh nay duogc goi 1a phanh tai sinh, mot qua
trinh ma trong d6 motor dién giup giam tdc d6 xe va chuyén mot phan ning luong
thanh nhiét bang hé théng phanh [2].

b) Xe lai dién c6 cong sac (PHEV):

Plug-in Hybrid Electric Vehicle hay PHEV c6 thé nap lai pin bang phanh tai sinh
hoic bang cach cim vao ngudn dién bén ngoai. Trong khi cac xe hybrid binh thudng
c6 thé di chuyén 2-4 dim trudc khi dong co xing duogc sir dung thi xe PHEV c6 thé

di quang duong 10-40 diam trude khi ¢6 su hd tro cuia dong co xing [2].
¢) Xe thuan dién (BEV):
Battery Electric Vehicle (BEV) thuong duoc goi véi cai tén EV (Electric Vehicle)

1a loai xe st dung hoan toan dong co di¢n véi bd pin co thé nap lai dugc va khong
dung dong co xdng. Xe BEV tich dién trong cic bd pin c6 dung lugng 16m va dugce
ding dé chay motor dién hay céc bo phan st dung dién khac. Xe BEV khong thai ra
khi gay 6 nhidm moéi trudng nhu dong co truyén théng. Xe BEV dugc nap dién bang
cac ngudn bén ngoai. Bo nap nay duoc phan loai dua trén tbc do nap day pin trén moi
xe BEV [2].

1.1.3. Cdc dnh hwéng ciia Ciia xe dién dén moi truong:

Bién d6i khi hau, 6 nhidm khong khi d6 thi va sy can kiét tai nguyén hoa thach
dang tao ra ap lyc to 16n Ién nganh giao thong van tai — mdt trong nhiing linh vuc
phat thai khi nha kinh 16n nhét toan cau. Theo bao céo ctiia Co quan Ning lugng Qudc
té nganh van tai chiém khoang 20% lugng phat thai CO, toan cau, trong d6 phuong

tién chay nhién li€u hoa thach la nguén phat thai chinh.

Ciac nguon sinh khi thai CO,

—
b,
12% D
\ ® Daén vi chdt doe
{
A‘. & San xuat va xay d’.mp
e
16% 'H3 Coag nghidp
’ ey |
]

Guo thong

= Khic
4

e . -
Lo =

_—

Hinh 1.2: Biéu d6 phat thai khi CO2 trong céc linh vuc.
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Nghién ciru thiét ké hé théng lam mat pin lithium-ion trén 6 t6 dién

Trong bdi canh dé, xe dién (— EV) ndi 1én nhu mét giai phap tiém ning nham
giam phat thai tai chd, gia ting hiéu suat sir dung ning luong va thuc day chuyén dich

sang cac ngudn nang lugng sach.

Annual vehicle emissions by fuel type (12,000 miles)

I
92001bs —. @ Pt 2R
- ' 1\ &%) Y
@@ ‘]9 s @) B oWy ° l\ =

Gasoline vehicle EV charged on grid EV charged with renewables
{compact/mid-size car)
201bs 300014
el 111k
== '8 Jos: _ 0 Ibs 0 fbs 3165
CO2e NOx PM COZe NOx M CO2e NOx PM

Hinh 1.3: Phat thai cia xe truyén thong va xe dién.

Tuy nhién, khong thé chi nhin nhan xe dién duéi lang kinh “phi phat thai” tai
thoi diém st dung, ma can danh gia toan dién theo vong doi, bao gdm phét thai tir
khai thac nguyén liéu, san xuét, van hanh cho dén xur 1y thai. Pin lithium-ion, thanh
phan nang lugng trung tim cua xe dién, chinh 14 nat that 16n nhat trong bai todn moi

truong va ky thuat nay.

Cong nghé pin lithium-ion mang lai nhiéu vu diém noi bat nhu mat do ning luong
cao, kha nang sac nhanh, tudi tho dai va hiéu suat dién hoa vuot troi so véi cac thé hé
pin truyén théng. Pay 1a 1y do pin lithium-ion hién 1a cong nghé chii dao trong gan
nhu tit ca cac dong xe dién thuong mai, tir xe may dién dén 6 to dién cao cap. Tuy
nhién, di kém véi d6 1a nhiing thach thirc khong thé xem nhe nhur:

Qua trinh khai thac céc vat li¢u chinh cua pin nhu lithium, cobalt va nickel doi
hoi tiéu ton niang luong 16n, anh hudng dén tai nguyén nude va gay 6 nhiém dat —
nuéc — khong khi néu khong duoc kiém soat nghiém ngit. Bén canh d6, chudi cung
g cua cac nguyén to nay hién dang phu thudc nhiéu vao mot s6 khu vuc nhay cam
vé moi truong va dia chinh tri, nhu ving “Tam giac lithium” & Nam My hay mo
cobalt tai Cong hoa Dan chu Congo, noi diéu kién lao dong va giam sat moi truong

con nhi€u bat cap.
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Nghién ciru thiét ké hé théng lam mdt pin lithium-ion trén 6 t6 dién

Viéc san xuit pin lithium-ion gay ra lugng phat thai CO, dang ké. Mot nghién
ctru cua IVL Swedish Environmental Research Institute (2017) u6c tinh rang dé san
xudt mot bo pin 100 kWh c6 thé phat thai tir 10 dén 15 tAn CO, , twong duong voi
phat thai caa mot chiéc xe xdng trong khoang 60.000—100.000 km dau tién. Do do,
viée xe dién c6 "xanh" hon xe truyén théng hay khong con phu thudc manh vao quing
duong st dung, nguén dién sac (nhiét dién hay nang lugng tai tao) va kha nang tai st

dung/tai ché pin sau khi két thuc vong doi.

Trong qua trinh sir dung, pin lithium 13 yéu t6 quyét dinh dén hiéu suat, d6 on
dinh va an toan cua toan by hé théng truyén dong dién. Tuy nhién, ban chit hoa hoc
cua pin khién né nhay cam v&1 nhiét do: khi sac/xa voi dong 16n hoac trong moi
truong nhiét do cao, pin co thé sinh nhiét nhanh chong. Néu khong dugc lam mat kip
thoi, pin ¢ thé suy giam hiéu suét, 130 héa sém, va trong truong hop cuc doan con
c6 thé gay chay nd do hién trgng thermal runaway 1a mot phan tng day chuyén nhiét,

dién, co c6 thé lan nhanh gifra cac cell pin.

Do d6, hé théng quan 1y nhiét (Battery Thermal Management System — BTMS)
trg thanh mot bo phéan then chdt trong thiét ké xe dién hién dai. BTMS khéng chi c6
vai trd duy tri nhiét do trung binh cta pin trong vung t6i wu (thudng tir 20-40°C), ma
con phai dam bao do chénh I€ch nhiét d gifra cac cell khong vugt qua mirc cho phép
(thudng <5°C) dé tranh mét cin bang dién ap, ting hiéu qua hoat dong va kéo dai tudi
tho pin. Cac giai phap 1am mat hién nay bao gdm tan nhiét bang khong khi, chat 1ong,
phase-change material (PCM), tham chi két hop v&i 1am lanh ban dan hoic hé thong

bom nhiét trong cac thiét ké cao cap.

Mot hé thong BTMS hiéu qua khong chi giup dam bao an toan, ma con gop phan
truc tiép vao viéc giam phat thai gian tiép bang cach kéo dai tudi tho pin, giam tan
sut thay thé va nhu cau san xuat pin mdi — von 1a khau phat thai 16n nhét trong vong
doi EV.

Vay nén ta co thé théy duoc pin lithium vira 13 trdi tim cua xe dién, vira 1a thach
thirc k§ thuat va moi trudong 16n nhat. Trong d6, kha nang quan 1y nhiét 1a yéu t6 trong
yéu, anh hudng truc tiép dén hiéu nang, do tin cay va tinh bén virng cua toan bo hé
thong. Chinh vi vdy, nghién ctru thiét ké cac giai phap lam mat pin lithium mot cach
hiéu qua, tiét kiém ning lugng va c6 thé ing dung thuc té 1a van dé cap thiét va co y

nghia lau dai trong tién trinh phat trién xe dién.
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Nghién ciru thiét ké hé théng lam mat pin lithium-ion trén 6 t6 dién

1.2. Cac cong nghé pin xe dién:

Trong tién trinh phét trién cua xe dién, pin ludn git vai tro thiét yéu trong cac
mg dung xe dién tir giai doan mé dau cho t6i cac tmg dung hién nay. Pin dugc ciu
tao boi dién cuc duong va dién cyc am voi chét dién phan dan dién va cach dién &
gitra. Trong qua trinh sac pin, dién cuc duong thuong xay ra phan ing oxi hoa va
dién cuc am xay ra phan ung khur. Trong qua trinh phong dién, phan tng ngugc lai
va do do cuc tinh cac dién cuc s€ ddo ngugc. Trong qué trinh phat trién ctia minh,
bon loai pin dién hinh di duoc st dung cho xe di¢n cling nhu xe lai di¢n 1a: pin axit-
chi, pin nickel-metal-hydrite, pin nickel-cadmium va pin lithium-ion [3].

1.2.1. Pin axit-chi:

Pin axit-chi 14 cong nghé pin lau doi nhét, ting dugc Gmg dung phd bién trong
céc xe dién thé hé dau. CAu tao pin bao g@)m cac ban cuc lam béng chi va dung dich
axit sulfuric dong vai tro 1a chat dién phan. Nguyén 1y hoat dong dua trén phan tng

dién hoa gitra chi va chi dioxide trong moi1 truong axit dé sinh ra dong dién.

NGt théng hoi  ©9¢ binh

Nap Ty Thanh néi

Ngan binh

Hinh 1.4: CAu tao pin axit-chi.

Uu diém 16n nhat cta pin axit-chi 13 chi phi san xuat thip va k¥ thuat ché tao don
gian. Tuy nhién, loai pin nay ton tai nhiéu han ché: mat d6 ning luong riéng thap (chi
khoang 20-40 Wh/kg), khéi lwong 16n, va tudi tho ngan.
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Ngoai ra, thanh phan chi va axit sulfuric cling gdy ra nhitng lo ngai vé méi truong
va an toan xur 1y sau str dung. Mic du vy, nho chi phi ré, pin axit-chi van dugc ing
dung gidi han trong cac phuong ti¢én van tai nho, xe dién nhe hoac xe nang trong nha
kho. Tuy nhién, trong xu huéng dién héa giao thong hién dai, pin axit-chi dang dan

duoc thay thé boi cac cong nghé tién tién hon [3].
1.2.2. Pin nickle-metal-hydrite (NiMH):

Pin NiMH 1a thé hé tiép theo trong tién trinh thay thé pin axit-chi. Céng nghé nay
da timg 1a lya chon chui dao cho cac mau xe lai (Hybrid Electric Vehicles — HEV),
dic biét noi bat trong cac dong xe nhu Toyota Prius. Cau tao pin sir dung hop kim

hép thy hydrogen tai cuc am, va hop chét oxi hoa nickel tai cuc duong.

So v6i pin axit-chi, pin NiIMH ¢6 mat d6 ning luong cao hon, tudi tho dai hon va
trong luong nhe hon, gitp cai thién dang ké pham vi hoat dong ctia xe. Tuy nhién,
nhuge diém cua cong nghé nay nam & hiéu suét sac/xa khong cao, tde do tu phong
dién 16n, va nhay cdm voi chu ky xa sdu. Viéc x4 nhanh, sac nhanh 1dp lai nhiéu lan
c6 thé 1am suy giam tudi tho dang ké, khién né khong phu hop cho céc xe dién thuan
(Battery Eclectric Viehicles-BEV), vén yéu ciu cong sudt cao va phan ung ning

lugng tirc thot.

Viy nén thudng duoc tmg dung trong cac dong xe lai va pin NiMH dang dan bj

thay thé do su phat trién nhanh chong cia cong nghé lithium-ion [3].
1.2.3. Pin nickel-cadmium (NiCd):

Pin NiCd 1a mdt dang khéc cua pin nén tang nickel, st dung cadmium lam vat
ligu dién cyc am. Cong nghé nay tung dugc danh gia cao nhd mat do nang lugng cao
hon va kha ning chiu nhiét tot hon so véi pin axit-chi. Tuy nhién, pin NiCd ton tai
mot s6 nhuge diém 16n nhu: Cong suat dién thp, d& gay qua nhiét hodc chay nd néu
sac/phong dién qua nhanh. Gay suy giam dung lugng néu khong dugc xa hét trude
khi sac lai. Bdc hai véi moi truong do sy hién dién cua cadmium, kim loai nang c6

doc tinh cao.

Chinh vi nhitng 1y do trén, pin NiCd hién nay hau nhu da bi loai bo trong linh vuc
xe dién, va chi con xuét hién trong mot s6 mg dung chuyén biét khong yéu cau cong
suét cao [3].
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Nghién ciru thiét ké hé théng lam mat pin lithium-ion trén 6 t6 dién

1.2.4. Pin lithium-ion:

Pin lithium-ion (Li-ion) 1a loai pin duoc st dung rong rdi va phd bién nhat hién
nay trong cac ng dung xe di€n. Pin Li-ion s¢ hitu mat do nang luong cao, tham chi
t6t hon ca pin nickel do phan tir Li c6 thé ning dién héa cao va trong lugng riéng
thép. Pin Li-ion ¢6 hiéu suét cao, tudi tho dai, do tu phéng dién thép va rt than thién

v6i moi truong do hau hét cac bo phan déu c6 thé tai ché [3].

Sac

Cuc duong  Lop phan tach Cuc am

Cuc duong Lép phén tach Cuc am

Hinh 1.5: Céu trac cua pin lithium-ion.

Nhuoc diém 16n nhét cua pin Li-ion nam & khia canh kinh té, do gia thanh cao

hon céc loai pin khéc.

Bang 1.1: Tong hop so sanh dic diém cac cong nghé pin.

Axit-chi NiCd NiMh Li-on
Mat d6 nang 20~30 <50 <60 <100
lugng
(Wh/kg)
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Nghién ciru thiét ké hé théng lam mdt pin lithium-ion trén 6 t6 dién

Chu ky va 400 500~1000 400~ 300~
tudi tho

Tu xa 10% 30% 30% 3%
Than thién Khong Khong Co Co
Vo1 moi

truong

Trong lugng R4t nang Nang Trung binh Nhe

V61 vu diém nodi troi ve hai thong s6 quan trong, mat do nang lugng cao nhat va

trong luong thap nhat, pin Li-ion 1 pin pht hop nhat trong cac tng dung xe dién hién

nay.

1.2.5. Cac dgng cell pin:

Cell pin 1a don vi cAu trac co ban cia hé théng pin xe dién, quyét dinh dén mat

do nang lugng, kha nang tan nhiét, o bén co hoc cling nhu hiéu qua td chirc khong

gian ciia hé théng luu trit. Trong cac thiét ké pin lithium-ion hién dai, ba dang cell

pho bién nhat 1a:

e Cell hinh tru (cylindrical).

e Cell hinh lang tru (prismatic).

e Cell tii mém (pouch).

Cell hinh try duoc céu tao béng cach cudn céc 16p di¢n cuc lai thanh hinh try,

dong trong vo kim loai kin. Uu diém ndi bat cta dang cell nay la do bén co hoc cao,

d& san xuét hang loat vé1 mic do chuin hoa tét, déng thot kha nang tan nhiét kha

hi¢u qua do c6 cac khe hé ty nhién gitra cac cell. Tuy nhién, chinh dac diém hinh hoc

nay lai dan dén hiéu suit sir dung thé tich thap, gy han ché trong céc thiét ké doi hoi

mat do tich hop cao hoac khong gian gigi han.

Sinh vién thuc hién: Luu Van Thanh

Huéng dan: PGS.TS Phan Thanh Long
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Nghién ciru thiét ké hé théng lam mat pin lithium-ion trén 6 t6 dién

Hinh 1.6: Cell dang tru.

Cell hinh hop (prismatic) c6 dang khdi hop chir nhat, véi cac 16p dién cuc dugce
xép 16p hodc cudn det va dong trong vo nhém ctng. Thiét ké nay cho phép tdi wu hoa
mat do nang lugng trén don vi thé tich, déng thoi thuan loi trong viée sép xép va
module hoa hé théng pin. Tuy nhién, do thiéu céc khoang tréng tu nhién, hiéu suét
tan nhiét cta cell prismatic phu thudc nhiéu vao giai phap lam mat tiép xtc truc tiép

v6i bé mat cell, va thuong kém hon so voi cell hinh try trong diéu kién tai nhiét cao.

Hinh 1.7: Cell dang lang tru.

Cell tti mém (pouch) sir dung 16p vo polymer mém dé bao boc cac 16p dién cuc
bén trong. Nho cau trac linh hoat, dang cell nay c6 mat d nang lugng cao ca vé khoi
lwong 14n thé tich, dong thdi cho phép tuy bién hinh dang dé phut hop voi khong gian
thiét ké cy thé. Tuy nhién, diém yéu 16n ctia dang nay 13 d bén co hoc thap va dé bi
phdng rop, bién dang khi hoat dong trong diéu kién khac nghiét, yéu cau hé théng co
khi va quéan 1y nhiét phai du tinh vi dé kiém soat.
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2

Hinh 1.8: Cell dang tui.
M3di dinh dang déu c6 wu va nhuge diém nhu tom tit dudi day:

Cell hinh try cé nang lugng ri€ng cao, do on dinh co hoc tét. Thiét ké cell cho
phép bd sung cac tinh ning an toan ma cac dinh dang khac khong co, pin nay ¢ chu

ky t6t, tudi tho dai va chi phi thap, nhung mat do dong goi khong 1y tuong.

Cell hinh lang tru dugc boc trong nhém hoac thép dé c6 d6 6n dinh. Pugc cudn
thanh dang thach hodc xép chong, cell nay tiét kiém khong gian nhung c6 thé tén kém

hon khi san xuét cell hinh tru.

Cell dang ti nhe va tiét kiém chi phi nhung tiép xtc v6i 6 Am va nhiét do cao
c6 thé 1am giam tudi tho. Thém &p suit nhe 1én pin sé& gitp kéo dai tudi tho bang cach
ngin ngira tinh trang tach 16p. Phai can nhic dén su phong 1én 8—10% trong 500 chu

ky v&1 mot s6 thiét ké cell. Cell 16n hoat dong tot nhét vai tai nhe va thoi gian sac vura

phai.
Bang 1.2: Bang tong hop danh gia cac hinh dang cell pin.
Thong sb Dang try Dang lang tru Dang tui
Kich thuéc cell | Nho Lén nhét Lén
Dung luong 1-5Ah 20-300Ah 20-100Ah
Mit do ning | Trung binh Kha Tét
luong
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Nghién ciru thiét ké hé théng lam mdt pin lithium-ion trén 6 t6 dién

Mat do cong Trung binh Trung binh Tét

suét

Hiéu suat lam Tét Trung binh Trung binh
mat

1.3. Cac phwong phap lam mat pin xe dién:

Nhiét d6 1a mot trong nhiing yéu t6 anh huong 16n nhét dén hiéu suét, 6 an toan
va tudi tho cta pin lithium-ion. Trong qua trinh hoat dong, dac biét la khi sac nhanh
hodc x4 v&i dong 16n, pin sinh ra luong nhiét dang ké do ton hao ndi tré va phan tmg
hoa hoc. Néu nhiét lugng nay khong duoc kiém soat hidu qua, pin c6 thé bi suy giam
hiéu suét, 140 héa nhanh chong hodc trong truong hop x4u nhat 1a dan dén hién tuong
runaway nhiét (thermal runaway). Chinh vi vay, viéc xay dung hé théng quan 1y nhiét
1a yéu cau bat budc trong thiét ké hé thong pin cho xe dién. Trong do, hai nhom giai

phép chinh dugc st dung 1a [am mat thu dong va chu dong.
1.3.1. Phwong phap lam mat thu dong:

Lam mat thu dong la phuong phap dua vao kha nang tan nhiét ty nhién ma khong

can st dung bo phan truyén nhiét diéu khién bang ning lwong ngoai.

Hinh thuc phé bién nhat 1a sir dung céc vat li¢u dan nhiét tot trong cAu trac vo
pin hodc 4p dung vt liéu thay d6i pha (Phase Change Material — PCM) dé hap thu
nhiét thong qua qua trinh chuyén trang thai. Loi thé 16n nhét cta hé thong thu dong
1a don gian vé cau tao, khong tiéu tén dién ning, khong c6 bd phan chuyén dong nén
it hong hoc va bao tri. Tuy nhién, vi khong c¢6 kha ning kiém soat dong nhiét mot
cach chu dong, nén hiéu qua lam mat thuong phu thudc rat 16n vao diéu kién moi
truong. Trong cac tng dung yéu cau coéng suit cao, tai nhiét 16n, hé thong thu dong
thudng khong du kha niang duy tri pin trong ving nhiét do téi uu (khoang 20-40°C),
dan dén suy giam hiéu suat va ting nguy co mat an toan nhiét. Hon nira, vat lieu PCM
du hip thu nhiét t6t nhung khong c6 kha ning toa nhiét nhanh ra méi truong, dan dén

tinh trang “bao hoa nhi¢t” trong chu ky lam viéc kéo dai.
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Vat liéu
PCM

sa0 [ 0o m)
| .

Hinh 1.9: M6 hinh mé phéng lam mat pin bang vat liéu PCM trén Ansys.

Bén canh d6 phuong phap lam mat biang dng dan nhiét ciing duoc xép vao nhoém
lam mat bi dong, nho kha ning truyén nhiét hiéu qua ma khong can s dung ning
lugng dién hay bd phéan co khi chi dong nhu quat hoac bom chét long. ()ng dan nhiét
hoat dong dua trén co ché chuyén pha chat 1ong bén trong dng: khi tiép xtc vai ving
phat nhiét (gan bé mat cell pin), chat 1ong bén trong bdc hoi, mang theo ning luong
nhiét va di chuyén vé dau lanh — noi n6 ngung tu va giai phong nhiét ra méi truong.
Dong chit 1ong sau d6 quay trd lai dau ndng nho hién tugng mao din hoic trong luc,
tao thanh mét chu trinh khép kin, lién tuc. Uu diém ndi bat ctia hé théng 6ng dan nhiét
1a tdc d6 truyén nhiét cao, do tin cay t6t va khong gay tiéng on. Tuy nhién, co ché nay
khong c6 kha nang luu trit nhiét, va hiéu sudt 1am mat phu thudc vao chénh I¢ch nhiét
d6 gitta hai dau dng ciing nhu hudng lap dat, do c6 lién quan dén trong luc hodc céu

tric mao dan.

So voi mot cong nghé 1am mat bi dong phd bién khac 1a vat liéu chuyén pha
PCM, dng dan nhiét co nguyén 1y hoat dong va hiéu qua rat khac biét. PCM hap thu
nhiét thong qua qué trinh chuyén pha ran—léng hodc ran—ran, tir d6 giir nhiét do bé
mat pin 6n dinh trong mot khoang thoi gian nhat dinh. Trong khi d6, ong dan nhiét
khong gifr lai nang lugng ma chuyén nhiét nhanh chéng ra khéi viing sinh nhiét. Do
d6, dng dan nhiét thuong duoc sir dung khi can dan nhiét nhanh, con PCM thich hop
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Nghién ciru thiét ké hé théng lam mat pin lithium-ion trén 6 t6 dién

trong tinh hudng cin 6n dinh nhiét d6 va lam tr& qua trinh ting nhiét. Trong nhiéu
thiét ké BTMS hién dai, hai cong nghé nay con dugc két hop dé tan dung dong thoi
ca kha ning truyén nhiét nhanh (cua dng din nhiét) va 6n dinh nhiét d6 tai chd (cta

PCM), tir d6 ning cao hiéu qua téng thé cua hé thong.

Nhu trong hinh 1.10 thi day 14 1a mé hinh 1am mat thy déng bang khong khi bang
cach dua khong khi tir bén ngoai vao dé 1am mat cac cell pin. Thi né phu thudc rat
nhiéu vao cic yéu t6 méi truong, néu nhiét moi trudng cao thi viéc 1am mat pin s&
giam xudng ddng thoi khoang cach cua cac cell pin ciing 13 cac yéu td gdy anh hudng
t6i kha nang 1am mat. Vay nén phwong phap lam mat thy dong con rat nhiéu han ché
nhu: Cong suat 1am maét thap, gip kho khin nhiéu trong méi trudng khic nghiét lam

anh hudéng dén do bén cua pin.

Battery cell
Outlet air e
flow ¥ ks
Al Al |A] |A] |A] |A Al | A
Inlet air
flow ’!:’ —
(a) U-type duct
Inlet air ST ——
flow = > ol
= Outlet air
——_——
— e ————— » flow

Battery cell

Hinh 1.10: So d6 hé théng lam mat pin bang khong khi thy dong.
1.3.2. Phwong phat lam mat chu dong:

Lam mat chi dong st dung cac thiét bi co dién dé diéu khién lu@)ng truyén nhiét
tir pin ra moi trudng, tir d6 kiém soat chinh xac nhiét d6 cua cell. Ba co ché chinh
trong nhom nay 1a 1am mat bang khong khi cudng birc, bang chat 1ong tuan hoan va
bang chat lam mat hai pha. Lam mat bang khong khi str dung quat dé thoi khi qua bé
mat pin hodc giita cac khe cell. iy la phuong an chi phi thap, cau trac don gian hon
50 v6i lam mat chét 16ng, nhung kha nang truyén nhiét kém do hé s6 truyén nhiét ctia

khong khi thap va phu thudc 16n vao nhiét d6 moi trudng xung quanh. Véi cac hé
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thdng pin mat do cao, phuong phap nay khé dam bao déng déu nhiét giira cac cell va

thuong dan dén tinh trang qua nhiét cuc bo.

Lam mat bang dung dich hién dang duoc coi 1a giai phap hiéu qua va 6n dinh
nhit trong thuc tién. V6i hé sb truyén nhiét cao hon khéng khi hang chyc 1an, dung
dich c6 kha ning hap thu va van chuyén nhiét hiéu qua, ddng thoi cho phép thiét ké
cac kénh lam mat tiép xtc truc tiép véi timg module hoic cell. Hai cau hinh phd bién
nhat hién nay 1a 1am mat gian tiép bang tim dan nhiét va lam mat bang 6ng dan xoin
quanh cell. Mdi phuong an déu c6 nhiing dic diém riéng, phii hop véi yéu cau ki

thuét va kién trac thiét ké khac nhau.

Phuong phap lam mat bé‘mg tdm dan nhiét st dung mat tadm kim loai c6 tich hop
kénh dan dung dich lam mat, dugc ap sat vao mit module hodc cum cell pin. Uu diém
ndi bat ciia phuong an nay 13 hiéu qua truyén nhiét cao nhd dién tich tiép xuc 16n va
kha ning kiém soat nhiét do chinh xac théng qua hé théng bom tuin hoan. Ngoai ra,
vi dung dich khong tiép xtic truc tiép vai cell nén dam bao an toan dién cao hon. Tuy
nhién, cu trac nay doi hoi hé théng co khi va thay luc twong dbi phire tap, 1am ting
khéi lwong va chi phi san xuat, dong thoi yéu cau mit tiép xtic phang va déu dé dat

hiéu suat tbi vu [4].

Hinh 1.11: Phuong phap lam mat bang tim dan nhiét.

Nguoc lai, phwong phap 1am mat bang dng din quanh cell b tri cac kénh dan
dung dich dan xen hodc bao quanh timg cell riéng 1é, thuong ap dung cho ciu trac
cell hinh tru. Cach nay cho phép tiép cin truc tiép dén vi tri sinh nhiét chinh, ting
hi€u qua tan nhiét cuc bo va phu hop vai cac bd pin c6 hinh dang linh hoat. Tuy nhién,

thach thirc 16n ctia phuong an nay 1a dam bao su phan bd nhiét dong déu giira cac
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cell: néu dong chay khong déu hodc bi can trd, mot s ving c6 thé bi qua nhiét. Bén
canh d6, hé théng 6ng dan xen bén trong pack pin ciing gay kho khin trong viée lap

rap, bao tri va thay thé [5].

Hinh 1.12: Cau trac kénh dan lam maét pin trong mot modun.
Chu thich: 1 - Ong dan dung dich lam mat, 2 — Cell pin.

Bén canh dé, cac phuong phap 1am mat sir dung méi chit hai pha, noi pin dwoc
ngap trong chét long c6 kha nang so61 & nhiét d thép, dang duogc nghién ctru nhu mot
hudng tiép can tiém niang. Co ché hip thu nhiét qua chuyén pha cho phép téc do
truyén nhiét rat cao, nhung yéu cAu cao ve vat liéu cach dién va do bén co hoc trong
moi truong ngap long.

Phuong phap lam mat chu dong voi cac vu diém nhu chii dong cung cip cac chit
1am mat nhu dung dich, khi, ... dé nhim diéu chinh nhiét d6 hiéu qua va duy tri hoat
dong cua pin & trang thai t6i uvu. Thi phuong phap nay hién tai thuong dugc ap dung
rong trong cac dong xe dién tiéu biéu nhu Vinfast va Tesla déu st dung hé thong lam
mat bang dung dich.

1.4 Céu tao co khi bd pin:
CAu tao co khi bo pin gdm 3 thanh phan chinh [5]:
e Nip b pin.
e Vach ngén.

e Khay pin.
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Hinh 1.13: C4u tao co khi cta bo pin.

Chu thich: 1- ndp pin, 2 - cac vach ngin va 3 - khay pin.

Mbi bd phan giit vai tro thiét yéu trong viéc dam bao hi€¢u qua hoat dong, an toan
va do6 bén co hoc cho toan bo hé thdng luu trir ning luong.

Nip pin 14 bo phan che chan phia trén ctia goi pin, ¢6 chirc nang chinh 13 bao vé
cac thanh phan bén trong khéi cac tac dong vat 1y tir moi trudng bén ngoai nhu bui,
nudc, rung dong va va dap trong qua trinh van hanh. Ngoai ra, nhiéu thiét ké hién dai
con tich hop kha ning cach nhiét va chong chdy lan, gitp han ché nguy co lan truyén
su ¢b trong truong hop xay ra hién tugng qua nhiét hodc chay nd tai mot ving pin
cuc bd. Trong mot sd két cau, dic biét 1a & cac mau xe co thiét ké san phang, nip pin
con dong thoi déng vai tro nhu mot phan cta san xe, gop phan cai thién khi dong hoc
va do ctng két cau tong thé. Vat lidu ché tao nip pin thudng 13 nhém dinh hinh, thép
khong gi hodc vat liéu composite c6 dd bén cao va trong lugng nhe.

Dbi voi khay pin 14 phan gia d& chiu luc chinh, noi b6 tri va ¢ dinh cac module
pin hodc céc cell don 1€. Céu tric nay duogc thiét ké dé dam bao tinh 6n dinh co hoc
cao, chéng bién dang khi xe van hanh hodc chiu va cham. Bén canh vai trd co hoc,
khay pin con dong vai trd 1a bo phan tan nhiét trong hé théng, thudng dugc tich hop
cac kénh dan chat 1am mat hodc cac bé mat dan nhiét nham duy tri nhi¢t do van hanh
6n dinh cho céc cell pin. Pong thoi, khay pin can dam bao tinh kin hoan toan theo
tiéu chuan hodc cao hon, dé chéng thdm nude va bui xam nhép, dac bi¢t trong diéu
kién mai truong khic nghiét. Vat liéu dugc sir dung phd bién 12 nhom dun hozc thép

dap dinh hinh, tiy theo yéu cau vé trong lugng va kha ning chiu tai.
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V& ciu tric vach ngin duogc bd tri bén trong khay pin v6i chirc nang phan chia
khay pin thanh cac ving riéng biét cho timg module pin. Nho d6, hé théng c6 thé hoat
dong 6n dinh hon khi chiu rung dong, ddng thoi giam thiéu sy lan truyén cua cac rii
ro nhiét hodc chip mach dién giita cic ving trong truong hop xay ra su cd. Ngoai ra,
mot s6 vach ngidn con duge thiét ké dé lam gia d& cho hé théng day dién, cam bién,
hé théng 1am mét va cac thanh phan thudc bd quan Iy pin. Viéc str dung vt liéu dong
bd v6i khay pin nhur nhém hodc thép gitip tranh hién tuong dn mon dién hoa khi tiép

xuc lau dai.
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CHUONG 2: TINH TOAN THIET KE BO PIN

2.1. Tinh toan b pin:
2.1.1. Théng sé cho truwéc:

Bai nghién ctru ndy tip trung vao viéc nghién ctru va thiét ké hé théng 1am mat

bang dung dich cho bé pin lithium, nhim dam bao kha ning tan nhiét hiéu qua, duy

tri hoat dong 6n dinh va kéo dai tudi tho pin. Cac thong s6 dau vao dugce lua chon

dwra trén cAu hinh cta xe dién Tesla model S mot trong nhirng dai dién tiéu biéu cho

dong xe hi¢u suit cao hién nay. Cu thé, bo truyén dong dién c6 cong suit cuc dai 504
KW, nang lvong dinh danh bo pin dat 100 kWh va dién ap dinh mirc 400 V. fo)ng
thoi cell pin sé& sir dung thiét ké trong bo pin 1a cell NCR18650B céc thong s6 nhu

bang 2.1 [6]. Nhitng thong s6 nay 1a co s¢ dé xay dung mé hinh tinh toan nhiét va dé

xuat phuong an 1am mat phu hop.
Bang 2.1: Bang thong s cell NCR18650B.

Cell NCR18650B
Duong kinh cell (Dc) 0.0185 m
Chiéu cao cell (He) 0.0653 m
Dién ap cua cell (Uc) 3.6 \
Dung lugng cell (Cc) 3.4 Ah
Khéi luong cua cell (Mc) 46 g

2.1.2: Tinh todn thiét ké bg pin:
Tu bang 2.1 ta tinh dugc [7-8]:
Dung lugng cua bd pin:

E, 100x10°
U 400

C, = = 250(Ah)

dm
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Véi U, 1a dién ap dinh muc U, =400V va nang lugng cia b pin E, =100kWh .

Thé tich cua cell pin:

H_xD? 0.0653x0.0185°
V.=rx =7
4 4
S6 lugng cell pin bat ndi tiép:

N, = e~ 290191 1991(celt)
U 36

C

~1.755x10%(m?)

Vi s6 cell pin phai 14 s6 nguyén nén ta lay s6 nguyén 16n nhit ta duoc:

N, =112(cell)
S6 lugng cell pin két ndi song song:

N, =22 = 220 73 5204(cell)
C. 34

Ta chon lai s6 cell pin: N o = 74(cell).
Tong s6 cell pin trong bd pin:
N, = N, x N, =112 74 = 8288(cell)
Thé tich cta bd pin:
V, =N, xV, =8288x1.755x10° ~ 0.1454(m>) ~ 145.4(l)
Khéi luong ctia bo pin:
m, =N, xm_=8288x46x10" = 401.968(kg)
Tinh lai dién ap cta bo pin:
U, =N, xU_=112x3.6=403.2(V)
Tinh lai dung luong cua bg pin:
C,=C_x N, =3.4x74~251.6(Ah)
Tinh lai ndng lugong cua bd pin:

£ - U, xC, _ 403.2x251.6

- ~101.445(kWh)
1000 1000
Mat d6 nang lugng riéng:
=5 1014 4 2523kwh / kg)
m, 401968
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Mait d6 niang luong riéng theo thé tich:

_E 101445 6976(kwh /1) (2.12)
v, 1454

2.2. Thiét ké co khi bp pin:
a) Tinh toan thiét ké co khi so bo:

Vi s6 cell pin trong bo pin 1a 8288 cell pin trong chudi ndi tiép gdm 112 cell pin
va chudi song song gém 74 cell pin.

Dé don gian hoa viéc quan 1y va bao vé bo pin, ta chia sb cell trong bd pin dua
vao cic modun. Ta bd tri 2 diy va mdi hang 8 modun va tong cell pin trong mot
modun 13 518 cell pin v6i 14 cell ndi tiép va 37 cell song song trong mdi day két ndi
trong modun.

Gi4 do cell trong mot modun:

Vi cac cell pin ta bb tri theo kiéu xen k& nén ta:

Chon khoang cach giira 2 cell pin song song cach nhau X =2 (mm) va bé rong
kénh 1am mat b = 6 (mm) va bé day vo modun e = 1 (mm), tir 46 dua vao bb tri cell
pin nhu hinh 2.1 ta xac dinh dugc cac khoang cach nhu bang 2.2:

b

__ e 1
X, 4 X
Il

Hinh 2.1: B4 tri kich thudc cell.

Bang 2.2: Kich thudc b tri cell trong modun.

Thong sb Gia tri
Khoang cach cua 2 cell ndi tiép (mm) x, =17.75
Khoang cach cua 2 cell ndi tiép qua kénh 1am mét (mm) X, =22.25
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Khoang cich cell theo chiéu cell ndi tiép dén ria kénh lam x,=15.25
mat (mm)

Khoang cach cua 2 cell song song (mm) X,=20.5
Khoang céch cell theo chiéu cell ndi song song dén ria kénh X, =17.25
lam mat (mm)

A(1:1)

l -

Hinh 2.2: B tri kich thuée gia d& cell.
Chiéu dai ctia gia d& cell pin trong mot modun (theo chiéu ndi tiép):
I=7XxX +6XX,+2xX; =7x17.75+6x22.25+2x15.25 = 288.25(mm) (2.13)
Chiéu rong cia gia dd cell pin trong mot modun (theo chiéu song song):
2=37xX,+2xX; =37%x20.5+2x17.25=793(mm) (2.14)

Chon bé day cta gia do: e, =1(mm)

w

A(1:5)] -

Hinh 2.3: B4 tri kich thuéc modun va vach ngin.
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Chiéu dai ctia modun:

I, =1+2xe=288.25+2x1=290.25(mm) (2.15)
Chiéu rong ctia modun:

Z, =2+2xe=793+2x1=795(mm) (2.16)
Chiéu cao ciia modun:

h,=H_,+2xe+e =653+2x1+1=68.3(mm) (2.17)
Tinh kich thudc vach ngan va khay pin:
Vi bo pin ta gdbm 2 hang va mdi hang 8 modun ta cin 7 vach ngin ngang va 1 vach
ngdn doc va dugc x€p xen ké gilta cdc modun dé ngan céch:
Chon bé rong cua vach ngan:t =10(mm)
Chon khoang ho cua khay pin v6i cdc modun: e, =10(mm)
Chon bé day ctia khay pin:t, =10(mm).
Chiéu dai ctia vach ngin doc:

Iy =8xIi +7xt=8x290.25+7x10 =2392(mm) (2.18)
Chiéu dai ctia vach ngian ngang:

I, =2xZ, +t=2x795+10=1600(mm) (2.19)
Chiéu cao ctia vach ngan va chiéu cao bén trong khay pin:

h, =h, =h, =68.3(mm) (2.20)
I__ A A-A(1:20)

="

Hinh 2.4: B4 tri kich thuéc khay pin.
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Chiéu dai trong khay pin:
g =14 +2x€, =2392+2x10 =2412(mm)

Chiéu rong trong khay pin:
z, =1, +2xe,=1600+2x10 =1620(mm)

Tinh kich thuéc nép trén cta bo pin:

r u L L L I

Hinh 2.5: B6 tri kich thudc nap pin.

Chon bé day ctia nap b pin:

t, =5(mm)
Chiéu dai ciia nap bo pin:

I, =14 +2xt =2412+2x10 = 2432(mm)
Chiéu rong clia nap bo pin:

z, =7, +2xt =1620+2x5=1640(mm)

(2.21)

(2.22)

A(1:2)

|(’-_H‘\I
:pk S

(2.23)

(2.24)

Ttr cac s6 liéu kich thudc ta xac dinh & trén ta thiét ké két cAu co khi cua bd pin nhu

hinh 2.6 sau:
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Hinh 2.6: Thiét ké co khi cua bo pin.

b) M6 phong két cau co khi ctia bd pin tac dung 1én khay pin:
Gi6i thiéu phan mén Autodesk Inventor:

Autodesk Inventor 13 phan mém thiét ké co khi 3D chuyén dung, duogc st dung dé
mo hinh héa, kiém tra va dénh gia két cdu trong méi trudng do. V&i kha ning mod phong
chinh x4c hinh hoc, 1ip rap va twong tac giita cac bd phan, Inventor hd tro qua trinh
thiét ké tré nén truc quan va hiéu qua hon, dic biét phu hop trong giai doan phat trién

hé thdng co khi phic tap. Vi vay trong nghién ciru thiét ké co khi hé thong pin nay ta
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str dung phan mém Autodesk Inventor dé thiét ké cac chi tiét co khi cua hé théng pin
va mo phong danh gia két cdu cua cac chi tiét co khi da thiét ké.
Thiét 14p mé phong két cau trén Autodesk Inventor:

Sau khi xay dung dugc mo hinh trén Autodesk Inventor nhu hinh 2.6, ta lya chon
vat liéu cho md hinh 1a nhom 6061, tir d6 xac dinh khdi lugng cua gia dJ, vach ngan
va nap bo pin bang cach vao iProperties nhu hinh 2.7.

Model X =+ Q =

Repeat Part Properties
Open File Location

Copy

Create Drawing View
Open Drawing

Measure

Create Note

Expand All Children
Collapse All Children
t?o. Find in Window E

ia

iProperties... | 2

How To...

Hinh 2.7: Thay doi vat liéu mé hinh.
Trong giao dién cua iProperties ta chon vao Physical dé thuc hién lya chon vat liéu

cho mé hinh va xac dich khdi lugng ciia mo hinh cua minh can tim nhu hinh 2.8:
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ia_do ([Primary]) iProperties X
g

General Summary Project Status Custom Save || Physical 1

Solids

7“ ke J Chpboard
Aluminum 6061 "

Density Requested Accuracy

2,700 g/on"3  Low

General Properties

3 Center of Gravity
Mass 0.241 kg (Relative Err = X 396.691 mm (Relatwe
Area 210545.745 mm~2 (R Y 144.121 mm (Relative
Volume 89339.969 mm~3 (Re = 2 0,500 mm (Relative E
Inertial Properties
| principal | Global Center of Gravty
Printpal Moments
Il 1829.429 kg mi R 14312202kgn DB 16141.680kgn

Rotation to Principal

Rx 0.00deg({Relst Ry 0.00deg(Relat Rz 0.08 deg (Relat

id oK Cancel | Apply

Hinh 2.8: Diéu chinh vat liéu va xac dinh khéi lwgng ctia mé hinh.

Tir d6 ta xac dinh dugc khdi luong 1an lugt cua gia dd, vach ngin va nap bod pin

Bang 2.3: Gia tri khdi lugng.

Thong sb Gia tri

Khéi luong cua gia d5 (kg) m, = 0.241

Khéi lwong cua vach ngin (kg) m, = 10.958

Khéi luong ciia nap b pin (kg) m, =53.538

Tinh luc tdc dung 1é€n khay pin khi tai trong tinh:

Khéi luong tac dung 1én khay pin:
m=m, +16xm, +m, +m_ =401.968+16x0.241+10.958 +53.538 (2.25)
= m=~470.32(kg)

Luyc tac dung Ién khay pin:
F=mxg=470.32x9.81~4613.83(N) (2.26)
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Ta chon vat li€u cia khay pin 1a nhom 6061 gi61 han chay 1a 276 (MPa):
Ung suat cho phép [9]:

Ocp :%:2—;6:92(|\/IPa) >0, (2.27)
Trong do:  &,,: Ung suat cho phép (MPa).
0, : G161 han chay cua vat liéu nhom 6061 (MPa).
n: Hé s an toan chon (1.5 dén 3).
5, : Ung suat lam viéc.
Chuyén vi cho phép [10]:
v, = 220 - 224—5302 = 9.728(mm) > ., (2.28)

Trong do:  y,,: Chuyén vi cho phép (mm).
i : Chiéu dai ciia ndp pin (bang chiéu dai ngai ciia khay pin) (mm).
7,, : Chuyén vi lam viéc (mm).

Thiét 1ap mo phong:

Dau tién sau khi ta xay dung dugc mé hinh, d¢ mé phong két ciu ciia khay pin ta

vao Environments chon Stress Analysis dé vao giao dién mé phong. Tuong tur cac
budc trong hinh 2.9.

| 1 I = H<S- A N - %5 8 Auminumeo

1 t F- inumn um ~ §
3D Model Sketch Annotate Inspect Tools Manage View [Environments | Collabc
[ ‘ 'V") \’?\‘ F I ': ) —‘.l :'j‘ =
ol /'y EH OB fo B 5 :

Stress| Inventor Tolerance  Create BIM Convertto 3D Print Add-Ins

Anarysts Studio  Analysis Mold Design Content Sheet Metal
2 Begin Convert 3D Print Manage

Model X + Q=

+ [@] Hole1

+ @Holez

[3) work Plane1
+ i Rectangular Patterni
+ /\ Mirrort
B ] work Plane2
+ /\ Mirror2
+ @Hole:ﬁ

+ §.5 Rectangular Pattern2
'

(OZRES

Hinh 2.9: Vao méi trudng mo phong két ciu trong inventor.
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Tiép theo ta chon vao Create Study dé khoi tao du an nhu trong hinh 2.10.

nD "DHS: - OB BB O Aummume

B l'-‘l @ ﬁgmmu«m Q-,(OPm

te [Parametric  Assign  Find !hm ned

) 'mue Bodies
Create New Study | « |
3
Hama Static Analysis:2
‘ Design Qbjective: Single Point v
" Study Type model
O static Andyss s
@ Detect and Eiminate Ripd Body Modes
Separate Stresses Acruss Contack Surfaces
Motion Loads Analyss
Fxt Tirw Stx
() Modal Anatysis
P jimaar At Madae .

Hinh 2.10: Khai tao du 4n mé phong két cau.
Do trong bai mé phong nay 1a mé phong két cau dang tim ta can dit cac diém cb
dinh cho md hinh. Ta thuc hién nhu sau chon Fixed sau d6 chon cac vi tri ¢b dinh nhu
trong hinh 2.11.

EQ A 60~ () @arnan - B @S5 & 5 Assdeskinven

Hinh 2.11: Thiét lap cac vi tri ¢6 dinh cho mé hinh.
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Ttr lyc tac dung 1én khay pin ta tinh duoc & trén ta thiét 1ap luc tic dung 1én khay
pin nhu sau ta vao Force sau chon bé mat dat luc sau do thiét l1ap luc cho mo hinh nhu
hinh 2.12.

idsurtace  e—yy (O Pin ‘% =§, X Bearing & B J
tfset =1 I ) M 3 ] :
ot Fived Ly Force Pgessure o Gimient: cll Mania Mesh View & Simulate
1 ® Gravity
Constraints Loads «» Contacts Mesh Solve

Force

E]w B 4 owrecon 2

Magnitude 4613830 N

[rr—

&)} o [ concet | <<

(] Use Vector Components

PX 000N

Fy 0.000 N

Fz 4613830 N

8 Display Giyph b

Scole 1000 _J

Nome  Force:2

Hinh 2.12: Thiét 1ap luc cho mé hinh.
Sau khi thiét 1ap c6 diéu kién xong tao vao Mesh Stetting dé diéu chinh cac kich
thude ludi sau d6 chon Mesh View dé tao lu6i cho mé hinh.
ring 15 Automati

yiment s Manual

) 3 Simulate
ity ¥~ Comug
Mesh Settings n
Common Settings
Average Element Size 0.050
(as a fraction of bounding box length) 2
Minimum Element Size 0.050
(as a fraction of average size)
Grading Factor 1.500
Maximum Turn Angle 60.00 deg
8 Create Curved Mesh Elements
) oK Cancel

Hinh 2.13: Tao ludi cho mo hinh.
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Cudi cung ta va Simulate dé chay mo phong két cau ctia mo hinh.

> &iAumum -~ W Jx v AUTOdesk inventor Professs
- '
‘ o ’
= 1
)
> »
nulate
1
Vi -
Simulate n
Nodel: khay _po,ipt
1 study, 1 configuwanion wil be run
Raady 1o s & |Sudy

Hinh 2.14: Chay mé phong két cau.
¢) Panh gia két qua mo phong két ciu khay pin:
Panh gia ung suat 1am viéc cua khay pin:

Véi gia tri img suat cho phép ta tinh duoc 1a 92 (MPa) thi ta thiy nhu trong hinh
2.15, két qua cho ta thiy dugc (g suat lam viéc 16n ciia khay pin tai tai trong tinh thi
g suat lam viéc 16n nhét 1 32.57 (MPa) thi n6 théa man ung tng suat cho phép cua
vat liéu ma ta da tinh, tuong tu ddi véi cac ung suét tac dung Ién mo hinh theo cac
phuong mé ta bén dudi cho ta thay khoang gia tri (g suat lam viéc ciia mo hinh dang
& khoang tng suat kha tot. Doi véi cac gia tri 4m trong cac ing suat 1am viéc tai cac
phuong thi rat binh vi né chi 1a thé hién tng suat tai vi tri d6 (nhung lai nguoc véi
chiéu né quy wéc) nén khi chay né sé cho ra cac gia tri &m nhu cac hinh mo ta ¢ dudi.

Type: Vor Mses Stress

Lt VPa
SE2BI025; 10139:27 AM e\\"

3257 Max

HZE’CO

0,02 Mn

Hinh 2.15: Két qua ung suat lam viéc 16n nhat caa khay pin.
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Hinh 2.16: Két qua tng suat 1am viéc theo phuong xx.

Hinh 2.17: Két qua ang suat 1am viéc theo phuong xy.
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Hinh 2.19: Két qua tng suat 1am viéc theo phuong yy.
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Hinh 2.21: Két qua tng suat 1am viéc theo phuong zz.

Panh gia 46 chuyén vi ciia khay pin:

bdi do chuyén vi 16n nhat nhat cia mo hinh thi do lyc hién tai dat theo truc z nén
trong luong tai s€ tap trung theo truc z vay nén chuyén vi tai truc z s& 1 16n nhét véi
két qua ctia bai mé phong 13 8.28 (mm) thi so v6i d6 chuyén vi cho phép ta tinh duoc
12 9.728 (mm) thi mo hinh cua ta thda man gia tri cho phép ma ta da tinh dugc ¢ trén.
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Type: X Displacerment
Unit: mm
5/28/2025, 10:35:42 AM

l 0.08462 Max

L1 0.0517

| 0.03877

| 0.02585

0.01292

Hinh 2.22: Két qua d6 chuyén vi ciia mé hinh theo tryc X.

Type: Y Displacement
Unit: mm
5/28/2025, 10:37:11 AM

H 0.09601 Max

L1 0.07681
| 0.05761

| 0.03841

0.0192

Hinh 2.23: Két qua d6 chuyén vi ciia mé hinh theo truc y.
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Type: Z Displacerment
Unit: rarm
5/28/2025, 10:34:36 AM

' 8.28

|| 6.624

L | 4.968

3312

1.656

0 Max

Hinh 2.24: Két qua d6 chuyén vi ciia mé hinh theo tryc z.
Dénh gia hé s6 an toan:
D6i véi hé sb an toan thi lai nguoc lai so vo1 ung suét va chuyén vi néu hé s an
toan cang cao thi né s€ dam bao dugc d) an toan cua két cAu ciia minh thiét ké va hé
s6 an toan hién tai 13 15 cho théy mo hinh hién tai dang vugt qua sy mong doi ctua hé

sO an toan minh chon.

Type: Safety Fatie
e
SIERN0GS, 10:36:55 AM

15 Max

Hinh 2.25: Két qua hé sé an toan ctia mé hinh.

Tir két qua mod phong & trén cho ta thdy cac gia tri cia mé hinh luén nam trong

khoang cho phép ma ta tinh dugc. Do ban diu mé phong két qua cho thiy do chuyén
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vi vuot qua d6 chuyén vi cho phép nén em di tao thém cac duong gan bén dudi dé gia
c¢b thém cho mé hinh va két qua da cho thiy d6 chuyén vi d3 nim trong khoang cho
phép minh tinh. Twr do6 ta co thé két ludn mo hinh minh dang hoat dong 6n dinh tai tai
trong tinh 14 470.32 kg. Tuy nhién mé hinh ciing con kha 13 nhiéu han ché vé kich
thude ctia khay pin hay khdi lugng cta ndp pin dang ndm trong khoang gié tri kha 16m,
dé tdi wu cac han ché trén ta c6 thé cai tién bang cach lya chon cac cell pin twong duong
véi cell NCR18650B nhung véi cac gia tri dién ap dinh mic va dung lugng cell cao
hon nham giam s luong cell pin trong cac chudi két ndi tir d6 ta cac thé giam duoc
chidu dai va rong ctia bo pin, dong thoi dé tdi uu hoa khdi lugng clia nép bd pin bang
cach diéu chinh do day cta nip pin, sau d6 ta di xac dinh lai tai tac dung 1én khay pin

va thuc hién mo phong danh gia nhu & trén.
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CHUONG 3: MO PHONG DANH GIA KHA NANG LAM MAT CUA
HE THONG PIN

3.1. Giéi thiéu vé Ansys Fluent:

ANSYS Fluent 13 m6t trong nhitng phin mém hang dau trong linh vire mé phong
dong luc hoc chét 1ong (CFD - Computational Fluid Dynamics). V6i kha ning mo
phong chi tiét va chinh x4c cac hién twong dong chdy, truyén nhiét, va phan tng hoa
hoc phtrc tap, ANSYS Fluent dugc st dung rong rai trong cac nganh cong nghi¢p
khac nhau, tir hang khong, 6 t0, ning luong cho dén y sinh va méi trudng.

Phan mém nay cung cap nhiéu cong cy manh mé dé mé hinh hoa va giai cac bai
toan lién quan dén dong chay khi, chat 1ong, ciing nhu cac qua trinh két hop giita
dong chay va phan tng hoa hoc, nhur qua trinh chay trong budng d6t, trao d6i nhiét
trong hé thong 1am mat, hay su phan tan cta chat 6 nhiém trong méi truong.

Véi ANSYS Fluent, ngudi dung c6 thé tiy chinh mé hinh theo yéu cau cu thé
cta ting tng dung, tir cac mod hinh dong chay 6n dinh, dong chay rdi, dén cac mé
hinh da pha, da thanh phan phtrc tap. Dac biét, phan mém cung cp giao dién than
thién vo1 nguoi dung, tich hgp cac cong cu phan tich va xtr 1y dit li¢u, giup nguoi
dung dé& dang thue hién va kiém tra cdc mé hinh mé phong, ciing nhu t6i wu hoa thiét
ké.

Nho tinh chinh xac cao va kha ndng mo6 phong da dang, ANSYS Fluent 1a cong
cu hitu ich gitp cac k¥ su, nha nghién ctru tdi wu hoa thiét ké, tiét kiém chi phi thir
nghiém va nang cao hiéu suit cta cac hé thong cong nghiép.

Céc nghién ctru trude day da chi ra rang phuong phap CFD 1a mot phuong phéap
hiéu qua d¢ déanh gia hi¢u suét cia hé thong quan 1y nhiét pin. Nhicu hoc gia da kham
pha cac yéu t6 anh huong dén hiéu suat lam mat cta hé thong.

Bai b4o cdo ndy, em nghién ciru va danh gia anh hudng va kha ning hap thu nhiét
tan ra bang phuong phap lam mét pin bang dung dich khi di qua qua cic kénh din
tiép xuc voi cac cell pin. Kha ning 1am mat tai cac bé mit cell dugc hé thdng danh
gia thong qua tinh toan CFD. Céc truong hop s6 hoc dién hinh duoc st dung dé
nghién ctru anh hudng cila cac thong sé van hanh va cac thong s cau trac dén nhiét

dd va su khac bi¢t nhi¢t o trén bo pin.
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3.2. Xay dung bai toan moé phéng:

Nhu trong phan téng quan cho ta thay cac uu diém cta hé thong mat dung dich
bang cach bd tri cach bd tri cac kénh 1am mat xen k& gitta cac cell. Trude hét, cach
b tri nay gitip ting hiéu qua truyén nhiét nhd dién tich tiép xtc 16n gitta moi chat
lam mat va bé mat céc cell pin, tr d6 duy tri nhi¢t d§ hoat dong 6n dinh. Bén canh
do6, thiét ké kénh 1am mat xen k& c6 tinh linh hoat cao, d& dang tich hop vao céc
module pin véi nhiéu cu trac khac nhau ma van dam bao mat do ning luong 16n. So
v6i cac phuong phap 1am mét khéac, giai phap nay ciing giup t6i vu héa trong luong
va thé tich hé théng, tor d6 nang cao hiéu suét téng thé cho xe dién. Hon nira, viéc
kiém soat nhiét do chinh x4c va nhanh chéng nho kénh 1am mat xen k& gop phan
giam thiéu nguy co qua nhiét, gitp ting cudng d6 an toan va han ché cac sy c¢b nghiém
trong nhu hién tugng dan nhiét khong kiém soat. Vi cac uu diém ké trén, phuong
phéap 1am mat xen k& giira cac cell pin 1a lua chon pht hop cho cac hé théng pin yéu
cau hiéu nang cao va do tin cay 1on.

3.2.1. Xdy dung mé hinh:

Trong qué trinh mé phong ta xay dung mot phan nho véi 46 cell ¢ trong bd pin

nhu hinh 3.1, dé danh gi4 kha ning 1am mét ctia pin. Chi tiét thong s trong bang 3.1.

Bang 3.1: Thong sb co ban ciia mo hinh hé théng lam mat.

Théng sb Kich thwéc
Chiéu cao cell pin (mm) Hc =65.3
Puong kich cell (mm) D:=18.5
Bé rong dng dan dung dich (mm) b=6
Chiéu cao kénh dan dung dich (mm) Hm=65.3
Bé rong ctra inlet va outlet (mm) r=4
Chiéu cao ctra inlet va outlet (mm) a=162.3
Xay dung mo hinh:

Nguyén 1y 1am viéc: Nhu trong hinh 3.1, dung dich s& dugc cung cap boi bom
dén ctra vao (Inlet) ctua éng dan dung dich 1am mat, tir 46 dung dich theo cac kénh
dan va hip thu nhiét tan ra tir cac cell pin. Nhim duy tri nhiét d6 lam viéc cua céac
cell trong ving cho phép. Sau khi dung dich di hét duong éng dung dich thoat ra va
duoc dua téi duong dng dan dén bo lam mat lai dung dich dé chuén bi cho chu trinh

vong lap tiép theo.
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Hinh 3.1: M6 hinh hé théng mat pin lithium.

Pé danh gia hiéu suat 1am mat cia hé théng quan 1y nhiét pin lam mat bang
dung dich ta can xac dinh duoc ludng chit luu va ludng nhiét. Trong nghién ctru
hién tai, phuong phap dong luc hoc luu chat (CFD) dugc sir dung dé tinh toan van
tbc va nhiét d6. Vung ran 1a khu vuc cta cac vién pin, ving dung dich 1a khu vuc
ctia hé thdng quan 1y nhiét pin ngoai trir vién pin, bao gdm ong din vao, 6ng dan ra
va cac kénh lam maét. Phuong trinh diéu khién cho dong chay 1a phwong trinh
Navier-Stokes (N-S). Cac gia tri dién hinh cua mat d6 nuée, do nhét dong hoc nudc,
van téc dau vao kénh lam mat 1an luot 13 998.2 (kg/md), 0.001003 (Kg/ m.s), 0.1
(m/s).

S6 Reynolds dién hinh cuia van téc nude dau vao duoc tinh nhu sau [11]:

Dién tich inlet:

A=axr =0.004x0.0623 = 0.0002492(m?) (3.1)
Duong kinh thuy luec:
D. = 4xaxr _ 4x0.004x0.0623 ~0.0076259(m) (3.2)

" 2x(a+r)  2x(0.004+0.0623)

Luu lugng khéi lugng:

|
m= px Axv=998.2x0.0002492x 0.1~ 0.02487(kg/s) (3.3
S6 Reynolds:
R - PpxVxD, _ 998.2x0.1x0.0076259 ~ 758.9447 (3.4)
U 0.001003

Sinh vién thyc hién: Luu Van Thanh Huéng dan: PGS.TS Phan Thanh Long 41



Nghién ciru thiét ké hé théng lam mdt pin lithium-ion trén 6 t6 dién

Trong d6: wu : Hé s6 nhot dong hoc ciia nude (kg/ m.s).
0 : Mat do cua nude (kg/m?3).
Vv : Van tdc dung dich di vao kénh 1am mat (m/s).
Viy nén tir s6 Reynolds di tinh ta biét dugc trang thai dong chay cia nude
trong mé hinh 1a chay tang [11].
Do d6 ta ¢6 phuong trinh Navier-Stokes v&i mé hinh laminar dugc biéu dién
nhu sau [11]:

Phuong trinh lién tuc:

ou,
—=0 3.5
ox (3.5)
Phuong trinh Navier-Stokes (bao toan dong lugng):
au, au, op o,
_ + u ) i [ + ! 3.6
o ( a J o " ox (3.6)

Trong d6: ui 1a cac thanh phan véan téc Reynolds trung binh, p la ap suét
Reynolds trung binh, p 1a mat do ctia nuwdc lam mat, p 1a hé sé dd nhot phan tir. Lugng
nhiét duoc tao ra boi cell pin phu thudc vao nhiét do cua cell. Do do, ty 1€ tao nhiét
thay d6i theo thoi gian. Vi vdy, phuong trinh nhiét khong 6n dinh duoc gidi thiéu dé
tinh toan cac linh vuc nhiét d6 cua chat long va goéi pin, nhu sau:

Phuong trinh nhiét dd cho dong chay:

anIuid anIuid J 62Tfluid
PC 1 i { +U. =k—— (3.7)
P ot ' ox j OX;
Phuong trinh nhiét @6 cho bd pin:
ol 62Tb
PCop—= K,——+ (3.8)
ot OX;

Trong do:

Ttiia va T 1an lugt 1a nhiét do cta dung dich lam mat va cell pin, Cp, fuid va
Cp, bla nang lugng nhiét riéng cia dong chay va cell pin, tuong Gng. pp 12 mat do
cua cell pin, q 1a ty 1¢ tao nhiét cua cell pin.

Dic biét dé mo phong chinh xac qua trinh truyén nhiét va danh gia hiéu qua
cua hé théng lam mat, viéc xac dinh cac thong sb nhiét vat 1y cua moi chit 1a budc
khong thé thiéu.
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Céc thong sb nay bao gom:

Khéi luong riéng (Density).

Nhiét dung riéng (Specific Heat, Cp).
Hé s6 dan nhiét (Thermal Conductivity).
Do nhdt dong hoc (Viscosity).

Téc do sinh nhiét (Heat Generation).

Nhitng dai lwong ndy déng vai trd quyét dinh trong viéc xac dinh dic tinh
truyén nhiét va cling nhu hiéu suit tong thé ctia hé thdng [12]. Cac thong sb duogc
xac dinh theo bang sau:

Bang 3.2: Thong s nhiét dong hoc cau cell pin, dung dich 1am mat va éng dan.

Cell
Thong so pin Nhom Nuéc
Khoéi lugng riéng [kg/m?] 2018 2719 998.2
Nhiét dung riéng Cp [J/(kg-K)] 1282 871 4182
Heé sb dan nhiét [W/(m-K)] 2.7 202.4 0.6
Do nhot [kg/(m-s)] - - 0.001003
Nhiét sinh ra (W/m?) 74163 - -

3.2.2. Thiét Igp mé phong:

Pé tién hanh mo6 phong chinh xac qua trinh trao d6i nhiét va phan bd nhiét do
trong hé théng, mé hinh hinh hoc dugc chia luéi bang phan mém Ansys Fluent.
Qua trinh chia luéi dam bao dé min phu hop tai cac viung c6 gradient nhiét do cao
nhu bé mit tiép xuc gilta pin va moi chat 1am mat, dong thoi t6i uu sd lugng phan
tir dé can bang giita d6 chinh xac va thoi gian tinh toan.

Ludi can ting cuong do min tai cdc ving bién hodc vi tri c6 dong chat long
phtc tap.

Céc diéu kién bién duoc thiét 1ap bao gom:

biéu kién dau vao va ra ciia dong chay.
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0000 000 D100 ¢m)
o023 acns

Hinh 3.2: Dat diéu kién bién cho dong chay.

Diéu kién tai cac cell pin (ta can dat cho timg cell pin).

Llvel s

Hinh 3.4: Bt diéu kién bién cho cell pin.

Diéu kién tai kénh dan dung dich lam mat.
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Hinh 3.5: Pic diéu kién bién cho kénh dan dung dich.

Dé chia ludi ta vao Mesh diéu chinh thong s6 tai Element Size dé thiét lap lué6i
va cuoi cung ta ki€ém tra chat lugng ludi da tot chua.

¥ 3% Looranate systems
3 [ i
v

1
@ 8 Named Selections

Details of "Mesh' vl OX
=/ Display
Display Style [Usc Geometry Setting
= Defaults
Physics Preference CFD
Solver Preference Fluent
. | Element Size 11,0 mm I 2
Export Format Standard
'Export Preview Surface Mesh | No
Check Mesh Quality Yes, Errors
Target Skewness Default (0.900000) 3
Smoothing Medium
Skewness -

Hinh 3.6: Thiét lap ludi cho mé hinh.
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Viéc thiét lap ludi va diéu kién bién dong vai tro then chét trong do tin cdy cua
két qua mo phong, vi chiing quyét dinh d6 phan giai cua cac thong sé vat 1y va kha
nang hdi tu cta bai toan.

Sau khi hoan thién mo hinh hinh hoc va chia ludi, ta vao Setup va diéu chinh

lai kiéu chay va dit gia téc trong truong cho mé hinh.

General
Mesh
Scale heck Report Qualty
Dasplay... Units,
Solver
Type Velocity Formmulation
® Presuuye-Based ®  Absolute
Density-Basad Relatve
Te
Steady 1
® Trangent
v Gravity

Gravitstional Acceleration
X [m's'] o
Y [mis] 981

Z[mis] o v

Hinh 3.7: Diéu chinh gia tdc trong trudng cho mé hinh.

Budrc tiép theo 1a thiét 1ap cac thong sd vat 1y va diéu kién bién cho mé phong.
Qua trinh nay bao gdm viéc xac dinh mién vat 1y (solid/fluid), gan vat liéu tuong
mg cho tirng thanh phan, thiét 1ap cac diéu kién dau vao/dau ra dong chay, va ciu
hinh ngudn nhiét tir cac cell pin.

Cu thé, chit 1am mat duoc gid dinh chdy qua céac kénh dan bao quanh cum cell,
v6i dau vao (inlet) va dau ra (outlet) duoc gan tai cac vi tri twong tng nhu thé hién
trong hinh 3.2 Cac cell pin duoc dinh nghia 1a mién ran c6 kha nang sinh nhiét, véi
cong suét toa nhiét dugce tham khao tir tai liéu nhu bang 3.2. Thanh phén vo dan
nhiét va kénh dan duoc gan vat li¢u c6 dac tinh dan nhiét phu hop (nhu nhom),
nham dam bao mé phong phan anh chinh xac qua trinh truyén nhiét tir pin ra moi
truong lam mat.

Bén canh d6, do s6 Reynolds ciia mé hinh nho hon 2320 nén trong phan thiét
lap ta diéu chinh chon cho dong chay trong mé hinh 14 tang nhu hinh 3.8.
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E Deactivate... m Repia(e Mesh... |-::kl wimrsd |~ ativine Dinnos | C
H:i’ Activate... O, Replace Zone... n Viscous Model X
Task Page | Modes y
Inviscid
Models 3
Spalart-Allmaras (1 egn)
Models k-epsilon (2 egn)
Multiphase - Off k-omega (2 eqn)

Transition k-ki-omega (3 egn)
g Transition SST (4 egn)

ﬁzg:aéi{;\an(;fefr - off 2 Reynolds Stress (7 eqn)

Species - Off Scale-Adaptive Simulation (SAS)
Discrete Phase - Off Detached Eddy Simulation (DES)
Soliddfication & Melting - Off Large Eddy Simufation (LES)
Acoustics - Off

Structure - Off Options

Eulerian Wall Film - Off

Paotential/Li-ion Battery - Off
Battery Model - Off Low-Pressure Boundary Slip

s [

Viscous Heating

| Help |

Hinh 3.8: Thiét Iap kiéu dong chay cho mé hinh.

Trong qué trinh mé phdng, viéc dinh nghia chinh xac dac tinh vt li¢u cia cac
thanh phan 13 yéu t6 then chdt dé dam bao do tin cay cta két qua. Do céc vat lidu
st dung trong hé théng — nhu chat lam mat dic thu, vo pin dan nhiét, hodc vat liéu
ciu tao cell pin — khong c6 sin trong thu vién mac dinh ciia phan mém, can phai
tién hanh tao méi vat liéu véi cac thong sé duge tra ciru tir dit liéu thuc nghiém
hodc tai li¢u k¥ thuat.

Cu thé, vat liéu chat lam mat dugc bd sung vao co s¢& dir liéu voi cac thong sb gém:
« Khbi luong riéng (density).
o DJ nhdt dong hoc (dynamic viscosity).
o Nhiét dung riéng (specific heat capacity).
« Hé s6 dan nhiét (thermal conductivity).

Tuong tu, vat li€u ciu thanh vo dan nhiét va cell pin cliing dugc dinh nghia
riéng biét, phan anh dung tinh chat truyén nhiét va kha nang chiu tai nhiét trong
diéu kién van hanh. Viéc tao vat liéu méi dam bao mo hinh phan anh trung thyc
hon dic diém cta hé thong thuc té, dong thoi nang cao do chinh xac trong mo

phong dong chay va truyén nhiét.
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Viéc khai tao vat liéu mdoi cho moé hinh béng cach mé Material vao Fluid hoac
Solid dé diéu chinh hodc tai thém vat lidu tir thu vién dé diéu chinh (Fluent
Database). Sau khi tai vat lidu va diéu chinh cac thong s trong Properties ta can

kich chudt vao Change/Create dé tao va luu thay doi.
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Hinh 3.9: Tao va thay ddi vat liéu cho mé hinh.
bpé léy vat tur Fluent Database ta vao Material Type dé lwya chon kiéu vat li€u

minh cin léy thém sau d6 ta vao Fluent Fluid Materials dé lya chon vat liéu minh

dua thém vao, tiép d6 chon Copy dé sao chép loai vat lidu d6 chi tiét nhu hinh 3.10.

B Fluent Database Materials X

vimyl-sdyhidens (h2cchsity)
vimyl-trichlorosfane (sictich2e

, S
anybidene-chionde (chlecll -

m&ﬂgﬁ SEcttEE Chermcal Formiste
witer-vapoe (h2o)
wOOd-veiables (wood_vol) 2

.

Copy Matorbsd from Case.,  Dedaty
Properties
Densty [kgim?) constant *  View &
598,2 I
Cp (Spechic Meat) [1/(kg K)] constant v NVew...
as
Thermal Conductity [W/(m K)] constans " View
0.6
Viscosity [ka/{m s)] constant *  View
0.601003
Malarider Wavse Linfrmal) secsaes - " ¥

New, oo Save Copy m | Help

Hinh 3.10: LAy vat liéu tir thu vién.
Viéc tao va thay ddi vat lidu trong m6 hinh s€ chua dugc cap nhat dung vao
cac diéu kién chung ta di dit, ta can tinh chinh lai cac vat liéu va thay doi nhiét do
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dau vao va luu lwong khéi luong cua inlet hay thém ngudn nhiét cho cac cell pin
béng cach vao Cell Zone Conditions dé diéu chinh vat liéu va nguén nhiét va
Boundary Condition dé thay d6i luu luong khéi luong.

Diéu chinh vat liéu va nguén nhiét sinh ra tu cell pin: Ta thuc hi¢n mo Cell
Zone Conditions chon vao dé6i tuong can thay ddi chon dé diéu chinh vat liéu &
Material Name. Néu déi vdi cell pin can gin ngudn nhiét sinh ra ta cAn mé Source
Terms dé gin ngudn nhiét.
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Hinh 3.11: Thay dbi vat liéu va gan ngudn nhiét cho cell pin.
Dé diéu chinh luu lwong khi lugng cua inlet: Ta mo Boundary Condition kich
trai chudt vao inlet chon kiéu Mass Flow Inlet dé thay d6i luu luong khéi lugng

cua dong chay.

g -

@ General Vel s (=10
- @ Models B Mass-Flow Inlet X
l Multiphase (Off) Zone Name
@" Energy (On) inlet
: Viscous (Laminar)
L Momentum Thermal fa3at0 “peoe

Radsation (Off)
{4 Meat Exchanger (Off)
ﬁ, Species (Off)
+' I Discrete Phase (Off)
> Solidification & Melting (Off)
14 Acoustics (Off)
4 Structure (Off)
= Egferian Wall Film (Off)
ﬁ Potential/Li-ion Battery (Off)
B sattery Model (Off)
v A; Maternials
- D Cell Zone Conditions

2 o inbet (mass-flow-inlet, id=
+ 3 Imerface

Reference Frame Absolute
Mass Flow Speofication Method Mass Flow Rate

3 Mass Fow Rate [kg/s)0.02487

Supersonic/Intial Gauge Pressure [Pa] g

Direction Specfication Method Direction Vector
Coordinate System Cartesian (X, Y, Z)

X-Component of Flow Direction
Y-Component of Flow Direction o
Z-Component of Flow Direction ¢

Close

Help

Hinh 3.12: Diéu chinh luu luong khéi lugng dong chay.

Sinh vién thuc hién: Luu Van Thanh

Huéng dan: PGS.TS Phan Thanh Long



Nghién ciru thiét ké hé théng lam mdt pin lithium-ion trén 6 t6 dién

Trong mé phong, qué trinh giai bai toan dugc lap di lap lai cho dén khi cac gia
tri trong mdi phwong trinh dat d6 sai s6 nim trong gi6i han chap nhan duogc, goi la
tiéu chi hoi tu (residuals). Viéc thiét 1ap residual phu hop dong vai tro then chét
nhim dam bao tinh chinh xac va d6 tin ciy cua két qua mé phong.

Trong md hinh nay, cdc gid tri residual mic dinh trong phan mém dwgc hiéu
chinh dé phu hop véi d6 phire tap ciia hé théng 1am mat pin. Cu thé:

Sai 86 cho cac phuong trinh momentum, continuity, va energy duoc thiét 1ap &
mitc 1x10~ 5 dén 1x10~ 12, nham dam bao su hoi tu tt cho bai toan truyén nhiét
két hop v6i dong chay.

Phuong trinh nang lugng (energy equation) dugc uu tién do chinh xac cao hon,

do nhié¢t d6 1a dai luong can theo ddi chinh.

n Residual Monitors X
Options Equations
+| Print to Console Residual Monitor Check Convergence Absolute Criteria
V| Flot continuity v v 1e-09
| Curves... ” Axes... | x-velocity v v 1e-09
Iterations to Plot y-velocity W L 1e-09
1000 -
z-velocity v v 1e-09
energy v v le-12

Iterations to Store
1000

4P

| Convergence Conditions... |

Show Advanced Options

m | Plot | | Cancel | | Help |

Hinh 3.13: Diéu chinh Residual.

bé léy duoc gia tri sau khi chay mé phong dé phuc vu cho viéc xu li s6 liéu ta
vao Report Definitions chon vao New va diéu chinh lai két qua minh can 1y tai
Fiel Variable, tiép d6 lya chon cic bé mit phu hop vé6i gid tri minh can ldy va luu
lai cac dir li€u sau khi chay lai.
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Hinh 3.14: Thuc hién luu cac dit liéu sau khi chay.
Tiép do tao cap nhat lai gia tri cua inlet trong Initiazation dé mo hinh khi chay
moO phong thuc hién tinh toan phan tich.
Solution Initialization
Initialization Methods

() Hybrid Initialization
(®) Standard Initializatior 1

Compute from

Reference Frame
(®) Relative to Cell Zone
) Absolute

Initial Values

Gauge Pressure [Pa]

0

¥ Velocity [m/s]

0.1

¥ Velocity [m/s]
0

Z Velocity [m/s]
0

Temperature [K]
(300 )

2

Hinh 3.15: Khoi tao gia tri cho mo hinh.
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Véi cac thiét 14p co ban nay ta s& bat dau chay mé phong va danh gia cac kich
thude ludi dé xem tai sb lugng ludi bao nhi€u thi mo hinh s€ cho két qua doc lap
va dang tin cdy nhat. Sau do ta s& sir dung kich thudc ludi d6 dé di moé phong ma
danh gia kha nang lam mat cua pin lithium.

3.2.3. Ddanh gia dgc lap lwoi:

bé phan tich d§ d0 phan giai cua ludi, cac thir nghiém ddc 1ap nghiém ngit da
dugc thuc hién. Trong phuong phap danh gia ludi nay ta st dung phwong phap mo
phong trang thai 6n (Steady) dé danh gia cac hé thong ludi co s phan tir 1an luot
la Casl = 401784, Cas2 = 493826, Cas3 = 625842, Cas4 = 814916, Cas5 = 945993
trong ng. Nham tim ra phan tir ludi doc 1ap dé st dung trong viéc mo phong va
danh gi4, khi tim dugc phan tir ludi doc lap ta s& diéu chinh thiét 1ap dé mo hinh
chay theo phuong phap mé phong trang thai khong 6n dinh (Transient) dé quan sat
dugc cac trang thai nhiét do cua pin theo thoi gian thyc. Qua trinh mo6 phdng phan
bd nhiét do cta bd pin voi nhiét d6 nudce lam mat 1a 27 °C.

Ttr s6 liéu két qua mo phong trén ta dung duoc d6 thi nhu hinh 3.16 tir d6 tim
duoc tai s6 phan tir ludi 13 625842 ¢6 tinh doc 14p cao vi d6 sai 1éch két qua so voi
cac phan tir ludi khac nam trong khoang 0.0473% nén ta chon sé phan tir ludi

625842 dé mo phong va danh gia két qua.

DANH GIA POC LAP LUOI

33,5
I —
33
32,5
@)
o
:8.
- 32
NEg
=
Z.
31,5
31 —(Cash Cas4d =—Cas3 =—Cas2 =—=Casl
30,5
0 20 40 60 80 100 120

Iteration
Hinh 3.16: D6 thi danh gia doc lap ludi.

Sinh vién thyc hién: Luwu Van Thanh Hudng dan: PGS.TS Phan Thanh Long 52



Nghién ciru thiét ké hé théng lam mat pin lithium-ion trén 6 t6 dién

3.3. Két qua va danh gia:

Ttr viéc danh gia doc 1ap ludi trén ta stt dung phan tir ludi doc 1ap da xac dinh
dé di mo phong va danh gia nhiét va kha ning lam mat cta hé théng. Vi cac thong
s6 dau vao nhu luu luong khéi luong, nhiét do nude 1am mat 1an luot 13 0.024875
(kg/s), 27°C. Bong thoi ta diéu chinh lai phuong phéap chay 1a trang thai khong 6n
dinh (Transient) dé mo phong, nham x4c dinh duoc nhiét d6 xac véi thuc té.

Két qua mo phong nhiét do téng thé nhu hinh 3.17 va hinh 3.18 cho thay hé
théng lam mat bang chat 16ng hién tai dat duoc hiéu qua nhat dinh khi duy tri nhiét
d6 cac cell pin trong khoang tir 27°C dén 33.27°C d6i voi luu lwong khéi luong cia
dong chay 14 0.024875 (kg/s). Tuy nhién, su phan bd nhiét con chua dong déu, vai
hién twong ting nhiét rd rét theo chidu dong chay. Nhu trong hinh 3.17 tai cac bé
mat cell khi tiép xtic v6i bé mit cta kénh 1am mat thi s& c6 nhiét d6 1am viéc thap
hon so v6i cac bé mat khong duoc tiép diéu lam cho viéc phan bd nhiét tai cac bé

mit cell khong dugc ddng déu.

—
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Hinh 3.17: Két qua thay doi nhiét tai bé mat pin.
Tu d6 c6 thé rat ra réng thiét ké kénh 1am mat b?mg dung dich hién tai con han
ché vé kha nang phan phéi nhiét déu gilra cac cell. Pé cai thién cac viéc nhiét do
phan bd trén bé mit cell pin ta co ting luu lwong cia chat lam mat di qua cac kénh

dan hay bo tri kénh lam mat tiép xtuc déu voi cac bé mat cell pin va cudi cung dé
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cai thién han ché trén ta c6 thé thay thé dung dich lam mat nhu nanofluid dé ting

kha ning hip thu nhiét cua dung dich 1am mat.

Danh gia nhiét cua cell
34

33
32

31

Nhiét d6 °C

29
28

27
0 100 200 300 400 500 600 700 800 900 1000

Thot gian (s)

Hinh 3.18: D5 thi danh gia nhiét cua cell.

Sinh vién thyc hién: Luu Van Thanh Huéng dan: PGS.TS Phan Thanh Long 54



Nghién ciru thiét ké hé théng lam mdt pin lithium-ion trén 6 t6 dién

CHUONG 4: TINH TOAN THIET KE HE THONG LAM MAT PIN

4.1. Phén tich h¢ thong 1am mat:
4.1.1. Cdu tgo h¢ théng lam mat:

Hé thong 1am mat bang dung dich dugc thiét ké nham duy tri nhiét do hoat
dong 6n dinh cho cac cell pin lithium-ion, giup ting hiéu suat, do bén va an toan
cho bo pin. Cau tao cta hé thdng nay thuong bao gdm céc thanh phan chinh sau:

Bom c¢6 nhi¢m vu duy tri tuan hoan lién tuc cia dung dich lam mat trong hé
théng, dam bao dong chay 6n dinh va ap suit phu hop. Loai bom phd bién thuong
12 bom dién nho gon, c6 thé diéu chinh luu lugng tiy theo nhiét d6 va tai cta pin.

Céc kénh lam mat dugc thiét ké chay doc hodc bao quanh tung cell hoac
module pin, tao diéu kién cho dung dich lam mat tiép xuc truc tiép hoac gﬁn sat bé
mit pin. Thiét ké kénh c6 thé da dang: kénh thang, kénh gon song (wavy channels),
nham t6i vu kha ning trao doi nhiét giita dung dich va pin.

B0 trao d6i nhiét thuong dat ¢ vi tri cudi hodc dau hé thong, ¢ nhiém vu ldy
nhiét tir dung dich néng sau khi hap thu nhiét tir pin va truyén sang méi truong bén
ngoai (khong khi hodc chét lam lanh khéc).

Dung dich dich lam mat.

Hé thong dng dan duoc thiét ké dé két ndi cac thanh phan véi nhau, dam bao
kin khit, chiu ap Iyc va khong ro ri dung dich lam mat. Vat liéu dng thuong 13 cao
su chiu nhiét, nhya k¥ thuat hodc kim loai nhe nhu nhom.

Hé théng lam mat thuong di kém véi cadc cam bién nhiét do dat tai cac vi tri
quan trong trén pin va trong duong dng dung dich. Dit liéu tir cam bién dugc truyén
vé bo diéu khién trung tam dé diéu chinh bom, quat hodc van, nham duy tri nhi¢t
do pin trong ngudng an toan.

4.1.2. Nguyén ly lam viéc:

Ché d6 1am mat: Khi nhiét d6 pin cao, dung dich lam mét duoc bom (2) dua qua
bd pin (10) dé hap thu nhiét, sau d6 trao d6i nhiét voi méi chit lanh trong bo trao ddi
nhiét (4). M6i chat lanh tuan hoan nhd may nén (5), di qua két lam mét (7), bd trao
d6i nhiét (4) d¢ hap thu nhiét tir dung dich, gitip ha nhiét cho pin. Quat (6) hd tro tan

nhiét ra moi trudng. Van dién tir (8) md dé kich hoat chu trinh lanh.
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Ché d6 suoi 4m: Khi nhiét do pin thap, van (8) dong, may nén (5) ngung hoat
dong. B gia nhiét (9) dun néng dung dich 1am mat, sau d6 dwoc tudn hoan qua pin

dé tang nhiét do. Ché do nay khong str dung mach lanh.

.-

FTTITIIIIIIII

Hinh 4.1: So @6 mach hé thdng lam mat pin.
Cha thich: 1-Binh chta; 2-bom; 3-Té; 4-bo trao ddi nhiét; 5-may nén; 6-quat; 7-Két
nudc lam mat; 8-van dién tir; 9-bg gia nhiét; 10-bo pin.
4.2. Tinh to4n thiét ké hé théng lam mat:
4.2.1. Tinh chon dwong ong:

Ta c6 cac thong sd tir md phong:

0
m = 0.024875(kg/s) , p =998.2(kg / m*) . 4.1)

Sinh vién thyc hién: Luwu Van Thanh Hudng dan: PGS.TS Phan Thanh Long 56



Nghién ciru thiét ké hé théng lam mat pin lithium-ion trén 6 t6 dién

Chon van tdc trude khi vao kénh lam mat: v, =2(m/s).

Luu lugng téi kénh lam mat [11]:

0
Q- % _ % ~ 2.49%10°(m*/s) 4.2)
Theo dinh luc bao toan khdi lugng tir dng bom téi kénh 1am mat:
Qd =Q (4-3)
< A xv, =Q

< A x2=249x107
= A, ~1.245(m?)
Trong do: Q,: Luu luong trén duong éng bom.

A, : Dién tich duong ong.

Puong kinh 6ng:
D, - \/4XQ _ [A000002492 5 g5, 10(my=3.98(mm)  (4.4)
7T XV, %2

Chon loai 6ng din chit 1ong loai Tygon E-3603 (hang Saint-Gobain) [17], mi s6
ACF00010 véi duong kinh trong 4 mm.

Hinh 4.2: Ong dan chat long “Tygon E-3603”.
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Tinh lai luu lugng thyuc té:

DZ x v, —7z-><0'004><2

Q, =7 x ~2.5x107°(m*/s) (4.5)

Chon chiéu dai tong thé ctia 6ng trong hé thong lam mat: |, =10(m).
Chon bd trao d6i nhiét:

D4i v6i hé thong 1am mat pin v6i luu luong chit 1am mat 2.49x10™ 5 (m?¥/s) va
mirc sinh nhiét cao (74163 W/m?), bo trao d6i nhiét SWEP B10T [18] duoc lya chon
do phu hop véi diéu kién lwu lwong thip va yéu cau hiéu suit cao. Day 1a bo trao doi
nhiét dang tAm han, vt liéu thép khong gi, phtt hop dé duy tri nhiét do cell pin trong
khoang 35-40°C.

0]

SUER

SO

Hinh 4.3: B0 trao d6i nhiét “SWEP B10T”.
4.2.2. Tinh todn tén thdt dp sudt va tinh chon bom:
a) Ton that 4p sudt doc duong:
Tinh lai s6 Reynolds:

R _PXVaxDy _ 998.2x2x4x107°
¢ U 0.001003

~7961.7 > 4000 (4.6)

Vay dong chay trong duong 6ng 1a dong chay ri.
Hé s ti 1& duoc xac dinh nhu sau [19]:
A =(L.8xlog(Re)—1.64)2 = (1.8xlog(7961.7) —1.64) 2 ~0.034  (4.7)

Tén thét ap suat doc dudng:

2 2
Apd:ixllxvad :OOS4X 10 _3)(998.2)(2
Dy 2 4 %10 2

~169694(Pa) (4.8)

b) Ton that 4p suét cuc bo:
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Qua 2 van, coi dién tich dau vao va ra ctiia van bang nhau.
H¢ s ton that cuc bo qua van:

2
Fl
=| —21—-1] =0.29 4.9
o [o.assz J (49)

Tén thét ap sudt qua 2 van:

2 2
PXVs _ 5x0.29x % ~1157.91Pa)  (4.10)

2x AP, =2x¢ x

Van duoc lya chon 1a ODE 21JN1R0V23 [20], do hiang ODE san xuét, van dién
tor dugc str dung 1a loai van dién tir thuong dong 2 nga (2/2-way NC), c6 nhiém vu

di€u khién dong moi chat lam mat theo tin hi¢u diéu khién.

Hinh 4.4: Van dién tr “ODE 21JN1R0V23”.
Qua 2 té déu chon hé s6 ton that qua té la: £, = 0.3.
Tén that ap qua 2 té:

2 2
PXVy _ o o.w% ~1197.84(Pa)  (4.11)

2xAP, =2x¢,x

Qua 2 co chon hé s ton tht qua co: ¢, =0.35.
Tén théat ap suat qua 2 co:

2 2
PV, :2><0.35><%:1397.48(Pa) (4.12)

2x AP, =2x{,x

c) Ton that ap qua bd trao ddi nhiét:

Ton that 4p suat tai ctra vao bd trao doi nhiét, chon hé so ton that tai ctra vao: &, =1

998.2 x 2°
X
2

2
AP, =, x 2 szd -1 ~1996.4(Pa) (4.13)
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Ton that ap suit tai bén trong bd trao ddi nhiét, chon hé sb ton that bén trong bd trao
d6i nhiét: £, =0.5.

998.2 x 2°
x—

2
AP, =, % % ~05 ~998.2(Pa) (4.14)

Ton that ap suét tai cira ra bo trao doi nhiét, chon hé s ton thét tai cira ra: ¢ =1.

998.2 x 2°
X

2
AP, = x 2 Xz"d -1 ~1996.4(Pa) (4.15)

d) Ton that qua kénh 1am mét bo pin xac dinh tir mé phong;
AR, =58.26(Pa) (4.16)
e) Tong tat ca ton that ap suat trong hé thong:
AP = AP, +2x AP, +2x AP, +2xAP,; + AP, + AP, + AP, + AR, (4.17)
< AP =169694 +1157.91+1197.84 +1397.48 +1996.4 +998.2 +1996.4 + 58.26
— AP =178495.49(Pa)
f) Tinh cong suat bom:

Cong suét ctia bom: Véi n 1a hiéu suét cia bom ta chon 0.4.

_ APxQ, 178495.49x25x10°
! n 0.4
Vay bom lam mat duoc Iya chon 1a loai bom ly tam “DC40E-1250" [21] do hang

“Shenpeng Electronics” san xut. Bom hoat dong voi dién ap 12VDC, c6 cong suat

N ~11.15(W) (4.18)

tiéu thu ~14.4W, pht hop voi yéu cau cong suat thity luc 12Wvan hanh 6n dinh & luu
luong thap.

Hinh 4.5: Bom “DC40E-1250.
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CHUONG 5: KET LUAN

Chuong 1 da lam rd vai tro trung tam cua pin lithium-ion trong xe dién, mot giai
phap then chét giup giam phat thai va chuyén dich sang ning luong sach. Dong thoi,
chuong ciing phén tich dic diém cac loai cell pin va tAm quan trong ctia quan 1y nhiét
trong duy tri hiéu suit, an toan va tudi tho pin. Phan cudi chwong di gi6i thiéu cac
phuong phap 1am mat pin phd bién, tir lam mét thy dong (PCM, 6ng dan nhiét) dén
lam mét cha dong (khong khi cudng birc, 1am mét bang dung dich), khang dinh tim
quan trong cta hé théng quan 1y nhiét (BTMS) trong duy tri hiéu suit, an toan va tudi
tho pin. Viéc lya chon va tdi wu hé théng lam mat phu hop 1a yéu t6 k¥ thuat cdt 16i,
anh huong truc tiép dén kha ning img dung thuc t& va phét trién bén viing cua xe
dién. Qua phan tich cac phuong phap lam mat phd bién nhu lam mat bang khéng khi,
lam mat thy dong va lam mat bang dung dich, phuong phap 1am mat bang dung dich
duoc xac dinh 14 giai phap hiéu qua nhat nhd kha ning truyén nhiét cao va kiém soat
nhiét 46 dong déu. Ngoai ra, chuong ciing da dé cap dén thiét ké cac kénh 1am mat
xen k& giira cac cell pin nhu mot giai phap tién tién nham t6i wvu hoa hiéu qua lam
mat do cach bd tri ndy gitp ting hiéu qua truyén nhiét nhd dién tich tiép xtc 1on gitra
moi chat 1am mat va bé mit cac cell pin, tir d6 duy tri nhiét d6 hoat dong 6n dinh.
Nhitng co sé 1y thuyét va tong quan nay s& 1am nén tang cho nghién ctru, phan tich
va thiét ké chi tiét trong cac chuong tiép theo.

béi véi chuong 2, ta da tham khao xe “Tesla models S” dé nghién clru thiét hé
théng lam mat pin lithium v&i cong suét cuc dai 1a 504 kW, vé co ban ta tinh duogc
ciu hinh ctia bo pin 1a 112S74P dat yéu cau vé niang luong (~100kWh) va dién ap
(~400V). Tir co s6 s6 luong cell pin da thiét ké 8288 ta di di tinh toan thiét ké co khi
cho bo pin tiép d6 qua mo phong két cau ta danh gia dugce d6 bén co hoc ma khay pin
ta dang thiét ké 1a dang nam trong khoang cho phép tuy nhién né ciing cho ta thay
dugc nhitng han ché nhu vé kich thudc bo pin hay khbi luong ciia nap pin dang kha
1a 16m.

O chuong 3 sau khi xdy dyng md hinh va thiét 1ap cac bai toan md phong thu
dugc cac két qua nhu hinh 3.16 dén hinh 3.18. Trong phan két qua do thi cua hinh
3.16 gitp ta xac dinh duoc tai kich thudc ludi 625842 thi két qua ciia bai mo phong
s& doc 1ap nham ting d6 chinh x4c va thyc té ctia bai mo phong. T kich thude d6

ta chay mo phong va danh gia nhiét do cua bé mit cell pin tai nhi¢t do chit 1am mat
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14 27°C thi két qua cho thay nhiét do tai bé mit pin 1a tir 27°C dén 33.27°C, voi két
qua thu thap dugc cho ta hé thdng 1am dang 1am mat va duy tri nhiét cta cell pin &
nhiét d6 t6i wu nhung trong trong hinh 3.17 ddng thoi ciing cho ta thdy dugc nhuoc
diém cua phuong phap lam mat bang kénh 1am mat xen k& cac cell pin 13 nhiét d6
1am mat trén bé mit cell 1a chua dong déu.

O phan chuong 4 tir cac két qua ciia mod phong & trén ta xac dinh dugc luu
luong khoi lugng, nhiét luong cua cell pin tao ra trong thé tich ta d di lya chon bo
trao ddi nhiét dé phu hop voi hé théng lam mat va tinh toan duong kinh ong trén
hé thdng va cac ton thit 4p sudt trén hé thong dua vao d6 ta chon dudng bng trong
hé thdng va tinh duoc cong suit thuy luc ctia bom khoang 12 W dé chon bom phu
hop voi hé thdng minh dang thiét ké.

Dé xut cai tién, & chuong 2 dé cai thién so luong cell trong bd pin va cac kich
thudc ctia bd pin, ma yéu té anh huong dén kich thudc 1a sb luong cell pin va yéu
t6 dé s6 lugng cell ting 18n 1a vi dién ap, dung luong luu trir trong cell pin tir d6 ta
c6 thé cai thién bang thay doi cac cell pin véi dién ap, dung luong cia cell nhung
c6 kich thuéc twong duong va dong thoi tdi wu hoa lai khéi lugng cua nip bo pin
bing cach diéu chinh lya chon lai 46 day cua nip bo pin dé nham tdi wu hoa khdi
lugng. Con vé phﬁn chuong 3 dé cai thién cac viéc nhiét do phan bd trén bé mat
cell pin ta c6 thé ting luu luong ciia chat lam mat di qua cac kénh dan hay bb tri
kénh 1lam mat tiép xtic déu véi cac bé mit cell pin va cudi cung dé cai thién han
ché trén ta c6 thé thay thé dung dich lam maét nhu nanofluid dé ting kha ning hap

thu nhiét cia dung dich lam mat.
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PHU LUC 1

Phu luc 1.1: S6 liéu két qua chay mé phong danh gia doc lap luéi.

Po C
Casl Cas2 Cas3 Cas4 Cas5

1 30.97195 | 30.97729 | 31.03546 | 30.74725 | 30.75051
2 31.47427 31.50234 31.52682 31.37292 31.43505
3 31.77282 31.82314 31.82049 31.60977 31.83801
4 31.97048 32.0454 32.14752 31.8926 32.10629
5 32.11053 32.20971 32.26742 32.02139 32.30694
6 32.21462 32.34142 32.36266 32.12975 32.45403
7 32.2937 32.44711 32.43972 32.2221 32.51959
8 32.35436 32.53274 32.50262 32.3016 32.57879
9 32.40179 | 32.60275 | 32.55535 | 32.37057 | 32.63156
10 3243902 | 32.66052 | 32.60015 | 32.43081 | 32.67825
11 32.46829 32.70913 32.63915 32.4837 32.71966
12 32.49136 32.75094 32.67217 32.53036 32.75637
13 32.51544 32.78616 32.70016 32.57189 32.78924
14 32.54321 32.81661 32.72396 32.60906 32.81848
15 32.56918 32.8431 32.74423 32.64251 32.84451
16 32.59213 32.86642 32.76162 32.67281 32.86788
17 32.61309 32.8886 32.78143 32.70049 32.88888
18 32.63223 32.91 32.80029 32.72589 32.90783
19 32.64971 32.92928 32.81759 32.74935 32.92468
20 32.66592 32.94692 32.83364 32.77114 32.93975
21 32.68109 32.96334 32.84872 32.79153 32.9533
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22 32.69537 32.97842 32.86297 32.81069 32.96545
23 32.70898 32.99282 32.87655 32.82879 32.97631
24 32.72198 33.00662 32.88964 32.846 32.98599
25 32.73449 33.01983 32.90228 32.86242 32.99474
26 32.74655 33.03283 32.91458 32.87817 33.00253
27 32.7582 33.04507 32.92669 32.89324 33.00961
28 32.76949 33.05709 32.93548 32.90777 33.01595
29 32.78036 33.06878 32.94534 32.92181 33.02166
30 32.79083 33.08019 32.95864 32.93533 33.02679
31 32.8009 33.09152 32.97057 32.94833 33.0314
32 32.81057 33.10226 32.98174 32.9609 33.03564
33 32.81979 33.11282 32.99255 32.97299 33.03948
34 32.82861 33.1231 33.00305 32.98458 33.04293
35 32.83694 33.1332 33.01318 32.99572 33.04614
36 32.84478 33.14291 33.02291 33.00634 33.04901
37 32.85217 33.15209 33.03231 33.0165 33.05172
38 32.8616 33.161 33.04138 33.02612 33.05419
39 32.87075 33.16955 33.05001 33.03527 33.05645
40 32.87957 33.17779 33.05822 33.04391 33.05847
41 32.88806 33.18554 33.06609 33.05209 33.06033
42 32.8962 33.1929 33.07382 33.05975 33.06567
43 32.90392 33.19982 33.08132 33.06695 33.07296
44 32.91128 33.20635 33.08843 33.07369 33.07977
45 32.91821 33.21246 33.09521 33.08004 33.08605
46 32.92474 33.21823 33.1015 33.08593 33.09188
47 32.93087 33.2235 33.10739 33.09142 33.09725
48 32.93655 33.22836 33.11288 33.09652 33.1022
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49 32.94183 33.23287 33.11797 33.10119 33.10674
50 32.94671 33.23693 33.12271 33.10549 33.11138
51 32.9512 33.24069 33.12704 33.10943 33.11724
52 32.95529 33.24407 33.13098 33.11297 33.12274
53 32.95898 33.24719 33.13458 33.11614 33.12783
54 32.96237 33.24996 33.13787 33.11895 33.13259
55 32.96539 33.25244 33.14086 33.12142 33.13702
56 32.96807 33.25515 33.14352 33.12356 33.14111
57 32.97051 33.25759 33.14596 33.12533 33.14489
58 32.97265 33.25976 33.14813 33.12682 33.1484
59 32.97454 33.26168 33.15008 33.12805 33.15164
60 32.97619 33.26342 33.15179 33.12902 33.15463
61 32.97766 33.26492 33.15331 33.12985 33.1574
62 32.97894 33.26626 33.15466 33.13043 33.15997
63 32.98 33.26739 33.15585 33.13094 33.16235
64 32.98095 33.2684 33.15688 33.13134 33.16454
65 32.98177 33.26925 33.15777 33.13165 33.16656
66 32.98248 33.26998 33.15856 33.13195 33.16845
67 32.98306 33.27062 33.15923 33.1321 33.17019
68 32.98358 33.27114 33.15981 33.13223 33.17181
69 32.984 33.2716 33.16033 33.13235 33.1733
70 32.98434 33.27197 33.16076 33.13238 33.17468
71 32.98464 33.2723 33.1611 33.13247 33.17599
72 32.98492 33.27255 33.1614 33.13247 33.17718
73 32.98513 33.27276 33.16168 33.13235 33.17828
74 32.98528 33.27294 33.16189 33.13226 33.17932
75 32.98544 33.27307 33.16204 33.13214 33.18026
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76 32.98556 33.27316 33.16219 33.13204 33.18118
77 32.98568 33.27325 33.16229 33.13186 33.18197
78 32.98577 33.27331 33.16238 33.13174 33.18273
79 32.98583 33.27334 33.16241 33.13162 33.18344
80 32.98593 33.27334 33.16244 33.13156 33.18411
81 32.98596 33.27334 33.16244 33.13149 33.18469
82 32.98602 33.27334 33.16247 33.13143 33.18524
83 32.98605 33.27334 33.16256 33.13143 33.18575
84 32.98611 33.27331 33.16262 33.13152 33.18624
85 32.98614 33.27328 33.16265 33.13168 33.18667
86 32.98617 33.27325 33.16265 33.13189 33.18707
87 32.9862 33.27319 33.16268 33.13217 33.18743
88 32.9862 33.27316 33.16265 33.13253 33.18777
89 32.98623 33.2731 33.16265 33.13296 33.18807
90 32.98626 33.27307 33.16262 33.13342 33.18835
91 32.98629 33.27303 33.16259 33.13391 33.18859
92 32.98632 33.273 33.16256 33.13445 33.18884
93 32.98632 33.27297 33.16253 33.13491 33.18902
94 32.98635 33.27294 33.16247 33.1354 33.18923
95 32.98638 33.27291 33.16244 33.1358 33.18939
96 32.98641 33.27288 33.16241 33.13619 33.18954
97 32.98644 33.27285 33.16235 33.13647 33.18969
98 32.98647 33.27285 33.16232 33.13668 33.18981
99 32.98647 33.27282 33.16229 33.13683 33.1899
100 32.98651 33.27282 33.16223 33.13687 33.19003
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Phu luc 1.2: Két qua mo phong danh gia nhiét do caa cell pin.

Thoi Thoi
Thoi gian gian
gian (s) Nhiét do C (s) Nhiét do C (s) Nhiét do C

0 26.85 301 31.87233887 602 32.90780029
1 26.87865601 302 31.87926636 603 32.90917358
2 26.90734253 303 31.88613281 604 32.91054688
3 26.93599854 304 31.89296875 605 32.91188965
4 26.96465454 305 31.89977417 606 32.91326294
5 26.99334106 306 31.90651855 607 32.91460571
6 27.02199707 307 31.91326294 608 32.91591797
7 27.05065308 308 31.91994629 609 32.91726074
8 27.07930908 309 31.92659912 610 32.918573

9 27.10796509 310 31.93322144 611 32.91988525
10 27.13662109 311 31.93981323 612 32.92119751
11 27.1652771 312 31.94637451 613 32.92250977
12 27.19390259 313 31.95287476 614 32.9237915
13 27.22252808 314 31.95934448 615 32.92507324
14 27.25112305 315 31.96581421 616 32.92635498
15 27.2796875 316 31.9722229 617 32.92763672
16 27.30825195 317 31.97860107 618 32.92888794
17 27.33675537 318 31.98494873 619 32.93016968
18 27.36525879 319 31.99123535 620 32.9314209
19 27.39370117 320 31.99752197 621 32.9326416
20 27.42211304 321 32.00377808 622 32.93389282
21 27.45049438 322 32.00997314 623 32.93511353
22 27.47878418 323 32.01616821 624 32.93636475
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23 27.50704346 324 32.02230225 625 32.93755493
24 27.5352417 325 32.02840576 626 32.93877563
25 27.56337891 326 32.03447876 627 32.93999634
26 27.59142456 327 32.04052124 628 32.94118652
27 27.6194397 328 32.04656372 629 32.94237671
28 27.64736328 329 32.05254517 630 32.94356689
29 27.67519531 330 32.05849609 631 32.94475708
30 27.70296631 331 32.06438599 632 32.94591675
31 27.73061523 332 32.07027588 633 32.94707642
32 27.75820313 333 32.07613525 634 32.94823608
33 27.78569946 334 32.08196411 635 32.94939575
34 27.81310425 335 32.08776245 636 32.95055542
35 27.840448 336 32.09353027 637 32.95168457
36 27.8677002 337 32.09926758 638 32.95281372
37 27.89486084 338 32.10494385 639 32.95394287
38 27.92189941 339 32.11062012 640 32.95507202
39 27.94884644 340 32.11626587 641 32.95620117
40 27.9757019 341 32.1218811 642 32.9572998

41 28.00246582 342 32.12746582 643 32.95839844
42 28.02910767 343 32.13302002 644 32.95952759
43 28.05565796 344 32.13851318 645 32.9605957

44 28.0821167 345 32.14400635 646 32.96169434
45 28.10845337 346 32.14946899 647 32.96276245
46 28.13466797 347 32.15490112 648 32.96386108
47 28.16079102 348 32.16033325 649 32.9649292

48 28.18679199 349 32.16570435 650 32.96599731
49 28.21270142 350 32.17104492 651 32.96703491

Sinh vién thuc hién: Luu Van Thanh

Huéng dan: PGS.TS Phan Thanh Long

70




Nghién ciru thiét ké hé théng lam mdt pin lithium-ion trén 6 t6 dién

50 28.23845825 351 32.17635498 652 32.96810303
51 28.26415405 352 32.18163452 653 32.96914063
52 28.28969727 353 32.18691406 654 32.97017822
53 28.31514893 354 32.19213257 655 32.97121582
54 28.34047852 355 32.19735107 656 32.97225342
55 28.36571655 356 32.20253906 657 32.97329102
56 28.390802 357 32.20766602 658 32.9742981

57 28.4157959 358 32.21279297 659 32.97530518
58 28.44066772 359 32.2178894 660 32.97631226
59 28.465448 360 32.22295532 661 32.97731934
60 28.49007568 361 32.22799072 662 32.97832642
61 28.51461182 362 32.23302612 663 32.97930298
62 28.53902588 363 32.23800049 664 32.98031006
63 28.56331787 364 32.24297485 665 32.98128662
64 28.58748779 365 32.24788818 666 32.98226318
65 28.61156616 366 32.25280151 667 32.98323975
66 28.63549194 367 32.25768433 668 32.98418579
67 28.65932617 368 32.26253662 669 32.98516235
68 28.68303833 369 32.26738892 670 32.9861084

69 28.70665894 370 32.27218018 671 32.98705444
70 28.73012695 371 32.27697144 672 32.98800049
71 28.75350342 372 32.28170166 673 32.98894653
72 28.77675781 373 32.28643188 674 32.98989258
73 28.79989014 374 32.29113159 675 32.99080811
74 28.82293091 375 32.2958313 676 32.99172363
75 28.84584961 376 32.30046997 677 32.99266968
76 28.86861572 377 32.30510864 678 32.99358521
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77 28.8913208 378 32.30968628 679 32.99447021
78 28.91387329 379 32.31426392 680 32.99538574
79 28.93633423 380 32.31884155 681 32.99627075
80 28.9586731 381 32.32335815 682 32.99718628
81 28.98088989 382 32.32787476 683 32.99807129
82 29.00301514 383 32.33236084 684 32.9989563

83 29.02501831 384 32.33681641 685 32.99984131
84 29.04689941 385 32.34124146 686 33.00072632
85 29.06868896 386 32.34563599 687 33.00158081
86 29.09035645 387 32.35003052 688 33.00246582
87 29.11193237 388 32.35439453 689 33.00332031
88 29.13335571 389 32.35872803 690 33.0041748

89 29.15471802 390 32.36306152 691 33.0050293

90 29.17592773 391 32.36733398 692 33.00588379
91 29.1970459 392 32.37160645 693 33.00670776
92 29.21807251 393 32.37584839 694 33.00756226
93 29.23897705 394 32.38009033 695 33.00838623
94 29.25975952 395 32.38430176 696 33.00921021
95 29.28045044 396 32.38845215 697 33.01003418
96 29.30101929 397 32.39263306 698 33.01085815
97 29.32149658 398 32.39675293 699 33.01168213
98 29.34188232 399 32.4008728 700 33.0125061

99 29.362146 400 32.40496216 701 33.01329956
100 29.3822876 401 32.409021 702 33.01409302
101 29.40233765 402 32.41307983 703 33.01491699
102 29.42229614 403 32.41710815 704 33.01571045
103 29.44213257 404 32.42110596 705 33.01650391
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104 29.46187744 405 32.42510376 706 33.01726685
105 29.48153076 406 32.42904053 707 33.0180603
106 29.50106201 407 32.43297729 708 33.01882324
107 29.52050171 408 32.43691406 709 33.0196167
108 29.53981934 409 32.44082031 710 33.02037964
109 29.55904541 410 32.44469604 711 33.02114258
110 29.57817993 411 32.44854126 712 33.02190552
111 29.5972229 412 32.45238647 713 33.02266846
112 29.6161438 413 32.45620117 714 33.02340088
113 29.63497314 414 32.45998535 715 33.02416382
114 29.65371094 415 32.46376953 716 33.02489624
115 29.67235718 416 32.46752319 717 33.02565918
116 29.69091187 417 32.47124634 718 33.0263916
117 29.70934448 418 32.47496948 719 33.02712402
118 29.72768555 419 32.47866211 720 33.02785645
119 29.74593506 420 32.48232422 721 33.02855835
120 29.76409302 421 32.48598633 722 33.02929077
121 29.78215942 422 32.48961792 723 33.03002319
122 29.80010376 423 32.49324951 724 33.0307251
123 29.81798706 424 32.49685059 725 33.031427
124 29.83574829 425 32.50042114 726 33.03212891
125 29.85344849 426 32.5039917 727 33.03283081
126 29.87102661 427 32.50750122 728 33.03353271
127 29.88851318 428 32.51104126 729 33.03423462
128 29.90593872 429 32.51455078 730 33.03493652
129 29.92324219 430 32.51802979 731 33.03560791
130 29.9404541 431 32.52147827 732 33.0362793
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131 29.95760498 432 32.52492676 733 33.0369812
132 29.97463379 433 32.52834473 734 33.03765259
133 29.99160156 434 32.5317627 735 33.03832397
134 30.00844727 435 32.53515015 736 33.03899536
135 30.02523193 436 32.5385376 737 33.03963623
136 30.04192505 437 32.54189453 738 33.04030762
137 30.05849609 438 32.54522095 739 33.040979
138 30.07503662 439 32.54854736 740 33.04161987
139 30.09145508 440 32.55184326 741 33.04226074
140 30.10778198 441 32.55510864 742 33.04293213
141 30.12401733 442 32.55840454 743 33.043573
142 30.14019165 443 32.5616394 744 33.04421387
143 30.15627441 444 32.56487427 745 33.04485474
144 30.17226563 445 32.56807861 746 33.04546509
145 30.1881958 446 32.57128296 747 33.04610596
146 30.20400391 447 32.57445679 748 33.04671631
147 30.21975098 448 32.57763062 749 33.04735718
148 30.23540649 449 32.58077393 750 33.04796753
149 30.25100098 450 32.58388672 751 33.04857788
150 30.26647339 451 32.58699951 752 33.04918823
151 30.28188477 452 32.5901123 753 33.04979858
152 30.29723511 453 32.59316406 754 33.05040894
153 30.3124939 454 32.59624634 755 33.05101929
154 30.32766113 455 32.5992981 756 33.05162964
155 30.34273682 456 32.60231934 757 33.05220947
156 30.35775146 457 32.60534058 758 33.05281982
157 30.37267456 458 32.6083313 759 33.05339966

Sinh vién thuc hién: Luu Van Thanh

Huéng dan: PGS.TS Phan Thanh Long
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Nghién ciru thiét ké hé théng lam mdt pin lithium-ion trén 6 t6 dién

158 30.38753662 459 32.6112915 760 33.05397949
159 30.40230713 460 32.61428223 761 33.05455933
160 30.4170166 461 32.61721191 762 33.05513916
161 30.43163452 462 32.6201416 763 33.05571899
162 30.44616089 463 32.62307129 764 33.05629883
163 30.46062622 464 32.62597046 765 33.05687866
164 30.47503052 465 32.62883911 766 33.05742798
165 30.48934326 466 32.63173828 767 33.05800781
166 30.50359497 467 32.63457642 768 33.05855713
167 30.51775513 468 32.63741455 769 33.05913696
168 30.53185425 469 32.64025269 770 33.05968628
169 30.54586182 470 32.6430603 771 33.0602356

170 30.55980835 471 32.6458374 772 33.06078491
171 30.57366333 472 32.6486145 773 33.06133423
172 30.58745728 473 32.6513916 774 33.06188354
173 30.60119019 474 32.65413818 775 33.06240234
174 30.61483154 475 32.65688477 776 33.06295166
175 30.62841187 476 32.65960083 7 33.06350098
176 30.64193115 477 32.66231689 778 33.06401978
177 30.65535889 478 32.66500244 779 33.06453857
178 30.66872559 479 32.66765747 780 33.06508789
179 30.68203125 480 32.67034302 781 33.06560669
180 30.69524536 481 32.67296753 782 33.06612549
181 30.70839844 482 32.67562256 783 33.06664429
182 30.72149048 483 32.67824707 784 33.06716309
183 30.73449097 484 32.68084106 785 33.06765137
184 30.74743042 485 32.68343506 786 33.06817017

Sinh vién thuc hién: Luu Van Thanh

Huéng dan: PGS.TS Phan Thanh Long
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Nghién ciru thiét ké hé théng lam mdt pin lithium-ion trén 6 t6 dién

185 30.76030884 486 32.68599854 787 33.06868896
186 30.77312622 487 32.68856201 788 33.06917725
187 30.78588257 488 32.69112549 789 33.06969604
188 30.79854736 489 32.69365845 790 33.07018433
189 30.81115112 490 32.69619141 791 33.07067261
190 30.82369385 491 32.69869385 792 33.07116089
191 30.83617554 492 32.70119629 793 33.07164917
192 30.84856567 493 32.70366821 794 33.07213745
193 30.86092529 494 32.70614014 795 33.07262573
194 30.87319336 495 32.70861206 796 33.07311401
195 30.88540039 496 32.71105347 797 33.07360229
196 30.89754639 497 32.71346436 798 33.07409058
197 30.90963135 498 32.71587524 799 33.07454834
198 30.92165527 499 32.71828613 800 33.07503662
199 30.93361816 500 32.72069702 801 33.07549438
200 30.9454895 501 32.72307739 802 33.07595215
201 30.95733032 502 32.72542725 803 33.07640991
202 30.96911011 503 32.7277771 804 33.07689819
203 30.98079834 504 32.73012695 805 33.07735596
204 30.99245605 505 32.73244629 806 33.07781372
205 31.00402222 506 32.73476563 807 33.07827148
206 31.01555786 507 32.73705444 808 33.07869873
207 31.02700195 508 32.73934326 809 33.07915649
208 31.03841553 509 32.74163208 810 33.07961426
209 31.04973755 510 32.74389038 811 33.0800415

210 31.06102905 511 32.74614868 812 33.08049927
211 31.072229 512 32.74840698 813 33.08092651

Sinh vién thuc hién: Luu Van Thanh

Huéng dan: PGS.TS Phan Thanh Long
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Nghién ciru thiét ké hé théng lam mdt pin lithium-ion trén 6 t6 dién

212 31.08339844 513 32.75063477 814 33.08138428
213 31.09450684 514 32.75283203 815 33.08181152
214 31.10552368 515 32.75505981 816 33.08223877
215 31.11651001 516 32.75722656 817 33.08266602
216 31.1274353 517 32.75942383 818 33.08309326
217 31.13829956 518 32.76159058 819 33.08352051
218 31.14910278 519 32.76375732 820 33.08394775
219 31.15987549 520 32.76589355 821 33.084375
220 31.17055664 521 32.76802979 822 33.08480225
221 31.18120728 522 32.77016602 823 33.08519897
222 31.19176636 523 32.77227173 824 33.08562622
223 31.20229492 524 32.77437744 825 33.08602295
224 31.21276245 525 32.77645264 826 33.0864502
225 31.22316895 526 32.77852783 827 33.08684692
226 31.23354492 527 32.78060303 828 33.08724365
227 31.24382935 528 32.78264771 829 33.0876709
228 31.25408325 529 32.78469238 830 33.08806763
229 31.26427612 530 32.78673706 831 33.08846436
230 31.27443848 531 32.78875122 832 33.08886108
231 31.28450928 532 32.79076538 833 33.08925781
232 31.29454956 533 32.79277954 834 33.08965454
233 31.30452881 534 32.79476318 835 33.09002075
234 31.31444702 535 32.79674683 836 33.09041748
235 31.32433472 536 32.79873047 837 33.09081421
236 31.33413086 537 32.80068359 838 33.09118042
237 31.343927 538 32.80263672 839 33.09157715
238 31.35363159 539 32.80455933 840 33.09194336

Sinh vién thuc hién: Luu Van Thanh

Huéng dan: PGS.TS Phan Thanh Long
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Nghién ciru thiét ké hé théng lam mdt pin lithium-ion trén 6 t6 dién

239 31.36330566 540 32.80648193 841 33.09234009
240 31.3729187 541 32.80840454 842 33.0927063

241 31.3824707 542 32.81032715 843 33.09307251
242 31.39199219 543 32.81221924 844 33.09343872
243 31.40145264 544 32.81411133 845 33.09383545
244 31.41085205 545 32.8159729 846 33.09420166
245 31.42022095 546 32.81783447 847 33.09456787
246 31.42952881 547 32.81969604 848 33.09493408
247 31.43880615 548 32.82155762 849 33.09526978
248 31.44802246 549 32.82338867 850 33.09563599
249 31.45717773 550 32.82521973 851 33.0960022

250 31.46630249 551 32.82702026 852 33.09636841
251 31.47536621 552 32.8288208 853 33.0967041

252 31.48439941 553 32.83062134 854 33.09707031
253 31.49337158 554 32.83242188 855 33.09740601
254 31.50228271 555 32.83419189 856 33.09777222
255 31.51116333 556 32.83596191 857 33.09810791
256 31.51998291 557 32.83773193 858 33.0984436

257 31.52877197 558 32.83947144 859 33.09880981
258 31.5375 559 32.84121094 860 33.09914551
259 31.54619751 560 32.84295044 861 33.0994812

260 31.55483398 561 32.84465942 862 33.09981689
261 31.56343994 562 32.84636841 863 33.10015259
262 31.57198486 563 32.84807739 864 33.10048828
263 31.58049927 564 32.84978638 865 33.10082397
264 31.58895264 565 32.85146484 866 33.10112915
265 31.59737549 566 32.85314331 867 33.10146484

Sinh vién thuc hién: Luu Van Thanh

Huéng dan: PGS.TS Phan Thanh Long
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Nghién ciru thiét ké hé théng lam mdt pin lithium-ion trén 6 t6 dién

266 31.6057373 567 32.85479126 868 33.10180054
267 31.6140686 568 32.85646973 869 33.10213623
268 31.62236938 569 32.85811768 870 33.10244141
269 31.63060913 570 32.85973511 871 33.1027771

270 31.63878784 571 32.86138306 872 33.10308228
271 31.64693604 572 32.86300049 873 33.10338745
272 31.65505371 573 32.86461792 874 33.10372314
273 31.66311035 574 32.86620483 875 33.10402832
274 31.67113647 575 32.86782227 876 33.1043335

275 31.67913208 576 32.86940918 877 33.10466919
276 31.68706665 577 32.87096558 878 33.10497437
277 31.6949707 578 32.87255249 879 33.10527954
278 31.70281372 579 32.87410889 880 33.10558472
279 31.71062622 580 32.87566528 881 33.10588989
280 31.71837769 581 32.87722168 882 33.10619507
281 31.72612915 582 32.87874756 883 33.10646973
282 31.73381958 583 32.88027344 884 33.1067749

283 31.74144897 584 32.88179932 885 33.10708008
284 31.74904785 585 32.88329468 886 33.10738525
285 31.75661621 586 32.88482056 887 33.10765991
286 31.76415405 587 32.88631592 888 33.10796509
287 31.77163086 588 32.88781128 889 33.10827026
288 31.77907715 589 32.88927612 890 33.10854492
289 31.78649292 590 32.89074097 891 33.10881958
290 31.79384766 591 32.89220581 892 33.10912476
291 31.80117188 592 32.89367065 893 33.10939941
292 31.80846558 593 32.89510498 894 33.10967407

Sinh vién thuc hién: Luu Van Thanh

Huéng dan: PGS.TS Phan Thanh Long
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Nghién ciru thiét ké hé théng lam mdt pin lithium-ion trén 6 t6 dién

293 31.81572876 594 32.89656982 895 33.10997925
294 31.82293091 595 32.89800415 896 33.11025391
295 31.83010254 596 32.89940796 897 33.11052856
296 31.83724365 597 32.90084229 898 33.11080322
297 31.84432373 598 32.90224609 899 33.11107788
298 31.85140381 599 32.9036499 900 33.11135254
299 31.85842285 600 32.90505371 900 33.11135254
300 31.86541138 601 32.906427

Sinh vién thuc hién: Luu Van Thanh

Huéng dan: PGS.TS Phan Thanh Long
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Nghién ciru thiét ké hé théng lam mdt pin lithium-ion trén 6 t6 dién

Sinh vién thyc hién: Luu Van Thanh Huéng dan: PGS.TS Phan Thanh Long



