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Bai béo trinh by mé hinh mé phong hé thong truyén dong va ngudn pin cuia xe dién cia Tesla
Model S trén méi truong Simulink. M6 hinh bao gdm céac khéi diéu khién 1ai (van téc tham chiéu,
chan ga/phanh), khdi mo phong xe — banh (Vehicle and Tire), hop sé (Gear system), bo diéu khién
cong suat dong co (Power controller) va khéi pin Li-ion tich hop do ludng dong xa, dién ap va module
nhiét d§. Cac thong sb k¥ thuét pin (56 module, cAu hinh té bao, dung lugng, dong xa tdi da, dién ap
danh dinh) duoc lay tir tai liéu tham khao. Két qua mo phong cho thiy sy bién thién cua trang thai
sac (SOC), nhiét d¢ pin va dong xa trong sudt chu trinh van hanh xe. Puong dac tinh van tde thue té
gan khop véi van tdc yéu cau, thé hién su dap tmg cua hé diéu khién. SOC giam dan theo thoi gian
do tiéu hao ning lugng, ddng thoi nhiét d6 pin ting 1én khi xe hoat dong lién tuc. Cac két qua nay
minh hoa kha nang du doan mic tiéu thy dién nang va anh huong cta diéu kién van hanh dén hiéu
suat ctia hé ngudn xe dién.

Tir khoa: Xe o t6 dién, Pin lithium-ion, sac pin xe 0 t6 dién, diéu khién xe 0 t6 dién

SIMULATION STUDY OF THE INSTANTANEOUS TEMPERATURE AND CAPACITY
OF LI-ION BATTERIES UNDER VARIOUS OPERATING CONDITIONS OF ELECTRIC
VEHICLES

ABSTRACT

This paper presents a simulation model of the powertrain and battery system of the Tesla Model
S electric vehicle in the Simulink environment. The model consists of several key blocks: driver
control (reference speed, accelerator/brake pedals), vehicle and tire dynamics, gear system, motor
power controller, and a Li-ion battery block integrated with current discharge measurement, voltage
monitoring, and thermal module. Battery specifications (number of modules, cell configuration,
capacity, maximum discharge current, nominal voltage) are sourced from reference documentation.
Simulation results demonstrate the variation of the state of charge (SOC), battery temperature, and
discharge current throughout the vehicle’s operating cycle. The actual speed profile closely matches
the reference speed, indicating proper system response. SOC gradually decreases over time due to
energy consumption, while battery temperature increases with continuous operation. These results
illustrate the model's capability to predict energy consumption and the influence of operating
conditions on the performance of the electric vehicle's power system.
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1. GIOI THIEU Pin lithium-ion (Li-ion) 12 loai pin sac pho
bién nhd vao mat do nang lugng cao, trong
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lugng nhe va hiéu suét cao. Ching thuong
duoc su dung trong dién thoai, may tinh xach
tay, thiét bi cam tay va tham chi trong nhiing
niam gan day, pin lithium-ion (Li-ion) di tr&
thanh cong nghé chi dao cho ngudén ning
lugng cta xe dién (EV) do mat do nang lugng
cao va hiéu suit tét (Scherz & Monk, 2016).
Pin xe Tesla Model S (phién ban P85), ¢6 dung
luong tong 1én dén 90 kWh va dién ap hé thong
khoang 400 V (cdu thanh tir 16 module ndi
tiép). Mdi module pin ciia Model S st dung

cell pin 18650 ndi tiép-diy song song
(6Sx74P) voi dung luong khoang 232 Ah
(twong duong 5.3 kWh/module (Hinh 1 va hinh
2). Dong xa lién tyuc mdi module dat 500 A,
dong xa dinh (trong 10 gidy) 1én dén 750 A, va
ngit xa & 19.8 V/module. Cac thong sd nay thé
hién dac tinh lam viéc va gidi han cua b nguén
pin. Tesla, dong vai tro quan trong trong viéc
x4c dinh hiéu suit va pham vi hoat dong cua
Xe.

Bang 1. Thong s6 ky thuat ciia pin lithium-ion

Thong sb Gia tri Chi thich
Loai cell st dung Li-ion 18650 | Cell hinh tru, 3.6 V- 3.4 Ah
(NCR18650B)
CAu hinh module 6S74P 6 cell noi tiép, 74 cell song song (444
cell/module)

S6 module toan pack 16 Mic nbi tiép = 8256 cell tong cong
Dung lugng mdi module z gfwAﬁl / 3.4Ahx74=251.6Ah, thuc té ~ 232 Ah

2 \ —on Tuy phién ban: P85 ~85kWh; P100D
Tong dung luwong toan pack ~90 — 100 kWh 100 KkWh
bién ap danh dinh moi cell 36V T6ida4.2V,ngatxa 2.5V
bién ap danh dinh mdi module | 22.8V 3.8Vx6=22.8V
Dién ap toan pack (danh dinh) | ~365 -400V 22.8Vx16=364.8V
Dong xa dinh (toi da 10 gidy) | 750 A Cao nhat cho ché d6 tang toc nhanh
flfgu?é’ ngat sac / ngdt xa moi | 55 5/ 198y | Tuong tmg 4.2 V va 3.3 V mdi cell
Nhiét do hoat dong tiéu chuin | -18°C dén 60°C | Theo tai liéu k¥ thuét ctia Tesla

Nguon: Tong hop ciia tdc gia

—y Carrono

Feagative Tab foasinve oias

Hinh 1. Céu tao pin lithium-ion

Hinh 2. Céu tao 1 module pin

Nguon: Téng hop cua tdc gid

Nhirng cuc pin duge két ndi v6i nhau boi
tAm ban mong & phia trén va phia dudi véi cac
16 tai cac cuc cuia pin. Nhiéu soi diy nhé han
tir tim ban mong t&i trung tAm cac cuc cia pin.
Nhiing soi ddy nay duoc thiét ké dé hoat dong
nhu 13 nhitng soi cAu chi dé phong bién ¢ hu
hong doan mach cua bt ki vién pin nao.

Trong qua trinh vdn hanh xe thi nhiét
luong toa ra tir pin 1a rat 16n, do d6 Tesla da

thiét ké mot bo phéan lam mat dan xen giita cac
ngan pin dé toi wu hoa kha nang tan nhiét. Thay
vi sir dung cac khdi pin 16n (ac quy) thi Tesla
da sur dung cac cuc pin nho, diéu nay lam cho
kha nang tan nhiét nhanh hon va cling kéo dai
tudi tho ctia pin hon. Bén trong module c6 mot
hé théng éng dan chat 16ng lam mat, mot loat
cac 6ng dan chat 16ng phing udn luon giira cac
hang té bao pin. D6 1a dugc két ndi véi hai phu
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kién duong 6ng & cudi module. Trong cum pin
nhitng phu kién nay duoc két ndi véi duong
dng 13 rang tir module nay sang module tiép
theo va v&i mot s6 phu kién bén ngoai dé cho
phép luu thong chét 10ng c6 thé dugc lam nong

bén ngoai hodc lam mat khi can thiét muc dich
lam giam nhiét d0 tda ra trong qua trinh hoat
dong ciia céc cell pin, hé thong 6ng dan cua cac
module duoc lién két v6i nhau dé tudn hoan
dong chét 16ng 1am mat.

Hinh 3. Hé thong tan nhiét pin cia hing Tesla

Nguon: Tong hop ciia tdc gia

Dé dam bao qua trinh sac va x4 cia bd pin
dién ra an toan va hiéu qua, hé théng quan 1y
pin (BMS — Battery Management System)
dong vai tro quan trong trong vi€c giam sat va
diéu khién toan b hoat dong cta cum pin. Mot
trong nhitng yéu t6 quan trong ma BMS can
theo doi 1a nhiét d9, boi vi nhiét ¢ anh hudng
truc tiép dén hiéu suét lam viéc cua pin. Pin Li-
ion thuong hoat dong 6n dinh trong dai nhiét
do tir -20°C dén 60°C. Do d6, hé thdng can
trang bi cac cam bién nhiét d tai nhitng vi tri
duogc tinh toan hop ly, thuong thong qua céac
mo phong dé dam bao giam sat duoc chinh xac
tinh trang nhiét cta khdi pin. Ngoai ra, viéc
theo ddi dién ap ciia timg cell pin ciing rat quan
trong. BMS can c6 it nhat mot kénh do dién ap
cho mdi cell dé kiém soat hoat dong trong
ngudng an toan. Dién ap do dugc khoéng chi
gitip phat hién cac cell bat thudng ma con duoc
ding dé xac dinh trang thai sac ctia pin (SOC -
State of Charge). P chinh xac cua gia tri dién
ap cang cao thi viéc udc tinh SOC cang dang
tin cdy, tir d6 giup hé thong tdi wu qué trinh sir
dung ning luong va kéo dai tudi tho pin.

Song song vo&i cam bién dién ap, BMS
cling st dung cam bién dong dién dé theo doi
luu lwgng dong ra vao pin. Thong tin dong dién
cling c6 thé dugc st dung dé tinh toan SOC
bang phuong phap do tich phan dong. Trén cac
phuong tién chay dién hién nay, cam bién dong
thuong c6 kha nang lam viéc trong dai rat rong,
tir vai mA dén hang nghin Ampe, phu hop véi
nhiéu ché d6 van hanh khac nhau. Cubi cung,

dé hé théng hoat dong an toan, BMS con can
dugc trang bi thém cac thiét bi hd trg nhu bo
loc nhiu dién tir (EMI) nham giam thiéu anh
hudng tir nhiéu dén cac cam bién, thiét bi cach
ly dién dé phan tach vung dién ap cao va thap
trong hé thdng, va cac bo tiép diém (contactor)
¢6 chure ning ngat dong dién DC trong trudng
hop phat hién sy ¢6 nguy hiém, qua d6 bao vé
toan bo hé thong va ngudi sir dung.

2. MO PHONG HE THONG PIEU KHIEN
XE O TO PIEN PE PANH GIA QUA
TRINH NAP XA VA NHIET PQ THAY
POI CUA PIN

Dé nghién ciru hiéu trmg ctia mo hinh diéu
khién va hanh trinh xe 1én tinh chét cua hé
ngudn, nhiéu cong trinh da sir dung phan mém
Matlab/Simulink dé xay dung mé hinh toan
cuc cua xe dién. Cac chu trinh toc do chuin
(nhu FTP-75 véi thoi gian 2474 gidy) thuong
dugc ap dung dé danh gia ning lugng tiéu thu
va pham vi xe dién. Nghién ctiu nay ap dung
mo hinh hé truyén dong dién tong quat tich hop
v6i khéi mo phong pin trong Simulink, nham
thu thap dir liéu vé nhiét do pin, SOC, dong xa
va dién ap pin trong sudt qua trinh chay xe. Céc
dir liéu k¥ thuat vé pin va cdu hinh hé thong
dugc tham khao tir tai liéu chuyén nganh. Két
qua mo phong sé giup danh gia dac tinh lam
viéc ctia nguodn pin trong diéu kién van hanh
thuc té cua xe dién. M6 hinh mé phéng duoc
xdy dyung trong méi trudng Simulink véi céu
trac tong quat nhu hinh 4. Thong s k¥ thuat
chinh cta bd pin dugc tham khao tir dit 1i€u
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thuc té cua Tesla Model S nhu bang 1. Cac
thanh phan chinh duogc lién két v6i nhau trong
md hinh nhim mo phong hanh vi ciia xe dién
duéi céc diéu kién van hanh khic nhau
(Sarmadiana va cong sy, 2022; Hu & cdng su,
2011; Masarati & cong su, 2022). Mirc dung
lugng pin (SOC) dugc tinh toan theo cong thure
tich phan Coulomb nhu sau:

_ n_ ty i(t)
SOC(t) = SOC(t) + [, "3e00 @t

Trong do:
-1 12 hiéu suit Coulomb (xap xi 0.99)
- Chom la dung lugng danh dinh cta pin (Ah)
-i(t) 1a dong dién tai thoi diém t

Nhiét lugng sinh ra trong pin dugc tinh
theo cong thitc: Q =12 x R x At
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Hinh 4. So' 40 md hinh mo phéng hé truyén
dong di€én va nguon pin cia xe dién

Trong do:

- I1a dong dién xa

- R 1a ndi tré bén trong cua pin
- At 1a khoang thoi gian xa

Céac phuong trinh trén dugc trién khai
thong qua khéi diéu khién quan 1y pin (Battery
Management System — BMS) trong
Simulink.Tho1i gian m6 phong 1a 3600 giay voi
budc thoi gian nhé nham dam bao do chinh xéac
cao. Mo hinh vén hanh theo chu trinh tai gia
dinh (gom pha ting toc, giit tbc do va phanh)
twong Gng véi cac tin hi€u chan ga va chan
phanh dau vao.

'ﬁ‘!“ﬁ‘ﬁnm;ﬂﬁbng x&, phan tram pin

[8]

Hinh 5. Khoi tinh toan dong xa va phin
tram pin

Nguon: Nghién ciru cua tdc gia

Hinh 4 gém: 1- khéi tao tham chiéu van
toc , diéu khién ga va phanh (driver); 2- khdi
mo phdng xe , banh (Vehicle and Tire); 3- hop
s6 (Gear system), 4- khdi diéu khién cong sut
dong co (Power controller); 5- khéi pin; 6-
khdi tinh toan dong xa, phan tram pin; 7- khdi
tinh quing duong van toc . Mo phong dugc
thuc hién trén Matlab/Simulink v&i bude mau
phtl hop, tong thoi gian gia lap 3600 gidy (1
gio).

Mot trong nhimg khdi quan trong trong
mo hinh mé phong hé théng ngudn xe dién 1a
khdi tinh toan dong xa va phan trim dung
lwong pin (SOC) nhu hinh 5. Khdi nay c6 chirc
nang giam sat lugng dién nang tiéu thu tir pin
thong qua dong xa (don vi Ampe), tir d6 tinh
toan lugng dung luong con lai theo thoi gian
mo phong. Trong m6 hinh Simulink, dong dién
x4 ra tir bd ngmén duoc dua vao mot khdi phu
(Subsystem), bén trong do6 thuc hién toan bd

qua trinh tinh toan SOC theo nguyén tic tich
phén Coulomb roi rac.

Cu thé, tin hiéu dau vao la dong dién I(t)
duoc dua qua mot chudi cac phép bién doi.
Truéc hét, dong dién dugc nhan voi héng sb
ﬁdé chuyén dbi don vi tir ampe-giay (As)
sang ampe-gio (Ah), vi 1 Ah = 3600 As. Sau
do, két qué dugc nhan tiép v6i hé sb %XIOO,
trong d6 166 1a dung lugng danh dinh cta bd
pin (gia dinh 1a 166 Ah), con nhan véi 100
nham quy doi két qua thanh phén trim (%) cta
dung lugng. Tic 1a, mdi luong dién tiéu thy s&
dugc tinh bang phan trim twong tng so voi
toan by dung lugng kha dung ctia b pin. Toan
bd biéu thire tinh toan mirc giam SOC tai mdi
thoi diém nhu sau (Pearre & cong su, 2022;
Mo & cong su, 2022; Dinkhah & cdng su,
2019):

I1(t)xAt

ASOC(t): 3600xCnom

x100
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Trong do, At 1a budc thoi gian mo phong,
Cnom la dung luong danh dinh (& day l1a 166
Ah), va I(t) 1a dong xa tai thoi diém t.

Khdi hién thi (display) phia ngoai s& lién
tuc cép nhéat va hién thi gia tri SOC theo thoi
gian thyc, vi du nhu trong anh mé phong hién
thi gia tri SOC hién hanh la 87.85%. Viéc cap
nhat SOC theo thoi gian cho phép danh gia
dugc téc do tidu hao niang luong trong cac pha
van hanh thyuc té, nhét 1a khi xe tang tdc, leo
dbc, hodc gilr tai cao.

Nhin chung, khéi nay dong vai tro nhu
mot mo hinh thu nho ctia hé théng quan 1y pin
(Battery Management System — BMS) trong
thuc té, noi SOC dugc tinh theo dong xa va
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Hinh 8. Nhiét d¢ pin theo thoi gian

dong sac thyc té. Du chua c6 yéu t6 hoi tiép
phtrc tap nhu hiéu chinh nhiét dg, dong ro hay
can bang cell, phuong phap nay da du chinh
xac dé mo phong xu hudng tiéu hao pin trong
cac chu ky tai khac nhau (Chen & cong su,
2021). Pay 1a mot phan quan trong ctia md
hinh tong thé, gitip phan anh tryc quan kha
nang ti€éu hao va pham vi van hanh con lai cua
xe dién trong qua trinh m6 phdng.

3.KET QUA

Hinh 6 trén thé hién mdi quan h¢ gitta van
toc dat (dudong nét do — Drive Velocity) va van
toc thuc té cua xe (duong chim xanh —
Velocity) trong sudt chu ky mé phong kéo dai
3600 giay

o 1000 2000 3000

Ready Sample based | T=3600.000
Hinh 7. Biéu d0 phin trim dung lwong pin
(SOC) theo thoi gian
:: ; , l’
*’Z l (it

o 1500 2000 2500 3000 3500
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Hinh 9. Dong x4 ciia pin trong qua trinh vin hanh

Nguon: Tong hop ciia tac gia

Dir liéu van toc md phong dugce 14y tir mo
hinh Simulink trong cac pha chay thuc — nghi
theo tin hiéu chan ga va chan phanh. Két qua
cho thay:

Trong cac giai doan xe ting tdc, van tdc
thyc té nhanh chong bam sat véi van toc yéu
cau, thé hi¢n tinh chinh xac ctia khéi diéu khién
(Power Controller). Do tré nho giita hai dudng
biéu dién thé hién thoi gian dap ing nhanh va
kha ning 6n dinh cua hé thong truyén dong.

Céc doan xe dirng hoan toan (van toc = 0)
phan anh thoi diém phanh hoan toan hoic nha

ga. Chu trinh van hanh bao gom 2 giai doan
chinh:

Giai doan 1: 0-1400s — nhiéu pha ting tdc
va dung xen k€.

Giai doan 2: 2000-2600s — ting toc lai va
dirng han

Biéu db ciing gitip kiém chimg hoat dong
cua tin hi€u chan ga va chan phanh. Cac doan
sudn dbc trong dd thi van tdc trang véi thoi
diém tin hiéu ga/phanh dugc kich hoat, cho
thdy hé théng phan hoi chinh xac véi 1énh diéu
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khién dau vao. D6 thi biéu dién sy suy giam
trang thai sac (State of Charge — SOC, don vi
%) cuia bo pin trong sudt thoi gian mo phong.
Bit dau tir 100%, dung luong giam dan theo
thoi gian do pin lién tuc xa dién dé cAp ngudn
cho dong co.

Phan tich chi tiét:

Giai doan 0-2000s: SOC giam twong ddi
déu, tir 100% xudng con khoang 91%, do xe
van hanh véi chu ky ting toc va gitr toc do
thap.

Giai doan 2000-2600s: toc do sut SOC
nhanh hon, giam tir 91% xudng khoang 88%,
do day 1a thoi diém xe ting toc lai, yéu cau
cong suit 16n hon.

Giai doan 2600s tr¢ di: SOC gan nhu giit
nguyén & muc ~87.85%, cho thiy xe khong
hoat dong (van tdc = 0), dong x4 vé gin 0.

Puong cong SOC cho thdy ning luong
tiéu hao phu thugc chat ché vao van tdc, thoi
gian hoat d6ng va mirc tai. Toc do giam SOC
1a chi béo tét cho viéc ude luwong pham vi hoat
dong con lai (range) cua xe dién. M6 phong
dong thoi voi van tée (Hinh 7) cho thay rang
cac doan giam manh SOC tuong tng vdi cac
pha tdc do cao hodc tai 16n. Biéu do thé hién sy
thay d6i nhiét do pin (truc tung, don vi °C)
trong sudt qua trinh mé phong kéo dai 3600
gidy. Nhiét do ban dau cua pin 1a khoang 25°C,
va ting dan theo thoi gian, dat khoang 57°C
vao cubi qua trinh md phong. Do thi cho thay
qua trinh ting nhiét do dién ra theo timng bac,
twong tmg v4i cac pha xe ting toc va tiéu thy
dong dién 16n. Cu thé:

Giai doan tir 0 dén khoang 1000 gidy:
nhiét d6 tang nhanh tir 25°C 1én gan 45°C do
xe hoat dong manh & cac pha dau.

Tir 1000-2000 gidy: nhiét d¢ tiép tuc ting
cham va 6n dinh dén khoang 48°C, phan anh
giai doan tai vira phai hodc xe duy tri téc do on
dinh.

Giai doan 2000-2500 gidy: xuét hién mot
pha ting nhiét rd rét, tir 48°C 1én gan 56°C, cho

thdy xe da trai qua mot dot tai cao (ting tdc
manh hodéc leo déc).

Ttr 2500 gidy dén cubi: nhiét ¢ 6n dinh &
khoang 57°C, cho thdy tai giam, dong xa nho
hoac hé théng hoat dong trong diéu kién nhe.

Tdc do tang nhiét va gia tri nhi¢t do dat
duoc trong md phong nay phan anh tét dac tinh
tan nhiét gidi han cia pin Li-ion néu khong
dugc lam mat tich cuc. Két qua nay nhan manh
vai tro cua hé thong quan 1y nhiét (thermal
management) trong viéc duy tri nhiét do hoat
dong cua pin trong vung an toan (thuong dudi
60°C), gitp kéo dai tudi tho va dam bao an toan
cho hé théng dién ap cao trén xe dién.

Hinh 9 thé hién biéu d6 dong xa cua pin
xe dién theo thoi gian mé phong. Dong dién
tiéu thu dao dong manh trong khoang tir 0 dén
2600 gidy, v6i cuong do dong cé thé dat hon
200 A tai cac thoi diém ting toc. Trong giai
doan cudi mo phong, dong xa vé gan 0, thé
hién rang xe khong con hoat dong. Pay la dau
hiéu chinh xac cho théy hé théng chi tiéu thu
dién nang trong cac pha van hanh c6 tai.

Dé phén tich mdi quan hé giita dong xa va
van tdc, biéu dd van toc xe duge st dung dé
dbi chiéu. Trong hinh 8 , vén téc yéu cau
(duong do) va van toc thuc té (duong xanh)
dugc mo phong trong khoang 0-3600 giay. Xe
trai qua cac pha ting tc—dimng xen k&, cu thé
tu 0-1400 giay va tor 2000-2600 gidy. Cac
dinh 16n trong biéu do dong xa trung khép véi
cac doan tang tdc manh, khi van téc tang tu 0
1én trén 25 km/h. Piéu nay cho thdy dong xa ty
18 thuan va&i do dde tang van tde, ddc biét & cac
thoi diém bat dau tang toc sau khi ding, khi
dong co can lyc kéo 16n hon dé thing quan
tinh. M6 hinh khi dong hoc tong thé co thé
duoc xem trong hinh 10. Cac khéi mé phong
dong co, banh xe va luc can dau vao tir do doc
va gio duogc két ndi tryc tiép voi hé thong dicu
khién van toc. Nho d6, md hinh ¢ thé tinh
duoc anh hudng cta cac yéu té moi trudng dén
dong dién ti€u thu mdt cach chinh xac.
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Hinh 10. Bén trong khéi vehicle and tire Hinh 11. Tin hi¢u dwa vao toc d gié va dd nghiéng

Nguon: Tong hop ciia tac gia

Dong x4 ciia pin phan anh tryc tiép tai
dong co, trong d6 bao gdm anh hudng cua ting
toc, d6 doc dia hinh va gié ddi khang. Khi xe
tang toc hodc gip gié manh, dong xa ting
manh. Nguoc lai, khi xe dung hodc gilr tdc do
6n dinh trong diéu kién tai thap, dong xa giam.
Mb hinh da mo phong tét dic tinh vat 1y nay,
giup phan anh chinh xac qua trinh tiéu thu dién
nang trong qua trinh vén hanh xe dién.

4. NHAN XET

Két qua mo phong thu duoc tir mo hinh hé
thdng truyén dong xe dién tich hop pin Li-ion
da thé hién rd mbi quan hé giita cac yéu t6 van
hanh nhu: téc do xe, dong x4, dung lugng
(SOC), va nhiét d6 pin. Tir cac biéu do va dit
liéu phan tich, co6 thé dua ra cac nhéan xét cu thé
nhu sau:

4.1. Vé kha ning diéu khién vén toc va phan
ng hé thong

Heé thdng diéu khién van tdc c6 kha ning
bam sat t6t v6i tin hi¢u tham chiéu, thé hién &
hinh 7 khi duong van toc thuc té (Velocity) gan
nhu tring véi dudng van tdc yéu cau (Drive
Velocity). Céc giai doan ting toc va dimg dugc
mo phong rd rang, thoi gian dap ung ngin, do
tré gitta 1énh va phan hdi nho, ching minh bo
diéu khién dugc thiét ké chinh x4c va on dinh.
Viéc m6 phong nhiéu pha van hanh (chay —
nghi — ting toc — giir tbc do) giup phan anh
hanh vi thyc té cua xe dién trong giao thong d6
thi hodc chu trinh hon hop.

4.2. V& tiéu thu niing lwgng — SOC

Trang thai sac pin (SOC) giam déu theo
thoi gian khi xe hoat dong. Piéu nay hoan toan
phu hop véi dac tinh cia dong xa trong md

hinh Coulomb, phan anh chinh xac muec ti€u
hao nang lugng.

4.3. V& sinh nhiét va nhi¢t d pin

Biéu do0 nhiét do pin (Hinh 8) cho thiy
nhiét d6 tang tir 25°C 1én dén 57°C trong qué
trinh m6 phong. Day la su gia ting hop 1y trong
diéu kién khong c6 hé théng lam mét chu dong
(gia dinh mo6 hinh khong st dung b6 lam mat).
Két qua mo phong khang dinh mdi twong quan
gilta murc tai (téc do / chan ga) va mirc tiéu hao
nang lugng (SOC) ciling nhu nhiét do pin. Tu
do, ta co thé khéng dinh: hiéu qua hoat dong
cua xe dién phu thudc chit ché vao cach nguoi
dung van hanh xe, nhat 1a trong cac chu trinh
c6 nhiéu pha tiang tdc lién tuc hodc lai xe & tbe
do cao.

4.4. Vé tinh phu hop ciia mé hinh mé phéng

Mo hinh d thé hién duogc day du cac yéu
t6 vat 1y co ban cia hé théng truyén dong dién:
Tinh toan dong dién theo tai dong co; Cap nhat
nhiét d6 pin theo dong xa; Theo ddi SOC bang
tich phan dong Coulomb

5. KET LUAN

Trong nghién ctru nay, moé hinh mé phong
tong quat ctia hé théng truyén dong va ngudn
dién trén xe dién da dugc xay dung thanh cong
trén nén tang phan mém MATLAB/Simulink.
Mo hinh tich hop ddy dii cac thanh phan tir
khéi diéu khién van toc, dong co dién, hop sd,
banh xe cho dén khéi pin Li-ion c6 tinh dén
dong x4, dién ap, dung lugng (SOC) va sy thay
d6i nhiét do theo thoi gian. Cac két qua mo
phong di phan anh rd rang va chinh xac mdi
quan hé giira cac dai luong dAura: Van tdc thuc
té clia xe bam sat tin hiéu diéu khién dau vao,
thé hién hiéu qua diéu khién cia hé théng;
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Dung lugng pin (SOC) giam dan theo thoi
gian, phu thudc tryc tiép vao tai va thoi gian
hoat dong. Cac pha ting toc hodc chay lién tuc
lam SOC giam nhanh hon; Nhiét d§ pin tang
1€n theo thoi gian, déc biét rd rét trong cac pha
c6 dong x4 cao. Két qua cho thiy néu khong co
hé thong lam mat chii dong, pin dé dang dat t6i
gidi han nhiét d6 cho phép.

Tir phan tich biéu do va thong s6 k¥ thuat
trich tir cac tai lidu chuyén nganh, c6 thé khing
dinh mo6 hinh mé phdéng phan anh dung dac
tinh vat 1y ctia hé thong pin va truyén dong trén
xe dién. Dong thoi, cac phuong phap tinh SOC
va sinh nhi¢t dugc 4p dung (tich phan
Coulomb, c6ng suét noi trd) ciing phu hop voi
Iy thuyét va thuc tién ché tao hé théng BMS
hién nay. Nghién ctru di cung cap mét co s
mo phong dang tin cdy, c¢6 thé mo rong dé tich
hop cac chu trinh tai tiéu chuan (NEDC,
WLTP), cac chién luge diéu khién BMS tién
tién, hodc mo hinh 1am mat pin chi tiét hon.
Trong tuong lai, viéc két hop mé hinh nay véi
dit li€u thyc nghiém tir cam bién thuc té trén xe
s& gitip cai thién do chinh xac, tir d6 hd tro thiét
ké hé théng pin t6i uu hon cho cac dong xe dién
thuong mai hodc nghién ctru hoc thuat.
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