CONG NGHE

NGHIEN CUU MO I\’H(’)NG NGUON DIEN XE DIEN
TESLA MODEL S BANG PHAN MEM MATLAB

STUDY SIMULATES TESLA MODEL S ELECTRIC VEHICLE POWER SUPPLY USING MATLAB SOFTWARE

TOM TAT

Khai pin trén xe dién c6 nhiém cu cung cap nang lugng cho toan bo nhu cau
dién trén xe nhu: dong co dan ddng, cac hé théng dién than xe. D& dam bao cho
khai pin hoat dong mdt cach hiéu qua va an toan, ngoai cac cell pin thi con
phéi cd mot hé théng quan Iy pin dé kiém soat, diéu khién sy hoat dong clia céc
cell pin.

Tirkhoa: Xe dién, dong co

ABSTRACT

The battery block on the electric vehicle is responsible for powering the
entire electricity needs on the car such as: drive motor, body electrical systems.
To ensure that the battery block operates efficiently and safely, in addition to the
battery cells, there must also be a battery management system to control and
control the operation of the battery cells.

Keywords: Electric car, engine.
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1. GIGI THIEU CHUNG

Khéi pin trén xe dién thudng dugc cau tao tir nhiing
cell pin c¢6 dang hinh try, hinh hop, tui. Cac cell sau d6 sé
dugc méc néi tiép, song song vGi nhau dé tao thanh cac moé
dun pin va khéi pin c6 dién ap va dung luong theo thiét ké
cla nha san xuat. Tesla model S st dung loai pin lithium
PANASONIC NCR 18650B, Pin 18650 tiéu chuan dai dudng
kinh 18mm, chiéu cao la 65mm.

Khéi pin trén xe dién Tesla model S |4 t6 hgp clia 16 md
dun mac néi ti€p nhau vaéi cau hinh ctia méi mé dun la
6S86P tuong duaong véi 516 cell pin cho mét moé dun va
mot khoi pin cla xe sé dugc tao bdi 8256 cell pin
PANASONIC NCR 18650B, chiing dugc méc vSi nhau dé cé
thé cung cdp muc dién ap lén dén 350V va c6 kha ndng luu
trir ndng lugng la 102,4 kWh.
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Bang 1. Thong so ky thuat cia pin PANASONIC NCR 18650B

] Dung lugng: 3.4Ah Mat do nang lugng khdi lugng:
g ‘ 254 Wh/kg

Nang lugng: 12,4Wh Mat do nang lugng thé tich:
‘ 755 WhiL

Dién ap giita hai cuc: 3,66V | Khai lugng: 0,049 kg

Dién tré ~ 30mQ Thé tich; 0,0165 L

Bang 2. Thong so ky thuat cia mot mé dun dién ap

Dung lugng 6,3kWh (292 Ah)

Mat d6 nang lugng 198Wh/kg

Dong dién phong l6n nhat trong 3 s 1,52A (~6.5()

Dong dién phong trong 10's 1,000 A (~4.3)

Dong dién phong lién tuc 233A(~10)

(ong suat phong ln nhat trong 3 s 30kW

(6ng suat phong lién tuc Skw

(ong suat nap I6n nhat trong 10 phit | 8kW

Cong suat nap lién tuc 5kw

C4u hinh 6 dién ap t€ bao mac noi tiép, moi
dién ap dugc tao bdi 86 vién pin
méc song song. (6 tong 516 vién
pin trong mdt modun

Trong lugng 26,3kg

Kich thuéc 27x12x3 inch

Dién ap dinh miic 21,6V

Dién ap I6n nhat 25,2V

Dién dp nho nhat 15V
Loai té bao pin

Tesla Custom Panasonic 18650
(similar to NCR18650B)

Nhiét do hoat ddng I6n nhat 60C / 140F
Nhiét do hoat dong -18C/ OF
Nhiét do sac 4C/ 41F

Méi vién cell c6 dung lugng dinh muic 3400mAh va dién
ap dinh muc 3,6V. Nhitng té€ bao nay bang niken coban.
Cuc am nhoém oxit mangan va cuc duong silic bang than
chi. Biéu nay mang lai cho modun mét dung lugng dinh
muc 13 292Ah, véi t8ng nang lugng luu trr 1a 6300 Wh va
dién ap dinh muc cdla mét modun la 21,6V.
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Nhiing modun nay dugc thiét ké dé xuit dong dién lén
t6i 1155A trong mot khoang thai gian ngan néu khéng cé
su kiém soat phu hgp, ching cé thé dé dan t6i do khéng 6n
dinh nhiét bdi su nap qua tai hodc phdéng dién qua tai va
c6 thé gay chay né. Cac mé-dun dugc thiét ké dé dugc sac
dén dién ap t6i da la 4,2 volt trén méi cell cho 25,2 vén trén
mo6i moé-dun va diéu cuc ky quan trong la dién &dp nay
khong bao git dugc vugt qua.Vé co ban, cac té bao dugc
phoéng dién 100% & dién ap nghi tinh 1a 3,0 von hodc18 vén
mdi mo-dun. Dudi tai hién tai cao, dién ap thap hon nay tat
nhién c6 théit hon nhiéu, nhung diéu quan trong la trong
diéu kién tinh, 3.V vé ca ban la hoan toan xuat vién. Xa qua
muic tuong ty c6 thé gay ra thiét hai cho té€ bao va no sé
khong thuong dé dang r6 rang cho dén chu ky sac tiép
theo.

Nhing cuc pin dugc két néi véi nhau bai tdm ban mong
& phia trén va phia dudi véi cac 16 tai cac cuc cua pin. Nhiéu
soi day nho han tir tdm ban mong téi trung tam cac cuc clia
pin. Nhiing sgi day nay dugc thiét ké dé hoat dong nhu Ia
nhiing sgi cau chi dé phong bién c8 hu hdng dodn mach
cUa bat ki vién pin nao.

Trong qua trinh van hanh xe thi nhiét lugng téa ra tu
pin la rat 16n, do d6 Tesla da thiét ké mét bd phan lam mat
dan xen gilta cdc ngan pin dé t8i uu hda kha ning tan
nhiét. Thay vi s&t dung cac khoi pin 16n (ac quy) thi Tesla da
rat khon khéo khi st dung cac cuc pin nhd, diéu nay lam
cho kha nang tan nhiét nhanh han va cling kéo dai tudi tho
cla pin hon. Bén trong module c6 mét hé théng éng dan
chat 16ng lam mat, mét loat cac 6ng dan chat 16ng phang
uén lugn gilta cac hang té bao pin. Do la dugc két néi vai
hai phu kién dusng éng & cudi mé-dun. Trong cum pin
nhing phu kién nay dugc két néi vGi dudng éng rd rang ti
mo-dun nay sang mé-dun ti€p theo va véi mét s6 phu kién
bén ngoai dé cho phép luu thong chat l1éng c6 thé duoc
lam néng bén ngoai hodc lam mat khi can thiét muc dich
lam giam nhiét do toa ra trong qua trinh hoat déng cula cac
cell pin, hé théng 6ng dan clia cdc module dugc lién két véi
nhau dé tuan hoan dong chat 16ng lam mat.
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Hinh 1. Hinh nh dudng dng nudc lam mat cho pin

Cling gidbng nhu xe dong co dét trong, hé thong lam
mat clia dong co d6t trong cling thong qua két nudc va
lugi tdn nhiét dé lam mat dung dich lam mat pin. Nudc
dugc lam maét sé chay vé budng chia dé st dung lam mat
cho lién tuc trong qua trinh pin hoat déng.

Hé thong quan ly pin (Battery Management System -
BMS) gitp duy tri hiéu suat ca khéi pin. N6 gitip cho khoi

pin khoi viéc bi hu héng do viéc sac qua ap. BMS sé duy tri
cho khéi pin lam viéc duéi diéu kién an toan bang cach
theo doéi dién 4p nap va sé dung nap khi dat dién ap yéu
cau. BMS ciing do dac trang thai sac théng qua thong sé la
dung lugng ctia pin. C6 thé néi BMS gilp duy tri va kéo dai
tudi tho cla pin.

Khéi pin trén xe dién thudng dugc cau tao tir nhing cell
pin c6 dang hinh tui. Cac cell sau d6 sé dugc mac néi tiép,
song song véi nhau dé tao thanh cac mé dun pin va khéi pin
6 dién ap va dung lugng theo thiét ké cia nha san xuat.

Nhu da dé cap & trén viéc phong nap dién cta khéi pin
phai dugc giam sét va diéu khién b&i BMS dé ddm bao khaoi
pin lam viéc an toan va hiéu qua. P& lam duoc diéu nay
BMS can c6 nhing bo phan sau:

Cam bién nhiét dé: Nhiét d6 cta khoi pin anh hudng rat
I6n dén hiéu suat cha né. Khoang nhiét do lam viéc cla pin
Li-ion 1a tir -20°C + 60°C. Vi du nhu cell pin Li-ion 18650 clia
Panasonic ¢ 25°C c6 mat d6 nang lugng la 100Wh/L nhung
khi & nhiét do 40°C thi mat d6 nang lugng chi con 5Wh/L.
Do d6 viéc trang bi cdm bién dé do nhiét d6 cla pin va tu
d6 c6 nhing diéu chinh kip thai la vé cing quan trong. Cac
cam bién nhiét do sé dugc bd tri tai cac vi tri thich hop
trong khéi pin. Nha san xuat sé sir dung cac chuong trinh
mo6 phéng dé tim ra vi tri thich hgp dé dat cac cdm bién.

Cam bién dién ap: Can t6i thiéu mot kénh thu nhan dién
ap cho moi cell pin. Hau hét cac loai xe dién déu cé mot
thiét bi lap trinh bé sung d€ canh bao cho BMS bat ct khi
nao c6 mot cell pin nao khong dugc hoat dong trong dai
dién ap cho phép. Viéc thu nhan dién 4p cling giup cho
viéc xac dinh trang thai sac (State of charge - SOQ). bién ap
xac dinh cang chinh xac thi viéc xac dinh trang thai sac
cang chinh xac.

Cam bién dong dién: DE xac dinh trang thai sac cta pin
ta ¢ thé st dung phuong phép do dién ap hodc phucng
phép do dong dién thong qua cam bién dong dién. Nhiing
cam bién dong dién trén xe 6 t6 dién hién nay co6 dai gia tri
lam viéc tir c& mA dén hang nghin Ampe.

Ngoai cac cdm bién dé I3y tin hiéu dau vao thi BMS can
phai cé hé théng théng tin lién lac véi cac hé thong khac
dé thuc hién diéu khién cac hoat déng tuong ung. Cac hé
théng c6 lién lac véi BMS nhu cac thiét bi dién tir cong suat,
hé théng quan ly nang lugng...Théng thudng ching sé su
dung dudng truyén CAN (Controller Area Network). B&i né
c6 thé ddm béo su giao ti€p trong diéu kién méi trudng
khdc nghiét nhu nhiéu tin hiéu nhiéu dién. Ngoai ra BMS
con bao gom thiét bi loc nhiéu dién tir (EMI) lam giam anh
hudng cda nhiéu lén cdm bién; cac thiét bi cach dién dé
cach ly phan dién ap cao va phan dién ap thap cta bo pin
va bo tiép diém dé cat dong DC khi cac sy c8 nguy hiém
Xay ra.

2. TINH TOAN THONG SO CUA KHOI PIN TREN XE TESLA
MODEL S

C4u hinh la 6586P: 86 cell pin méc song song thanh mot
bd va mét module cé 6 bo cell pin.
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Thong sé:
6S86P = 516 Cells / Module
1032 sgi day cau chi/ Module
bién 4p mot module:
Viin = 6 * 2,5V = 15,0V
Viom = 6%3,4V =216V
Viay = 6 % 4,2V = 25,2V
Dung lugng clia mét module:
E = Cell Capacity *V,,, * 86P
E = 3,4Ah * 21,6V = 86
E = 6,315Wh = 6,3kWh
C&u hinh ctia mot géi pin clia xe dién tesla model S bao
gém 16 module va gém nhiéu hé théng trong moét géi pin
nhu hé théng lam mat, hé théng can bang pin.
Dung lugng ctia mot géi pin:
E = Cell Capacity *Nominal Voltage * Parallel
E = 3.4Ah * (350.4V) * 86P = 102.4kWh
Esp = 102.4 kWh / 641kg
Esp = 160 Wh / kg
bién ap dinh muic clla mét goéi pin
Viomp = 16 * 21,6 V= 350,4V
Khéi luong cell pin
Khéi lugng mét goi pin: 641 kg
Khéi lugng cell pin trong mot goi pin: 63%
Cell Mass = (96S * 86P) * 49g
Cell Mass = 404,5kg
C/P Mass = 404,5/641kg = 63%
Dién tré cta goi pin
bién tré cila mot cell pin:
Reen = 30mQ
Dién trd cau chi:
Rwp = 1mQ
bién tr& mang Bus cia mét module:
Rpus = Xap xi 0,1mQ
Téng dién trg ndi tiép:
Rs = (Reen + (2% Ryp)) /86
_ 30mOhm + (2 *1mQ)
86

= 0,72mQ

bién tré mét module
Rm = (Rs + (Ryys /2)) * S (Cells/Module)
= 2,53mQ
Module/Ryoquie = 0,02mQ
Dién trg cdng tac tod = 0,20mQ
Dién trd cau chi = 0,23mQ
Dién trd mac song song = 0,05Mw
Pién tré cng két ndi cao dp = 0,2m0
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bién trd cia mét goi pin:
Ri= (Rp* 16) + (Rpys * (16 —1)/2) + 0,2 +0,23 +0,05
=41,8 mQ}
Nhiét dung riéng cdia mot cell pin: ¢ = 950J/kgK
Lugng nhiét: Q = c*cell mass*96*86 = 38427J/K
Xay dung mo hinh pin trong Matlab
Ta dat cac thong s6 nhu sau:
Viom = 6%3,6V =216V
bién tré ctia gbi pin: R; = 0,048
Dung lugng pin: Q = 102400 Wh = 292,2 Ah
V; =0,9Vnom = 146,1V
Nhiét &6 maoi trudng: t, =25 d6 C
3.XAY DUNG MO HINH XE PIEN TESLA MODEL S

SRR
b A D“&ﬁ mjmi%

Orive Cycle Sourcel

Xay dung mé hinh khai pin

n Nominal voltage: Viom
w— Internal resistance: R
TI' Ampere-hour rating: Q
| Voltage V1 < Vnom when charge is | 0,9V,
AH1:
Charge AH1 when no-load volts are |  0,7V,qn
V1:
Measurement temperature: 25d6C
Thermal mass: 38427 J/K
\“al Biock Parameters: Battery X
source defined by: ~

V = Vinom*{1 - alpha®{1-50C)/(1-beta*(1-50C)))

where 50C is the state of charge and Vnom is the nominal voltage. Coefficients alpha and beta are calculated to
satisfy a user-defined data point [AH1,V1] and zero voltage for zero charge.

Settings
Main  Fade Temperature Dependence  Thermal Port  Variables
Nominal voltage: 350.4 v
Internal resistance: :0.0-118 7 [obm
Battery charge capacity: Finite
Ampere-hour rating: 2022 h*A
:-;0"!::?:9 V1 < Vnom when charge (1536 v
;ﬁ:;?: AH1 when no-ioad volts [146.1 hr'd
Model self-discharge resistance?:  Omit 2
Measurement temperature: 25 | degC
v
< >

Concel || tep
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Main

Thermal mass:

Fade

Thermal Port

Temperature Dependence

[384275

Temparature

Measuremart

Variables

1A S0

State of Chaepe [0.1]

50C Calculation socjod

4
BrrA @
Convective 4
Heat Transfer \
] £ _.', L@ |
— Lplpss 1
s s 1)
| T
'_4.'_
Iniial State of Charge
0 ,\ K | S0C(0.1)
- oo / 21
1/(nominal battery capacity)

Xay dung khéi mé phéng diéu khién dong co

GO lverrer info b SPS
(G —»{velrdbk | 2 ) Accelcmd
@_,—iGrade | ecelCmd
' Longitudinal Driver
sPs
5 P8 (2
Bra

Curment
| p——
Ah
A
i A— | :E ot Saracr |
T
' I motor shafl
R
rge g ) o DC Mator

—d+refl

PWMf—

-ref REF

Controlled PWM
Voltage

Diéu khién t6c d6 motor bang
PWM la phuong phap thay d6i
dién ap dat vao dong co.
Ngudi ta dung mach dién tu
dé thay d&i do réong clia xung
ngd ra ma khong lam thay déi
tan s6. Su thay déi do rong
xung dan dén sy thay déi cla
dién ap. Cac dién ap diéu khién
sé& dugc dua ra tu khéi tao
ngudn dién ap diéu khién

H-Bridge

Mach cau H la mét mach don
gidn cho phép ban diéu khién
doéng ca DC quay ngugc hodc
quay vé phia trudc, tuy thudc
vao cach ban két néi diém
céng va diém tru.

:l"

DC

Khéi nay dai dién cho cac dac
tinh dién va mé-men xodn cla
dong co dién moét chiéu.

“oy [Controlled Voltage
(._‘) Sourcel

Acc

Nhan tin hiéu ting toc, giam
toc tu khéi diéu khién déng co
dé tao ra dién a4p ngudn phu
hgp v6i mic ting toc va
phanh

> VelRef Info p

MVelFdbk | |1 ) AccelCmd |-

» Grade |/ &S DecelCmd
Longitudinal Driver w

B6 diéu khién theo
doi téc d6 doc tham
s6 dé tao cac lénh
phanh va gia téc
chudn hoa dua trén
van téc tham chiéu
va phan héi.

Xay dung khoi dong co dién cho xe

Xay dung khai than xe

Sivpim Gaart
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Settings

Maln  Meshing Losses  Viscous Losses
Follower (F) to basa (B) teeth ratio [a75
(NF/NB): =

Output shaft rotates: 1In same direction as input shaft >

Settings
Tire Force Dimensions  Dynamics Rofling Resistance  Slip Caloulation =
Roling radus: [o3s2 ] [m ] )|
al
[Pa] Block Parameters: Vehicle Body X MaPhéng 1]
body. The resulting traction mation developad by tires should be connacted to this port. Connections V, NF, and  a M5 Phing 2
NR are physical signal output ports for vehicie velodity and front and rear normal wheel forces, respectively. Whee =M Phdng 3| 4
forces are considered positive if acting downwards. Connections W and beta are physical signal input ports =M Phdng 4
cormesponding to headwind speed and road indination angle, respectively. - J‘ \1_ '\_ - "‘_ ::‘ .L ,,I..
Settings D6 thi de dia hé %a khéi bi
P s 0 thi dong dien phong cua khoi pin
Mass: 52"155 ] iu; I I . I I . I M()phld.\g1
: = s — A5 PhONg 2
MNumber of wheels per axle - Mo 3
x::ml: distance from CG to i_!Szn ] [mm o = M Phdng 4
::;T:;:ﬂl distance from CG to Il400 3 mrn |
€6 height above ground: [259. | [rom ’“'i'.l
Frontal area: 245 mn2 .._I_ i
Drag coefficient: : 0.24 :
Gravitaticnal acceleration: |9-81 | | misa2 i 1
Alr density: {118 | [ka/m~3
< bl ¥
[k ] cancal Help Apply =r i .
Xay dung khéi mé phong téc d6 tham chiéu dau vao L e ‘ .
y 19 phong i . Qua trinh phéng dién cta pin
WG Phdng 1
Mé Phdng 2
Drive Cycle Source1
FTP75 (2474 seconds)
S dung dé tao cac gia tri van t6c tham chiéu theo
mong mudn clia mé phong, ta sé st dung. i
4. THUC HIEN MO PHONG VA KET QUA MO =

M6 phong lan 1: Xe tang t6c ti Okm/h 1én dén 30km/h
trong 5 gidy, va gilt nguyén t6c d6 dé trong 995 gidy. Sau
995 gidy toc d6 xe dat vé Okm/h

M6 phong lan 2: Xe tang toc tir 0 km/h 1én dén 50 km/h
trong 5 gidy va gilt nguyén téc do dé trong 995 giay. Sau
995 gidy toc do xe dat vé Okm/h.

M6 phéng lan 3: Xe tang toc tir Okm/h l1én dén 80km/h
trong 5 gidy, va giir nguyén toc d6 do trong 995giay. Sau
995 giay toc do xe dat vé Okm/h.

M6 phdng lan 4: Xe tang t6c tir Okm/h 1én dén 100 km/h
trong 5 gidy, va gilt nguyén t6c d6 dé trong 995 gidy. Sau
995 giay toc do xe dat vé 0 km/h.

Ké&t qua mo phong

D6 thi mo6 phéng téc do xe
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Nhiét do clia pin trong qua trinh mé phdéng

Ma Phdng 1
e M Phing 2
s W PG 3
s MG Phiding 4
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Sau mdt thai gian tim hiéu va nghién ctiu, mé phéng vé
nguén dién trén Tesla Model S nhém nghién clu dat duoc
cac két qua sau:

v Trang thai sac cda pin tuc la mdc dung lugng con lai
cla pin sau moé phéng.

v" Nhiét d6 clia pin sau mé phéng.

v/ Cudng do6 dong dién phong ra khi xe di chuyén & cac
muc van téc khac nhau.

v Quang dudng xe di dugc sau khi mé phong.

Khi ta cho xe chay vGi mot van t6c khéng déi trong mét
khoang thai gian, muc nang lugng cta khoi pin con lai sau
khi két thic mé phong, nhiét d6 cda pin sé tang nhu thé
nao so véi truéc mé phdng, qua dé danh gid pham vi van
hanh cta xe, nhiét dé van hanh clta pin dé thiét ké hé
théng lam mat cho pin v&i mét 1an sac khi ta di chuyén &
mot téc khéng déi.

Bang 3. M6 phong vé ngudn dién trén Tesla Model S

Mo phéng | M6 phdng | Mdphdng | Mo phdng

1 2 3 4
Toc d6 md phong 30 50 80 100
(km/h)
Trang thai sac cla pin 96,26 95,51 93,78 92,23
két thic mo phong
(%)
Nhiét do pin két thiic 25,6 25,95 26,54 27,01
md phong (d6 C)

Quang dudng xe di 8,264 13,76 21,97 27,42
dugc khi két thic md
phdng (km)

KWh/km 0,46 0,344 0,29 0,29

Quang dudng di dugc 21 306 353 354
trong mot lan sac vi
téc o mo phong
(km)

5. KET LUAN

Bai bao da néu duoc thiét ké so bo cho hé théng nguén
dién xe dién Tesla Model S, dat dugc muc tiéu dé ra. Trong
thai gian t6i, nhom sé tiép tuc nghién ctu, dau tu ky hon
thi két qua sé dugc hoan thién va c6 ing dung cao han
trong thuc tién.
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