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1. Selection of electric vehicle models

Mgk Xt2F ME - Tesla Model S (Plaid)

1) A 2Y AY

" Vehicle o perodynamics o &xles/Geometry  of Suspension o HaltSimulation Flaots
Attribute Unit Object Yalue

Yehicle Mass kg w 2241 [...]

Passenger and Cargo Mass kg W BI:I|;|

Waight Class Object ign|;|

Yehicle Initial Speed krn,/h “ I:I|;|

Wehicle Initial Position m v 0f...]

Fuel Density {detailed engine) kg/mn™3 W ign|;|
Aftribute Unit Object Value

DRAG/LIFT COEFFICIENTS _ N

Yehicle Drag Coefficient 0.24[..

YYehicle Frontal &rea m*g w 284

1| Center of Pressure (Vertical Distance Fram Axlas) (¥P)  |m v def[..

Yehicle Lift Coefficient ignl...]

Center of Lift (Horiz, Dist, from Last Rear Axled (L) m v ign|;|

YYehicle Crosswind Pressure Coefficient i ignl...]

RETARDING FORCE COEFFICIENTS (F=dBW+Ch"2)
COASTOOWN DATA




2) thEj2] A

H<=2t Model S /7 HiE 2]

100kWh 407V 2| 0|2 M X|

https://www.google.com/search?sxsrf=ALiC

-Battery pack

o Main ¢ Circuit Parameters o Advanced o Cell Thermal Model Plots

Attribute it Object Walue

()| Battery Pack Data
aingle Cell Data

® Cell Capacity A-h v Ze0l...)
Murmber of Series Cells [MSeries][...]
Mumber of Parallel Cells [MParallel]]...]

Initial State of Charge

Load Type Electrical Connectin,,,

|
227| SOC: 80%

o Main + Circuit Parameters # Advanced o Cell Thermal Model [ Plots

Attribute lnit Object Value

Open Circuit Valtage (Voc), Charge | Battery_OCY_Chargel...

Open Circuit Yoltage (Yoc), Discharge i v 49[13
[nternal Resistance (RO), Charge Battery_H_ChargeD
Internal Resistance (RO), Discharge Baﬂery-H_Dischargem
Coulombic Efficiency, Charge def (:1)@
Coulombic Efficiency, Discharge def (:1)D

- battery capacity : 25Ah

- initial state of charge : 0.5



- internal resistance : 0.1 Ohm
- coulombic efficiency : 1

- battery temperature : 300

3)HE AH

o0 Tesla Model S Power and Torque
550

MS$60 Nm — — MS60 kW
50 MS85 Nm — — MS85kW |

Power and Torque {kW, Nm)

0 10 20 20 40 50 80 70 80 90
Speed (mph)

https://i.stack.imgur.com/cg470.png
HE AE2 fle E3-HE JdaiZof mpEhA
E

AH
MatlabS Z&3l 3% CtefAez AHE OES

MSP Nm — — MSP kW

2dd8zz 25 ¥olof H

5t0] GT-suite®| MaxTorqueE

Ul
J

1K)
0
i

£ T _RPM B3 Al EfO|02] A7|= 210X & (53.34cm)S 7|&E2 2 HSISIQICH

® x

(& 871 - C#UsersbusertiCneDrive - = U LiS R4S AWMATLAB¥Curve fitting.m
| curve_fitingm = | + |

1 % = [2723 4432 5733 6486 7682 |; +]
YT beer Sntne a8 Bk Do BIE =20V HY0 SM HAIED BWw S82H)
3 p = polyfitlx, y, 3} ! - . e S
4 xp = 2088:100:9000; NMagde (=20 ]
> yp = polyval{p,xp); 5 = b L 5
6 plot(x,y, o', xp,yp);
7 xlabel( rpm'); ylabel('torque’) 550 :
\ O model S
500 3 2 —— 3y
37} y=-5506e-10"" + 1.922e-05"%° - 0.221'x +
450 318 ' = (Nerm) = 9.903
o]
400
350
@
& 300
a2 B

250 Q

200

150 [s;
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Al ® Data Y Data

0 M- wl.d
1 360.0...
4 360,00...)
3 360.0)...
4 320,0L..!
5 288,

B 2618181518

i 240,0

8 221,5384615

g .| 205, 7142857

10 7500.01... 192.0L....
11 8000.00...] 180, 0.}
12 8800,00...] 163,6363636....
13 8810.00...] 0.0
14 =

15 Laes o
16 L =
17 Laes o)
18 Looe Lo
13

& Loee =
21

)case#:i

w |G B ‘

@ ||| [

" 360 Arrays - case #1

\

300 -

240 -

Y Data [N-m]

120 -

0 2500 4000

t ¥ Data [RPM]

- Traction Motor Max Torque

Ta00 10000

=
B —
AuxPower- B _\;ultaﬁ-ﬂ

12V PbA

DEConverter

12V_PbA

BatteryPack

Traction_Motor

VehicleBody =

wD2IE02 2IEH0IS I TideR
ol AxlFR 3 Signals-FR

1
= = O
P
[torSignals = =
BatteryPack Traction_ Differential  Environment-
Mator 1

@

VehicleBody

I ]
TerRR

{7
Axle-RR

.

WEHICLEBrake-RR
Signals-RR.

)

A &a2[E

9‘—«—.@4@

f
Axle-FL"  Brake-FLVEHICLE
Signals-FL

e

VEHICLgEraKe—RL {5

Signals-RL AK\I—RL

Road-1

%]
Tire-FL

Iﬁ

Tire-RL




2. Cycles
1)FTP75

The "city” driving program of the EPA Federal Test Procedure is identical to the UDDS plus the first 505 seconds of an additional UDDS cycle.FIE]

Then the characteristics of the cycle are:
 Distance travelled: 11.04 miles (17.77 km)
» Duration: 1874 seconds

» Average speed: 21.2 mph (34.1 km/h)

The procedure is updated by adding the "hot start” cycle that repeats the "cold start” cycle of the beginning of the UDDS cycle. The average speed is thus different but the maximum speed remains the same as in the
UDDS. The weighting factors are 0.43 for the cald start and transient phases together and 0.57 for the hat start phage 53797 needed)

Though it was originally created as a reference point for fossil fuelled vehicles, the UDDS and thus the FTP-75, are also used to estimate the range in distance travelled by an electric vehicle in 3 single charge.”]

https://en.wikipedia.org/wiki/FTP-75

GT-suite Simulation Results

The overall speed profile of FTP75

Speed
\

100 Vehi dy part Vehi d:

501 i)

257‘

Speed [km/h]
_
T

[

-25
0

500

Mean speed of cold start, transient phase

Cold start: 0s ~ 506s, transient phase: 509s
jqp Soeed

1000 1500
Time [s]

~ 1369s

- \
15

U
Al ! \M ]i N
IR RN
-0.06267935, :
s

I I
506.04602

Speaed [kmdh]

cold start #tZt, & 506s

2000



] 3216E&
T
i ill

309 836
transient phase?} A|Zfdt= A[ZF 509s

1o Sneed

speed [kmih]

Qj [ “I "l \I JI u"; HI \HF I'\ |r ]i F‘[l\u f\w‘ \l'r \IU" ‘\u JI"‘ \-\Jf \!'\ "}.i‘. |FFL\/ \ f{\\l f‘ \L K

e | ——
SD:MJﬂ' i \ [\q ffq F‘ Il f"\‘f’mr\fm% ey A A /‘/]' ,’\Nﬁfﬂ' mf \

03482585
o 500 1000 1500

Time (sl

1874s 52t £, A|lE20|4 AIO|Z2| £ X7t FTP-75 7|&E0| 285ttt

4 Qlct,

Mean speed of cold start, transient phase
Cold start: 0s ~ 506s, transient phase: 509s ~ 1369s

curve fittingm | untifled2 %| FTC_mean.speedm x| + | -
i cle, clear;
2 oem BEE 27w Q‘l(l} =M HAZE0) BW O ESTH) 5
3 Filename='FTC speed’; o z
4 data=importdata(filename).data; Deds @0 @ b=
5 o [ o
5 time=data(:,2); 30 8
7 spesd=data(:,3); h
s p
\
B cyclel_time=time(1:481,1); 25 F n 14
18 cycle?_timestime(482:1085,1); [ 4\ I'f
11 i \ 12 ‘\ ‘ N
12 cyclel_spesd=speed(1:401,1)*1000/3608; 20 [ \ ‘
13 cyclel_speed=speed(402:1885,1)%1608/3608; | | 10 ‘ | I‘
: N P | ‘
15 cycle3 time=time(18856:1488,1); 15 ‘ Ly ™ 8
18 cycle3_spesd=speed(1086: 1488,1) *1800/3680; A 1 | |
17 I ‘J H| Ly I i o
18 subplot(1,2,1) 10 "’\I ‘ ‘ ‘\ | [ ‘l | &
13 plot{cyclel_time,cyclel speed) \“l"' ' | ‘ |‘
28 | | | ‘ ‘ ‘ 4
21 subplot(1,2,2) 5 | |
22 plot(cycle2_time,cycle2 speed) \ ‘ ‘ ‘ | ‘ ‘ 2
= o LU Uiy i
24 d Coldstart=trapz(cyclel time,cyclel spesd)
5 d_TransientPhase=trapz(cycle2 time,cycle? speed)
26 di3=trapz(cycle3 time,cycle3_speed) 5 s
f; digl_Galdstacksd TeansientPhasesds 0 100 200 300 400 500 60O 400 600 8OO 1000 1200 1400
23 mean_speed ColdStart=d ColdStart/566*(3606/1628) o o - o
EL mean_speed TransientPhese=d TransientPhase/868*(3668/1600)
31
T5 3 @
MATLABE M5 METTHE AAS) | 2
1 iR = —

mean speed ColdStart =

41.1051

mean spesd TransientPhass =

25.8879




cyclel_speed
cyclel_time
cycle2_spesed
cycle2_time
cycle3_speed
cycle3_time

407xT doubla
407x7 dovbla
EddxT double
B84y T double
403x T double
403x 1 dovbls
1.7763e+04
5.7774e+03
5.7775e+03
G.2082e+03
1488x3 doubie
'FTC_speed’

an mean_speed_Cold... 41.1031
| mean_speed_Tran... 239879
[ | |

74881 double
7488 T doubla

Total driving Distance result 17.76Km almost same as Ftp75 Distance travelled 17.77km

Displacement [m]

ftp-75 A|E2|0|M

Position

Body

20000 VehicleBody part Vehicl

15000 -

10000 -

5000 -

1000
Time [s]

1500

2000



2) NEDC

Speed
140 VehicleBody part VehiclsBody

120

100 -

@ @
o =]
T T

Speed [km/h]

s
o
T

200

400

-NEDC simulation results
1ap Sheed

[
=]
T

600

Time [s]

800 1000 1200

peed [km/h]

- 4 cycles of ECE-15: 775s

T
775.5454 4

Time [s]

Z | speed [kmimn)

[
=
@
o
=)
=5}
@
i

- Duration of total cycle 1160s

Al Z2|0[d04d 1160s 2 FHAZEME HO|X|Z EX[H £=7 0¢ Bes =

o oF 1180X 2 NEDCEESH 7|Z=1}

600

Time Is]

a
1160 9363

2ot

80
60
40
20

Speed (kmfh]

0

\ T N e T
= N A W R T WY
20

600

Speed profile of NEDC

Time [s]

1000 1200



curve fitingm * | untitled2 » | FTC_mean speedm | NEDC_mean_speed.m L+

1 ele, clear
3 Filename='NEDC i
4 dats=importds name) . data;
5
3 dota(:,2);
7 ~dsta(:,3);
g cyclel_time=time(1:246,1);
10 cyclel_speed-speed(1:246,1)*1000/3608;
1
12 2_time-time(952:1468,1);
13 =d(952:1458, 1) *1000/3600;
12
15 d_ECD1S = trapz(cyclel time,cycle ed);
15 d_EUBC - trapz(cyclez_time,cycle2
17 d = ¢_Ecp15*a+d_eund]
18
13 mean_speed_ECD15 = d_ECD15/195*(3608/1000)
20 mean_speed_EUDC-d_EUDC/400" (3600/1000)
2
zaz ®

MATLABS T8 AMEBLIB AR

=

1.1012e+0%

mean_speed ECD1S =

18.7283

mean_speed EUDC =

€2.5510

Mean speed of NEDC

AE80] 9| Total driving distance (d)=

o stols
As =elg = A

yele s

[ cyclet_time

FH cycle2_speed

EH eyele2 time
d

X 187283
t mean_speed EUDC 625910
speed 7
L time

‘NEDC_speed’

11km 2 NEDC travelling distance?t X|st=

Position
1200[)V hicleBody part VehicleBody
10000 -
8000 -
E o
£
o
E 6000 -
X}
&
o v
4000 — -
2000+ e
ol——
0 200 400 600 800 1000
Time [s]

. NEDC A|Z&|0o]d ZakF™HAHa)

1200

10



3. Battery
1) SOC

- FTP75

1 gop BAtiery State of Charge

0795

0790

State of Charge

07862946

State of Charge

500 1000 1500 EI
Time [s]
Final SOC : 0.786
\\_,ﬁ
o 200 400 500 800 1000 1200
Time [s]

Final SOC : 0.791

2) &/ Bt

- FTP75

g BEeny Teminal Curent

M-
160F \
10k |‘

ol

cCurrent [A]

Jl'r }l M‘ ” |‘I i
'r .\'qH lm \ H| H\A! rl‘ \ (J erJ\m'] j“,-f“rl J\Jl“t
! i -U{ I l"l !

|
'|M J A

“h‘
f'“flfﬂw ‘LM i
! Il\ MJ "rj \“l—‘ M{
lAf \V ’,

0§ v

LT T T AL W i

| | (N i {\. I NJ‘UH & ‘F Il |
F

Al
—

V

- NEDC

00 Battery Terminal Current

il 1000 1500 2000

Time [

180
100

current [A]

-100-

4 g YR | (
Lg—ﬁ'ﬂ J_/‘IH/_ﬁ/L L‘-Lﬂ/ _/‘L_/_ffi\—‘ /J'/'{L!Umvg&u#ﬂ I_‘V _/'/[Llﬂ /—Aﬂ,—-A{LV_/‘/{ Hbq!/_//'[ |1 \—‘ L,_1 Ll

=N

200 400 600 800 1000 1200

Time [s]

"



3) MY H3t
- FTP75
5 Battery Terminal Voltage
330-4\ 'Iw. \ A; \ r R ! 'L fHL P ’HL P I (rw M fk‘
E 35 I{,‘%A‘_}“ ‘ h —E L}N me ) M.,J'IN W "I\ \\('\Jf ‘ |H\J]ﬁ\14|\_\ \JW"M |H \rﬂ}”h L\‘ H\—‘}{N
jul "W | ﬂ I —- -
£ ml | “ Y |f' | |
> ;TD- | !
255
D 1000 1510 10
Time (5]
- NEDC
35y Baery Terminal Valiaoe
M- .
z 320 nA AN l\_| AN e ‘ JU 0 | FN\_
: 3003H W \_\\“th th V\W \_.\H\A N[ L\F\_\\‘u \_ZV‘W# %\j—ﬁ\l #
g 280+ —K
%UD 200 a 500 800 1000 1200
Time [5]
g &0 H M
%29 ){;IW\W\W H,' M)MJJW rw My J Hﬁf\lﬂ wwﬂ‘\‘rw g\ M'H_l W w\r,\(j “vr”‘ﬂ“ ‘4 H{\,\M ”'IIV“..JM ] vhr "”"‘U
Time [s]
- NEDC
o 0 T L /
-Dz:_ zz ;r_b_.fﬂﬁJ_,/uﬂum/_/wﬂ—t /_memf Y -—/‘(H /—MALIF -l J—f‘fL',—“KwHﬂ /—Mnﬂ—‘ﬁ(‘; ] ﬁL -
25 | | 1

Time [s]
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Traction Motor2| electrical power2| &2| ¢S 7HX|= £&20| U= AS e, si
F20| 2 Moz REO| HHHHsH) 2= 7tF510], PowerE AlZHEZ0| CHEH X

=0t 2|l Ms¥S FolERUAL.

- FTP75

Power [kW)

O | i =

| | M‘ | LS

1 L L . L . L
o 200 FaTals] SO0 BOO 1000 1200 1400 1600 1800
Time [s]

O] & Power’t &5¢ £Z8F HOLIO U= Plotet 7| Matlab& 0|83 X=5t0] Y
=

[————FTP7s]

Power [kW]

- A 1/, jL/QOMM . \ JVIL :

o 200 400 600 1000 1200 1400 1600 1800 2000
time [s]

Power’t 252 225 x& 7|& HE2Z Plotet J2f=.
Regenerative_brake_kJ =

7.3929e+03

Regenerative_brake mean 4
3.9450

13



Matlab® 2 O|&dl| &-Z°+ Z 1}, Regenerative_brake_kJ: [kJ], Regenerative_brake_mean:
kW], & F7|9Q 1874s0]| CHet B Power
*Acceleration1t regenerative brake 2|

Acceleration
1.5 VehicleBody part VehicleBody

m

=]
o c
T ¥

Power [kW]

=
-

Acceleration [m/s"2]

| |
N <
n =
—— e —
——r

0 500 1000 1500 2000

Time [s]

ftp-752 10| Q| 7t&E J2{ZQ} regenerative brake J2iZE AMAM plot SHEUCE

HHAQ Ji= JHH0| RASHA Liees As 2olg & UL
SIMHSES vehicle?] SEUUXIE HIIURZ BITRE ABLS STt X20| Jh4, 2%
= 2 M ZHY A= L TR oyt BMSHA & 2EHI 23S We ¥
\o witjwstoR MRS S2 siF0 WHS she YWAO|Th Tt SEI|HY L&
(e=-%=-2D - _pg Zh5E0f HZSCHE S AT £ ANUCH
- NEDC
a0
NEDC |
50 | i .
/
40 - J &
3o f i T
| |1/
ot | | (Y
E 101 NI !II l '1 Aj = | L_J .
S J‘ir 1 J— N ] JJ J |
Iy - | — i J 1 ' — ! -1
= oy I«Il'l Lu HFF ,' l-'”'l 1. J‘|| 1
e ¥ | N - | |
20 I = i
-30 ’l 1
= o 200 0 600 800 1 DIDD 1200

Time [s]

time-power 12f=

14



| / / JW VA J "W '/ “/ — W

o 4040 600 1000 1200
time [s]

PowerZl €40 20| {3 A2=ZE x= RO Z Plot oF A=

Regenerative brake kJ =

9.6496e+03

Regenerative brake mean =

8.1776
Matlab= Sdll Mot Zl.
5

NEDC Z=ZO|M FTP-75 ZHEL 2| MSEO0| gHHEH2E §

il

Ct = & AL,

ol
PN

I.
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5. ZF ALO[ 22| £[EF FH|km/kwh)

1) FTP75
FTP752| SOCE= 3.12| AIE F1ISHH 0.80(AM 0.78622 ZASHRALE.
FEH2|= 1776mO|LC},

20000 Position

17763434 |

—
10000 |- l

m—— 1

1
5000 - i
|
|

0] —

.
0 500 1000 1500 ooy
18740 |

Time [s]

ASOC = S; — Sf =0.8—-0.786 = 0.014
AE = Batery Capady * ASOC = 100kW h * 0.014 = 1.4kW h
FeH 73 = 17.763km
. My = 1763km
FTP75 1.4kW h

Displacement

= 12.69 km /KW h

2) NEDC
NEDCS| SOCEE®t 3.1 of ZME H15tH 0.80|AM 07912 ZASIALE
=8 H2[=11KmO|LCt.

12000 Position

10000 /_

8000
6000
4000

=

Displacement [m]

2000
a

o 200 400 600 800 1000

Time [s]

ASOC = S; — S; = 0.8 — 0.791 = 0.009
AE = Batery Capady  * ASOC = 100kW h % 0.009 = 0.9kW h
FHAHE = 11km
11km

=/ = =12.2
/NEDC 0.9kW h fam [lW h
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. F7} 1
1) Kol At wstof M

i S7IMe A=+

HH| gzt

tesla model S2| 37| X Al=(coefficient drag) 0.242 HESIRUX

2 51 soCe FUAAR SEAYE 8T 20 PP IEoE AR

1 gog Battery State of Charge

0 500 1000

Time [s]

FTP-75_SOC - c¢d=0.5

Position

20000
17763613 4

10000 —

5000 —

Displacemen|

g

0 500 1000

Time [s]

FTP-75_travelling distance - cd=0.5

xlo SOC+= 0784O|_|_ XOH 7-|E|E 7E}‘9AH:|- = 51J—|_|_ Hl_m_—é—l_o:l
11.1 km/kWhE & H317 Q&= (=3

2ot A=H, ol HH|=

ASOC = §; — S =0.8—-0.784 = 0.016

AE = Batery  Capady

17.763km

* ASOC = 100kW h * 0.016 = 1.6kW h
FHAE = 17.763km

. {14, = =111
/FTP75Cd=O.5 1.6kW h fam /1V
i. TEXASA=F
AS = 24l TEXEA (1R

=3 2| E(1E) 0.01~0.02
ZIZ|EEFT) 0.02-0.03
GLEE(NE) 0.01~-0.02

=232 27| ElO1¢d A EMERE) 0.02~0.03
KL +ELE(HE) 0.02~0.03
HEFZES(ETS 0.05
s=/E81Z 0.1~0.35

https://sugarlessgum.tistory.com/92
T& M& A= 7IFL 0.01501M 0.03022

2 FTP 7|=0|A Q| MH| Hz}
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0,801 Battery State of Charge

#l: SOC, oteff: F=&Hz|

Position

1874.0 g

20000
17764.293

10000 —

5000

Displacemen

0

0 500 1000

Time [s]

SOC7} 0.7752.2 LA
= Brh= FENT Ao F7t7F MH|of| § &

otl=H|, ol HH|S ALl

1500

def= 0|

ASOC = S; — Sy = 0.8 — 0.775 = 0.025
AE = Batery Capady * ASOC = 100kW h * 0.025 = 2.5kW h

FHAE = 17.763km

. Xt

FTP® s2zy8
0.3

i, 2™ =Hd Hat
HWYRF US06 7|=0|AS] AlZgjo|d Zxt.
- HWY

0800 Battery State of Charge

_ 17.763km
T 25kWh

= 7.1 km /KW h

HH 7.1km/kWhOI|Ct, 37| X A
o X

=
o
o
e

State of Charge

=

17866316

100 200 300 400

T
500 500 700
.
Time [s]
17500 POSitan
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777 e
|65065.088 ———— i i
= 12500 . R B .
T 10000 !
£ I
T 7500 i
A = I
& 5000 / T
dig . I
& o2s00f 1 |
] |
;
0 100 200 300 400 500 600 700
765.0 A
Time [s]
XoH 7.| I
T o 2
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- US06

Battery State of Charge

0800
0.795 - H\
0790 e

0785 | | e ]

State of Charge

0.780
a 100 200 300 400 500 600

Time [s]

SOC

, Pasttion

15000
12877.348

7500 [
5000 -
28500 -

n

Displaceme

Time [s]

-2TZA0| mE ™H Zar Fe

HWYS| 2 Z=Z0A 2] THI: 11.8km/kWh
Us062| 2 =710l FH]: 8.06km/kWh
FTP752] 2 ZHO|AML| HHI: 12.69km/kWh
NEDCS| 2™ =710 M2l TH|: 7.86km/kWh

NEDC 7|Z=0A 7hY R2 42 THIE g2 + UARUH. 2= B0 o2t MH|=
0

Z|CH 38%(FTP75-NEDC)2| AO|E HOQICE GT-SUITEE &8%t AlZ8 oM Z1E BH &
HMzdo| Hatvh [H|of 7ty 2 Fgs DXl A2z 2ot

H7ISHAISAE W72 ASAtet Hel odMsS2l 7|50l A7 W0 2H=tEo

(T2} Final SOCEHO| Hst7t W7|22 XFHHIE AN O 2HeEe| F<ho| ALt

= & UL
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7.

=g
S| =#0|39] Tl WSS A A matlab TE.

clc, clear
filename='NEDC motor_ electrical power_ excel.xlsx' ;
total_time=1180;

data_elec=importdata(filename)
data_elec = data_elec.data;
data= cell2mat (struct2cell (data_elec));

power=data(:,3):
time=data(:,2);

idx=find (power<0)
power=-power (idx) ;
time=time (idx)

plot (time, power)

hold on

xlabel('time [s]'), ylabel('Power [kW]'), legend('NEDC'),
hold off]

Regenerative_brake_ kJ=trapz (time,power)
Regenerative brake mean=Regenerative brake kJ/total_time

grid on

20



