TESIAEV 1.5 PERFORMANCE SIMUILATION

http://www.leapcad.com/Transportation/Tesla Simulat

ion.mcd

Tesla - Vehicle, Motor, Road, and Environmental Par

IFiusics.com

ameters: Fixed Gears: 6,000,8000 RPM Pk Power

Max Motor Power:
Max Motor Torque:

Power Train 1.5:

Max Motor Torque:
GRq5:= 8.2752[1.124

Max Force, FMaxTire
RPM = min_ *

Max Power, wx

Constant Power
vehicle velocity, vep:

Time, in seconds:

Time unit:

Shape Correction Factor:
Drag Coeff:

Cross Wind Drag Coff:
Air Density:

Road Rolling Resist:
Passengers2 := 1700b

Rotational Inertia Coeff:

Velocity at Torque Fall:
Velocity to RPM:

Road Resistance, Ft:

Drag Force, Fa:

Opposing Force, Fo:

Torque/Force Drop Curve:

Torque Speed Relation:

Net Tractive Force:

Third Law of Motion:
(a is acceleration)

Applying maximum motor torqgue, find the velocity st

Powermax1 := 185kW

Fixed Two Gear Ratios: GRjp:= 14.3 GRy:= 7.4

Tmax = 2100t {Ibf

Battery Energy: o=
POWer g = 0.77B500370W y Energy S ey = Selii
. : 78.45
Tmax := 2800t Ibf Tire Radius*: Mtire == H[[h

Trmax
FMgjre1 == GR1E——

Tmax
FMgjre1.5:= GR1.5Er_—
tire

Tmax
FMiirep := GRol—

ltire ltire

Power wp)

OPmax (= —— RPM prax 1= —— RPM prmax = 6.091 x 10°RPM

Tmax 200

Power -
vep 1= - max Vep = 48.653 mph Powermax = 324.749 hp
Miirel.5 . .

e Lotus Elsie Chassis k= 103
t:=0,05..30 Curb Weight: Mcurb == 1350Kg M gyrp := 273300b
T = 1[8ec Average Wind Velocity:  vw := Olinph Vow := 0lnpl
SCF:= 0.85 Frontal Area*: Afg:= 1.127[M1.7[M
cd= 03 Frontal Area Af := AfgISCE Af = 1.620m°

Cdg,y := 0.000014

Tire Rolling Resist, Hys:  RRyjre:= 0.007 Thys:= o=
m

agm

p-= 1'293Elliter 0 (radians): 0 := atan(0.0)

RRyoad := 0.002 Drive Train Drag Coeff: Gross Weight:  Mpgt := 1000Ib
FStaUC: 1|:N Cdt = 0024E N Mgro$:: Mcurb + Pmngersz
km := 1.08 mph2 Mgross = 2.903 x 10°Ib

Vehicle Dynamics Equations:

V1 = 61000RPM 2t J[GRy V71 = 31.69mph
VIoR(v) := VK20t ®PM)* VtoR(61(nph) [GR, = 6.076
Ft(v) := [ Mgross@fThys¥8in(6) + (RRyre + RRroad) Bos(8) + sin(6)]] + Fearic
Fa(v) := 0.5 Af [ﬁ(v + vw)2cd + Cdcwtﬁvcw)z] + Cotv? wral = BIRPM
Fo(v) := Fa(V) + Ft(v) Fo(60rmph) = 430.855N Wrall = RPMpmax(

() = [h _ ~ ~ —1] Wmax = 160RPM
Tra\w) == Tmax(J1 (wDRPM (*)fall)[@(mmax wran))
Trle) = if (WRPM = e, Tra (@), Trmex)

R(v) - F
= 0 = Fo
kmMgross

ltire

Powermax := Pm(8)

ltire
Pml0) := Tl ) R2EGRPM

Powermax = 344.346 hp

TmlVtoR(V) [GR Tml VtoR(V)[GR1
F(v) = if(v > 1000(nph, GR,3 u 2 ,GRy 53 m 15)

arting from initial velocity = 0 mph.

End:= 20

Acceleration in g x 100

Time := 0[Sec

Given

9 vy = a(u(t))
dt

time(v) := root(v — vel(Time), Time)

v(0) =0

vel := Odesolve(t, End)

acc(t) := a(vel(t$ec))(100 Roadster Spec is 3.7 sec

time(600nph) = 3.551s
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TESLA MOTORS ESTIMATED PEFORMANCE CURVES: Power Train 1.5

Compare with Torque & PowerCurves at: http://www.teslamotors.com/performance/acceleration_and_torque.php
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Find the Single Charge (@SOC = 20%) Cruise Range for a given Velocity

Driving Pattern/Profile:
Assume we cruise at constant speed and start, stop, and regen breaking every 15 minutes.

Drive Train Power Efficiency - Battery Loss to Forc e Commanded Vehicle Velocity:
State of Charge for generator is SOCgg,. SOCqye, is 20% for recharge. 320V HV battery idle power is Po. 12V
battery gives Accessory Power. Gear Efficiencies are modeled dynamically with Drive Train Drag Coefficient Cdt.
Brake Regen efficiency of kinetic energy is 70%. Then the number of starts per hour as a function of velocity,
NS, NumsStarts(v, Po), is

IPEE := 0.95 Regen:= 0.7 vi=0,2.80 SOCgen:=02
vatt USABC Round Trip Battery Energy ETTiciency
RTEff := 0.92

Energyaccel (V) := Powermax@ime(v)

P
PowerdigsLoss(v,Po) = Fo(v)lwv + \PEE

NSo and NS are iterative converging estimates of NumStarts

2
Regen grossm
50ph )2 Energypat[{1 — S) = NSy(V) [EEnerQYaccel(V) —
NSp(v) := 2 == NS(v, Po,S) := |
Y Powergiss osq V. Po) C15in
2
Regen [\
Energypg[{1 - S) - NS(V, Po, S) [EEnergyaccd(v) - %}
NumStarts(v,Po,s) = floo |
Powefgissi osdV, Po) C15in
RegenM gross¥”
Energypa[(1 - S) - NumStarts(v, Po, S) Energyacca (V) - % N

Cruise_Range(v, Py, S) := PowadissLo$(V, Po)



Cruise Range (miles)

Cruise_Range(vmnph, 50, SOCgen)

mi

Cruise_Range(vmnph, 100, SOCgen)

mi

Power .o vNph, 50)

kDOwvatt

Power ¢ise( vph, 100)

600
550
500
450
400
350
300
250
200
150
100

Single Charge Highway Cruise Range Estimate

Cruise_Range(300nph, 50, SOCgen) = 415.439 mi
Cruise_Rangel 40nph, 50, SOCgen) = 331.109 mi

Cruise_Rangel

(
(50mph, 50, SOCgen) = 262.131 mi
Cruise_Range(60nph, 50, SOCgen)

Cruise_Range(700nph, 50, SOCgen)

Single Charge Cruise Mileage Range

208.307 mi
167.048 mi

10 20 30 40 50 60 70

%
velocity (mph)

Single Charge "Highway" Cruise Range @70 mph is 150
Specsmanship: Twice as much range at 30 mph than 70
Conclusion: | need a bigger or a better battery!

Opposing Force Power Dissipation

60

50

40

30

kOwvatt

Cruising Power (kWatts)

20

10

Powercruise(v, PO) = Powerdissum(v, PO)

Powergyise(60Tph, 500) = 1.208 x 10 watt

Cruise Power Curve

20 40 60 80 100 120

v
velocity (mph)

80

mph.
mph.

v:=0,1..120



v:=0,2..80 Cruise_Range(55[rnph, 100, 0.3) = 203.174 mi
Cruise_Range(55[rnph, 100, 0.5) = 145.124 mi

05-0.25 _ Cruise_Range(55[inph, 100, 0.25) - Cruise_Range(55lmph, 100,0.5) _ 0
05 Cruise_Range(550nph, 100, 0.5) '

5

Single Charge Cruise Mileage Range

500

Cruise_Range(vlinph, 50, 0.3) 450
mi

Cruise_Range(vlinph, 50, 0.4)
mi

400

350
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mi 300 .
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........ 200
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se Range (miles)

Cru

mi 150
Cruise_Range(v(inph, 100, 0.5)
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FTPF := READPRN("http://www.leapcad.com/Transportation/FedTestProc. TXT" )
UDDSF := READPRN("http://www.leapcad.com/Transportation/uddscol .txt" )

HWY F := READPRN(" http://www.leapcad.com/Transportation/hwycol .txt" )

FP10 := READPRN("http://www.leapcad.com/Transportation/FTP10Hz. TXT" )

HY 10 := READPRN("http://www.leapcad.com/Transportation/HWY 10Hz.txt" )
USO6F := READPRN(" http://www.leapcad.com/Transportation/USO6PROFILE. TXT")



AER Given Three Different Driving Schedules

Read US06 and FTP Driving Profile Files
http://mwww.epa.gov/nvfel/testing/dynamometer.htm

The USO06 cycle represents an 8.01 mile (12.8 km) route with an average speed of 48.4 miles/h (77.9 km/h),
maximum speed 80.3 miles/h (129.2 km/h), and a duration of 596 seconds.

The Federal Test Procedure(FTP) is composed of the UDDS followed by the first 505 seconds of the
UDDS. It is often called the EPA75. HWY is the Highway schedule.

t:= FPEY  Frp = FTPEY rows(FTP) = 1.875x 10°
UDDS = UDDSA Y rows(UDDS) = 1.37 x 10°
FP:= FP10 HWY = HWYEY  rows(HWY) = 766

FTP10 := stack(FP<1> P2 ¥ g 8 e 7 8 9 ,FP<1O>:
(o (v

time:= USO6F US06 := USO6F
FTP10V := submatrix(FP10,0, rows(FP10) — 1,1, cols(FP10) - 1)
HWY 10V := submatrix(HY 10,0, rows(HY10) — 1,1, cols(HY10) — 1)

n:= 0..598

Calculate All Electric Range, AER, for Driving Prof _ile File, P, SOC = 20%

AER(P) == | Egiss — O

Vold «~ O
n « _1
N « rows(P) -1
Energypat
while Egjgg <— 11 - SOC
diss = ™ wibr { oen)
n-n+1
t « mod(n,N)
V « Pt

Vavg - (v + Vold) 0.5

ph .
Paccel — kmM gross[GV - Vold) % Waygmph if v >vg|g

h

(Powergissl ose(VIEPh, 100) + Pacee) Sec

Ediss « Ediss + T
V0|d 'V
o n Pmod(m’N)mnph@ec
Z mi
m=0
rl:=0..rowg(HY10)10 -1 HWYlOrl = HWY 10V 1141
ceil(T)—l, mod(rl, 10)

AER(USO6) = 172598  AER(FTP) = 301.319 AER(FTP10) = 302511  AER(HWY) = 250.838



ri+1
0 j—l, mod(rl, 10)

rl:=0..rowg(HY10)(10 -1 HWYlOrl = HWY 10V
ceil(

AER(FTP) = 301.319 AER(HWY) = 250.838

EPA 20085 Cycle MPG Fuel Economy Least Squares Fit  Regression for AER

1 1 1
MPGyity = 118053 MPGygijty = 139.336  MPGhyy := L3166 X = o
0.003259 + — 0.001376 + ———~
AER(FTP) AER(HWY)
MPGepq := 0.55[MPGyjty + 0.45M4PGhyy MPGegpqa = 143.357

r rr

10 10
r:=0..rows(FTP) =1 Distance := FTP 3—— rr:= 0..rows(US06) — 1 Distance := Usoe +——
& ) r Z I 600 s ) rr Z

" 6060

max(Distance) = 110.41¢ r=0 max(Distance ) = 80.08 =0

WRITEPRN("EFTP.PRN" ) := AER(FTP)[40 EFTp ;= READPRN("EFTP.PRN") m
WRITEPRN("EUS06.PRN") :
WRITEPRN("EHWY .PRN") :
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(Eprp)X = 301.25
READPRN("EUS06.PRN")  max(Eyspp) X = 172.6
READPRN("EHWY.PRN") max(Epwy)X = 250.75

ax|
ax|

AER(USD6)E0  Eygpg:
AER(HWY)E0  Epwy:

US06 Drive Cycle: Distance, E(Bat Drain)
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Read Tesla Roadster 1.5 Computer Model Loss Data fr __om File:

Data in Eight Columns:

Speed Total Ancillary  Tires Aero Drivetrain Range Power
mph Wh/mi Wh/mi Wh/mi Wh/mi Wh/mi mi kW

TL := READPRN("http://www.|leapcad.com/Transportation/Tesl a%20L 0osses. TXT" ) WEm =2.237N
mi

speed := TLO PwrTesla:= TL'" Speed.,; = 80 Speed, . = 54 Speed, = 2
0000 000000 000000
speedTLY Speed LY SpeedTL Y S
TV = 1000 Tires:= 1000 Aero = T Tz SpeedTL
' 1000
00000000 _
All := (Tires + Aero + DT) v:= 0,1..100 PwrTesia, =07

Model the Drive Train Losses, DTmodel, as Square of Velocity
Assume 300 W of Accessory Power

+ a, [h
0.1 ao al 0.501
guess ;= ( j F(n,a) := n G := genfit(Speed, DT, guess, F) G= _3
0.001 1.253x 10
n2
DToda(V) = G + G, ¥ Pdt(v) := 0.0245—— 1
Static Force Term model{¥) -~ =g T 2y - 2
mp!
.55\/\/#'_j1r = 1.118N GlBLm = 2804x 10 3N
mi . 2 2
mi [Mph mph
N 2
DTinog := 0.5 + G 3—[60iph) DTimog = 5.012N
mph

Cruise Power Model (Red) and Tesla Model

Power ¢rise( vInph, 300)
kQwvatt

PwrTesa

Pdt( Speedinph)
kW

0 20 40 60 80 100 120

Vv, Speed
velocity (mph)



Find Residual Error Between Cruise Power Force at5 4 mph and Tesla's Power

Assign Error to Drive Train Drag Coefficient, Cdt. Cruise Drive Train Drag Force = Cdt * v\2
26
PowerErrorFactor := Kivatt Cdt := PowerErrorFactorElM
54)2 54mph(3
(4 Cdlt = 0.039

Use this in First Page, Drive Train Coefficient: Cdt = 0.024 @54mph, 0.026 @80,

PowerErrorFactor = 9.515x 10 4 Power Error Factor = 0.000923

Plot EV1 and Tesla Cruise Power Data on same Plot

@ 45 5.19
EVDat := READPRN("EV1Cpwr.txt') PWR:= EVDat Spd:= | Pur = |

Cruise Models: Tesla(Red), EV1 (Green)
60

50
40
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20

Cruising Power (kWatts)

10

0 20 40 60 80 100 120
velocity (mph)

Petroleum-equivalent efficiency
See also: Electric car: Comparison with internal combustion vehicles (ICEVS)

The Roadster does not actually use gasoline; therefore, petroleum-equivalent efficiency (mpg, 1/200 km)
cannot be measured directly but instead is calculated using one of several different methods:

A number comparable to the typical Monroney sticker's "pump-to-wheel" fuel efficiency can be calculated
based on regulations from the DOE and its energy content for a U.S. gallon of gasoline of 33,705 W-h/gal
(also called the Lower Heating Value (LHV) of gasoline)

33705 W-h

Ealga . . L £
5 WE Lot 77.6%chasging ar. = 120mpgge = 1.95

i




