CHRYSLER ECOVOYAGER SIMUIATION

http://www.leapcad.com/Transportation/Chrysler EcoVoyager Simulation.mcd

Ecovoyager - Vehicle, Motor, Road, and Enviro Params:

Max Motor Power:

Max Motor Torque:

GR1 5:= 8.2752(1.124

Max Force, FMaxTire
RPM := min *

Max Power, «x

Constant Power
vehicle velocity, vep:

Time, in seconds:

Time unit:

Drag Coeff:

Cross Wind Drag Coff:
Shape Correction Factor:

Air Density:

Road Rolling Resist:
Passengers2 := 1700b

Rotational Inertia Coeff:

Velocity at Torque Fall:
Velocity to RPM:

Road Resistance, Ft:

Air Drag Force, Fa:
Opposing Force, Fo:
Torque/Force Drop Curve:

Torque Speed Relation:

Net Tractive Force:

Third Law of Motion:
(ais acceleration)

Powermax := 268Hp

Trmax := 2500t Ibf

Tmax
FMtireq := GRlEr-_
tire

WpPmax =
Trmax

Powermax

o R ——

FMiire1 5

t:=0,05..30

T := 1[Sec

Cd:= 0.35

Cdgy := 0.000014

SCF=1

o= 1203320
liter

RRoaq = 0.002
Mpatt := 1 Ib
k= 1.12

Powermax

Fixed Gears: 6,000,8000 RPM Pk Power

Fixed Two Gear Ratios:

Battery Energy:
Tire Radius*:

Tmax

FMiirep := GRzﬁr_—
tire

WPmax

2

vVcp = 54.565 mph

Lotus Elsie Chassis
Curb Weight:

Average Wind Velocity:

Effective Cross Wind V:

Frontal Area*:

Frontal Area

Tire Rolling Resist, Hys:

0 (radians):

GR1:= 143 GRy:= 74
Energypat := 16KW [Hr

30.3
lire:= ——n
tire 2

Tmax
FMtire1.5:= GRy 54—

ltire

RPM pryay = 5.63 X 10°RPM
Powermax = 268 hp
k= 10°
Mcurb = 2750[']3
Vw := Oldnph
Vow := 0linph
Afg := 59700
Af := AfgISCF Af = 2.665m-
RRire = 0.009 Thys:= 05—

m

0 := atan(0.0)

M gross =M curb + Pa$enger32

Vehicle Dynamics Equations:

V1= 6100TRPM 2R oGR;

VIoR(v) := Vi{K20itTj o RPM)

Mgross = 292 x 10°1b

vT1 = 38.452mph
VtoR(61nph) [GR, = 5.008

FE(V) = M grosd@iThys¥in(6) + (RRtire + RRroad)2os(6) + sin(6)]

Fa(v) :
Fo(v) :

Fa(v) + Ft(v)

0.5(p [CAAf [E(v + Vw)2Td + CdCW[@VCW)Z]
Fo(60ph) = 66.251bf
Tfa||(w) = Tmax[hl - (wDRPM - wfan)fﬁ(wmax - wfan))_ 1]

Tm(oo) = if (Q)[ERPM = Wrg| ,Tfa||(o.)) :Tmax)

Fi(v) = if(v > 1000nph, GRo[=

a(v) =

kmMgross

F(v) - Fo(v)

Trm(VtoR(v) [GRy)

ltire

Powermax := Pm(8)

W4 ;= 6[RPM

Wrall := RPM pmax®
Wmax := 16[RPM

DTm(VtoR(v) [GR 5)

15 _
ltire

Pril00) := Tyl w) K2 MGRPM
Powermax = 293.777 hp

Applying maximum motor torque, find the velocity starting from initial velocity = 0 mph.

V := Olinph

t
vel(t) := root| V —J aVv)adt,Vv

Accelerationing>. _._

Time := 08ec

time(v) := root(v — vel(Time), Time)

vel (6008ec) = 127.59 mph

acc(t) := a(vel(t[8ec)) 100

time(600inph) = 5.337s
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ESTIMATED PEFORMANCE CURVES

Vehicle Flat Torque & Power Curves Velocity & Acceleration (gx100) Curves
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Find the Single Charge (@SOC = 50%) 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 Force Commanded Vehicle Velocity:
State of Charge for generator is SOCgye,. SOCye, is 50% for recharge. 320V HV battery idle power is Po. 12V
battery gives Accessory Power. The Traction Inverter Efficiency - TInvE, HV Power Electronics at Idle Efficiency
- IPEE, and Gear Power Efficiency - GPE are 92.5%, 95%, and 90%, respectively. Brake Regen efficiency of
kinetic energy is 70%. Then the number of starts per hour as a function of velocity, NS, NumStarts(v, Po), is

W4DE := 0.94 TInvE := 0.925 IPEE:= 0.95 GPE:=09 Regen:=07 v:=0,2.80 SOCyen:= 05

Fo(v) ¥ PONMPSABC Round Trip Battery Energy Emiciency
Powergiss_osd V. Po) = + RTEff := 0.92
TInvEIGPEIW4DE IPEE Energyaccel(V) = Powerymax@ime(v)

NSo and NS are iterative converging estimates of NumStarts

2
Energyaccel(V) RegenM grossY
Ener 1-95 - NS(v -
WatllL = 5) = NSl )EETInvEE(BPEWMDE 2

Powerdigg_oss(v, Po) (A50min

2
NSp(v) = 2[@50+mphj NS(v,Pp,9) =

2
Energyacce (V) RegenM v
Enera((1 -9 - NSV, Po S)EETInVE[(BI;CECEe}’IV4DE ] y

POWerdi$Lo$(V, Po) (A50nin

NumStarts(v, PO,S) := floo

2
Energyaccel(V) RegenM grossV
{Energyba‘ml =9 - NumStarts{v, Po, S)[ETIHVE[(B:";?SMDE ) 2gross v

POWerdi$Lo$(V, Po)

Cruise_Range(v, Po, S) =



Cruise Range (miles)

Cruise_Range(viinph, 50, SOCye) 60

Single Charge Highway Cruise Range Estimate

Cruise_Range(30nph, 50, SOCgen) = 63.21mi
Cruise_Range{40[mph, 50, SOCgen) =56.913mi
Cruise_Range{ 60lmph, 50, SOCgen) = 43.465mi

Cruise_Range(500nph, 50, SOCgen) = 50.521 mi
Cruise_Range(700nph, 50, SOCgen) = 35.705 mi

Single Charge Cruise Mileage Range

mi

Cruise_Range(vI]nph, 100, SOCgen) 40

mi

Power ¢ise( vph, 50)

kOvatt

Power ¢ise( vInph, 100)
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\Y
velocity (mph)
Single Charge "Highway" Cruise Range @70 mph is 150 mph.

Specsmanship: Twice as much range at 30 mph than 70 mph.
Conclusion: | need a bigger or a better battery!

Opposing Force Power Dissipation

Powercruise(v,Po) = POWGfdissLoss(VvPo) v:=0,1..120

Power crise(60ph, 500) = 1.063 x 104watt

Cruise Power Curve
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AER Given Three Different Driving Schedules

Read US06 and FTP Driving Profile Files
http://www.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. FP10 is a 10 Hz Sampling. HY10 is the 10 Hz Highway schedule.

FTPF := READPRN("http://www.leapcad.com/Transportation/FedTestProc. TXT" )
UDDSF := READPRN(" http://www.leapcad.com/Transportation/uddscol .txt" )

HWYF := 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" )

Calculate All Electric Range, AER, for Driving Profile Velocity/Time File, P and Sampling Rate, Hz

_ mph

e 27'129@) 91235 - 28408] 9= secld

Regen Efficiency Curve vs Decel (9): REff(g) := %[{D_Oltﬁ(l -

AER(P,Hz) := |Ebat ~ Egjss « Void <« O
n-1

N « rows(P) -1

while Egiss<8 0n=n
ne-n+1

t « mod(n,N)

V Pt

Vavg < (v + v0|d)[0.5
h
km(M gross[GV - Vold) d‘np?EH-lz Waygmph

P - if v>y
accel TINVEIGPE old

Pacce « KmM gross[@V - Vold) EULLLL [V g MPhREFf [(Vold -v) (Hz[Gg| otherwise
sec

(Powergissl oss(VINPh, 100) + Paccel) Sec

E i «— E i +
diss diss KW IR Hz
Vold « V
Eba’[n ~ Egiss
N (Pmod(m,N) + F)mod(m+1,N))mnph@eC
R Z .
2[mi[Hz
m=0
R
t:= I——I'PF<0> FTP:= I——I'PF<1> UDDS = UDDSF<1>

HWY = HWYF<1> Rhwy := rows(HWY)

(0 v

r1:= 0. Tows(HY10)10 -1 ;e — Uso6F US06 := USOBF ng:= 0..598



HWY 10V := submatrix(HY 10,0, rows(HY10) - 1,1,cols(HY10) ~ )HWY10 , := HWY10V

S r1+l
FTP10V := submatrix(FP10, 0, rows(FP10) - 1,1, cols(FP10) — 1) Ce"( m j_l'm"d(rl'lo)

AER(US06,1) =1 " AER(FTP, 1) = 40.183 AER(HWY,1) =41.96 AER(HWY10,10) =1 "

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

1 1 1
MPGcity := 18053 MPGyity =30.639  MPGpyy := T X = o
0.003259 + ————>° 0.001376 + — =20
AER(FTP, 1) AER(HWY , 1)
MPGepg := 0.55MPGity + 0.45MPGhyyy MPGepg = 30.297
' 10 i 10
r:=0..rows(FTP) -1 Distance := Z FTP.3—— rr:= 0..rows(US06) - 1 Distance := Z Uso6_[F—
r r 6060 fr 6060
max(Distance) = 110.41¢ r=0 max(Distance) = 80.08 =0
WRITEPRN("EFTP.PRN" ) := AER(FTP, 1)[20 Errp:= READPRN("EFTP.PRN")  max(EFTp)X = 37.125

WRITEPRN("EUS06.PRN" ) := AER(US06, 1)[40 Eusos := READPRN("EUS06.PRN") max(Eusoe)[X =27.42
WRITEPRN("EHWY .PRN") := AER(HWY,1)[40  Enwy := READPRN("EHWY.PRN") maX(EHWy)[X =39.05

g US06 Drive Cycle: Distance, E(Bat Drain)
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FTP Drive Cycle: Distance, E(Bat Drain)
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