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Macro Model of Corolla Performance

Procedure:
First model the Internal Combustion Engine's (ICE) torque and power. Define vehicle and road parameters.

Acceleration Protocol:

Assume engine is always on. Start out with torque from 1400 rpm clutch idle speed. Select
transmission shift points for maximum acceleration.

Use equations for vehicle dynamics to calculate the time to 60 mph. Plot performance simulation
curves. Calculate Calculate MPG using various EPA driving modes.

ICE Performance Curves

Engine torque and power curves base on "flat" torque curves in shown at
http://en.wikipedia.org/wiki/Toyota_ZZ engine#1ZZ.

Specs:

Horsepower (SAE) 130 HP @ 5600

Torque (SAE) 125 Ib/ft @ 4400

1300p = 96.941 kW 1250t0bf = 169.477 Nn

Torgue and Power Simulation:
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Toyoto Corolla-Vehicle, Motor and Road Parameters:

Gear Ratio and Efficiencies: GRyjf := 3.421 GRj := 2.810GRgiff GR2:= 1.549GRgiff GR3:= 1.000[GR it
Ndiff = 0.95 ner:= 097 Ntrans = 0.95 Ndrive = Ndiff MGRMtrans  Ndrive = 0.875
Max Motor Power: Pmax := 130p grive Qmax := 6000IRPM
Max Motor Torque: Tmax := 125ftlbf M grjve
fire = ot [in Tire: 185/65R14
2

Chassis and Environmental Parameters

Average Wind Velocity: Vw := Olnph Frontal Area*: Afg:= 2_508mn2
Shape Correction Factor:  SCF = 085 Frontal Area Corrected: Af := AfgIBCF Af = 2.132m°
Drag Coeff Cd:=0.296 Rolling Resistance Per Tire: RRyjre:= 0.007

. ) _ o
Cross Wind Drag Coff: Cdgy = 0.000014 (Average 0% road grade) 6 = atan(0.0) O (radians):
Air Density: p:= 1_293[4@ Average Cross Wind: Vg = Olfnph

liter

Road Rolling Resist: RRygad := 0.002 Curb Weight: M curb := 241400b
Rotational Inertia Coeff: Km:= 1.08 Passenger Weight: Passengers2 := 1700b
GrOSS Welght Mgro$:: Mcurb + ngersz Mgro$ = 2584 X 103|b Mbatt = 68[Rg

Vehicle Dynamics Equations - Find Velocity and Time for Maximum Acceleration

Road Resistance, Fr:  Fr(v) := Mgrosd@{i(RRjre + RRroad)@os(6) + sin(6]] Fr(60tnph) = 103.448 N

MPGodynamic Loss, Fa: Fa(v) := 0.5pAf [ﬁ(v + VW) ICd + gy 0.5 + VCW)Z] Fa(60ph) = 293.499 N
Opposing Force, Fo: Fo(v) := Fa(v) + Fr(v)  Fo(60nph) = 396.947 N Fo(600nph) = 396.947 N

Automatic Transmission Switch Points: Tweak for Maximum Acceleration Profile

Tranl(v) := if (v < 70nph, GRp, GRg) Trans(v) := if (v < 41nph, GRy, Tran1(v))

2 (M rAVIRPM T (VioR _
v_r(w,GR) := L VtoR(v) = _Virans(v) Ftran(v) = Trans(v) 3 ioe(VIOR(V)) M arive
GRnph 2[mj e[RPM ltire
Picev(V) = Pice(VtoR(V)) Ticev(V) = Tice(VtoR(V))

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

End:= 30

Third Law of Motion: d

: _ Fran(V()) — Fo(v(1))
(dv/dt is acceleration) ~ C'Ve" gtv(t) =

kmM gross

v(0) =0 velocity := Odesolve(t, End)

Firan(velocity(t)) — Fo(velocity(t))
accel(t) =

km
mgross Corolla Spec is 9.3 sec

Time:= 03ec  time(v) := root(v — velocity(Time), Time) time(60mph) = 10.019s
Passing 40 to 60 mph: Passing := time(60ph) — time(400inph) Passing = 4.798s




Dyno Motor Torgque (Nm), Power (hp)

Motor Force (N)

COROLLA PEFORMANCE SIMULATION CURVES

Torque and Power vs. Engine Speed Velocity & g Acceleration (x 100) Curve
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Find the Cruise Power for a given Velocity

Driving Pattern/Profile:
Given we cruise at constant speed and Time for start, stop, and regen breaking, Time_ = every 15 minutes.

Drive Train Power Efficiency for Commanded Vehicle Velocity:
Idle power is Po. 12V battery gives Accessory Power. Electronics at Idle Efficiency - IPEE, and Gear Power Efficiency -
GPE are 90%, 95%, and 97%, respectively. Then the number of starts per hour as a function of velocity, NS,
NumStarts(v, Po), is

Timegg := 30min  TInvE:= 0.90 IPEE:= 0.95 GPE:= 0.97
Fo(v) ¥ Polwatt =
Powerg; V,Pg) = + icev(V
N = e M= Energyaccel (V) = i me(v)

Find the Power to Maintain Constant Velocity

Note: The generator's output is 54 Powercruise(V. Po) 1= Powerdiss ose{ V. Po)
kW. This allows it produce a net

charge up to 80 mph cruise. Powercruise(60mph, 100) = 12.30TkW
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Compare Corolla (Solid) vs. Volt (Dotted) Performance:
Read Charge Depletion Mode Data Read Charge Sustaining Mode Data (Disabled)

Data Format in File: Time, Vel, Angular Speed, MPH, Accel(g), Torque(rpm), Power (rpm), Force(v), P(v)
Volt := READPRN("Volt_tVelwMAgTPmFP.prn" )' Volt := READPRN("VoltSus_tVelwMAgTPmFP.prn” )I

Volt := READPRN(" http://www.leapcad.com/Transportation/Volt_tVelwMAgTPmMFP.prn™)

1
n:= 0..300 Piot(V) = Fyor(viph) @phihp -
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q:= (Nm)~ ! Tw:= vait® Py = Volt<6>d<hﬂ Fy:= vait? Pvy = volt® PeruiseV = vait?
__ 6000 P

n

Ttotn = Ttot(@xn) ml Tm2n = Tmz((*)xn) m;' Ticen = Ticemz(mxn) ml Vxn = velocity(tzn)

Ftot(Vxnmnph) '

(Fyot(Vxtnph) — Fo(Vx(nph)) 100" N

kmM gross'd N n hp
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Cruise Power Demand Curve
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