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Steady state motion equation:

1 )
F; = myg(sina + fcosa) + ECWAvpavg Ty |myg(sina + fcosa) + %pacWAvvgl
Myigpi = M = 3
Frp = n—2—4 Lo Tablra
T J

Actual engine speed:

lgblfg
rW

We = Uy

Actual engine power:

P, = w.M,
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The actual fuel mass flow rate (based on the brake specific fuel consumption
characteristics):

Thf = bspecpe lkTg]

Attention: the unit of the BSFC is usually [kWh

The actual fuel mass flow rate (based on the effective efficiency of the engine):
Fe

me = —————
T NeerrHy

The BSFC and the effective efficiency can be determined from each other.
The fuel consumption on 100km:

My

V, = 108
UvPf

[1/200 km]
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How much is the actual fuel consumption (related to 100km) of the vehicle that has
15 tons, it runs up on a 5% angle slope with 70km/h. The speed is constant, the

engine’s actual effective efficiency is 35%.

Given data: the fuel heat capacity 44.8 MJ/kg, fuel density 830 kg/m?3, vehicle’s front
area and drag coefficient: 5 m? and 0.4, rolling resistance: 0.015, air density: 1.2

kg/m3,
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How much is the actual fuel consumption (related to 100km) of the vehicle that has
15 tons, it runs up on a 5% angle slope with 70km/h. The speed is constant, the
engine’s actuel effective efficiency is 35%.

Given data: the fuel heat capacity 44.8 MJ/kg, fuel density 830 kg/m?3, vehicle’s front
area and drag coefficient: 5 m? and 0.4, rolling resistance: 0.015, air density: 1.2
kg/m3,

a = arctg(0.05) = 2.86°
1
F; = mg(sina + fcosa) + ECWA/ov2

2
1 70
= 10000 - 9.81 - (sin2.86° 4+ 0.015 - c0s2.86°) + 5 0.4-5-1.2- (ﬁ) = 6818N

70
Pir = Ferv = 6818 - 5— = 132575W

108P, 108 - 132575
MmeffHrV0r  035.44.8.106 -3¢+ 830
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Dynamic fuel consumption simulation

Presumptions:

The venhicle speed is higher than the minimum stable speed,
The vehicle runs on flat ground,
The time of gear changing in negligible.

Boundary conditions:
The input (reference signal) vehicle speed profile in function of the time

Simplified driver model:

Throttle control input (0SUy,oi1e<1)
Brake control input (Osu,,,<1)
Gear selection control
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Fuel consumption simulation — vehicle motion equations
.o 2
6mv5v - Ftr _ Fbrake - mvgf - EpanAvvv

B Meigpisgn

TW
e — —_—

Ftr

Tw
M, = UtnrottieMe max(we) - maximum torque charasteristic is given
Fp = UprakeFprake max - Maximum brake force is also given
vy, < Vimie - Speed limit
My = bspecPe - BSFC characteristic is given
my

Ve =
! PfVy
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Actual gear selection: the selected gear should provide the the smallest difference from
the pre-given target engine speed:
We aimTw

lgb,aim =

; gb gb,i|,. . o
Uy lfg |lgb,aim—lgb,i|=‘mm!, i=1,2,...n

The state change of the throttle control is proportional with difference between the actual
and the target vehicle speed (with a tolerance interval):

_Pthrottle (vv - vref + vtol)r if Uy — vref < —Vtol

= 0, if |vv — vref| < Vo1 ,but 0 < Uiprottie < 1
_Pthrottle (vv - vref - vtol): if Uy — vref > Vtol

The state change of the brake control is proportional with difference between the actual

and the target vehicle speed (with a tolerance interval). There is no throttling and braking
at the same time:

Pbrake (Uv - vref + vtol)r if Uy — vref < —Vtol

Pbrake (Uv — VUrer — vtol)r if Uy = VUref > Vtol
0» lf uthrottle>o

duthro ttle
dt

dUprake
dt
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W Function Block Parameters: Integrator

Integrator

Continuous-time integration of the input signal
Parameters

Extemal reset: none

Initial condition source: intemal

Initial condition:
v L0

Limit output

Upper saturation limit

Lower saturation limit

Ainf

[7] Shaw saturation part

[T Show state port

Ahbsolute tolerance:

auto
[7] Ignore limit and reset when linearizing
Enable zera crossing detection

State Name: [e.g., 'position]

R

ot [ ceneel ||

Help

Apply

A

B

2

W Function Block Parameters: Integrator

Integrator

Continuous-tims integration of the input signal.
Parameters

Extemal reset: |none

Initial condition source: internal

Iritial condition:

0

Lirit awtpLt

Upper saturation limit:

Lower saturation fimit:

[t}

[7] Show saturation port

[7] Show state port

Absolute tolerance:

auta
[ Ignore limit and reset when linearizing
Enable zera crossing detection

State Mame: (e.q., 'position’]

ok [ Cancel ||

Help Apply

C
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W Function Block Parameters: Integratorl

Integrator

Continuous-tims integration of the input signal

Parameters
Extenal reset
Irilial condtion source: intemal =

Initial condition:
o

Limit output

Upper saturation limit:

1

Lower saturation limit

o

[] Show saturation port
[] Show state port
Absalute tolerance:

auta

[] gnore limit and raset when linsatizing

Enable zera crossing detection
State Name: [e.q., 'position’]

Help

ok [ Caneel [ Apply

D

W Function Block Parameters: v_ref

ﬂ Function Block Parameters: M_nevl

W Function Block Parameters: b_spec

Lookup

Perform 1-D linear interpalation of input walues using the specified table.
Extrapalation is performed autside the tabls boundaries

Signal Attributes

Wector of input values. i
Table data:[v_ref_lu

Lookup method: Interpolation-E strapolation

Lookup

Signal Attributes

Partarm 1-D linear interpolation of input walues using the specified table:
Extrapulation is performed outside the table boundaries

Wector of input values: w_mot_lu

Table data: M_mol_lu

Lookup

Perform 1-01 linear interpalation of input values using the specilied table.
Extrapolation is performed autside the table bourdaries

Signal Atiibutes

Wector of input valuss: | w_mat_lu

Table dats |b_mot_lu

Lookup methnd: | nterpolation-L se End Yalues [=] Lookup method: Interpalation-Lse End Values [=]
Sample time (-1 for inherited: -1 S ample tme (-1 for inherted]: -1 Sample time (-1 for inhested -1
ok | cancel |[ el Beply ok [ camcel | Heb fpply

QK “ Cancel ][ Help Apply

8| Function Block Parameters: i_sv

==

Lookup

Peiform 1-D linear interpolation of input values using the specified table.
Extrapalstion is perfarmed autside the table boundaries.

Signal Attributes

Wectar of input values: ([

Table data: fliphli_sv_lu)

Lookup method: Use Input Nearest

Sample time (1 for inherited)[-1

ok [ Coneel |[ Heb Bpely
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m_j=15000; % [kg].vehicle mass % Configuration Parameters: Fogyasztas_szimulacio/Configuration (Active) [&J
delta=1.1; % [-] rolling mass factor
A_j=5; % [m"2] front area Select: Sirnulation time
c_w=0.5; % [-] drag coefficient - Sover T Stop time: 300
-+ [ ata Import/E wport
i_va=3.5; % [-] final gear ratio ""gF'“"“iza:_i"” Salver opfions
=0.4: 9 i i -~ Diagnostics

r—k_0'4' _A:) [m] wheel ro."mg I’c’:l.d!US . i G ample Time Tupe: Yariable-step E Salver: oded5 [Dormand-Frince) E
eta=0.95; % [-] mechanical efficiency of the powertrain . : i

Data Validity b an step size: auto Relative tolerance:

Type Conversion Min step size: auto Abolute tolerance: auto
F_fek_max=100000; % [N] max brake force Cornectivity in p = ;

Compatibility Initial step size: auto
f=0.015; % [-] rolling resistance factor - Model Referencing Zero crossing contral|Use local settings [=]
rho_I=1.293; % [kg/m"3] air density H“'"dSa\-'ln? | et [ &utomatically handle data transfers betwesn tasks
g=9.81; % [m/s"2] gravitational acceleration areale mpeTeranen [ Higher priority value indicates higher task priority
rho_t=830; % [kg/m~3] fuel density EDdlefaiv"animﬁ

= ?aé e tor shap Solver diagnostic controls
. . i~ Comments
W__m(_)t_CEI:J-SOO*Z*pl/‘SO; % [rad(s] target engine speed Symbols Humber of consecutive min shep size violations allowed: 1
v_limit=90/3.6; % [m/s] speed limit . Custom Code Conzecutive zero crossings relative tolerance: 104128 eps
v_tol=1/3.6; % [m/s] speed tolerance interval Debug R i P 1000
b rterface umber of conzecutive zero crossings allowed:

% Engine characteristics
w_mot_|u=[0 800 1000 1500 2000 2500 2600]*2*pi/60; % [rad/s]
M_mot_lu=[0 560 650 660 600 500 O]; % [Nm]
b_mot_lu=[500 230 215 200 210 220 500]; % [g/kWh]
% Gear ratios
isv lu=[6.33.52.11.410.8]; % [] oK H Cancel ” Help Aprly

% Driver model
P_gaz=0.2; % [1/m] throttle controller proportional part
P_fek=0.05; % [1/m] brake controller proportional part

% Reference speed profile
t lu= [0 20 40 80 200 220 250 300]; % [s]
v_ref_lu=[10 50 50 70 70 50 50 10]/3.6; % [m/s]

%Initial conditions
V_j_0=1000*2*pi/60*r_k/i_vali_sv_lu(1); % [rad/s] initial vehicle speed
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Thank you for your attention!

Budapest University of Technology and Economics
Department of Automotive Technologies

Stoczek u. 6

H-1111 Budapest, Hungary

http://www.gjt.ome.hu




