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Exercise 4: Understand the 
Simulink Models and their 
Organization



From the data Analysis Tab, Open a Simulink Model
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Right Click on Run
Results and Select 
Open Model



The Same Architecture is Used in Simulink
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Vehicle Powertrain 
Controller (VPC) 
represents high 
level control

Vehicle Powertrain 
Architecture (VPA) 
represents the 
powertrain systems 
and their low level 
controllers

Environment



Under the VPA, we Find Systems and Subsystems
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Systems

Engine Subsystems



Simulink Structure Follows Structure Defined in 

Autonomie
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Engine System in 
Autonomie

Engine System in 
Simulink
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eng_spd_in
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eng_trq_out

eng_inertia_out
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plant_bus

1

system_info_bus_out

main_inf o_bus_in

outporteng_ctrl_cmd_on_simu

outporteng_ctrl_cmd_simu

parameter_selection

inporteng_plant_on_simu
inporteng_plant_cmd_simu
inporteng_plant_trq_out_simu
inporteng_plant_spd_out_simu
inporteng_plant_stat_simu
inporteng_plant_hc_simu
inporteng_plant_co_simu
inporteng_plant_nox_simu
inporteng_plant_pm_simu
inporteng_plant_o2_simu
inporteng_plant_ex_plant_gas_f low_simu
inporteng_plant_ex_plant_equiv _simu
inporteng_plant_f uel_rate_simu
inporteng_plant_f uel_cum_simu
inporteng_plant_htrej_rate_simu
inporteng_plant_htrej_cum_simu
inporteng_plant_exterior_temp_simu
inporteng_plant_temp_coef f _simu
inporteng_plant_ex_plant_gas_temp_simu

sy stem_inf o_bus

plant_bus

parameter_out

eng on

eng cmd

eng_trq_in eng_inertia_in

eng spd

eng_plant_on_simu
eng_plant_cmd_simu

eng_plant_trq_out_simu
eng_plant_spd_out_simu

eng_plant_stat_simu
eng_plant_hc_simu
eng_plant_co_simu

eng_plant_nox_simu
eng_plant_pm_simu
eng_plant_o2_simu

eng_plant_ex_gas_f low_simu
eng_plant_ex_equiv _simu
eng_plant_f uel_rate_simu
eng_plant_f uel_cum_simu
eng_plant_htrej_rate_simu
eng_plant_htrej_cum_simu

eng_plant_exterior_temp_simu
eng_plant_temp_coef f _simu

eng_plant_ex_gas_temp_simu
eng_trq_out eng_inertia_out

eng_spd_in

eng_plant_hot_map

local_bus_in

ToWorkspace
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eng spd

2

eng_trq_in

eng_inertia_in

1

main_info_bus_in

Model Plug&Play Capability Provided by 

“Wrapper” 
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From Library 
Simulink Model

First block automatically built to select 
the required input parameters, change 
units and data type

Last block automatically built to change 
units (SI) and data type before sending 
the information to a bus to make them 
available to other systems

Engine Plant Saves signals to 
the workspace



Every System and Subsystem has its Own Bus
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.

.

.

Buses are 
Compiled into 
One Main Bus

.

.

.

And made 
Available to 
All Systems

Buses are 
Compiled into 
Single Bus for 
Each System

Ctrl

Plant

Each Lowest
System has 
its Own Bus
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SI Units Recommended for All Models

Value Units

Torque Nm

Rotational Speed rad/s

Force N

Linear Speed m/s

Current Amps

Voltage Volt

Power Watt

Energy Joule

Rotational Acceleration rad/s2

Linear Acceleration m/s2

Weight kg
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ÂBased on four parts:

ÂType of component (e.g.: eng = engine)

ÂType of model (e.g.: ctrl = control)

ÂType of data (e.g.: trq = torque)

ÂComplement of information (e.g.: max = maximum)

ÂAll the model parameters and variables are composed using 
these parts

Naming Nomenclature - Component Models
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Vehicle Simulation Loop (i.e., conv.)

T,J T,J T,J F,MT,J

Eng

Torque

Converter/Clutch TX FD WH VEH

1/s

VWWWW

Start

End

Carrying the inertia to the vehicle allows to limit the number of integration 
(1/s) as well as avoid derivative equations
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Library Models Follow I/O Standard

Model

1st Output(s): Info signal

(Tout ,Jout) or Vout

ɤin or I in

(Tin ,Jin) or Vin

ɤout or Iout

(N-1)th Input = Effort In

Nth Input = Flow Out

First Input(s)= Command

(M-1)th Input = Effort Out

Mth Input = Flow In
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Example: Engine Model (eng_plant_map_hot)

Model

Info

Teng, J

Win

On/Off, PWM

Tstarter, J

Wout

)(max WfT =

Â Inputs/outputs

Â Constraints

Second I/O = Effort

Third I/O = Flow
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Engine Model (Cont’d)
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Â Equations

W

T
Wott

Ctt

Â Hypothesis: From a requested torque from the powertrain controller, the 
engine model provides the torque (if within the normal operating 
conditions) and determines the fuel rate and emissions associated with 
the torque and speed. 



Engine Plant Simulink Diagram
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eng_spd_in 20

eng_trq_out

eng_inertia_out
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eng_plant_ex_gas_temp_simu
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eng_plant_temp_coeff_simu

17

eng_plant_exterior_temp_simu

16

eng_plant_htrej_cum_simu

15

eng_plant_htrej_rate_simu

14

eng_plant_fuel_cum_simu
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eng_plant_fuel_rate_simu
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eng_plant_ex_equiv_simu
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eng_plant_ex_gas_flow_simu
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eng_plant_o2_simu
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eng_plant_pm_simu
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eng_plant_spd_out_simu

3

eng_plant_trq_out_simu
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eng_plant_cmd_simu
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eng_plant_on_simu
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[eng_plant_ex_plant_gas_flow_simu]

[eng_plant_ex_plant_equiv_simu]

[eng_plant_co_simu]

[eng_plant_cmd_simu]

eng ON

eng trq

eng stat

eng spd 

f uel cum

f uel rate

fuel rate

[eng_plant_trq_out_simu]
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[eng_plant_spd_out_simu]

[eng_plant_pm_simu]

[eng_plant_on_simu]

[eng_plant_o2_simu]

[eng_plant_nox_simu]

[eng_plant_htrej_rate_simu]

[eng_plant_htrej_cum_simu]

[eng_plant_hc_simu]

[eng_plant_fuel_rate_simu]

[eng_plant_fuel_cum_simu]

[eng_plant_exterior_temp_simu]

[eng_plant_ex_plant_gas_temp_simu]

[eng_plant_ex_plant_gas_flow_simu]

[eng_plant_ex_plant_equiv_simu]

[eng_plant_co_simu]
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eng cmd

eng spd

eng trq

eng_stat_simu

eng trq calc1

f uel rate

eng_trq

eng_spd

eng_temp_coef f _index

eng_ex_temp_gas

eng_htrej_cum_simu

eng_htrej_rate_simu

eng_temp

Thermal Model

-C-

eng stat

eng trq

eng spd

eng_hc_out

eng_co_out

eng_nox_out

eng_pm_out

eng_O2_out

eng_gas_mass_f low

eng_equiv _ratio_hot

Exhaust Emissions
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eng spd

3

eng_trq_in

eng_inertia_in

2

eng cmd

1

eng on
<eng_ctrl_cmd_on_simu>

eng_trq_out

eng_plant_on_simu

eng_plant_cmd_simu

eng_plant_stat_simu

eng_plant_hc_simu

eng_plant_co_simu

eng_plant_nox_simu

eng_plant_pm_simu

eng_plant_o2_simu

eng_plant_ex_gas_f low_simu

eng_plant_ex_equiv _simu

eng_plant_f uel_rate_simu

eng_plant_f uel_cum_simu

eng_plant_htrej_rate_simu

eng_plant_htrej_cum_simu

eng_plant_exterior_temp_simu

eng_plant_temp_coef f _simu

eng_plant_ex_gas_temp_simu

eng_inertia_out<>

<>

eng_plant_spd_out_simu

eng_plant_trq_out_simu

<eng_ctrl_cmd_simu>

Engine 
TorqueComputation
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Electric Motor Model 

(mc_map_Pelec_funTW_volt_in)

Â Equations

),(

max*

TWfPloss

V
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I

TcmdTout
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-
=

=

Â Hypothesis: The motor/controller provides the demanded torque from the 
powertrain controller. The effect of losses and rotor inertia are taken into 
account on the electrical side when calculating the current corresponding to 
the produced torque.  The temperature is taken into account by limiting the 
time allowed above continuous torque.
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Electric Motor Model (Cont’d)

Â Inputs/outputs

Â Constraints

Model

Info
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Â Other Models
ωMap based model with power as input for fuel cell applications 
(mc_map_Pelec_funTW_pwr_in)
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Battery Model (ess_generic_map only)

Â Equations
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Â Hypothesis: Battery pack is modeled as a charge reservoir and an equivalent 
circuit whose parameters are a function of the remaining charge in the 
reservoir. The equivalent circuit accounts for the circuit parameters of the battery 
pack as if it were a perfect open circuit voltage source in series with an internal 
resistance. 
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V

I



18

Battery Model (Cont’d)

Â Inputs/outputs

Â Constraints
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Â Other Models

ωLumped parameter model of ANL Li-ion battery ς
ess_liion_equation_curve_fit_ANL

ωRC model based on PNGV requirements


