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Exterior Lighting System

Automotive system design models
Animated Symbols
Real-time Displays
Variables (temperature)
User derived messages in output
State Machines



Exterior Lighting System

BatteryBattery Wiring & Wiring & 
ProtectionProtection

Head LampsHead Lamps Tail LampsTail Lamps Flash LampsFlash Lamps

User ControlUser Control



Automotive Library

Automotive Library
Power Storages

Wires

Battery - Basic Model
Battery
Fuel Cell

Wire - Thermal static
Wire - Thermal dynamic
Wire - Thermal dynamic II
Wire with Thermal Pin
Wire - Advanced
Wire - Advanced II
Gauge based

Fuses

Wire - Thermal static
Wire - Thermal dynamic
Wire - Thermal dynamic II
Wire with Thermal Pin
Wire - Advanced
Wire - Advanced II

Fuse - Single Element
Fuse - Double Element
Fuse - Advanced
PPTC (Three RC combinations)
PPTC (Two RC Combinations)

Lamps
Lamp - Filament
Lamp - Single Filament
Lamp - Double Filament
Lamp - Advanced

Relays
Relay - Normally Open
Relay - Normally Closed
Relay - One Pole, Two Throws
Relay - Two Poles, Two Throws
Relay - Two Poles, Cross-Strap

Spark Plugs
Spark Plug

Machines
Alternator - Transient Model
Alternator - Average Model
Alternator - Current Source
Starter
DC Machine

Mechanical Models
Inertia
Friction
Fan
Ideal Gearbox
Gearbox with Losses

PWM Models
PWM
PWM Switch
PWM Load
Flasher Switch

Connectors
Inline Terminal Pair
Eyelet Terminal

Engine Models
Engine - Speed Source
Engine - Dynamic Model

Components Used

Automotive Library
Power Storages

Wires

Battery - Basic Model
Battery
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Wire - Thermal static
Wire - Thermal dynamic
Wire - Thermal dynamic II
Wire with Thermal Pin
Wire - Advanced
Wire - Advanced II
Gauge based

Fuses

Wire - Thermal static
Wire - Thermal dynamic
Wire - Thermal dynamic II
Wire with Thermal Pin
Wire - Advanced
Wire - Advanced II
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PPTC (Three RC combinations)
PPTC (Two RC Combinations)

Lamps
Lamp - Filament
Lamp - Single Filament
Lamp - Double Filament
Lamp - Advanced

Relays
Relay - Normally Open
Relay - Normally Closed
Relay - One Pole, Two Throws
Relay - Two Poles, Two Throws
Relay - Two Poles, Cross-Strap

Spark Plugs
Spark Plug

Machines
Alternator - Transient Model
Alternator - Average Model
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Starter
DC Machine

Mechanical Models
Inertia
Friction
Fan
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Gearbox with Losses

PWM Models
PWM
PWM Switch
PWM Load
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Connectors
Inline Terminal Pair
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Engine Models
Engine - Speed Source
Engine - Dynamic Model



Model Structure

Yt

Y t

fuse1_5Amp

fuse2_15Amp

rlyno1

S1

elt7

Y t

Y t

D1 D2

Battery
- +

Battery

VBus

Bus Voltage and Circuit ProtectionBus Voltage and Circuit Protection

Hazard Flasher ModelHazard Flasher Model

LeftLeft
HeadlampHeadlamp

RightRight
HeadlampHeadlamp

Low and High BeamLow and High Beam Tail LampsTail Lamps

Park LampsPark Lamps

Park Lamp SwitchPark Lamp Switch

Ext. Light SwitchExt. Light Switch

HighHigh--LowLow--Beam SwitchBeam Switch



Switch Control

Yt

LightSwitch

Enter Data Manually and save…Enter Data Manually and save… …… or read measurement data from fileor read measurement data from file



Where To Get Data?

2D, 3D, multi 
dimensional 
lookup table

# L1

# C1

NL

NL_Charact

YZ

X

V3DLUT

E1 Y t

V_LUT

M3 ~B
A

C

IM1

Y t
M_LUT1

• Characteristics

• Stimuli

• Loads

Data Acquisition

Data Transfer

Data Processing



Hazard Flasher

Yt

rlyno1

S1

elt7



Behavioral Relay Model

Rsup

LCoil

RCoil

ROn

S1

drvp

drvm

no

com

ON_DIS

DELAY_OFF_ON

DELAY_ON_OFFLCoil.I >= IPULL

LCoil.I <= IDROP

lon

loff
OFF_DIS

DEL: loff##tdbrk

DEL: lon##tdmk

EQU

IPULL := VPULL/RCoil.R
IDROP := VDROP/RCoil.R

A+ 
AM1

+ 
V

VM1

CCoil

• Fast!

• Easy model 
generation

• Good numerical 
behavior



Temperature Zones

Ambient TemperatureAmbient Temperature

Engine Compartment TemperatureEngine Compartment TemperaturePassenger Compartment TemperaturePassenger Compartment Temperature



Initial Temperature Definition

ICA:

T_a := 23   Ambient Temperature (local)

T_pc := 20   Passenger Compartment Temperature

T_ec := 40   Engine Compartment Temperature

Init_Temps

AdvancedAdvanced
SIMPLORERSIMPLORER

WireWire
ModelModel



Temperature Modification

T_PC_Low T_PC_High

T_EC_Low T_EC_High

t > 20

t > 30

Set Passenger Set Passenger 
Compartment Compartment 
Temperature to 30CTemperature to 30C

Any Quantity or Any Quantity or 
parameter can be parameter can be 
modified by a state modified by a state 
machine while the machine while the 
simulation is runningsimulation is running



Simulation Results
Battery.soc
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Simulation Results
LH_Lamp.i1
LH_Lamp.i2
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Simulation Results
wire2.i
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Animated Symbols

Park Lamp Switch ONPark Lamp Switch ON
Hazard Flasher OFFHazard Flasher OFF

Park Lamp Switch ONPark Lamp Switch ON
Hazard Flasher ONHazard Flasher ON

Park Lamp Switch OFFPark Lamp Switch OFF
Hazard Flasher OFFHazard Flasher OFF



EPA23 Drive Cycle

rotEngine

engine_ss1

R_Misc Heated_Backlight HeadLamps R_Wipers Heated_Seats HeatBlwr

S1 S2 S3 S4 S5 S6
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Automotive Library

Load Profile Description Using Lookup Tables

p

m

+ 
V VM1

#

VIC1

cont:=1, load on

cont:=0, load off

TS1

R1 R := 100Meg

cont

Load with characteristic

Simple Load



SIMPLORER Sheet-Scan 



Speed(RPM) Current(Amps) Speed(Rad/Sec) Current(Amps)
1111.07 0.203348136 116.3509783 ; 0.203348136 ;

1606.921667 49.7342546 168.2764434 ; 49.7342546 ;
2102.773333 74.70896336 220.2019085 ; 74.70896336 ;

2598.625 90.49902608 272.1273736 ; 90.49902608 ;
3094.476667 98.46739404 324.0528388 ; 98.46739404 ;
3590.328333 103.8722102 375.9783039 ; 103.8722102 ;

4086.18 108.789193 427.903769 ; 108.789193 ;
4582.031667 110.9760761 479.8292341 ; 110.9760761 ;
5077.883333 113.1787723 531.7546992 ; 113.1787723 ;

5573.735 115.4705355 583.6801643 ; 115.4705355 ;
6069.586667 117.6994333 635.6056294 ; 117.6994333 ;
6565.438333 119.4930878 687.5310945 ; 119.4930878 ;

7061.29 121.20174 739.4565596 ; 121.20174 ;
7557.141667 122.3158945 791.3820247 ; 122.3158945 ;
8052.993333 123.3720833 843.3074898 ; 123.3720833 ;

8548.845 123.7217884 895.232955 ; 123.7217884 ;
9044.696667 124.0779392 947.1584201 ; 124.0779392 ;
9540.548333 124.5570288 999.0838852 ; 124.5570288 ;

10036.4 124.7650305 1051.00935 ; 124.7650305 ;

Sheet-Scan Generated MS/Excel File 



Drive Cycle Results
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Conclusion

Automotive Library
Multiple Accuracy Levels
Comprehensive Set of Components
Including first level battery & fuel cell model

State Machines
Easy to use for system modification and observation

External Data
Sheet-Scan – easy data acquisition
Flexible external data interface


