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System Structure
Power Generation

Engine, Generator, 
Fuel Cell, Charging  

Station

Electrical 
Distribution System

Wire Harness, Loads, 
Fuses etc.

Power Storage

Battery, Ultra-
Capacitors

Inverter Traction Motor Mechanical Load

Control

12V-42V
400V
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Design Issues

Electrical system design
Power management
Power electronics

DC/DC Converter
Inverter

Controls
Fuel cell controller
Battery charger
Motion controller

Machine design
…



Traction System Inverter & Machine
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BA CSYMPOD1

R1 := 1 L1D := 9.2m
L1Q := 9.2m
KE := 0.334

P := 3
J := 5.55m

Synchronous Machine
permanent excitation

IGBT1 IGBT2 IGBT3

IGBT4 IGBT5 IGBT6

Static electrical 
component models are 
sufficient for system 
level analysis

Speed

Electrical behavior

Permanent Magnet 
Synchronous Machine 
from Basic Library

Sufficient Accuracy for 
Controller design

Fast



Load Torque Definition

Yt

M_LOAD

LOAD := SYMPOD1.N*0.00065 + M_LOAD.VAL

Speed Proportional Friction + External load Torque



d-q-Phase Transformation

ICA:

EQU

TP := 0.0002
ustmax := 10.

TEa := (ya / ustmax + 1) * TP2

TEb := (yb / ustmax + 1) * TP2

TEc := (yc / ustmax + 1) * TP / 2.
theta_el := SYMPOD1.PHIDEG * PI / 180.yalph := cos(theta_el) * yd.VAL - sin(theta_el) * yq.VAL

ybeta := sin(theta_el) * yd.VAL + cos(theta_el) * yq.VAL
ya := yalph
yb := -0.5 * yalph + ybeta * sqrt(3.) / 2.
yc := -ya - yb

t0a := 0
t0b := 0
t0c := 0

i1alph := SYMPOD1.I1A
i1beta := (SYMPOD1.I1A + 2 * SYMPOD1.I1B) / sqrt(3.)
i1d := i1alph * cos(theta_el) + i1beta * sin(theta_el)
i1q := i1beta * cos(theta_el) - i1alph * sin(theta_el)

Control Signal Generation / Phase Transformation

theta_m := theta_el / 3.

Vector control based on d-q transformation

d-q transformation using built in math engine

On-time computation for phase A and B for inverter 
control based on Controller output data



Speed and Torque Control
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Controller design using block 
diagrams

Speed Profile from Data  
File

Reference Torque 
Determination



State Machine Based PWM

P21

z2 := 1
z5 := 0

P22

z2 := 0
z5 := 1

t - t0b >= TP

t - t0b >= TEb

t0b := t

P11

z1 := 1
z4 := 0
t0a := t

P12

z1 := 0
z4 := 1

P31

z3 := 1
z6 := 0
t0c := t

P32

z3 := 0
z6 := 1

t - t0c >= TP

t - t0c >= TEct - t0a >= TEa

t - t0a >= TP

t
t0a := t

ICA:
TP := 0.0002
ustmax := 10.
t0a := 0
t0b := 0
t0c := 0

TEa

TP

t - t0a >= TEa

t - t0a >= TP

EQU

TEa := (ya / ustmax + 1) * TP2

TEb := (yb / ustmax + 1) * TP2

yalph := cos(theta_el) * yd.VAL - sin(theta_el) * yq.VAL
ybeta := sin(theta_el) * yd.VAL + cos(theta_el) * yq.VAL
ya := yalph
yb := -0.5 * yalph + ybeta * sqrt(3.) / 2.
yc := -ya - yb

TEc:=(yc / ustmax + 1) * TP / 2.



Simulation Results
Phase Currents
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System Level Analysis

Yt

Yt
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D1 D2
Battery- +
Battery

VBus

Overall Vehicle Performance, 
Emissions, Fuel Economy …

Electrical System, Battery 
State of Charge, Power 
Balance



Advisor 2002
• General Vehicle 

Simulation Program

• Emissions, Fuel 
Economy

• Simulink based 
Application

• Graphical User 
Interface

• Lots of predefined 
Vehicle 
Components

• Drive Cycle Data 
Base



Vehicle Setup



Drive Cycle and Electrical System

Electrical Auxiliary Load Definition



Co-Simulation
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Engine Speed, Control Signals for 
Electrical Loads
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Generator Power

Bo
th

 S
im

ul
at

or
s 

ru
n 

si
m

ul
ta

ne
ou

sl
y

• Constant Time Step (usually 1s)

• Power Balance, Fuel Economy etc.

• Variable Time Step (10us to 
100ms)

• Complete Electrical Analysis



Vehicle System Setup

• Automatically 
generated Simulink 
model from user inputs

• Additional 
SIMPLORER-Advisor 
link block



Electrical System Setup
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Generator Model
EQU

X Y

NL

XY1

NL1
I_main

sp

vset

vbus

vbus := VM1.V

D1

CONST

CONST GAIN

I LIMIT
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Max. current vs. speed characteristic of the generator

Transfer of control quantity to 
the electrical network

Bus voltage detection

Advisor Speed Input

Speed Ration Adaptation



Load Models
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cont:=1, load on

cont:=0, load off

TS1

R1 R := 100Meg

cont

• Switch controlling ON or 
OFF

• Non-Linear Voltage 
Controlled Current Source 
for Load Characteristic



Simulation Result
State of Charge
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Conclusion

Easy drive system modeling with direct model 
import capability from Maxwell
Control, electrical and mechanical effects in one 
model
Direct Co-Simulation capabilities with Advisor
Comprehensive evaluation of complex vehicle 
setups and interactions
Fast
Easy to use


