
L’Ootee

Oriented Object Tool for

Electrical Engineering



Which best compromise(s) “weight-efficiency” of power converter design ?
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� Increasing number of power converter 
specifications
(aerospatial, hybrid and electric vehicles, smart 
grids…)

� Great number of potential solutions
(topologies and technologies…)
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Issue

Need for “new” simulation tools
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Taking into account

� losses,

� weight,

� cost?

Multi-domain

Fast evaluation of parameter influence

Optimization



A few design tools for switching power supplies

Field: dc/dc or ac/dc conversion of 10… 100 W

Applications: phone charger, PC, TV or server supply…

Main feature: several modules in order to design a PCB (2D)
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State of art

� Suggested topologies

� Magnetic component design

� Semi-conductor library

� design verification analysis (sensivity analysis)

Design tools for electromechanical systems

Speed (Cedrat®) : motor design

Cades (Vesta®) : design tool based on a analytical description of the system

+ DSP designer

+thermal

+ MTBF analysis

+ thermal analysis

� Need for a design tool in High Power Electronics



Tool to facilitate trade-off choices for Power Converter topologies

evaluates losses and weights,

evaluates the influence of parameters (topology and technology choices).
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First objectives

Main features

“Configurable” power converter (multilevel topology and modulation type)

Fast simulation of steady state waveforms

Operating point determination

Technology consideration (component and material database)

Parameter sweep



What is not Ootee?



What is Ootee?



Configurable power converter

Features



Association of switching cells � different converters

Configurable Multi-level Converter

dc /dc (buck or boost)

dc / ac (3 ph inverter)

dc / dc (boost)



Configurable multilevel switching cell

Configurable Multi-level Converter

nStack, nFc, nPar are parameters 

for the multilevel switching cell

nFc = 2

nPar = 1

nPar = 2

nFc = 1
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Configurable Multi-level Converter

References

Modulator
PWMType

Multilevel references

+1

0

Duty(1,:)

Duty(2,:)

Duty(3,:)

Control Library for multi-level inverters

Macr
oCellMacr

oCell
Inverter

Multilevel output voltages

3rd harmonic PWM Space Vector PWM Discontinuous PWM

… 

source:

PhD Cougo 2010



Configurable power converter

Features

Fast steady state simulation



Frequency resolution

adapted to the switching cell behaviour

compromise between 

� accuracy

� computation time

Fast steady state simulation

Test between :

vs



Configurable power converter

Features

Fast steady state simulation

Operation point determination



Example with a motor

Operating point determination

3AC Motor

C, ΩVbus

m,ϕ

source converter

load



Configurable power converter

Features

Fast steady state simulation

Operation point determination

Technology consideration



Technology consideration

Passive components

inductors - level 0: weight = a.Energy+ b. I rms + c

Technological parameters

capacitors - level 0: weight = k. L Î . I rms

Operating point

Example of IGBT base

Active components



Configurable power converter

Features

Parameter sweep

Fast steady state simulation

Operation point determination

Technology consideration



Example with a multi-level Inverter and the number of parallel legs ‘nPar’
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Parameter sweep

Result overlay

Parameter 

considered:

nPar

Command 

window
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Parameter sweep

Other parameter sweeps to find best solutions

multilevel converter in parallel (nPar) or in series (nFc) and level number

switching frequency (fCar)

“semi-conductor” library

“modulation strategy” library

Semi-conductor choice

Modulation 

strategy choice



A “new” simulation tool to help power converter design

configurable power converter

fast steady state simulation

operation point determination

technology consideration

parameter sweep

21

Conclusion

� Sort of best topologies

evaluate losses and weight

evaluate parameter influence



Short term perspectives

Improve software ergonomics

GUI to create electrical circuits

visualization of design and specification parameters

post- processing

Thermal study

mission consideration and heat sink design

Improve filter design

taking into account common mode

Development of an analytical predesign module

Example with a dc/dc converter � extend the principle


