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Simulation of the complete 
system

• Multiple domains
– Mechanical
– Hydraulic
– Electrical
– Thermal

• Different levels of 
abstraction
– Conceptual
– Behavioral
– Component level
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Complete systemComplete system Power systemPower system

The power system can not be The power system can not be 
modeled as an ideal system modeled as an ideal system 

From the system level to the 
subsystem level

• The power system involves:
– Losses
– Dynamic limitations
– Temperature issues
– Failures
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System and subsystem 
design

The power system architecture is defined The power system architecture is defined 
based on the system requirementsbased on the system requirements

The architecture can be implemented with:The architecture can be implemented with:

Commercial modulesCommercial modules
Custom made modulesCustom made modules

There is a wide list and 
are already tested Are developed to meet 

specific requirements 
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DC/DC converters: device level

Design

Model development (Component level)

Module simulation 

Physical implementation

Verification 

11

Custom made modules implementation stepsCustom made modules implementation steps::

22

33

44

55

Component level model used in the complete Component level model used in the complete 
system simulationsystem simulation

AdvantagesAdvantages

AccurateAccurate
Provides detailed informationProvides detailed information

DisadvantagesDisadvantages

SlowSlow
Provides unnecessary informationProvides unnecessary information
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DC/DC converters: system level

Select based in the datasheet information

Physical verification

11

Commercial modules implementation steps: Commercial modules implementation steps: 

22

Commercial convertersCommercial converters

DisadvantagesDisadvantages

In most cases component or average level model In most cases component or average level model 
can not be obtainedcan not be obtained
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System level simulation
Power systems simulation requirePower systems simulation require

Fast models for Fast models for 
complex complex 

simulationssimulations

Models that provide the Models that provide the 
necessary information in each necessary information in each 

casecase

Models with different Models with different 
levels of abstractionlevels of abstraction

Models with multiple Models with multiple 
domains simulationdomains simulation

Obtained from commercial and custom made Obtained from commercial and custom made 
modulesmodules
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Example: Airbus A400M
DimensionsDimensions
Overall Length  45.1 m
Wing Span 42.4 m
Overall Height 14.7 m

Cargo Box DimensionsCargo Box Dimensions
Length (excluding ramp) 17.71 m
Ramp Length 5.40 m
Width 4.00 m
Height 3.85 m
Height (aft of wing) 4.00 m

Weights (2.25g)Weights (2.25g)
Max. Take-off Weight 136.5 t
Max. Landing Weight 120 t
Max. Payload 37 t
Total Internal Fuel 47.7 t
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Power subPower sub--system examplesystem example

ConvertersConverters

• +28V to +48V
• +28V to +15V
• +28V to +5V
• +5V to +3.3V
• +5V to -5V

FiltersFilters
•Eight filters

Subsystem design (Airbus 
A400M)
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Modeling approaches
• Switch level models

– Are based directly on the structure
– Provide information for each 

component in every switching 
cycle

• Averaged models
– Switching information is lost but 

structure is kept
– There are several techniques like:

• State space averaging
• Averaged switch modeling

• Behavioral models
– Based on the input-output 

behavior
– The model is a black box, the real 

structure is lost
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Modeling approaches

Switched circuit

Averaged (SMPS library)

Behavioral

1.88

3.61

3.00

259.47u 499.18u400.00u

Transient response

    R1.V ...
    R2.V ...
   R3.V ...

Switched circuit
Averaged
Behavioral

Comparison of a switch level circuit, an Comparison of a switch level circuit, an 
averaged model and a behavioral averaged model and a behavioral 

approximation  approximation  
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Behavioral models capabilities

Input power

Total losses
Load change

Efficiency and losses calculationEfficiency and losses calculation

• Behavioral models
common uses
– Efficiency calculation
– Transient responses
– Temperature calculation
– Stability
– Failures simulation

Three currents with 
simulated deviations

One converter 
fail

Compensation 
of other 

converters

Input current 
at startup

Bus voltage

Output 
voltage

Load step

Failure simulationFailure simulationTransient responseTransient response
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Behavioral model advantages

Circuit implementationCircuit implementation

Is not necessary to know the 
real structure

Models can be obtained 
form commercial and 
custom made converters

The model can be adapted 
to the get required 
information for each test.

VHDLVHDL--AMS implementationAMS implementation
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Averaged model advantages
The effect of each 
component in the design 
can be analyzed

Provide a more accurate 
dynamic behavior

Plus all information of 
behavioral models

Averaged Forward with active clamp Averaged Forward with active clamp 
from SMPS libraryfrom SMPS library
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Switched model advantages

• Provides information 
about the instantaneous 
stresses for each 
component 

• EMI effects can be 
analyzed

• Plus all information in 
behavioral and averaged 
models

Switch level Forward with active Switch level Forward with active 
clamp from SMPS libraryclamp from SMPS library
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Simplorer SMPS library
SMPS library contains a SMPS library contains a 
wide list of averaged  wide list of averaged  
and switch level modelsand switch level models
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From System to Device and vice-
versa
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Device Level with Device Level with PExprtPExprt. Step 1: Design. Step 1: Design
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PExprtPExprt. Step 2: Select & Compare. Step 2: Select & Compare
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PExprtPExprt. Step 2: Select & Compare. Step 2: Select & Compare
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PExprtPExprt. Step 3: Optimize. Step 3: Optimize

Non-Interleaved SolutionNonNon--Interleaved SolutionInterleaved Solution

Interleaving ApplicationInterleaving ApplicationInterleaving Application
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PExprtPExprt. Step 4: Simulate. Step 4: Simulate
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PExprtPExprt. Results: . Results: SimplorerSimplorer ModelModel

PExprt Model

Over-Voltage at the Switch because 
of the leakage Inductance

Converter Losses: 1.7 W

Saturation & Hysteresis



UPM

PExprt Example 1:
Buck Converter 
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Step 1: Select the topology

Buck Converter

Decide to use 
either average 
or switch level 

Buck Converter 
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Step 2: Simulate in Simplorer with SMPS library

Use switch level Buck Converter from SMPS library

Change duty cycle 
and inductor value 
to achieve desired

output voltage
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Step 3: Design Inductor with PExprt

Build a waveform 
based inductor or 

buck converter in PExprt

Easy transition from 
Simplorer to PExprt
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Step 3: Design Inductor with PExprt

PExprt design results, including constructive data

Run the PExprt 
model and select 

the design 
you prefer
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Step 4: Generate Model

Can include core non-linear effects 
using Jiles-Atherton model if the core 

is operating in the nonlinear range 
(usually this is a bad design)

Generate a 
1D Analytical
or a 2D FEA 
based model 



UPM

Step 5: Import PExprt Model into Simplorer

Use Simplorer PExprt 
link to substitute ideal 

inductor with 
PExprt model
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Step 6: Simplorer Simulation With PExprt Model

PExprt Model and Symbol

Simulate the PExprt 
model in Simplorer
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Step 7: Load Step Test: Feedback loop is needed

Load step 
reduces current

and device moves 
to discontinuous

mode

Non-Regulated 
Output Voltage

Spike occurs 
since no control 

loop is used
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Step 8: Design Feedback Loop in frequency domain

Design of the control loop
with AC analysis of the Converter

Specifically, select R and C 
in the PID controller

Add PID 
controller
from the 

SMPS library

This controls 
duty cycle of 

switch to 
maintain
constant 

output voltage
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Step 9: Feedback Loop Test: Time Domain
Finally, return to the time domain analysis 
to see how the buck converter performs

Regulated Output Voltage

PID regulator from the SMPS library

Load Step
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PExprt Example 2:
Forward Converter 
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Summary of Design Process

Simplorer

PExprt

PEmag

Simplorer

11

22

33

44

55

Basic design using Simplorer

Study saturation effects using JA Model 

Detailed design using PExprt

Model Generation with PExprt Modeler [PEmag]

Use Simplorer to simulate the detailed PExprt 
model
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Step 1: Basic topology design in Simplorer

“Simple” transformer
with Jiles-Atherton 
model (No leakage 

inductances, no 
winding resistances)

Since no leakage inductance, no 
over-voltage at the switch (and 
MOSFET cannot be selected)

Converter Losses: 1W
(core only, no winding 

losses included)

Converter output 
voltage can be checked

based on duty cycle chosen
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Step 2: Study saturation effects using JA Model 

As load is increased the JilesAs load is increased the Jiles--Atherton core model shows Atherton core model shows 
saturationsaturation

“Simple” Xtrf with
JA Model

Impact of the saturation on current waveform

Inductor Saturation
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Step 3: Detailed design using PExprt

Easy transition from Simplorer to PExprt

Use PExprt 
to include 
leakage

inductance 
and 

AC winding 
resistance for 

MOSFET 
selection and 
for efficiency
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Step 3 (cont): Detailed design using PExprt

PExprt design results, including 
performance results and constructive data
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Step 4: Model Generation with PExprt Modeler

Very easy procedure to generate
Simplorer model, including the symbol
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Step 5: Simplorer analysis using PExprt model

PExprt 
Transformer

Model

Over-Voltage at the Switch because 
of the leakage Inductance

Converter Losses: 1.7 W
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