SsMmoart
D CTrl

control design for power electronics

SmartCtrl User's Guide 2024.1
by Power Smart Control S.L.

PSC

Power Smart Control SL



https://powersmartcontrol.com/

SmartCtrl User's Guide

2024.1 version

Contact and Support

Power Smart Control S.L. is dedicated to assisting
and supporting users. For inquiries or assistance,
please reach out to Power Smart Control S.L. via
email at:

support@powersmartcontrol.com

DAl

A

sales@powersmartcontrol.com

SmartCtrl Copyright © 2015-2024 Power Smart Control S.L.
All Rights Reserved.

No part of this User’s Guide may be reproduced or modified in any form or by any means without the written
permission of Power Smart Control S.L.

Notice

Power Smart Control User’s Guide, tutorials or other design advice, services or information, including, but not
limited to, reference designs, are intended to assist designers who are developing applications that use
SmartCtrl; by downloading, accessing or using any particular Power Smart Control resource in any way, you
(individually or, if you are acting on behalf of a company, your company) agree to use it solely for this purpose
and subject to the terms of this notice.

Power Smart Control reserves the right to make corrections, enhancements, improvements and other changes
to its resources.

You understand and agree that you remain responsible for using your independent analysis, evaluation and
Jjudgment in designing your applications and that you have full and exclusive responsibility to assure the safety
of your applications and compliance of your applications with all applicable regulations, laws and other
applicable requirements.
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Disclaimer and limitation of liability

Power Smart Control S.L. makes no representation or warranty with respect to the adequacy or accuracy of this
documentation or the software which it describes. Power Smart Control S.L. does not warrant that the software will be
uninterrupted or that the operation of the software will be error-free. Power Smart Control S.L. disclaims all
representations and warranties, express orimplied, as to the software and documentation, including, without
limitation, any warranty of merchantability, accuracy, completeness, fithess for any particular purpose,
non-infringement, or likelihood of success. In no event will Power Smart Control S.L. or its direct or indirect suppliers
be liable for any damages whatsoever including, but not limited to, direct, indirect, incidental, or consequential
damages of any character including, without limitation, loss of business profits, data, business information, or any
other commercial damages or losses, or for anydamages in excess of the list price for the product. In no event shall
Power Smart Control S.L. aggregate cumulative liability for any claims arisings out of or related to the software exceed
the fees or price paid for the software during the preceding twelve-month period.

In addition, the following aspects shall apply:

1.Changes and updates: Power Smart Control S.L. is committed to continuous improvement in its products,
and, therefore, reserves the right to modify them without prior notification.

2.Accuracy of Information: Despite our efforts to provide accurate information, Power Smart Control S.L. does
not guarantee the accuracy or completeness of the information contained in the software and documentation.
Users assume the responsibility to verify any critical information regarding the software and documentation for
their specific applications.

3.Restrictions on Product Usage and Integration: Unauthorized distribution, replication, or reverse engineering
of the software by users is strictly prohibited without explicit written permission from Power Smart Control S.L.
Additionally, users are prohibited from incorporating Power Smart Control S.L. software as a constituent part of
their own products without obtaining written consent from Power Smart Control S.L.

4.Proper Use: ltis the user's responsibility to use the software in accordance with the instructions provided in
this document and applicable laws. Power Smart Control S.L. shall not be liable for damages resulting from
improper use, negligence, or unauthorized modifications to the software.

5.Liability for Damages/Losses: Power Smart Control S.L. shall not be liable for direct, indirect, incidental,
consequential, or special damages/losses (of any nature, without limitation) that may arise from the use of the
software, even if the possibility of such damages/losses has been advised.

6.Unauthorized Modifications: Any alterations made to the product, tampering with warranty seals, or suspicion
of product modification by users will resultin an immediate nullification of the warranty provided by Power
Smart Control S.L.

7.Regulatory Compliance: Itis the user's responsibility to ensure that the use of the software complies with all
applicable regulations and standards in their jurisdiction.

By using this software, the user agrees to the terms and conditions outlined in this clause of disclaimer and limitation
of liability, and acknowledges having read and understood the contents of this document.
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SmartCtrl
Why SmartCtrl?

Navigation: SmartCtrl >

Why SmartCtrl? Top Next

SmartCtrl is the control designing tool for power electronics. It provides an easy to use interface

for designing the control loop of almost any plant.

It includes the predefined transfer functions of some of the most commonly used power electronics

plants, such as different DC-DC topologies, AC-DC converters, Inverters and motor drives.

However, it also allows the users to import their own plant transfer function by means of a text file.
Therefore, this feature provides flexibility to design an optimize a control loop for almost any

system, the plant, sensor and compensator can be user defined.

In order to ease the first attempt when designing a control loop, an estimation of the stable solutions
space is given by the program under the name of "solutions map". Based on the selected plant,
sensor and type of regulator, the solutions map provides a map of the different combinations of fc

(Crossover Frequency) and phase margin that lead to stable systems.

Thus, the designer is able to select one of the points of the stable solutions space and to change the
compensator parameters dynamically in order to adjust the system response to the user
requirements in terms of stability, transient response, etc. since the program provides, at a glance,
the frequency response of the system as well as the transient response and the compensator
component values for the open loop given features. All of them are real time updated when any

parameter of the system is varied by the designer.
The user can also work in S-domain or in Z-domain, for real digital control applications.

Key Features

v’ Pre-defined transfer functions of commonly used DC-DC converters, Power Factor Correction
converters, sensors and regulators.

© 2024 Power Smart Control S.L.
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v’ Different control techniques for DC-DC converters are supported:
oSingle control loop structures: voltage mode control and current mode control.
oPeak current mode control.
oAverage current mode control implemented by means of two nested control loops

v Capability of designing the controller of any converter by means of:
o Modeling the converter using the basic models provided.
o Importing its frequency response data from a .txt file.
o Defining its transfer function through the equation editor.

v" Capability of designing a generic control system, with customer definition for the plant, sensor
and compensator.

v’ Real Digital control: working directly in Z-domain.
v' Estimation of the stable solutions space ("Solutions Map").
v Sensitivity analysis of the system parameters.

v" Real time updated results of the frequency response (Bode and Nyquist plots), transient
response and the steady state waveforms.

v' Possibility of importing and exporting any transfer function by means of .txt files.

1.2 Program Layout

Navigation: SmartCtrl >

Program Layout Previous Top Next

When SmartCtrl is started, all the available options are shown, and the user can select which of

them is going to use. The aforementioned window is shown below. It is divided into four sections:

© 2024 Power Smart Control S.L.
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SmartCrl =
Dezign a predefined topology Dpen a...
— || DC-DC power stage and ]
J :-l_—l o ] default file
cohtrol circuit design
Ii DC-DC converter - Single loop Iﬁ-D e 1o
Yaltage Made Cantral or ACKC
[ﬂ DL-DL converter %D presdously saved file...
Feak current mode control
[lﬂ DC-DC converter (’D sample design.
Average Current Mode Control =
=L
y FFC Boost converter
[L3
Design a generic topology Design a generic control spstem
s-domain model editar i’ E quation editar

Import frequency rezponze data

fram kst file

Help Cloze

1. Design a predefined topology

This option provides an easy and straightforward way of designing the control circuit of the
most widely used power converters. Through a guided process, the user will be able to select
amongst different control strategies:

*DC-DC Power Stage and Control Circuit Design
*DC-DC Converter- Single loop
Two different control strategies are available in this case: voltage mode control and
current mode control.
*DC-DC Converter - Peak Current mode control
*DC-DC Converter - Average current mode control
Two nested loops are needed to implement the average current mode control. The outer
loop is a voltage mode control loop, and the inner one is a current mode control.
*PFC Boost converter

2. Design a generic topology.
This option allows to design a converter by two different ways:

*s-domain model editor.
eImporting the frequency response data from .txt file

© 2024 Power Smart Control S.L.
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3. Design a generic control system - Equation editor.

SmartCtrl also provides the option of defining the whole system though its equation editor.
And so, help the user though the designing process of any control problem regardless its nature, for
example temperature control, motor drives, etc

4. Open...

Default file. It opens a pre-designed example.

Recently saved file. It opens the last file the user worked with.

Previously saved file. It opens the folder where user used to save its designs

Sample design. It opens the folder where SmartCtrl examples have been previously
recorded.

Regardless of the selected option, once the converter is completely defined, the main window of
the program is displayed. Different areas are considered within the main window and all of them
are briefly described below:

1. There are eight drop-down menus, this is:

File It includes all the functions needed in order to manage files, import
and export files, establish the printer setup and the print options.

Design SmartCtrl libraries, modification of input data, access to the digital
control settings (only available in SmartCtrl 2.0 Pro) and parametric
sweep.

Options For deactivating SmartCtrl licenses and check for updates

View Allows the user to select which elements are displayed and which
are not

Tools Settings and Equation Editor access
Warehouse Components library
Window Functions to create, arrange and split windows
Help SmartCtr]l Help

2. The Main Toolbar provides quick access to the most commonly used program functions
through left click on the respective icon.

The View Toolbar icons allows the user a quick selection of the elements displayed.

4.  The Status Bar summarizes the most important parameters of the open loop control
design (cross frequency, phase margin and attenuation at the switching frequency)

5. The compensator Design Method Box includes the three calculation methods of the
compensator as well as the Solution Map.
6. Graphic and text panels include the most relevant information of the system: frequency

response, polar plot, transient response and steady-state waveforms. To access the help
topic regarding each panel just right click on that panel.

© 2024 Power Smart Control S.L.
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1.3 Main menus and toolbars
1.3.1 File Menu
Navigation: SmartCtrl > Main menus and toolbars >
File Menu Previous Top Next

New Create a new project (CtrHN)
New and initial dialog Create a new project and display the initial dialog box
Open Open an existing project (CtrHO)
Open sample designs Open a sample design from the examples folder
Close Close the current project window
Save Save the current project (CtrH-S)
Save as... Save the current project to a different file

Open txt files Open any .txt file in Notepad

© 2024 Power Smart Control S.L.
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Import (Merge) Merge data of another file with the data of the existing file for display.

The curves of these two files will be combined. (Ctrl+M)

Export The program provides different exporting options. It allows exporting
the following.

*Export to PSIM the schematic and the parameters file, or update
parameters file

*Export to FPGA the digital compensator design (more
information)

*Export transfer functions to a file. The available transfer
functions are: plant, sensor, control to output, compensator, digital,
mnner loop etc.

*Export transient responses to a file. The available transient
responses are: voltage reference step, output current step and input
voltage step

*Export waveforms to a file. The available steady state
waveforms are: inductor voltage and current, diode voltage and
current, carrier, modulating signal and PWM.

Generate report Generate a report to either a .txt file or notepad. It contains information
regarding both the input data (steady-state dc operating point, plant
mput data, ...) and output data (compensator components, Cross

frequency, phase margin, ...)

Print preview Preview the printout of any of the graphic and text panels (Transfer
function magnitudes (dB), Transfer function phase (°), Nyquist diagram,

Transients, Data input, Results)

Print Print any of the panels of the main window (bode plots, Nyquist

diagram, transient, input data or results)
Printer setup Setup the printer

Exit Exit SmartCtrl

1.3.2 Design Menu

Navigation: SmartCtrl > Main menus and toolbars >

© 2024 Power Smart Control S.L.
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Design Menu Previous Top Next

The SmartCtrl Design Menu contains the elements that can be used in the SmartCtrl schematic.
The library is divided into the following sections:

Predefined Contains the most commonly used DC-DC plants both in single and double

topologies loop configurations, as well as AC-DC plants.

Generic Topology Allows the user to define a generic plant transfer function either in s-

domain or importing a .dat, .txt, or .fra file; uses the predefined sensors
provided by SmartCtrl and, for the compensator, the user can select among
the proposed types or define a compensator using the transfer function to

design the closed-loop control system.

Generic Control Allows the user to define the plant and the sensor transfer functions

System through the built-in equation editor. For the compensator the user can select
among the proposed types or define a compensator using the transfer

function.

Modify Data Open the schematic window of the current project to modify the

parameters.

Digital control Access to the digital control settings (only available from SmartCtrl 2.1

Pro).

Parametric Sweeps Allows performing the sensibility analysis of the system parameters. It is

divided into three different parametric sweeps: Input Parameters,

Compensator Components and digital factors.

Reset all Clear the active window

© 2024 Power Smart Control S.L.
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1.3.3 Options Menu

Navigation: SmartCtrl > Main menus and toolbars >

Option Menu

Deactivate

Check for software

updates...

Previous Top Next

When the user check the option DEACTIVATE the following message
will appear:
SrnartCtrl X

lel Are you sure you want to deactivate PSIM from this computer?

Mo Cancelar

When SmartCtrl is launched, it will contact the license serer and

activate the license.

For NETWORK licenses, when SmartCtrl exists it will automatically

deactivate the license, and someone else can use it.

However for STAND ALONE licenses, the license will not be deactivated,
it will remain active for 7 days on this computer, so considering this type
of license can be used with 2 different computer IDs, it is
recommendable to deactivate the license in one of them if the user is

planning to use the other.

Note that activating / deactivating the license requires internet

connection.

Check for a new version of SmartCtrl available

© 2024 Power Smart Control S.L.
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This option will run the program SmartCtrlUpdate.exe to check if there

is a new version available.

1.3.4 View Menu

Navigation: SmartCtrl > Main menus and toolbars >

View Menu Previous Top Next

Comments Open the comments window. It allows the user to add comments to
the design. These comments will be saved together with the

designed converter.

Loop Select the loop to be displayed in the active window (inner or outer

loop).

Transfer Functions Select the transfer function to be displayed:

*Plant transfer function, G(s)

*Sensor transfer function, K(s)

*Compensator transfer function, R(s)

*Control to output without regulator transfer function, A(s)
*Control to output transfer function, T(s)

*Reference to output transfer function, CL(s)

*Digital compensator transfer function

*Digital control to output transfer function

*Digital reference to output transfer function

Additional transfer Select the additional transfer functions to be displayed, like the
functions audiosusceptibility Gvv, the output impedance Gvi, etc. For more

information regarding these transfer function, see view toolbar.

© 2024 Power Smart Control S.L.
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Transients Select the transient response to be displayed.
The available transient responses are:

[nput voltage step transient
*QOutput current step transient
*Reference step transient.

Organize panels Resize all panels and restore the default appearance of the graphic

and results panels window.

Enhance Select the panel to be displayed in full screen size

*Bode (magnitudes) panel (Ctrl+Shift+U)

*Bode (phase) panel (CtrHShift+J)
*Nyquist diagram panel (CtrHShift+)
*Transient responses panel  (CtrHShift+K)
[nput data panel (CtrH-Shift+O)
*Output (results) panel (Ctrl+Shift+L)

Input data View design input data

Output data View design output data

1.3.5 Tools Menu

Navigation: SmartCtrl > Main menus and toolbars >

Tools Menu Previous Top Next

Settings It allows the customization of the frequency range (frequency settings) and

the default re-arrangement of the graphic and text panels to their default size

and appearance (Layout settings)

Equation editor The equation editor provides direct access to the SmartCtrl built-in Equation

editor. Through the Equations ditor, SmartCtrl allows the user to program

© 2024 Power Smart Control S.L.
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any transfer function, export its frequency response and afterwards, if

needed, import and visualize it within the Bode plots graphic panel

1.3.6 Warehouse Menu

Navigation: SmartCtrl > Main menus and toolbars >

Warehouse Menu Previous Top Next

SmartCtrl provides a wide selection of different components used in the design of power circuits,

called warehouse. This database is available through the next button:

File Design Options View Tools Window Help
D ®E & Update E
L

Pl Y T 2 L | @) L | o7 | ¥

For more information: Warehouse

1.3.7 Window Menu

Navigation: SmartCtrl > Main menus and toolbars >

Window Menu Previous Top Next

New Window Create a new window
Maximize active window Maximize the current window
Cascade Arrange the windows in cascade form

Tile horizontal Tile the currently open windows horizontally

© 2024 Power Smart Control S.L.
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Tile vertical Tile the currently open windows vertically

Split Click on the intersection of the lines that delimit the different
window panels and drag. This will change the size of the

panels

Organize all It restores the default size of the graphic and text panels

1.3.8 Help Menu

Navigation: SmartCtrl > Main menus and toolbars >

Help Menu Previous Top Next

What's new in this New features included in the last SmartCtrl version

version
Contents Help file

About SmartCtrl... SmartCtrl information

1.3.9 Main toolbar

Navigation: SmartCtrl > Main menus and toolbars >

Main toolbar Previous Top Next
DB E S Im i B & G S =] OMT B o
]

Create a new project

Create a new project and open initial dialogue box

&

Open an existing project

© 2024 Power Smart Control S.L.
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Open sample design

Close the current project window

Generate report

View document comments

DC-DC complete design (Power stage and control circuit)

DC-DC converter - Single loop

DC-DC converter - Peak Current Mode Control

DC-DC converter - Average Current Mode Control

PFC Boost converter

Design a generic topology using a s-domain model editor

Design a generic topology from a .txt file

Design a generic control system

Modify data

Modify data

Digital control settings

Save the current project
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NE
»

Export transfer functions

Import transfer function from a file and merge with other Transfer Functions

e

Export to PSIM (schematics)
Export to PSIM (update parameter file)

Update parameters file of the previously exported schematic

. Maximize active window
M Tile windows

See all panels

EH Organize all panels

View input data

View output data

1.3.10 View toolbar

Navigation: SmartCtrl > Main menus and toolbars >

View toolbar Previous Top Next
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E SmartCtrl - Controld
File Design View Tools Warehouse Window Help
DhEE = <
S I H iy fa @

B S E ORI\ *

CTR—Ty o G z
& EI ER [;w Z 55 Ty Zn i

1|
Display the frequency response (Bode plot) of the plant transfer function

Display the frequency response (Bode plot) of the sensor transfer function

o
-! Display the frequency response (Bode plot) of the control to output without compensator
transfer function

Display the frequency response (Bode plot) of the sensor-compensator transfer function

Display the frequency response (Bode plot) of the compensator transfer function

Display the frequency response (Bode plot) of the control to output transfer function

BE "a

Display the frequency response (Bode plot) of the control to output transfer function
with digital control

Display closed loop transfer function

Display closed loop transfer function with digital control

ZH= P T

Display transient response due to a reference voltage step

I
L Display the transient response due to an output current step
[T

Display the transient response due to an input voltage step
e

e Additional waveforms (for Phase Shifted Full Bridge converter)

View inner loop

View outer loop

Launch inner method box / Display inner loop results

Enables or disables the display of the compensator calculation method toolbox. Launch
outer method box or Method box / Display outer loop results

E I Modify mput parameters (Input Parameters Parametric sweep)
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e

E 56 Source code parametric sweep (Modify Plant and sensor components defined in the
Equation Editor)

Modify compensator components (Compensator Parameters Parametric sweep)

L Digital factors sweep

SmartCtrl additional transfer functions

E SmartCtrl - Controld
File Design View Tools Warehouse Window Help
Mg ss =& s Al EEEW O0TIE R ®
P e 13 O | U [T G| fn o o | 2% PI N s |

All those transfer functions colored in grey are not allowed for the design. The nomenclature of the
transfer functions is as follows:

Gy

Subscript 1 refers to the type of transfer
function studied. The character t denotes that

the transfer function has been evaluated in

closed loop; otherwise it refers to open loop.

Subscript 2 refers to the perturbed magnitude:
iL: inductor current.

iD: diode current.

vo: output voltage

Subscript 3 refers to the perturbing magnitude:

io: output current.
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The considered transfer functions are:

Open loop transfer functions.

Gwi =

.

i

GiLio= L
o

o q
GiDvi=2

Vi

Closed loop transfer functions.

Gtwi=-=2
i
Gtvio=-2
I
Gtivi
Gtiio

vi: input voltage.

Open loop Audiosusceptibility

Open loop Output impedance

Open loop Input voltage to inductor
current transfer function.

Open loop Output current to inductor
current transfer function.

Open loop Input voltage to diode current
transfer function.

Closed loop Audiosusceptibility

Closed loop Output impedance

Closed loop Input voltage to inductor
current or diode current transfer function
Closed loop Output current to inductor
current or diode current transfer function

The nomenclature will be clarified through two examples.

Example 1: Open loop transfer function.
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Zo

Vin —— ZS ¢ R Vout

|||-.

) 5 Load resistor is included within the output
Gvio == impedance transfer function

Vout

|
[l
11
1
|

Vin =—

A

Vref

Closed loop Output impedance transfer
function

=

o]

[
o™ 4|G":4
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1.4

Design a predefined topology

Navigation: SmartCtrl >

Design a predefined topology Previous Top Next

The most widely used topologies are available as pre-defined topologies, in order to ease their
design.

SmartCirl “

Design a predefined topalagy Opena...
() DC-DC ta d )
- QWEr & an
| E pamet Fage BB defaul fie
contral circuit design
Ij DC-DC converter - Single loop ﬁ 0 T e
Voltage Mode Control or ACMC
ﬁ DC-DC convetter é 0 previously saved file...
Peak curment mode control
[ﬂ DC-DC converter fD A e
Average Current Mode Control =
PFC Boost converter
L
 — v
Design a genenc topology Design a genenc control system

‘ s-domain model editor ‘ E’ E quation editor

|| Import frequency response data
from bt file

Help Cloze

The available pre-designed topologies are:
*DC-DC power stage and control design.

*DC-DC converter - Single loop (Voltage mode control and current mode Control).
*DC-DC converter - Peak current mode control.

*DC-DC converter - Average current mode control.

*PFC Boost converter
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141 DC-DC power stage and control design

Navigation: SmartCtrl > Design a predefined topology >

DC-DC power stage and control

. Previous Top Next
design

If this option is selected, SmartCtrl helps to design a complete DC-DC converter (plant, sensor and

controller) from simple specifications.

-

[ SmartCtrl @

Design a predefined topalogy Open a ...
J — | DC-DC power stage and detait i
efault file
H'—-l cohtral circuit design
Ij DC-DC converter - Single loop Iﬁ-D iy esveslila.,
Valkage Mode Contral or ACKMC
ﬂ DC-DL converter I%?D presdously saved file. .
Feak current mode control
[ﬁ DC-DC converter (’D sample design.
Average Current Mode Control (=
[ FFC Boost converter
[[3
Dezign a generic topalogy
s-domain model editar i’ E quation editar

Import frequency responze data

from tt file
Help Cloze

Predefined topologies for this option are:

*Buck

*Boost
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*Buck-boost
*Forward

*Flyback

All these topologies are designed for a Continuous Conduction Mode (CCM), and a simple Voltage

Control Mode (VCM).

The first step is to specify the characteristics of the circuit. These are:

*[nput voltage range (maximum and minimum)

*Output voltage

*Maximum output voltage ripple

*Ouput power range

If desired, the check box Isolation can be selected to use a topology with isolation (Forward or

Flyback).
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i )

DC-DC Complete Design (=25

+ ¥ Po_max (W) 100
Vin Buck Vo

- = Po_min (W) =0

Win_max (V) | 55 Vo (V) a0
Win_min (V) | a0 Vo_Ripple (%) 5.0 [ Isolation

[+ Optimize effidency

Topologies available according to previous data

Buick ﬂ Help | oK, | Cancel
|BL||:kBl:u:lst

SmartCtrl determines the available topologies for these specifications. Once a topology has been

selected, click on Ok button.

After that, a new window is shown with four tabs:

*Schematic
*Efficiency
*Digital compensator

ePart list

In the tab Schematic, the complete circuit is shown, including sensor and regulator. All values are

detailed on each component.
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Madify Data

vin (V)

Schematic  Effidency | Digital compensator | Part Ii5t|

]|

min =
ctrl 22 aL L
1 Vo
losses 55 TET — HEE Ty
761 mOhms 727 uH
max 55 Vin RC 122 mOhms +
D R ||16.80nms
52,5
Vo (V) T C I1 mF -
ctrl 40
rip (%) 50 m
c3
Po (W) Il
1.15 nF
min =
R2 c2
95
&l — +——— 43kOhms 847 nF
447 kOhms 275 nF Ra 18.7 kOhms
losses 2 R11 [l]
max 100 < 1
< + 10.4 kOhms
Q R <[: Ramp Vref Rb | |1.11 kohms
Mosfet 40 5|—»
TXFV74M20P J clk
Diode
75.0150 J
Capacitor
63V_1000u
Ly 727273u
ol 3] im
EL DEesST mos E1 Dest diode EW spedncatons (=[] il
faw (Hz) gk Get best mosfet | Get best diod | N ificati | Hel | Exit

If the tab Efficiency is selected, the information about the loses in each component is shown.
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Maodify Data

vin (V) Schematic || Effidency  Digital compensator | Part Iist|

0

min

el z

losses

Vo (V)

90.7 W —[ T - 90 W
ctrl 100%

99.3%
rip (%) 50m

J.
¥
g

Fo (W) Cond | Swit | Core | Wind| ESR | Cond
miri - I
o 95
losses - -
351 %
100
max O11z%
126m 88m 214m 7.52m 0 294m 383m 572m 90m W [ 495%
c
Mosfet 188 131 318 112 0 438 579 &51m 134 % W a5t m
: M 134%
THFY74M20P J Losses (0.672 W, 0.741 %)
Diode
75.Q150 J
Capacitor
§3V_1000u
Lgn| 727273u
o (3] im
faw (Hz) 200k Get best mosfat | Get best diode | New spedifications | Help Exit

In the tab Digital compensator the coefficients for a digital control are shown.
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Madify Data

vin (W) Schematic | Effidency || Digital compensator  Part list

min =
COEFFICIENTS
52.5
ctrl b2 = 1.55716e-008 =72
|755 bl = 0.000249572 =
losses B0 = 1
— 13 a3 = 5.45462e-014 ="3
a2 = 2.99491e-008 =72
al = 4.11095e-005 =
Va (V) a0 = 0
ctrl 40
rip (%) 50'm
Pa (W)
min =
ctrl b
losses <
e 100
DFVT420P J
Diode
75LQ150 J
Capacitor
53V_1000u
LH) 72.7273u
ol 1m
fsw (Hz) 200k Get best mosfet | Get best diode |

Mew spedifications |

Help | Exit |

In the tab Part list there is a list with the components from the warehouse selected for the

optimum design.
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Modify Data
- vin (V)

Schematic | Effidency | Digital mmpensator”PartIist

min

t
(=1

o 52.5

losses

r Ve (V)

g

1

rip (%) 50m

- Po (W)

g

L
w
=1

o
(=]

losses

111

2

1]

=
5
=

Mosfet

I IXFY74M20P J

Diode

Capacitor

| 3V_1000u

LH) 72.7273u

col im
st{Hz}I 200k

TCPOLGY
Buck (Voltage mode controlled)

MOSFET

Hame = IXFVT4N20P
DICDE

Hame = TELRQ1S0
CRPACITCR
fcalculated)

Cr = 234.375 nF
Vr =40 V

Ir = 216.506 mk

favailakle in warehouse)
Hame = 63V_1000u

np =1

Cr sel = 1 mF

Vr_sgel = 63 V

Ir sel = 1.8 A

ESR_sel= 122 mChms

INDOCTCR CCORE MATERIRL

Hame = 3C80

Bsat = 470 mT
Ec = 4.981
alfa = 1.343
beta = 2.513

INDUCTCR CORE GECMETRY

Hame = PQ26/20

Hv = 4

Ccupa = 18.4101

Get best mosfet | Get best diode | Mew spedfications

»

m

-

Help | Exit |

In any of these tabs, it is possible to change the selected diode and MOSFET between the available

ones in the warehouse by clicking in the buttons marked in the next picture:
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Madify Data =]
¥in (V) Isdlemalh: EFHcIen:rl Digital compensator | Part ist|
_ 50
mn
o 52.5
1 AL L Vo
losses 55 TAI — R —
761 mOhms 727 uH av
max 55 Win RC 122 mOhms +
| ——— 1] R 16.8 Ohms.
EZ5
[ Yo ) C T1 mF -

c3
Po (W) |
118 nf
min = B s |
R2 c2
95
ctrl — 43k0hms B 4T AF
I— 44,7 kOnme 274 nF Ra | | 16.7 kOhms

losses * R4 [l]

—
- 100 < 3 —1 :
L + 10.4 kDhms
Rb | | 1.11 kDhms

Ramp Vref

2o
v

LH) T2.7273u

CF) im

fom (Hz) 20k Gethestn-mfetl Get best diode I Mew spedficatons | Help | Exit ]

In this part list the user also gets information about how to build the inductor used in the design,

with complete details about the core material, core geometry and wire and number of turns.
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Modify Data n
Win (V) Schematic | Efficiency | Digital compensator | Part list
min = ~
52.5 np =1
ctrl Cr_sel = 1 mF
55 Vr_sel = €3 V
losses Ir sel = 1.8 &
max 55 ESR_sel= 122 mOhms
/INDUCTCR CORE MATERTAL
Vo (V) Name = 3C30
Bsat = 470 mT
ctrl 40
Kc = 4,981
- ’75[”" alfa = 1.343
P (%) beta = 2.513
Fo (W) INDUCTOR CORE GECMETRY
Hame = PQ2&/20
mir < Hv = 4
gg Ccupa = 18.4101
el G = 13.877%
losses 20 L = 72.7273 u
Le = 0.000121 m"Z
max 100 Wa = 3.11e-005 m"2
le = 45 mm
Cf = 372 m*-1
Mosfet Ve = 5.47e-006 m*3
TXFV74N20P J im - 56.4 mm
_— 1w = 11.5 mm
75LQ150 J INDUCTOR CONDUCTOR
Capacitor Hame = 3r45=x0.07
nc = 135
£3V_1000u o = 70 um
D ext = 1.35 mm
L[ 7272730 \ -~ J
cE tm v

fow (Hz) 200k Get best mosfet | Get best diode | Mew spedifications | Help |

Once the system has been defined, the designer can select a point within the solution space. The

variations of this design will be updated automatically in the solutions window.

The window with the results off the design can be closed and opened by clicking in the buttons

marked in the next picture:
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—
0 & o :BGEI-’_HD ARTE oS
e - LI £ &1 by
- =T
Open window
--"'\-\..._
|
-
i —
‘wasnct v -
— =
P
e
-'| |
-
|
'I el
| RS
. g =
= o
B
e § i T n
-

14.2 DC-DC Converter - Single loop

T ' el T
S| e L -
) v st we
o S
" o L1 T |
= r'l _:” ._|. — L —
I ;.: - “ w || Do i) -'.::_._.,""""’\"_;
=
Close window

Navigation: SmartCtrl > Design a predefined topology >

DC-DC Converter - Single Loop

Previous Top Next

The single loop is formed by three different transfer functions: plant, sensor and compensator,

which must be selected sequentially.

First of all the user should decide if is going to define a digital control or an analog control. This
check box should be selected since the beginning because it determines the different options that

can be selected further on.
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Single loop DC-DC converter >
Flant | ﬂ Frequency r.ange[Hz]
min max
B I | 1 599000

Plant hasn't been
loaded as yet.

Select one fram the Salution map
cormbo box above.

Compenzator J Senzor | J

Crozz freq. Phaze marg.

SU S TS

In case this check box is modified during the design process, the user will receive an error message
and it will start again in the single loop DC-DC converter window.

SmartCtrl

4™ You are about to change the topology type.
' ) If you continue sensor and compensator will be unloaded, in

addition cross frequency and phase margin will be set to
Zero.
Do you wish to continue?

For both options, analog or digital control, the user should follow the same steps.

The first step is to define the system is the selection of the plant. The plant can be either a pre-
defined one or a user defined one. This is, the user can import a generic transfer function by means
of a .txt file or select one of the pre-defined topologies.
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Single loop DC-DC converter

[ Digital Plant ||

Forward [voltage mode controlled)
Compensator Forward [L-current sensed)

X
LJ Frequency range(Hz)
Buck (voltage mode controlled) min max
Buck [L-cunent sensed) 1 1 933000
Boost [voltage made controlled)
Boost [L-current sensed)
Boost [diode-curent sensed)] .
Buck-Boost [voltage mode controlled) Solution map
Buck-Boost [L-curent sensed)
Buck-Boost [diode-curent sensed)
Flyback (voltage mode contralled)
Flyback (diode-cument sensed)
Phase Shifted Full Bridge (VMC AL
Phase Shifted Du.;\ Active Bridge [VMC ERL - V1 ta V2]
Phase Shifted Dual Active Bridge (C5 ERL - V1 ta V2) Cross fieq. Phase marg.
] | o 0
Help

The predefined DC-DC plants are
the following;

Buck

Buck-Boost

Boost

Flyback
Forward
*Phase Shifted Full
Bridge (VM C RL)
*Phase Shifted Dual
Active Bridge (VMC
RL - V1 to V2)
*Phase Shifted Dual
Active Bridge (VMC
ERL - V1 to V2)
*Phase Shifted Dual
Active Bridge (CS
ERL - V1 to V2)

Once the plant has been selected, considering if the magnitude to be controlled is voltage or current
and if the control is analog or digital, the program will display the appropriate type of sensor.

Buck (voltage mede controlled), single loop data input.

[™ Digital

Compensator :l

Plant |Euck [woltage mode contrallad) j Frequency range(Hz)
i max
W 1 435000
Solution map
|S.sensor Cross freq. Phaze marg,
ety i z
— Select one from the  —|—
cambo box abaove.
Help
] e

The different sensors available
are the following:

Voltage Divider
Embedded Voltage
Divider

Isolated Voltage Sensor

Current Sensor

Hall Effect Sensor
*Equation Editor (User
Defined Sensor)

Finally, the compensator is selected, considering the suitable compensator according to the
predefined DC-DC plant selected and if the design is digital or analog.

The user can select among the ones provided by SmartCtrl or use the Equation Editor to define the
compensator transfer function:
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Buck (voltage mode controlled), single loop data input. b Compensator typeS:
I™ Digital Flant |Busk [valtags mode controlled) | Frequency range(Hz]
1 533000 T!:Ee 3
B — Type 3 Unattenuated (when

selecting Embedded Voltage
Divider sensor)

Compensatar | =] Sermor [Vorsgsdvider ]
ot i V,e,[]a i |E7”'u P“ﬁﬁ Type 2 unattenuated (when
Select one fram the combo .
= [ " selecting Embedded Voltage
Divider sensor)
_ter | PI
I | WG] *PI analog

PI unattenuated (when
selecting Embedded Voltage
Divider sensor)

Single Pole

Single Pole unatte nuated
(when selecting Embedded
Voltage Divider sensor)

*User defined compensator using
Equation Editor

In case a digital control is selected from the beginning, only the digital compensators or the
Equation Editor for custom defined compensator, will be available.

Buck (voltage mode controlled), single loop data input =
v Digital Flant |Buck [voltage mode contralled) ﬂ Frequency r.ange[Hz]
iy mas
| 1| 933000
Solution map
Compenzatar || ﬂ Sensor |""'IDItEIEIE divider ﬂ
Pl digital
PID digital Y
CompEquation digital Ra Crozs freq. Phasze marg.
loaded as yet. \ret | 0 | 0
Select one from the combo — ﬂ =
o above Rb
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Once the system has been defined, SmartCtrl calculates the stable solution space in which all the
possible combinations of crossover frequency and phase margin that lead to stable solutions are
shown graphically. It is called Solutions Map. This option is available only for pre-defined

compensators.

The designer is asked to select a point within the solution space to continue. To do that, just click on

Set and select a point within the white zone.

Buck (voltage mode controlled), single loop data input %
I Digtal Plart |Buck [valtage mode cortrolied] - Frequency range(Hz)

R
7 +Vo

‘"“I c T Solution map

| Gencer [Mohagedhvider ]

Compensator [TV

Cioss i Phase marg
104713 50

Set.

Help
ﬂ ezl

Cross frequency and Phase margin input X

Phase maigin vs Cross iequency

1t highiy recommended to click on the
unshadawed [hite] region for selecting
an appropriate (Cross frequency, Phase.
margin] couple of values.
200
Take care ako of atteruation (Kis i)
at Fswi] and Phase margin edi bases.
when their backgrounds are red painted!

|

&

z Cross fiequency  Phase maigin
2 10.4713k 50

T 1w

KISPR(s) ot Fsw

3.44276 Update

Y

Phimin=0 Fsw=250 k
1 10 100 1k 10k 100k W
Cross frequencylHz]

Help

cocel | [T

Now accept the selected point and confirm the design, the program will automatically show the
performance of the system in terms of frequency response, transient response... (See Graphic and

text panels window for detailed information)

|@
i Dsion_ptins view Toos W ow_Help K ok | M
DhE s BB 3 AW Ed @R Om= M o«
) * e ooz c 2z z 3 32
CACA 2o & &l b % w % d
P = @]
=] ENES AN 2=
Inductor vohage vs e B
G, T (dB) vs hrequency [Tlvs T(deg) EneEat I
o LGl =)
ER e
N ‘
) 0 ]
Tinefsec)
Inductor and iode cunen vs tne
L tic
o T
Tinefec)
0| a Ouiput vohtage vs e
~
2305 = i
Heo| Ewt
2 a3 /\ /\ /\\ / ‘ 2
I 7 8
GL2IH) Solution map control
i N 3 = Sotion ool -]
Frequency(Hz) 0 Phase maigin vs Cross frequency
c
6,7 (deg) s fequency L
o 29 & 150
%| H
] U B
&
5 = \
\ 34 B
= LI e e W0 1k ok 10k 1M
T i Cross frequencytb)
a ‘
y a3 o E|
150
g o =
aam S -
100
024 i<
10 100 Tk 10k 100k ™ 3335w 0 100w 200u 3001 400 500 600
TequencyfHz) mefs) 0 10u 2u
Frequencybe) Tinets) Tinelsec)
Ready et = o737k PhMC) =50 dE) = 2.18605 UM

When the compensator has been defined using the Equation Editor, the solutions map is not

available.
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Buck (voltage mode controlled), single loop data input >

™ Digital Flant IBuc:k [voltage mode controlled) LI  Frequency range(Hz)
min max

— | 1 993000

r+ Vo

— Solution map

Compenzatar j Bermsen I"-a"cultage divider j

W
Crozz freq. Phaze marg.

R(S) | Wret E]; | | 0 | 0

ﬂﬂh Set..

Help |
Ll LCancel | ok I

Instead of using the solutions map a Method box will appear with the compensator parameter
sweep to check the system response using the graphic panels.

P ) o
| fie Design Options view Tools w 77 ®1 (Compensator)
Dhese EE (G BEREED 900 EP o PR
[ 28 150 127 0 T TR | T [t | @ @] & [ [ bn L o S 2" v Giio vt v B G Sio B 25
B G T
6.7 8)v e Tideg Inducor vhage v me zetusn &
. T (8) v equency v Tieg
M
s | | ] ]
| NS S — R SS— .
T e
- K \ inesec)
i Indictor andDiod e vs i
[~ = Pe ter Value
= 2 e o a <o
g ! NN I Y Y | |
: 3|
5 g o | | | | — )
o [meE |
G oy e
=) Tinefeec) i E=][ou @)
a Dutput vokage vs time. = 512359k
Att(dB)
2
s B
Ty a5
10 100 Tk 10k 100k ™  EEEEEEE——T S
200 3
Frequency(Hz) g 0T e
i Timelsec) Hep
G, T (deg) vs Vo for reference step fsmal signal, 01%) CoCi T \ /
e 4705170 I i
B
3z
2
=
3 1.
El — 0 Tou Hu
2 Timefoec)
@ P
o7
i 3 0
Z
19
0 0 Tr ok TR *iom Tom @ Wn  @n  Wn O  on @0 i
0 0u e
Freqencslia) Tinets Tinesec)
Reaty - e = 2505 [PRMO) = 530616 [h(aB) = 388895 i
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143

DC-DC Converter - Peak Current Mode Control

Navigation: SmartCtrl > Design a predefined topology >

DC-DC Converter - Peak Current

Previous Top Next
Mode Control

The implementation of the peak current mode control includes five different elements which are
described along the following paragraphs:

*DC-DC converter (pre-defined topologies).

*Current sensor (implemented by means of a resistor).
*Modulator.

*Voltage sensor.

*Compensator.

The program will guide you through the parameterization of the different elements, which must be
carried out sequentially.

The first step to define the system is to select the plant from an existing library.

DC-DC converter (Peak Curent Maode Control) BN The predefined DC-DC plants
e | B e — are the following:
Budk (POMC) — —
Bmst‘ﬁt‘:'cl » 1 00
Tl "Buck
Porverd Pert]. *Buck-Boost
*Boost
*Flyback
(CLrTent sermer | f‘ﬁt&}t e J ‘ ’FOI'Wle‘d
Pl ter I ) Seokortion mag
| Compansator ‘
=
—] Cross Phase mang,
o |
(3 Canosl o |

Once the plant has been selected, the value of the resistor that implements the current sensor must
be set.
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Current sensor available:

. - Resistor

Curment sensor oltage sensar |
Rg I E] Ha leaded
|
Madubator [~ Sohstion map

Slape
Cormpermaticn

(Jwaers |
Ml . |vsoneea

P |

Modulators available:
— Modulator (Peak Current
| Mode Control).
1 Sobser mag
Crcas Phase marg.
) I_uJ
_ue |
5 | »| cmed | o |

Right after the selection of the modulator, the voltage sensor must be selected.
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DC-DC Buck converter (Peak Current Mode Control) X
Plant | Buck (PCME) - Frequency rangetz)
min max
L RL 1 [ eso000
F +Vo
L
. Re R
Vln[ CT
Current sensor Voltage sensor Vo
Ra
oltage dvider JES
Rs Vet
Voltage divider Rb
Embedded V. div
Equation
Moduiator T Solution map
Slone Compensator
Compensation PL -
/| yramp
L +|usensed
Ve Cross Phase marg.
- At
[at ] o ]
ik I * Vref
Help
Solution map. ‘ »|  cancel ‘ oK

Voltage sensor available:

Voltage divider.

Embedded Voltage Divider
*Equation Editor (User Defined
Sensor)

The last element that must be set is the compensator.

DC-DC Buck converter (Peak Current Mode Control)

X

B oy Frequency range(tie)
min max
: 1 339000
P B vo [
I R R
V'“I c
Current sensor Voltage sensor Vo Ra
Volmge dvider =
Rs “ref
Tlm
Modulator T Solution map
Siope Compensator
Compensation | S
Tvpe 2
. pramp [Type 3
= . |¥sensed PI analog 1 been
PL [ h
ve ’ ross Phase marg.
- Equation
A ] SFBer une e cornbo o[ o
Tk above
Help
| »| cemeel |[ox

Compensator types:

*Type 3

*Type 3 Unattenuated (when
selecting Embedded Voltage Divider
sensor)

*Type 2

*Type 2 unattenuated (when
selecting Embedded Voltage Divider
sensor)

*PI analog

*PI

*PI unatte nuated (when selecting
Embedded Voltage Divider sensor)
*User defined compensator using
Equation Editor

The user must select the control loop initial characteristics (cross frequency and phase margin),
aided by the Solutions Map (only for pre-defined compensators). After that, click OK and the
program will automatically show the graphics panels.
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In case the user has selected a customized compensator using the equation editor, use the

compensator parameter sweep available in the Method box.
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Methed [ x |

// PI (Compensator)
Fp = 27.785 m
Ti = 300 u
R=Ep * (1 + s*Ti) / (=*Ti)
return R
Parameter Value < folHz)
IKp | |2?.?85 m |Ei.9635
=} . PhM(?)
<> |[84.743
I | |300u MG(dB)
— | | 60.7398
Att(dE)

|-69. 1835

Help

144 DC-DC Converter - Average Current Control

Navigation: SmartCtrl > Design a predefined topology >

DC-DC Converter - Average Current

Previous Top Next
Control

The average current control is composed by an inner current loop and an outer voltage mode loop.
Same as the single loop, the double loop setup must be built sequentially. The program will guide
you to build it, enabling the following step and keeping everything else disabled.
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In all the available plants, the outer loop is a voltage mode control (VMC), while the inner loop is a
current controlled one. Depending on the selected plant, the current is sensed either on the
inductance (LCS) or on the diode (DCS). The DC-DC plant must be selected among the following

list.

DC-DC conmverter, average curment controd data input

bt oo s

Innes koo pompensaton

[ -

Bk Bogal [LLE
Flplack [DCS_VHL]
Formard [LCS_YRC)

l

e

Db louogs vt

Dubon o compena.aion

Fosguency 1angelz]

L] an
0l

A

Sl mags e loop]

Croasheq  Phasemasg
0 [

Sl mag ot koo

The predefined DC-DC plants are
the following:

*Buck (LCD-VMC)
*Buck-Boost (LCS-VMC)
*Boost (LCS-VMCO)
*Boost (DCS-VM Q)
*Flyback (DCS-VMC)
*Forward (LCS-VMC)

Next, the inner control loop will be configured. This is, the current sensor and the regulator type
must be selected.

Prefam v
F Rc R
e

DC-DC converter, average current control data input

Plan: |Buck ILCE_WMC] =

X

Frequency range(Hz)

min max

Innet loop sensar

-

Curent sensor
Hall effect sensor

Equation

Inner loop compenzatar

Mo sensor
lnaded

T

Outer laop sensar

Outer loop compensator

=

1 953000

Solmap (inner loop)

Cross freqg. Phase marg.

T

Sol.map [outer loop)

Crass freq. Phase marg.
0 1}
Help
| | cees |[ o

Finally, the inner loop compensator is selected.

The available current sensors are the
following:

*Current Sensor
*Hall Effect Sensor
*Equation Editor (User Defined

Sensor)
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DC-DC converter, average current control data input X Compensator types:

Plant [Buick [LC5_WMC] - Frequency rangelHz)
nir mak

" RL - v \ T ss000 'Type 3
VinJT—/ % CTR': : Sal.map (inner loop) :%IXM
analog
*PI
Inner loop sensar Outer loop sensar ‘Sillg le POle
e = ] - [ P *User defined compensator using
Equation Editor

Solmap (outer loop]

Inner loop compensator Outer loop compensator

Cross freq. Phaze marg.
[t} o

Help
‘ ﬂ LCancel ‘ g

Once all the nner loop transfer functions have been defined, The cross frequency and the phase
margin must be selected. Under the name of Solution Map, SmartCtrl provides the stable solution
space in which all the possible combinations of cut off frequency and phase margin that lead to
stable solutions are shown graphically. Just clicking on the "Solutions map (inner loop)" button the
solution map corresponding to the inner loop is displayed.

The designer is asked to select the crossover frequency and the phase margin just by clicking
within the white zone to continue.

This option is only available for pre-defined compensators.

DD conwerter, sverage curment control data input ﬂ
P [ ICS_ L =] Frecuarcy ngeitis]
= -
—_— r [ =m Cross: frequency snd Phase margin input n
LY 2 eva
T Vie o ) s e cemsmemer s 1@AOWE ZONE
b & 1 Sk map v bopd - ] s ry; = gy b
e s | e oo s
= | . r ] Cosbey  Phaseney
L th a [ E
4 g
ot ma e o £
e o Compaaao (uten oo comparmaton
s = - =
- T ||
o g Y
i =t Croanbey  Phae mag
e e [ [} [}
5 N
e i

Once the cross frequency and the phase margin have been selected, the solution map will be
shown on the right of the side of the DC-DC average current control input data window. If, at any
time, the two aforementioned parameters need to be changed, just click on the shown solution map.
(See below figure)
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Lo
Crozshey  Phase
I 104713k | T2 ERT

[ Sohtion maps freen o]

In case the user select the option Equation Editor for the nner loop compensator this window
allows to open an existing one or to define with the editor the compensator transfer function.

Compensator (equation editor)

s-domain model Open...

Save Save as...

File

// PI (Compensator)

15 m
300 u

Fp
Ti

return R

R =Fp * (1 + s*Ti} / (s*Ti)

*
a Mod{dB] vz Frequency
10 \
— Parametricsweep —————————— \
0
Parameter Value <= = \
[Ea— g
2 N
—— -20 N
| - \\
i ;J|m0u : S
=1 -401 10 100 1k 10k 100k 1M

Frequency[Hz]

Phaze(®) ws Frequency

-10 /
20 !/
-30

% -
2 -50 /
= /
-B0
70 /
Set defaults Editor... Compile Copy | a0
-80
1 10 100 1k 10k 100k 1M
Export transfer function(s)... | PWM Modulator User Modulator Frequency[Hz]

Edit external functions | Add external function... |

Help | Cancel | oK |
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In this case the Solutions Map is not available because the user is defining the regulator
parameters, once the design is complete these parameters can be easily modified to check the

solution stability in the graphic panels.

DC-DC converter, average current control data input >
Plart |Euu:k [LCS W) j Frequency range(Hz|
ThiiFy M
h AR ve | 1 | 999000
[ :
Re R\]!
C T Sal map [inner loop)

wl

Ihner loop sensor
Current zenzor -

Ihner loop compensator

Hi(=)

Outer loop zenzor

| ﬂ ST Crozz freq. Phaze marg.
lozded | a | a

Solmap [outer loop)

Outer loop compensator

=

Crogz freq. Phasze marg.
|

1]
Help
| ﬂ LCancel | (1] |

Now, the outer loop can be defined. First, the voltage sensor must be selected.
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DC-DC converter, sverage current control data input x | The different sensors available are the
Pt Bk ILCE W] =l Frequency rangelHz) following:
' "L . | 1 \ 939000
W‘f% e — *Voltage Divider
al.map [inner loop] o o
W S N *Embedded Voltage Divider

‘/L: *Equation Editor (User Defined

Sensor)

Inner loop sensor Outer laop sensor

Current sensor - - | L [T— Cross freq. Phaze marg.
E(a Voltage divider LELEL] Dk B0
Ernbedded Y. div.

E quation
e Sol.map [outer loop)]
Inner loop compensator Outer loop compensatar
Tupe 3 -
Ciossfreq  Phase marg,
0 0
Help
Solution map (inner loap)... | | 3 LCancel ‘ jul I

Next, the outer loop compensator must be selected.

DC-DC converter, average current control data input x Compensator types:
Plant |Buck [LCS_VMC) ~| Frenuency range{Hz) °Type 3
iyl — o *Type 3 Unattenuated
R *Type 2
W % T L e *Type 2 unattenuated
- *PI analog
Inner loop sensor Outer loap sersor Vo . .ﬂ
[Guret sensor <] [ [rotage dicer =] . Eﬂm. e P *PI unatte nuated
Sal.map [outer loop) 'mgm
I G B e T *Single Pole unatte nuated
L2 =l *Customer defined compensator
using Equation Editor
Cioss freq. - Thiﬂa—margu
Soluon map nnerloopl.. | | | gened |[ox |

As well as in the case of the inner loop, the cross frequency and the phase margin must be
selected. Also in this case, the solution map is available to help the selection of an stable solution.
Press the "Solution map (outer loop)" button and the solution map will be displayed. Then select a
point just by clicking within the white area.

It should be remarked that, due to stability constraints, the crossover frequency of the outer loop
cannot be greater than the crossover frequency of the nner loop. In order to prevent the selection
of an outer loop fc greater than the inner loop one, a pink shadowed area has been included in the
solutions map of the outer loop.
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Once the crossover frequency and the phase margin have been selected, the solution map will be
shown on the right of the side of the DC-DC average current control input data window. If, at any
time, the two aforementioned parameters need to be changed, just click on the shown solution map.
(See next figure)

Now accept the selected configuration and confirm the design, the program will automatically show
the performance of the system in terms of frequency response, transient response... (See Graphic
and text panels window for detailed information)

In case the user selected for both loops the customized compensator using the Equation Editor,
once accepted the design, the compensator parameters sweep in the Method box allows the user to
check the design stability.

© 2024 Power Smart Control S.L.



SmartCtrl 53

DC-DC converter, average current control data input

Flant

]

Buck [LCS

Inner loop sensor

=]

Current sensar

[nner loop compenzator

=]

Equation

R(s)

Hi(s)

Outer loop sensor Wi

ﬂ Wref

|"-.-"u:u|tage divider

Outer loop compenzator

=]

Equation

R(s)

Frequency range(Hz)
i mas
| 1 | 999000

Sal map [inner loop)

Crosz freq. Phaze marg.
| 0] 0

Sol.map [outer loop)

Phase marg.
o]

Cross freq.

Help

el |

|

LCancel | 0.

Using the icon
compensator parameters.

"Launch inner method box" in the toolbar, the user can modify the inner loop
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a Method B
File Design Options View Tools Warchouse Window Help // BT (Compensator) innez loop
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Using the icon & "Launch outer method box" in the toolbar, the user can modify the outer loop
compensator parameters.
1.4.5 Power factor corrector

Navigation: SmartCtrl > Design a predefined topology >

Power factor corrector

Previous Top Next

The power factor corrector based on a boost topology has a double control loop, formed by an
mner (inductance) current loop and an outer voltage mode loop. The double loop setup must be built
sequentially. The program will guide you to build it, enabling the following step and keeping

everything else disabled.

The first step chooses between the two types of multiplier and Vrms feed-forward:
*Multiplier: A generic, parametrizable multiplier, with a Hall Effect current sensor.
*UC3854A Multiplier: UC3854A Multiplier: An UC3854A commercial multiplier, with its external

resistors to be chosen.
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PFC Boost converter

Inner loop compenszator

[ [

Plant

’—I

Multiplier & \imz feed-forwand

Outer loop senzor

[ [

Outer loop compenzator

| =)

ultiplier ‘

UC38544, Multiplier

Mo multiplier
Inaded

I =]

Frequency range [Hz)
min max

| 1 | 999 k

Sol.map. [inner loop)

Crozs freq. Phase marg.
| )| :

Sol. map. [outer loop)

Crozz.freq. Phaze marg.

Depending on the first choice, there are two different options to generate the power factor

corrector.

If a Generic Multiplier is selected, the current is sensed by the Hall Effect sensor H(s).
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PFC Boost converter

Frequency range [Hz)

Plant i i
| 1 933k
Mo plart
loaded Sol map. [inner loop]
Outer loop sensor
Cross freq. Phase marg.
H(s) | il | il
— Sol.map. [outer loop)
Inner loop compensator Multiplier & Vims feed-forwarnd Outer loop compenzator
Multiplie ~| | =]
C @
AB B Crozs freq. Phase marg.
2 bl e

A Vea

Help
| ﬂ Qancel| ak |

Otherwise, if the selection is UC3854A multiplier, the current sensor is implemented by means of

the resistor Rs.

PFC Boost converter

Plant

Frequency range [Hz)

Inner loop compenszator

[ 7

min mar
| 1 933k
Mo plart
loaded Solmap. [inner loop)
Outer loop sensor
Cross freq. Phase marg.
| )| :
Sol. map. [outer loop)
Multiplier & \imz feed-forwand Outer loop compenzator
LIC3B544, Multiplier ~| | =]
C @
AB |p Rac Crogs.freq. Phase marg.
g z [T/
E c 0| 0
| A \Mea

Help
| ﬂ Qancel| ak |

Next, the plant must be selected. The predefined plants are the following:
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*Boost PFC(Resistive load)
*Boost PFC (Constant power load)

PFC Boost converter

Frequency range [Hz)
Plant “ j il .
Baoost PFC [Resistive load] ‘
Boost PFC [Constant power load) 1 | 93k
Mo plant
lnaced Sal map. [inner loop)
Outer loop sensar
Crozs.freq. FPhaze marg.
His) | 0 | 0

Sol.map. [outer loop)

Inner loop compensator Multiplier & Vims feed-forwarnd Outer loop compenzator

Multiplier [ =1

=l
C EI
AB |B - Crozs freq. Phase marg.

c? u| i

Help
| | ﬂ Qancel| ok |

A Vea

Next, the inner control loop will be configured: since the current sensor has been already set, it is
necessary to select the inner loop compensator.
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PFC Boost converter

Plant |Bonst PFC (Resistive load)

=

Inner loop compenszator
| -
Type 2

Type 3

Pl analog

-
E quation

Multiplier & \imz feed-forwand

Outer loop sensor

e

Outer loop compenzator

Multiplies |

e

I =]

Frequency range [Hz]
mir maw
1 999k

Sol map. [inher loop)

Cross freq. Phase marg.
| )| :

Sol. map. [outer loop)

Phaze marg.
0| i

Crozs.freq.

Help
| ﬂ Cancel | ak |

Compensator types:

*Type 3 (It is only available for Multiplier option)

*Type 2
*P1

*PI analog

*User defined compensator: Equation Editor

Once all the inner loop transfer functions have been defined, the crossover frequency and the
phase margin must be selected. Under the name of Solution Map (only for predefined
compensators), SmartCtrl provides the stable solution space in which all the possible combinations
of crossover frequency and phase margin that lead to stable solutions are shown graphically. Just
clicking on the "Solutions map (inner loop)" button the solution map corresponding to the inner loop

is displayed.
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PFC Boost converter

Plart |Bo0st PFC [Resistive load] |

Frequency range [Hz)
min max

Inner loop compenszator

Multiplier & \imz feed-forwand

Outer loop senzor

[ [

Outer loop compenzator
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e
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| 1 | 999 k

Sol.map. [inner loop)

Crozs freq.
| )| :

Phase marg.
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Crozz.freq. Phaze marg.

0 | 0

Salution map [inner loop)...

Help
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The designer is asked to select the crossover frequency and the phase margin just by clicking
within the white zone to continue.

Cross frequency and Phase margin input

400

Phase margin vs Crozs frequency

£
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Once the crossover frequency and the phase margin have been selected, the solution map will be
shown on the right side of the PFC Boost converter input data window. If, at any time, the two

aforementioned parameters need to be changed, just click on the inner loop solution map. (See next

figure).
PFC Boost converter *
— Frequency range [Hz)
Plant |Boost PFC [Rezistive load) j :
mir E
| 1 933k
Sol.map. [inner loop)
Outer loop sensor /!_\ "
) - A Crozs freq. Phase marg.
lzolated ¥ senzor Ioaded | 15k | 45
E quation
— Sol.map. [outer loop)
Inner loop compengator Multiplier & Vims feed-forwand Outer loop compengator
Type 3 - tultiplier ﬂ | J
C EI
AB |B m Cross freq. Phase marg.
c? - 0| 0
A Vea
Help
Solution map (inner loop]... | | [ 3 Cancel | ak |

Now, the outer loop can be defined. First, the voltage sensor must be selected.
The voltage sensors available are the following:
For Multiplier option:

*Isolated V sensor
*Equation Editor (User Defined Sensor)

For UC3854A Multiplier option:
*Voltage Divider

*Embedded Voltage Divider

*Equation Editor (User Defined Sensor)
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PFC Boost converter

Plart |Bo0st PFC [Resistive load] |

His)

Inner loop compenszator
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Outer loop senzor
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Next, the outer loop compensator must be selected.

PFC Boost converter

Plart |Bo0st PFC (Resistive load) = |
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Single pole
E quation

TOT T

Salution map [inner loop)...

Outer Loop compensator types depending on the sensor previously selected:

Frequency range [Hz)

| 1 | 999 k

Sol.map. [inner loop)

Crozs freq.

Phase marg.
| Tk | 100

Sol.map. [outer loop)

Crozs.freq. Phaze marg.

0 | ]

Help

| ﬂ Qancel| ok |

© 2024 Power Smart Control S.L.



62

SmartCtrl User's Guide

For multiplier

option: For Voltage
Divider sensor:

e Type 3 e Type 2

» Type 2 . DI

. Pl * Pl analog

* Planalog * Single Pole

* Single Pole * User defined

* User defined using Equation
using Equation Editor
Editor
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Voltage Divider

Sensor.
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s User defined
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For UC3854 multiplier option:

For user defined
sensor (Equation
Editor):

* Type 2

» Type 3

» Pl

Pl analog
Single Pole
User defined
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Editor

As well as in the case of the inner loop, the cross frequency and the phase margin must be
selected. Also in this case, the solution map (only for predefined compensators) is available to help

the selection of a stable solution.

Press the "Solution map (outer loop)" button and the solution map will be displayed. Then select a

point just by clicking within the white area.

PFC Boost converter
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It should be remarked that, due to stability constraints, the crossover frequency of the outer loop
cannot be greater than the crossover frequency of the inner loop. In order to prevent the selection
of an outer loop fc greater than the inner loop one, a pink shadowed area has been included in the
solutions map of the outer loop.

Cross frequency and Phase margin input x

Phaze margin vz Crozs frequency

foie] k. Itz highly lecamrr!ended_tn click on the
unzhadowed [white] region for zelecting
an approprate [Cross frequency Phase
margin] couple of values.

150

Take care also of attenuation [K[zR(=)
at Few] and Phaze margin edit boxes,

100 when their backgrounds are red painted!

Cross frequency Fhaze maragin
|1 0 |ED

Fhase marain

[E[=Rl=)l &t Faw

-106.335 Update

a0

g Faw=100k
1 10 100 1k 10k 100k 1M

Cross frequencyHz] LCancel ‘

Once the crossover frequency and the phase margin have been selected, the solution map will be
shown on the right side of the DC-DC average current control input data window. If, at any time,
the two aforementioned parameters need to be changed, just click on the outer loop solution map.

(See next figure)
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Once everything is set, accept the selected configuration and confirm the design, the program will
automatically show the performance of the system in terms of frequency response, line current

shape... (See Graphic panel window for detailed information).

Once the design has been generated, two possible warning messages can appear in the solution
map window:

In the case of a single pole compensator in the outer loop, which is a typical compensator for
power factor correctors, the gain at low frequency may be low. A warning appears when the
estimated Vo (shown in the method panel) differs from the specified one in more than 10%.In
these cases, a compensator with a higher gain at low frequency is recommended.

The line current waveform is calculated assuming that the current loop follows perfectly well
the reference generated by the outer loop. However, in some occasions there is a zero-cross
distortion and the actual line current would differ from the one represented. In these cases, a
warning message appears. The cross-frequency of the inner loop compensator should be increased
to minimize this problem.

In the method panel, additional information is provided both for the inner loop and the outer loop:

Attenuation (fsw)(dB). This is the attenuation in dB achieved by the combination of the sensor
and the compensator at the switching frequency. Since the reference for the inner loop is

generated by the outer one, it must be enough to avoid making the system unstable.
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*Attenuation (2f1)(dB) . This is the attenuation in dB achieved by the combination of the sensor
and the compensator at twice the line frequency (100 Hz or 120 Hz). Since the reference for
the inner loop is generated by the outer one, it must be enough to avoid making the system

unstable.

*Estimated Vo (V). This is the estimated output voltage of the converter. This parameter is
important because, if the frequency gain of the open loop transfer function is not high enough,
there will be a steady-state error and the estimated output voltage can be different from the
specified output voltage. As mentioned above, if the estimated Vo (shown in the method panel)

differs from the specified one in more than 10%, a warning will be displayed.

In case the user selects a customer defined compensator using the Equation Editor, just follow

the steps explained in Compensator (Equation Editor)

PFC Boost converter *

Plart [Boost PFC Fesitive load) v Frequency range (Hz]
min max

| 1 | 999 k

Sol.map. [inner loop)

Outer loop senzor
- Crozs freq. Phase marg.
Hi(s) S~ | il | il

Sol. map. [outer loop)

Inner loop compenszator Multiplier & \imz feed-forwand Outer loop compenzator

= Muitiplier | | =]

R (S ) AE |B m Crozz.freq. Phaze marg.
2 -

c 0 | 0

Help
| ﬂ Qancel| ok |
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Compensator (equation editor) *
[sdomain madel Open... Save Save 5., | I a0 Mod(dB] v Frequency
File: I 10 \
// PI (Compensator) - Parametric sweep i \
Parameter Value == =
Kp = 15 ™ =[5 g . \
Ti = 300 u 2 \
- -20 N
R =FEp * (1 + s*Ti) / (s¥Ti) <=l \
return R ITI LI |300 u -30 \
=1 '401 10 100 1k 10k 100k 1M
Frequency[Hz]
0 Phaze(?) vs Frequency
10 Wall
=20 /
/
-30
= -40 f
i /
£ -50
= /
&0
- 70 /
Set defaults Editor... Compile Copy | Select parameters 0
-90
1 10 100 1k 10k 100k 1M
Export transfer function(s)... | PWM Modulator User Modulator | Frequency[Hz)
Edit external functions | Add external function... |
Help | Cancel | oK |
This option can be selected for both, inner and outer loops.
PFC Boost converter X
— — Frequency range [Hz)
Plant |Boost PFC [Resistive lnad) LI :
min s
1 999k

—Solmap. [inner loop)

Outer loop sensor
Ilsolated Y. sensor vI & Cross.frieg.  Phase marg.

His) I ] a0

—Solmap. [outer loop)

Inner loop compenszator Multiplier & \imz feed-forwand Outer loop compenzator

IE quation - I Multiplies -

=l
A.B : Crogs.freq. Phaze marg.
R(s) ra R(s)

c . Vo | u| 0

Help |
Solution map (inner loop]... Solution map [outer loop)... | _}I Cancel | ak I
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For customer defined compensator the solutions map will not be available; use the buttons in the
view toolbar to change the graphic view between inner and outer loop and to adjust the inner and

outer loop compensator values in the method Box.

&

View inner loop

View outer loop
Launch inner method box / Display inner loop results
&

outer method box or Method box / Display outer loop results

Enables or disables the display of the compensator calculation method toolbox. Launch

@
J e Dsion piens view Teds v windon_tidp 77 71 (Compensator)
DhEEs B ] Y BERABER S O0MO-me o PR
f e Gt 2 1 (@ &= &\ b Sn 20" s o S o % 5= 300 w
l I [EI&E=] [ | r=rp * (1 +s73) / (sr70
zetumn &
T (dB) vs frequency ITIvs Tideg) Dscilator ramp and Intemal compensator output vs time.
4l ‘ B
] ) )
OP—
e
= Paramet ter Va feftz)
g ™ ; E ) o =l[5n EE3
ez 3 —— o
) <> [701 [
4 i =[a0u 1G()
15 ———  [stmmk |
) Att(e) [
[Fesms |
7
ss
0 7w 7K or wr e = T u Ea
FroqueresiHi)
b
T (deg) vs frequency. Line current vs time _ (THD=0.0156 %) %/
A N
\\ / \ ann)
L \ -
/ [\
/ $
/ \ 100]
i E f ‘
- /
\ / \ wn
\ \ o
/ 0129)
1 \ / \ [ o
5 \ / \ /] 5 oz
L / / > o
100 \\/ \/ 0124
0123
o
i T TE Tx Tor Sn Wm B @ ®a @n B @n Sn Tom  ®m  @n B Wn Bn @n
FroqwreyiHe) Timesec) Tinfeec)
Thoaae = aee R = wiam - asion N g |

o

Finally, the flowchart to generate the types of the power factor is the following:
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MULTIPLIER INNER OUTER
& Vrms INNER LOOP QUTER LOOP
EEED- LOOP PLANT LOOP
REGULATION REGULATION
FORWARD SENSOR SENSOR
Type 2
Boost PFC [Constant i Lsolara Tipe 3
- Hall Effect Sensor o3 anstant powsr Type 3 Sensor Fl
Multiplier load) Pl
His) - User defined Flanalog
Boost PFC (Resistive load) Pl analog (Eo.Ed) Single Fole
User defined (Eq. Ed) ) Userdefined (Eq. Ed)
Type2
Voltage Pl
Type 2 Divider Planalog
UC3B54A Resistive Sensor E‘j:;]tp':cic'j”m”tmwa Pl E'ns‘zps_'eem -
inli serdefined (Eq
Multipier Rs Boost PFC (Resistive load) Planalog Regulator
User defined (Eg. Ed) embedded Type 2_unatt
Voltage Pl_unatt
Divider Single Pole_unatt
Userdefined (Eq. Ed)
. Type 2
User defined Type3
(Eq.Ed) Bl
Pl analog
SinglePole

Userdefined (Eq Ed)

1.4.5.1 Power stage
Navigation: SmartCtrl > Design a predefined topology > Power factor corrector >

Boost PFC power stage Previous Top Next

The Boost PFC is based on a double loop control scheme, and therefore the output voltage and the
current through the inductor are sensed simultaneously. There are Four options for the plant,
depending on the load and the multiplier:

Generic multiplier + Boost

AL
Vin L i1 |+ Vo PFC (Resistive load)
ZF L Re |[p

?
Generic multiplier + Boost

vin AL ik ]—{:4 Rcv-+'l|.|l'u PEC
fim s
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UC3854A multiplier + Boost

RL
¥in v TH + Vo PFC (Resistive load)
Tmip
UC3854A multiplier + Boost
Vin TD{ + Vo PFC (Constant power load)
Ly R =
" Po

C

Bk

The current loop is designed considering a piecewise linear model of the plant: using quasi-static
assumption, the small signal model for each operating point is calculated as in a DC/DC boost
converter.

The mput data variables are listed and defined below:

Input data

V. (rms Input Voltage (V)
)

R, Equivalent Series Resistor of the Inductance (Ohms)
L Inductance (H)
Rc Equivalent Series Resistor of the output capacitor (Ohms)
C Output Capacitor (F)
v, Output Voltage (V)
Load Resistor (Ohms)
P, Output Power (W)
wta Line angle(°). The current loop is designed considering the plant calculated for

this operating point. This line angle is indicated as a red dot in the output panel
that represents the Rectified voltage and external compensator output(See
Graphic and text panels window for detailed information)

Fow Switching frequency (Hz)
Line Line frequency (Hz)
freque

ncy
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1.4.5.2 Graphic panels

Navigation: SmartCtrl > Design a predefined topology > Power factor corrector >

Graphic panels Previous Top Next

The window is divided in six different panels:
The graphic panels are:

Bode plot Module (dB)
Bode plot Phase (°)
Nyvquist diagram
Line current
Oscillator ramp and internal compens ator
Rectified voltage and external compensator output

Oscillator ramp and internal compensator

Navigation: SmartCtrl > Design a predefined topology > Power factor corrector > Graphic panels >

Oscillator ramp and internal

Previous Top Next
compensator

This graphic panel provides information about the output of the inner control compensator (blue
line) compared to the oscillator ramp (red line ). The output of the internal compensator is
represented for the line angle corresponding to the maximum current ripple through the inductor.
This line angle is identified by means of a blue dot in the Rectified voltage and external
compensator output graphical panel.

This comparison can be useful to determine whether there could be oscillations. If the slopes of
both functions are too similar, there could be more than one intersection per period.

Dciliaficn Lampy and infesmal comperaator aulput v e
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Line current

Navigation: SmartCtrl > Design a predefined topology > Power factor corrector > Graphic panels >

Line current Previous Top Next

This graphic panel provides information about the line current and its harmonic distortion. The line
current waveform is calculated assuming that the current loop follows perfectly the reference
generated by the outer loop. However, in some occasions there is a zero-cross distortion and the
actual line current would differ from the one represented. In these cases, a warning message
would appear in the solution map window.

e Line cavent e lme  [THO=0124 %)

oL

Tiwatd b |

Rectified voltage and external compensator output

Navigation: SmartCtrl > Design a predefined topology > Power factor corrector > Graphic panels >

Rectified voltage and external

Previous Top Next
compensator output

This graphic panel provides information about the external compensator output voltage. Its phase
shift compared to the rectified voltage can be assessed. If the compensator output voltage has not
an appropriate phase shift compared to the rectified voltage (reference), the line current
distortionwill increase.

The current loop is designed considering a piecewise linear model of the plant. The current plant
represented in the Bode plot panels (see Graphic panels window) corresponds to the operating
point marked with a red dot in the rectified voltage. The small signal model for the plant is
calculated as in a DC/DC boost converter for this operating point. This dot can be moved by
clicking and dragging with the mouse, resulting in a variation of the operating point. As the dot
changes its position, the Bode plot corresponding to the inner loop varies, as well as the attenuation
information in the K-factor panel refreshes according to the indicated operating point.
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The blue dot in the rectified voltage represents the operating point that corresponds to the
maximum current ripple through the inductor. The gr aphics in the Oscillator ramp and internal
compensator panel have been represented for this operating point.
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)

= AT N TN TS
= LY 7 LY
T oo Y .-"J LY / \. J s
- f \ | \ |/ \ |/ 5

o / \ |/ \ \\/ \

N ¥
Sm 8m 15m am Sm 2 m Em Om
L]

- E stevral compent bl oulgad

E&/\

24

3
-
§ 2
LY

X

| I

I
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1.4.5.3 Multipliers
Multiplier

Navigation: SmartCtrl > Design a predefined topology > Power factor corrector > Multipliers >

Multiplier Previous Top Next
e ]
A_.I23 B E KB 001 1™ Use feedfonward
c
A Wea Km 10
Using feedforward:
. KFE 0.018
C
A Vea Km 10
1.0

1zt harm.rip.[%]

The multiplier has the following parameters:
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KB Gain of the current reference for the inner loop.

Km Multiplier gain.

And, when the use of feed-forward is selected:

KFF  Gain of the feed-forward. It is the ration between the rms input voltage and the average
mput voltage to the multiplier.

1st harm.rip.(%) Ratio between the amplitude of the first harmonic of the rectified input
voltage and its average value.

n|='
ro|Em
m

UC3854A multiplier
Navigation: SmartCtrl > Design a predefined topology > Power factor corrector > Multipliers >

UC3854A multiplier Previous Top Next
0.M7E3
c KFF
= AB | Rac
z
C

: A Vea Km e
ok

R ac{ohmz]

Fmof[ohmsz] 10k

The UC3854 A multiplier has the following parameters:

KFF Gain of the feed-forward. It is the ration between the rms input voltage and the average input

voltage to the multiplier.
Km Multiplier gain.

Rac Resistance to introduce the current reference for the mner loop (Ohms)
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1.5

Rm Resistance to convert the multiplier output current into a voltage reference for the inner

o compensator (Ohms)

AB |g Rac

PR
')
ok

Desing a generic topology

Navigation: SmartCtrl >

Design a generic topology Previous Top Next

SmartCtrl not only helps the designer when a pre-defined power converter is considered, it also
allows the design of the control loop of any generic converter.

To carry out the design of the control when the plant is not a pre-defined DC-DC converter, the
plan must be provided either by means of an s-domain transfer function or importing the plant
frequency response from a .txt file. Depending of the desired input method, the designer must
select between:

s-domain model editor
Import frequency response data from a .txt file
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— Design a predefined hopology

DC-DC powveer stane and
conbrol circut design

L
¥t

DC-DC converter - Single loop
Voltage Mode Control or ACMC

DC-DC corwerter
Peak cument mode control

DC-DC corwerter
Average Cument Maode Control

PFC Boost conwverber

=
=]
&

1.5.1 s-domain model editor

Navigation: SmartCtrl > Desing a generic topology >

s-domain model editor Previous Top Next

The s-domain model editor is available at:

@ Smm;w.m_h
File Design Option: Wiew Window Took Help

s >R a2 T O EdNEY 0ON=H B ®

q T\r_|1- TI'-H'I T-T T:I'I zl t T:’ f:'_: f'-:- 1 D{signa.genericmpnlugy: u;'lngn-m.n;dd:ﬂml':ﬂ

The s-domain model editor provides two different options in order to define the s-domain transfer
function plant:
*s-domain model (equation editor)

*s-domain model (polynomial coefficients)

In both cases, the user must select the control strategy.
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1.5.1.1

Design a generic topology “
Define the plant as:
s-domain model (equation editor)

" Current mode controled

s-domain model (polynomial coefficents)

 Yoltage mode controlied

" Current mode controlled

Import frequency response data from .txt file

Navigation: SmartCtrl > Desing a generic topology > s-domain model editor >

Import frequency response data from

Previous Top Next
txt file P

The "Import frequency response form a .txt file" is also available at:

File Design Options View Tools Warehouse Window Help

DhesEss ™ sGaRE BB T T B R2E N
I SO0 S0 80 | i S T R | o0 |Lave | —_—

Design a generic topology from b fileL

L

SmartCtrl allows the designer to import his own transfer plant function and design an appropriate
control loop. This feature is only available for single loop designs. To define the imported transfer
function the user must specify the intended control type:
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Take into account that, whether the imported plant is current mode controlled or voltage mode
controlled, the single loop design process will be the same. The only difference is related to the

available sensors, which are different for each case.

Once the control type has been selected, the file that contains the plant frequency response must
be selected. SmarCitrl is able to load the following file formats: *.dat, *.txt, *.fra

Plant from t file (voltage mode controlbed)

]

Buscar en example

E - @

Fechs de modifica.  Tipa

TS 2015908 HArchivo FRA

b
w

|1I1 |10:I 3

Tet Dag P files (", "ot |

| Awie | Concear |

¥

Once the file has been selected, the data is loaded to SmartCtrl and the magnitude and phase are

displayed as depicted in the next figure.
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File
|&UJWWM¢WWW_SW_WWM

_GldB) vt hequency
——
i

And some additional data such as the output voltage (only in voltage mode control) and the
switching frequency must be specified.

Click OK to continue.

Depending upon it is a current mode controlled or voltage mode controlled, the available sensors
are the following:

Voltage mode
controlled

Voltage divider

. Embedded Voltage
EE; Divider
=l Sense | | Isolated V. sensor
"Vodage drader
Ermbescdad W .
g | podsbad W ganinod
Iloaded as yot
= Select on from the ==

comba box ahove.

Current mode
controlled

Current sensor

Hall effect sensor
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Finally,select the compensator.

Voltage mode controlled (b file), single loop data input X C()mpensat()r theS:

Frequency range[Hz)

B e il max oije 3
10 1oeee Unatte nuated

5 olution map 'T!Qe 2
*Type 2

unatte nuated
Compensatar || j Sensar |VOItage divider j PI
Type 2 rl
Type 3 v .
Cam El uation Cross freq. Phase marg PI unatte nuate d
Wref

loade

Ra )
Select one from the combo — — ! 0 °Single Pole

Flant

1} Rb
e |l «Single Pole
unattenuated

_ter | *Equation Editor
ﬂ Lancel

Once the system has been defined, SmartCtrl calculates the Solutions Map (only for predefined
compensators), in which it is shown graphically all the combinations of crossover frequency and
phase margin that leads to stable solutions. To continue, click on set and the solutions map will be
displayed. After that, select a point within the stable solutions area (white area) and then click OK.

Voltage mode controlled (txt file), single loop data input | = |
Plant Flm:r:uei}iﬂ .
B =1 100 | Lol
E Solubior map
Comperizsio :Tm 3 El Senino i\"{imﬁw:ﬁi El
a

Ra Cross freg Phase maig,
Vired U [ o[ @®

[ =
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TR ] & Fow

e e

!i-hl
- T

Now confirm the design and the program will automatically show the performance of the system in
terms of frequency response, transient response. (See Graphic and text panels window for
detailed information)

In case the user has selected a customized compensator using the equation editor, use the
compensator parameter sweep available in the Method box instead of the solutions map.

© 2024 Power Smart Control S.L.



SmartCtrl 81

Methed [ x |

// PI (Compensator)
Fp = 27.785 m
Ti = 300 u
R=FKp * (1 + s*Ti) / (s*Ti)
return R
Parameter Value < folHz)
IKp | |2?.?85 m |Ei.9635
=} . PhM(?)
<> |[84.743
I | |300u MG(dB)
— | | 60.7398
Att(dE)

|—69.1855

Help

1.5.1.2 s-domain model (equation editor)

Navigation: SmartCtrl > Desing a generic topology > s-domain model editor >

s-domain model (equation editor) Previous Top Next

The s-domain model editor (equation editor) provides two different options depending on whether
the defined plant transfer function is intended for:

Voltage mode control (VMC)
Current mode control (CMC)
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s-domain model (equation editor) VMC

Navigation: SmartCtrl > Desing a generic topology > s-domain model editor > s-domain model
(equation editor) >

s-domain model (equation editor)
VMC

Previous Top Next

When the power converter is defined through its s-domain transfer function, the design procedure
is as follow:

First, the user must define the s-domain transfer function of the plant, choosing amongst two
different options:

Import a previous design (click on open)

Define a new transfer function (click on editor).

Once the equation has been introduced:
Click on "Save" to save the mathematical equations in a text file with extension .tromod
Click on "compile" to continue.
If desired, the frequency response of the transfer function can be exported as a .txt file by
clicking on "Export transfer function".

The option "Bode plot" is selected by default, the frequency response of the previously defined
transfer function is shown on the right hand side panels.
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Plant (equation editor)
s-domain model Open... Save Save as...
File |
// Buck (Power stage) Parametric sweep
Parameter Value =
R = 4.35¢
R 4.356
=0 | =l
c =160 u ——
Vin = 12.0 < )
It ~|[30u
// Plant transfer function
Gd = Vin / (L*C¥*s*s + (L/R)%*s + 1) T
return Gd <>
|c ~|[s0u
_J—
=< >
[vin =[x
_J—
Set defaults | Editor... | Compile | Copy ‘ ["Select parameter
" One frequency| * Bodeplot | Export transfer function(s)...
Initial frequency {Hz) End frequency {(Hz) Vo{v) Fsw
| 10 | 10M | 3.3 100K

Mad(dB)

Phaze(?]

FrequencyHz]

Set defaults (all)

Edit external functions ‘ Add external function... |

Help | Cancel ‘ QK

SmartCtrl 83
X
5 Mod(dB) vs Frequency
0
N
-50 ‘\
AN
-100
N
-15010 100 1k 10k 100k 1M 10MIOOM
Frequency[Hz]
0 Phaze(?) ws Frequency
\
-50
-100
-150
-20010 100 1k 10k 100k 1M 10MIOOM

To check the gain, phase and rectangular components of the frequency response at a particular

frequency, the option "One frequency" is provided.

As shown in the following figure: first select the option "one frequency", secondly specify the
frequency and finally, click on compile and the gain, phase and rectangular components at the

specified frequency are shown below.
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Plant (equation editor) x
s-domain madel Open... Save Save as... 50 Mod(dB] vs Frequency
File:
// Buck (Power stage) - Parametric sweep 0
Parameter Value == = \
R = 4.35¢ = I,
-50
L=30u e =] 435 2 \
c =160 u o
Vin = 12.0 -100 \\
L MIED
// Plant transfer function 08
Gd = Vin / (L*C*s*s + (L/R)*s + 1) =l "0 1000 1k 10k 100k 1M 10MIOOM
return Gd == Frequency(Hz)
| ~|[s0u
—— 0 Phaze(?) ws Frequency
| \
Jvin =]
-50
.—J—
E -100
o
-150
Set defaults | Editor... | Copy | Select parameters
-200
1 0 100 1k 10k 100k 1M 10MIO0M
(" Bode plot  Export transfer function(s)... Frequency[Hz)
Frequency (Hz) yi Volv) Fsw
IT I 33 I 100K Set defaults (all) |
B Edit external functions | Add external function... |
Gain, phase and regulator components
Result | Mod(d8) = -3.50001 Arg(?)= -178.619 (0.668145,-0.0161076) Hp | Canal | ok |

When the s-domain model is intended for Voltage Mode Control (VMC), then the output voltage
and the switching frequency must be specified. As highlighted in the next picture:
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Plant (equation editor)

s-domain model Open... Save Save as...

File:

// Buck (Power stage)

— Parametric sweep

Parameter Value ==
R = 4.35¢
R 4.356
L =30nu I LII
c =160 u o
Vin = 12.0
L MIED
// Plant transfer function
Gd = Vin / (L*C*s*s + (L/R)%*s + 1) T
return Gd <>
| ~|[s0u
.—J—
==
Jvin =]
.—J—
Set defaults Editor... | Compile | Copy Select parameters
" One frequency  * ode plot Export transfer function(s)...
Initial frequency {Hz) End frequency {(Hz) [VD(\!’} Fsw
| 10 | 10M l| 3.3 100K

Mad(dB)

Phaze(?]

X
Mod(dB) vs Frequency
50
0 \
-50 ‘\
AN
-100 \
-15010 100 1k 10k 100k 1M 10MIOOM
Frequency[Hz]
0 Phaze(?) ws Frequency
-50
-100
-150
-200
0 100 1k 10k 100k 1M 10MIO0M

FrequencyHz]

Set defaults (all) |

Edit external functions | Add external function... |

Cancel | oK I

Help |

After that, select the sensor.
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Voltage mode controlled (equation editor], single loop data input

Flant

G(s)

Compenzator J Senzor ||

=l

Yolkage divider
Embedded . div.
Sp|lzolated ¥ senzar

loaded as yet.
— — GSelect one from the
combo box above.

Frequency range[Hz)
min max

10 10000000

Solution map

Crozz freq. Phaze marg.

| 9 | :

And then select the compensator, using the predefined options available or use the equation editor

for a customized compensator.
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Voltage mode controlled (equation editor], single loop data input

Frequency range[Hz)

Flant
min max
] 10 10000000
G (S} Solution map
Compenzatar || j Bermsen |‘«-"0Itage divider j
Type 2

- .
Com E quation Ra Crozz freq. Phaze marg.
loadera= yer \ret | = | 5

- Select one from the combo — i
above ﬂr{h

Select the cross frequency and the phase margin on the Solutions Map for pre-defined
compensators or use the Method box for the compensator parameter sweep .
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Cross frequency and Phase margin input

FPhasze maragin

250

200

150

100

50

Phasze margin vz Crozs friequency

Fhikdmin=0 ] Faw=100F,
10 100 1k 10k 100 k 1H 10K 100 M

Crozs frequency(Hz]

Itz highly recommended ta click on the
unzhadowed [white] region for zelecting
an appropriate [Cross frequency Phase
margin] couple of values.

Take care also of attenuation [[F[zFRI]

at Faw] and Phaze margin edit boxes,
when their backgrounds are red painted!

Crogs frequency Fhaze maragin

|949.511 |152_5

[E[Rl=]l at Faw

-45.2196 Update

Help

LCancel ‘
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Methed [ x |

// PI (Compensator)
Fp = 15 m
Ti = 300 u
R=FKp * (1 + s*Ti) / (s*Ti)
return R
Parameter Value < folHz)
IKp | | 15m |29.usu3
— | PhM(=)
= |93.ua33
I | |300u MG(dB)
— | 229415
Att(dE)

|—38.8895

Help

s-domain model (equation editor) CMC

Navigation: SmartCtrl > Desing a generic topology > s-domain model editor > s-domain model
equation editor) >

s-domain model (equation editor)
CMC

Previous Top Next

When the power converter is defined through its s-domain transfer function, the design procedure
is as follow:
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First, the user must define the s-domain transfer function of the plant, choosing amongst two
different options:

Import a previous design (click on open)

Define a new transfer function (click on editor).

Once the equation has been introduced:
Click on "Save" to save the mathematical equations in a text file with extension .tromod
Click on "compile" to continue.
If desired, the frequency response of the transfer function can be exported as a .txt file by
clicking on "Export transfer function".

The option "Bode plot" is selected by default, the frequency response of the previously defined
transfer function is shown on the right hand side panels.

Plant (equaticn editor) >
s-domain maodel Open... Save Save 5., 50 Mod(dB] v Frequency
File:

// Buck (Power stage) Parametric sweep 0
Parameter Value == =
R = 4.35¢ =
- -50
= an |r | [4358 K]
Cc =160 u ——
Vin = 12.0 <=l -100
L ~|[30u
// Plant transfer function 08
Gd = Vin / (L*C*s*s + (L/R)*s + 1) =l "0 1000 1k 10k 100k 1M 10MIO0M
return Gd | Frequency[Hz]
e ~|[1e0u
—J— 0 Phaze(?) vs Frequency
==
[vin ~|[2
-50
_J—
T
!_:% -100
o

-150

set defaits Editor... | Compile | Copy ‘ ["Select parameters
-200
o 100 1k 10k 100k 1M 10MIO0M
" One frequency f* Bodeplot  Export transfer function(s)... Frequency[Hz)
Initial frequency (Hz) End frequency (Hz) In(A) Faw
| 0 | oM | 33 100K Set defaults (all)

Edit external functions ‘ Add external function... |

Help | Cancel ‘ oK |

To check the gain, phase and rectangular components of the frequency response at a particular
frequency, the option "One frequency" is provided. As depicted in the following figure: first "one
frequency" must be selected, secondly the frequency should be specified and finally, click on
compile and the gain, phase and rectangular components at the specified frequency are shown
below.
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Plant (equation editor) x
s-domain model Open... Save Save as... 50 WMod(dE]) vs Frequency
File:
// Buck (Power stage) - Parametric sweep 0
Parameter Value == = \
R = 4.35¢ = I,
-50
L=30u e =] 435 2 \
c =160 u o
-~ i ™
Vin = 12.0 <> 100 \
L MIED
// Plant transfer function 08
Gd = Vin / (L*C*s*s + (L/R)*s + 1) =l "0 1000 1k 10k 100k 1M 10MIOOM
zeturn Gd Frequency(Hz)
| ~|[s0u
—— 0 Phaze(?) ws Frequency
| \
Jvin =]
-50
.—J—
E -100
o
-150
Set defaults | Editor... | Copy | Select parameters
1 -200
0 100 1k 10k 100k 1M 10MIO0M
" Bodeplot  Export transfer function(s)... Frequency[Hz)
Frequency (Hz) Ix(A) Fsw
IT 2 I 33 I 100K Set defaults (all) |
; Edit external functions | Add external function... |
Gain, phase and regulator components
Result | Mod(d8) = -3.50001 Arg(?)= -178.619 (0.668145,-0.0161076) Hp | Canal | ok |

When the s-domain model is intended for Current Mode Control (CMC), then the current to be
controlled value and the switching frequency must be specified. As highlighted in the next picture:

© 2024 Power Smart Control S.L.



92

SmartCtrl User's Guide

Plant (equation editor)

s-domain model Open... Save Save as...

File:

// Buck (Power stage)

R = 4.35¢
L =30nu

C =160 u
Vin = 12.0

// Plant transfer function
Gd = Vin / (L*C*s*s + (L/R)%*s + 1)
return Gd

Set defaults Editor... | Compile | Copy

— Parametric sweep

Parameter Value ==
|r ~| |4.356
o
L ~| |30u
o
<o
| ~|[s0u
————————
|
Jvin =]
———————

Initial frequency {Hz)

" One frequency % Bodeplot  Export transfer function(s). ..

End frequency {(Hz)

[IX(A} Fsw

| 10 | 10M

l| 3.3 100K

Mad(dB)

Phaze(?]

X
Mod(dB) vs Frequency
50
0 \
-50 ‘\
AN
-100 \
-150
0 100 1k 10k 100k 1M 10MIOOM
Frequency[Hz]
0 Phaze(?) ws Frequency
-50
-100
-150
-200
0 100 1k 10k 100k 1M 10MIO0M
FrequencyHz]
Set defaults (all) |
Edit external functions | Add external function... |
Help | Cancel | QK |

After that, select the sensor.
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Current mode controlled (equation editor), single loop data input >

— Frequency range[Hz)
min max
] 10 10000000

G (S} ~ Solution map ———————————

Flant

Compensatar j Senzor | j

Current genzor

Hall effect sensor

Cormpensator hasn't been sensor hasn't been Crossfreq.  Phase marg.
loaded as yet. loaded as yet. I 5 I 7
Select one from the combo — — Select one from the —|—

o above combo box above. -

Help |
Ll LCancel | ok I

And then select the compensator, using the predefined options available or use the equation editor
for a customized compensator.

Current mode controlled (equation editor), single loop data input =

— Frequency range[Hz)
it Miax

] 10 10000000

G (S) — Solutionmap —————

Flant

Compenszatar LI Senzor |CUTENt sensar ;I
Type 2 §
Type 3
Pl

Com Crozz freq. Phase marg.
lnade . I 0 I 0

Select one from the combo — ———— Hi(s) |—|—
above

Set...

Help |
Ll LCancel | ok I
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Select the cross frequency and the phase margin on the Solutions Map for pre-defined
compensators or use the Method box for the compensator parameter sweep .
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Cross frequency and Phase margin input

Phasze margin vz Crozs friequency

Bl—— =t {— SRR AR = el

Faw=100F,

250
200
=
=
mn
=
[
|
o 100
50
Fhikdmin=0
10 100

Crozs frequency(Hz]

10k 100k 1M 10K 100 M

Itz highly recommended ta click on the
unzhadowed [white] region for zelecting
an appropriate [Cross frequency Phase
margin] couple of values.

Take care also of attenuation [[F[zFRI]

at Faw] and Phaze margin edit boxes,
when their backgrounds are red painted!

Crogs frequency Fhaze maragin

|949.511 |152_5

[E[Rl=]l at Faw

-45.2196 Update

Help

LCancel ‘
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Methed [ x |

// PI (Compensator)
Fp = 15 m
Ti = 300 u
R=FKp * (1 + s*Ti) / (s*Ti)
return R
Parameter Value < folHz)
IKp | | 15m |29.usu3
— | PhM(=)
= |93.ua33
I | |300u MG(dB)
— | 229415
Att(dE)

|—38.8895

Help

1.5.1.3 s-domain model (polynomial coefficients)

Navigation: SmartCtrl > Desing a generic topology > s-domain model editor >

s-domain model (polynomial

. Previous Top Next
coefficients)

SmartCtrl offers the possibility of describing the data of the plant introducing the coefficients of its
transfer function. This feature is only available for single loop designs, and two options are
available:

Voltage mode controlled (Shift+L)
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Current mode controlled (Shift+U)

Design a generic topology “
Define the plant as:
s-domain model (egquation editor)
™ Voltage mode controled

" Current mode conbroled

s-domain model (polymomial cosffidents)
" Noltage mode controded)

™ Current mode controlied

mb]w|m|

The coefficients of the s-domain transfer function have to be introduced. The maximum order of
the transfer function is 10. The numerator coefficients are n0 to n10 and the denominator
coefficients are dO to d10.

It is also possible to introduce the transfer function data by using the option Plant wizard.
Some additional data must be specified:

The frequency range (minimum frequency and maximum frequency) to consider in Hertz.
The switching frequency (Fsw) in Hertz.

The desired output voltage (Vo) in Volts. (Only if the plant is voltage mode controlled).
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Gvd(s) = nl+nl-s + n}si +...+ nll}-sm
dl+ dl-s+ d2-5" + ...+ ::il[ll-s1DI
no | 120 do | 1.0
nt|  s6es [ Lasees
n2 | 00 d2 | 4.855¢-0
n3 | 0.0 d3 0.0
n4 | 0.0 d4 | 0.0
ns | 00 ds | 0.0
6 | 0.0 db | 0.0
n7 | 00 a7 | 0.0
n8 | 00 ds | 0.0
ne | 00 o | 0.0
n1o| 0.0 du| 0.0

Set defaults

Wizard

di

Frequency range (Hz)

mir

max

Vao(V)
Fawt({Hz)

3,99e5

]

.

100K

Bode plots

Help

Cancel

Ok

it

By clicking View bodes it is possible to visualize the frequency response (magnitude and phase)
that corresponds to the introduced transfer function in the selected frequency range.

Plant wizard

Navigation: SmartCtrl > Desing a generic topology > s-domain model editor > s-domain model

(polynomial coefficients) >

Plant wizard

Previous Top Next

The plant wizard is an assistant that allows to introduce every coefficient of the transfer function

(n0,n1,n10, dO, d1,,d10) as a symbolic expression.
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- Coefficent
Global block Edt |
—— a0 ]

{Physical varisbles P :
Vo =12 jfOutput voltage (V) particular Blods Edit
D =05 [iduty ode
Re=2e3  [fCapacitor resistance (Ohms) return 0.0 -
C =1,2¢-9 [fCapadtor vale (F)
L =sde-5 [iEguivalent nductance (H)
R =6.823 [Resistance (Ohms)
r =0.25
{ntermediate variables
a = VYo f(D"{10})
b =Re™C v
c =L"DR F b
d =LR
g =CoLMf+R)R

3 Comple I Value .

All coeffidents
Load,.. Sava as... View | Compila | Set defaults |
Results
QKT -
Help
- = Cancel | o4 |
Global block

The Global block corresponds to the definition of the variables and expressions that are common
for most coefficients of the transfer function. By clicking on the button Edit, a new edition box is
opened (Edit box), which helps the user to introduce the data and the equations with the appropriate
format.

Global blodk Edit

>

/{Physical variables

Vo =12 [fQutput voltage (V)

D =0.5 Jffduty cide

Rc =2e3 [/Capadtor resistance (Ohme
C = 1.2e-9 //Capadtor value (F)

L =4e-6 [fEquivalentinductance (H)
f.823 [/Resistance (Ohms)

0

] i |[}]v

Coefficients block

The Coefficients block corresponds to the expressions to calculate the coefficient selected in the
combo box. These equations can use the global variables defined in the Global block or new ones
can be defined that will be available only locally for the selected coefficient.

By clicking on the button Edit, a new edition box is opened (Edit box), which helps the user to
introduce the data and the equations with the appropriate format.
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Coefficient

nl -
Particular blad Edit

retunn a*{b)

4

Compie | vale | a

Once the equations have been introduced, it is recommended to click the button Compile. This way,
the numerical value of the coefficient is calculated by means of the mathematical expression in the
return assignment, considering all the variables previously assigned both in the Global block and the
Coefficients block.

If the compilation is successful, the numerical value of the selected coefficient will be displayed in
the Value box. Otherwise an error message will appear.

Syntax of the Global block and the Coefficients block:

1. There are two types of instructions: assignment and return.

2. Only one instruction per line is permitted (whether it is assignment or return).

3. Blank lines are allowed.

4. The syntax of the assignment statements is: Var = Expr, where 'Var' is the name of a variable
and 'Expr' represents a mathematical expression.

5. Regarding the variable names in the assignments:

a. They must begin with an alphabetic character.

b. They can consist of alphabetic or numeric characters, or underscore.

c. The names sqrt, pow, return and PI are reserved names that cannot be used as variable
names.

6. Regarding the mathematical expressions:

a. Algebraic expressions are expressions where valid operators are +, -, *, /.

b. Expressions can use the function sqrt(a), which calculates the square root of a, and the
function pow(a, b), which calculates 'a' raised to 'b'.

c. Expressions can use grouping parentheses.

7. The syntax of the return statements is: return Expr, where 'Expr' represents a mathematical
expression.

8. The overall block can only contain assignment statements.

9. Inthe Coefficients block, each coefficient can have assignment statements, but it is mandatory
to have at least one return statement, which will always be the last instruction in the block. This
return statement defines the mathematical value of that particular coefficient.

10. Comments can be included as annotations made by the designer in order to make the text
readable. Comments start with the delimiter doble slash // and continue until the end of the line.
These annotations are ignored by the compiler.

All coefficients block
In the block All coefficients, some commands can be executed that affect all coefficients:
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— All coeffidents

Load... Save as... View Compile

*Compile: the numerical values of all the coefficients are calculated. If an error occurs, a message
will be displayed.

*Save as: the contents of the Global block and the Coefficients block are stored in a file with
extension .trowfun.

*Load: the data stored in the files with extension .trowfun is loaded. Therefore, the Global block
and the Coefficients block will be updated with the loaded information.

*View: the content of the Global block and the Coefficients block, as well as the numerical value of
the coefficients, is displayed in a new window.

Results box and OK button
All the warning messages are displayed in the Results edit box.

Results

Help

) . Cancel | ok |

Once the OK button in pressed, all the coefficients are automatically recalculated. If an error
occurs, a warning message will be displayed. If the calculation is successful, the coefficient values
are displayed in the Plant from s-domain transfer function window.

Design a generic control system

Navigation: SmartCtrl >

Design a generic control system Previous Top Next

SmartCtrl allows the design of a generic control system regardless the nature of the system, since it
is possible to define the whole system with the equation editor.
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~ Desian a predefined tapalogy

DC-DC power stage and
corilrol circuil design

DC-DC carverter - Single lnop
Vaoltage Mode Contial of ACMC

DC-DC corwerter
Peak curent mode control

DC-DC corwverber
Awerage Cuent Mode Control

FFC Boost corveter

— Design a genenc topology — Design a genenic control system

s-domain madel editor Equation editar

EX
ﬁ Import frequency response data
frorn bt file

It is also available at:

File Design Options View Tools Warehouse Window Help
OheFes > GOaRE ABEABS( (7 H W RN
WY | 2|2 2] @) v Dimagmeic conoltem]
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E SmartCtrl - Controll
IFiIe Design Options  View Tools Warehouse Window  Help

O Predefined topeologies -] 2 [F2 b
Generic topelogy > f
T Generic control system...
— Modify data... Ctrl+D
Modify data (1]... Ctrl+M

Digital control
Parametric sweep *

Reset all...

In order to design a generic control system, the definition of all the system components transfer
functions is needed:
1.First the definition of the plant transfer function through the equation editor.
2.Secondly, the definition of the sensor transfer function, also through the equation editor.
3.And finally, the compensator can be selected from the predefined list to complete the
definition of the system components, or customer defined using the equation editor
(compensator transfer function). Please, consider in this point if the compensator is going to be
designed analog or digital, because the options in the compensator drop-down menu will be
different.
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Equation editor (plant, sensor and compensator), single loop data input

[ Digital

Flant
G(s)
Compenzator || j Senzor

Type 2

Twpe 3
Com EI .

guatian
loadera= yer K(S)
- Select one from the combo —

above

Frequency range[Hz)
min max

10 10000000

Solution map

Crozz freq. Phaze marg.

i | 0

Equation editor (plant, sensor and compensator), single loop data input

[v Digital Flant

G(s)

Compenszator || ﬂ Sensor
Pl digital
FID digital

Carm E quation digital

loaded as yet.
Select one from the combo — K(S)
above

Frequency range[Hz)
it My
10 10000000

Solution map

Cross freq. Phaze marg.
i | i

5021

Help
ﬂ LCancel | ok |
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The Equation editor allows the user to work in S domain or directly in Z domain. Plant, sensor and
compensator can be defined in Z Domain (Z Z Z) or Multidomain Operation, mixing S S Z or any
possible combination.

Equation editor (plant, sensor and compensater), single loop data input >
[v Digital Plant Frequency r.ange[Hz]
ity ma
] 10| 124875

G (2} Salution map

Compenszator ||':':l"“3'“':'r'I digital ﬂ Senzor

Crozs freq. FPhase marg.

R(z) L K(z) . o [ o
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Equation editor (plant, sensor and compensator), single loop data input

>
v Digital Plant — Frequency range(Hz)
min max
] 10 43350

G(s)

— Solution map

Compensator Equation digital

Senzor

Crozz freq. Phaze marg.
R(z) L K(s) o [

Set..

Help |
Ll LCancel | ok I

The Solutions Map will help the user to select the phase margin and the crossover frequency,
only when using a compensator from the predefined models.

[ Cross frequency and Phase margEn irgit g
Phate maigin vz Cios: baquency
a0 T s bighp ieconmmpaded to clek on the |
unchadowsed [white] regon b selecling |
an appognale (Gt hoquancy, Fhato
msigin] couple of vakie:, |
: Tskon cone also of snerustion (R As|
&l Few) arid Phare mangr ﬂubngula-? )
: wiheen lheir backgiounds sie 1ed painled!
I 1 Cross equency Phase meigin
| E]
_ KlsrRizl o Faw
. il [ | e |
- :|: I 1
il
:|: I 1
[ Fowrs 100 Hela I
Wk MWok 1M WK 0K 16
Cices InsquancyFis) Cocel [[ o |
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1.6.1

Plant (equation editor)

Navigation: SmartCtrl > Design a generic control system >

Plant (equation editor) Previous Top Next

First, the user must define the transfer function of the plant, in s-domain or in z-domain, choosing
between two different options:
Import a previous design (click on open)
Define a new transfer function (click on editor).
Additionally, there is a predefined s-domain transfer function that can be loaded by clicking
on "set defaults".

Once the equation has been introduced:
Click on "Save" to save the mathematical equations in a text file with extension .tromod
Click on "compile" to continue Bode plot will appear on the right side of the window.
If desired, the frequency response of the transfer function can be exported as a .txt file by
clicking on "Export transfer function".

Working in S-domain or in Z-domain, "Bode plot" option is selected by default, the frequency
response of the previously defined transfer function is shown on the right hand side panels.

Plant (equation editor) x
s-domain model Open... ‘ Save | Save as... 50 Mod(dB] vs Frequency
File |

// Buck (Power stage) Parametric sweep 0
Parameter Value | =
R = 4.35¢ =
-50
a0 w |r | [435 E
Cc =160 u -
Vin = 12.0 = -100
L ~|[30u
// Plant transfer function o
Gd = Vin / (L*C*s*s + (L/R)*s + 1) —i 0 10 1k 10k 100k 1M 10MIOOM
return Gd | Frequency[Hz]
|c ~|[1s0u
7J— 0 Phase[®) vz Frequency
==
[vin ~|[2
-50
7J—
&
';‘6 -100
o

-150

Set defaults Editor... | Compile | Copy ‘ (" Select parameters I

-200

0 100 1k 10k 100k 18 10MI0O0M

" One frequency * Bodeplot  Export transfer function(s)... Frequency[Hz)
Initial frequency (Hz) End frequency (Hz) Controlled mag. Fsw
| 0 | oM | 33 250k Set defaults (all)

Edit external functions ‘ Add external function... |

Help | Cancel ‘ oK |
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To check the gain, phase and rectangular components of the frequency response at a particular
frequency, the option "One frequency" is provided. As depicted in the following figure: first ""one
fre quency' must be selected, secondly the frequency should be specified and finally, click on
compile and the gain, phase and rectangular components at the specified frequency are shown

below.

Plant (equation editor)
s-domain model Open... Save Save as... Add external function...
File |
// Buck (Power stage) Parametric sweep
Parameter Value < >
R = 4.35¢
L=30u IR z]s3%
C=160 u ——
Vvin = 12.0 <>
[ EIET
// Plant transfer function
Gd = Vin / (L*C*s*s + (L/R)*s + 1) —Jl,
return Gd < >
[c ~| | 160U
.—J—
<>
[vin ||z
_J—,
Set defaults | Editor... | H Copy | Select parameters
1
" Bode plot Export transfer function(s)...
Frequency (Hz) Controlled mag. Fsw
10K 2 | 3.3 100K
Gain, phase and compensator components
Result | Mod(dB) = -3.50001 Arg(°)= -176.619 (0.668142,-0.0161076)

Mod(dB)

Phase(?)

Mod(dE) vs Frequency

50
e
\\
-100 T \
TG qo0 1k ik 00k 1M 0MIoOM
Frequency[Hz)
o Phase[®) vs Frequency
501 w
-100
150
-200

10

Edit external functions

100 1k 10k 100k 1M 10MIO0M
Frequency(Hz)

Help | Cancel | OK |

In case the user define the plant transfer function in Z-domain it is necessary to enter the sampling

period (Ts).
If we define a new transfer function using the Editor:
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Plant (equation editor)

s-domain model Open... Save

Save as... |

File

|' Parametric sweep —‘

109

8 Equation editor

Satdafauhsl Ll;lil
' One frequen: sart() | .

Once we click on "compile", SmartCtrl will request the user to define the sample period, Ts.

ffcoefficients of the transfer function

bl =10

bl = 0.08763

b2 = -0.04781

ald = 1

al = -1.983

aZ = 0.996

//Control to output voltage transfer function in discrete domain
Gvu = (b0*z*z+bl*z+b2)/ (a0*z*z+al*z+a2)

return Gva |
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s-domain mode! Open... Save Save as...

File | C:YUsers\carol\OneDrive - POWER SMART CONTROL, S.L\CAR

f//coefficients of the transfer funci Parametric sweep

BO =10

bl = 0.08763
b2 = -0.04781
al =1

al = -1.993
a2z = 0.99¢

//Control to output voltage transfe: Define the sampling period. x

Gvu = (b0*z*z+bl*z+b2)/ (al*z*z+al*z-
It is necessary to define the sampling period(Ts) to operate with the z-transform.

Tsfs): |l

return Gva

< >
Set defaults Editar. .. | Compile | Copy | Select parameters
" One frequency * Bode plot Export transfer function(s)...
Initial frequency (Hz) End frequency {(Hz) Controlled mag. Fsw

| 10 | 10M | 3.3 100K m

Edit external functions | Add external function... |

Help | Cancel | oK ‘

After the user inserts the switching frequency, in the "end frequency" box the user should enter the
Nyquist rate that corresponds to half of the switching frequency.

© 2024 Power Smart Control S.L.



SmartCtrl 111

Plant (equation editor) x
s-domain model Open... Save Save a5... 5 Mod(dB] vs Frequency
File | C:\Users\carol\OneDrive - POWER SMART COMTROL, S.L\CAR Ts: |4u 40
//coefficients of the transfer funci HETENENESIEET 0 L/ \
B0 =0 Parameter Value = 20
bl = 0.08763 <] 3 \
|bo ~||o = 10
b2 = -0.04781 H N\
al = 1 -1 0 \
al = -1.993 = 10 \
a2 = 0.9%9¢ |b1 j|87.63m -20 \
: . — a0
//Control to ocutput voltage transfe: 10 100 1k 10k 100k 1M
== Frequency[Hz]
Gvu = (bO*z*z+hl*z+b2)/ (al*z*z+al*z- |b2 j |47‘81m
return Gvu =i 0 Phaze(?) ws Frequency
-50
=
:;‘3 -100
[
< >
50 /.-—-..\
Set defaults Editor... | Compile | Copy ‘ L—-’
-200
10 100 1k 10k 100k 1M
" One frequency % Bodeplot  Export transfer function(s)... Itk S Frequency[Hz]

Initial frequency (Hz)  [End frequency (Hz) Controlled mag.  fFsw
| 10 | 125k [ 33 [ 25k Set defaults (al)

Edit external functions ‘ Add external function... |

Half of the switching frequency
Help | Cancel ‘ QK |

If the "Select parameters" button is clicked, the program detects the numerical parameters and
allows the user to vary them with the sliders that appear in the figure above, in this way the

frequency response can be analyzed as the parameters are varied.

1.6.2 Sensor (equation editor)

Navigation: SmartCtrl > Design a generic control system >

Sensor (equation editor) Previous Top Next

The transfer function of the sensor can be defined in s-domain or in z-domain, choosing between
two different options:

Import a previous design (click on open)

Define a new transfer function (click on editor).
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Additionally, there is a predefined transfer function that can be loaded by clicking on "set
defaults".

Once the equation has been introduced:
Click on "Save" to save the mathematical equations in a text file with extension .tromod
Click on "compile" to continue Bode plot will appear on the right side of the window.
If desired, the frequency response of the transfer function can be exported as a .txt file by
clicking on "Export transfer function".

Working in S-domain or in Z-domain, the frequency response of the defined transfer function is
shown on the right hand side panels.

s-domain model Open... Save Save as... Add external function... 0 Mod(dB] vs Frequency
File |
) -0.5
// Voltage divider (Sensor) Parametric sweep
= -1
Ra = 06.2145 el
Eb = 300.671 = 15
E=Eb / (Ra + Rb) -2
return K
23
0 100 1k 10k 100k 1M 10MIOOM
Frequency[Hz]
0 Phaze(?) ws Frequency
01
0.2
0.3
-0.4
%’ -0.5
“ -0.6
& oar
-0.8
Set defaults Editor... | Compile | Copy ‘ Select parameters 'D'?
-1'110 100 1k 10k 100k 1M 10MIOOM
Export transfer function(s)...
FrequencyHz]
Edit external functions

Help | Cancel ‘ QK

Working in Z-domain, the sampling period that appears in the figure below, it is the same defined
in the plant section. If the user wants to change the value of Ts, it can be done in this part of the

design or later, since it will be updated for all the sections (Plant, Sensor and Compensator).
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Sensor (equation editor)

s-domain model Open... Save Save as...

File | C:\Users\carol\OneDrive - POWER SMART COMTROL, S.L\CAR

//sensor parameters
Es = 1

Fco = 25 k
//calculations

Wc = Z%PI*Fc
//coefficients

bl = Ks*Wc*Ts

bl = Ks*Wc*Ts

al = Wc*Ts+2

al Wc*Ts-2

//Dicrete transfer function
H = (b0%z+bl)/(al*z+al)

return H

Set defaults Editor... | Compile | Copy ‘

Ts: |4u

Parametric sweep
Parameter Value ==
CI—|E
e e
==
|Fe ~|[2sk
e e

Export transfer function(s)...

Mad(dB)

Phaze(?]

Mod(dB) vs Frequency
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100k 1M

Phaze(?) ws Frequency

20
-30
-40
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0
70
80
-a0

10 100 1k 10k
FrequencyHz]

100k 1M

Edit external functions ‘ Add external function... |

Help | Cancel ‘ QK |

If the "Select parameters' button is clicked, the program detects the numerical parameters and

allows the user to vary them with the sliders that appear in the figure above, in this way the

frequency response can be analyzed as the parameters are varied.

1.6.3

Navigation: SmartCtrl > Design a generic control system >

Compensator (equation editor)

Compensator (equation editor)

Previous Top Next

When designing a generic control system, the compensator can be selected among different
predefined options or it can be customer designed in S-domain or in Z-domain.

The following analog compensators are available:

Type 2
*Type 3
*PI

*Customer defined using the Equation editor

The following digital compensators are available:

© 2024 Power Smart Control S.L.



114 SmartCtrl User's Guide

*PI Digital
*PID Digital
*Customer defined using the Equation editor

Equation editor (plant, sensor and compensator), single loop data input

[v Digital Flant

G(s)

Compenszator || ﬂ Sensor
Pl digital

FID digital

E quation digital

[ ] R e
loaded as yet. K(S)
Select one from the combo —

above

Frequency range[Hz)
it My
10 10000000

Solution map

Cross freq. Phaze marg.
i | i
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Equation editor (plant, sensor and compensator), single loop data input >
[ Digital Plant Frequency r.ange[Hz]
mir max
m 10 10000000
G (S} Solution map
Compenzator || j Senzor
Type 2
Twpe 3
Com E!quatian Crozz freq. Phaze marg.
loadera= yer K(S) 0 | 0
Select one from the combo — =
o above

Once the option "Equation” or "Equation Digital" has been selected for the compensator definition
just follow next steps.

The transfer function of the user defined compensator can be defined choosing between two
different options:
Import a previous design (click on open)
Define a new transfer function (click on editor).
Additionally, there is a predefined transfer function that can be loaded by clicking on "set
defaults".

Once the equation has been introduced:
Click on "Save" to save the mathematical equations in a text file with extension .tromod
Click on "compile" to continue Bode plot will appear on the right side of the window.
If desired, the frequency response of the transfer function can be exported as a .txt file by
clicking on "Export transfer function".

Working in S-domain, the frequency response of the previously defined transfer function is shown
on the right hand side panels.
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Compensator (equation editor) X
s-domain madel Open... Save Save as... a Mod(dB] vs Frequency
File: \
// PI {(Compensator) — Parametricsweep —————————— Bl
Parameter Value == =
Fp = 15 m =)
15 -20
Ti = 300 u lke =l[ssm 2 b
—+— N\
R =Fp * (1 + s*Ti) / (s*Ti) <> -3 \\
return R [ = |3°0,_,
=1 -4010 100 1k 10k 100k
Frequency[Hz]
0 Phaze(?) ws Frequency
10 /
20 //
-30 /
= -40
i /
2 -50
= /
-E0
70 /
Set defaults Editor... Compile Copy | 0
g __._.-a-/
10 100 1k 10k 100k
Export transfer ﬁ..lnction(s).‘.l [ PWM Modulator User Modulator | ] Frequency[Hz]
Edit external functions | Add external function... |
Help | Cancel | QK |

For analog user defined compensator note that the user should define here the PWM Modulator

parameters or User defined Modulator gain.

WM Modulator ot

L Ramp W

Vo p ] I E

Wiy 4] 1

v | . br [g] 32u
— tr— t

—Tew
Faw [Hz] 260 k
Taw 2] 4y

Help | 1] 4 I Eancell
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Uszer Modulator -
Regulator Control
output G nod magnitude Grod i|

Modulator Gain

Help | ok, | LCancel |

Working in Z-domain, the sampling period that appears in the figure below, it is the same defined

in the plant and in the sensor section (in case of using z-domain discrete functions for both). If the
user wants to change the value of Ts, it can be done in this part of the design or later, since it will

be updated for all the sections (Plant, Sensor and Compensator).
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Compensator (equation editor)

s-domain madel Open...

Save Save as...

File | C:\Users\carol\OneDrive - POWER SMART COMTROL, S.L\CAR

// PID parameters

return R z

<

Set defaults

edior... |

Ep* (-1+(Ts/ (2%Ti) ) -2% (Td/Ts))

Fp = 5

Ti = 700 u

Td = 100 m

//Coefficients

b0 = Ep* (1+(Ts/(2*Ti)) +({Td/Ts))
bl =

b2 = Ep*Td/Ts

al = 1

al = -1

az = 0

//Discrete time transfer function

B z = (b0%z¥z+bl¥z+b2)/ (al*z%z+altz-

m

Parametric sweep

Parameter Value ==
|
) E————
==
[T ~|[70u
) E————
<o
|Td ~|[100m
) E————
|
|a0 EIE
) E—————
|
a1 ~][-
) E—————
Select parameters |

Export transfer function(s)...

ADC and DPWM

Mad(dB)

Phaze(?]

100

Mod(dB) vs Frequency

110
100
50
a0
70
ED
50
40
30
20
10

100

100 1k 10k 100 k 1M
Frequency[Hz]

Phaze(?) ws Frequency

50

-50

100 1k 10k 100 k 1
FrequencyHz]

Edit external functions ‘ Add external function... |

Help | Cancel ‘ QK |

If the "Select parameters' button is clicked, the program detects the numerical parameters and

allows the user to vary them with the sliders that appear in the figure above, in this way the

frequency response can be analyzed as the parameters are varied.

Working in Z-domain, if the digital delay was not considered in the transfer function that was

determined above, it is important to enter it in the "ADC and DPWM" option to review the default

parameters, more information in Digital Control.
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Equation digital

R(z)
¥

Vref_Digital

DPWM

Type |Leading edge -
Nsteps 4,086 k

Update | Set defaults ‘

ADC Digital compensator coeffidents format
: W
g g {* Floating paint
Vmax(v) 5 O oy
Mhbits 12
Fsamp{Hz) 250k
tsync(s) 4u
Duty cyde 0
Timing diagram
w5000 T - 90
o rzampling d update
; 4000
3
= a000
iy
= 1
§ 2000
g 1000
o I
a Bu 10u 15u
Time(s)

Help ‘ QK | Cancel |

For user defined compensators, in S-domain or in Z-domain, using the equation editor, the solutions
map is not available, use the compensator parameter sweep available in the Method box instead.
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Methed B
/f PI (Compensator)
Ep = 27.785 m
Ti = 300 u
R=FEp * (1L + s*Ti) / (s*Ti)
return R
Parameter Value <= foHz)
|ke | |2?.?35 m |s.9635
: | : PhM(?)
< |34.?439
[ _~|{300u MG(dB)
— | IEU.?SEIB
Att(dE)

I—GEI.lSEE

Help |
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Method

Fp = 5

Ti = 700 u
Td = 100 m
J/Coefficients

b2 = Rp*Td/Ts

al = 1
al = -1
az =10

// PID parameters

£
Parameter Value g
|ke RBIE
— 1
==l
[T ~||mou
—
=2
[Td ~|[wom
—
=2
|20 EIE
- 1
<z
|a1 ;j|-1
— 1

1.7 DC-DC Plants

Navigation: SmartCtrl >

DC-DC Plants

]

bl = Ep* (1+(Ts/ (2*Ti) )+ (Td/Ts))
bl = Ep* (-1+(Ts/ (2*Ti))-2* (Td/T=

J/Discrete time tramsfer functic

>

folHz)

|115.3?6k

PRM(=)

I -75.9868

MG(dB)
-00.3447

Att(dB)

I -204.863

Ts

—
_tieb |

Previous Top Next
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For every DC-DC converter, the input data window allows the user to select the desired input
parameters and also provides useful information such as the steady state dc operating point,
waveforms and the transfer function.

For any of the considered DC-DC topologies, the input data correspond to the white shadowed
boxes, and the additional information provided by the program will be shown in the grey shadowed
boxes.

Let’s consider any of the available converters. In the following picture it can be seen that the
parameters which define the steady-state dc operating point are shown in grey as they are
calculated parameters. Depending on the topology considered in each case, some of them will be
input data and some others will be output data.

Steady-state dc operating point Input parameters

_’__';I = L Re R *ve Conduction mode ’W Win(v) ’12—

w"] CT Duycycle [275m RLOAms) [Tn
- IL avole) [F57576m LH) [30u
ILmaxp) [317.076m Re(Ohms) [50m

IL mir(a) [598.076m oF [180u

lo avald) W Polw] ’257

R(Ohms) [¢3586 FswiHz) [250k

vow) [33

Set defaults Calculate \Waveforms Transfer func. Help | Cancel 0K

Selecting the "Transfer func." button the user gets the transfer functions in open loop available for
the topology:

© 2024 Power Smart Control S.L.



SmartCtrl 123

Transfer functions graphics — ] X
oL oL
P %
Magnitude (dB) vs frequency
? S b =" FERRERERAY, B R
o l...._h_‘h
1 10 100 1k 10k 100k 1M
Frequency [Hz)
I Phase (] vs frequency
'EU 1
ey -100 '
130 Bl S EEat A S s B R EaEs el EES St EEEREa
200 | |
1 10 100 1k 10k 100k 1M
Frequency [Hz)

Right clicking on the Transfer Functions graphics panel, the user can access a quick help menu
shown below.

Quick help for Transfer Functions

Ctrl + mouse move Measure on any point
Shift + mouse move Measure particular function,
Shift + mouse dick Select the function to measure

Exit |
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The Transfer function graphics panel is resizable and with the user can measure any point with the

Cursors.

T oL
. G|"| Z

40
30
20
10

20
30
40
50
£0

0
w1 <100

-150

Transfer functions graphics

oL
[}

Magnitude [dB) vs frequency

N\
N

787.411 mdB
] A

M~

~—~.

8.3635 kHz

10

100

Tk
Frequency [Hz)

Phase (] vs frequency

10k 100k 1M

-153.947 7

-180°

8.3635 kHz

-200
1

10

100

Tk
Frequency [Hz)

10k 100k 1M

Selecting the "Waveforms" button the user gets the main waveforms in open loop available for the

topology:
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— O X
Select graphics to show
‘ - Inductor voltage vs time
:
st}
-
]
i 0 5u 10u 15u 20u
Time [sec)
1 Inductor and Diode current vs time
0.9 _ - e
_ 07 T ——— T — |
= 0.6 T S ™ [
= 05
—_ D,A
=
=1 0.3
el a2
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2 ??55883 %‘
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331 Output voltage vs time
3305
% 33
3295
329
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Right clicking on the Waveforms panel, the user can access a quick help menu showing how to
manage the cursors, the same functionality as in the Transfer Function Graphics panel.

These options are available for all the available plants.

The DC-DC available plants are the following:

Buck

Boost

Buck-Boost

Flyback

Forward
Phase Shifted Full Bridge (VM C RL)
Phase Shifted Dual Active Bridge (VM C RL - V1 to V2)
Phase Shifted Dual Active Bridge (VM C ERL - V1 to V2)
Phase Shifted Dual Active Bridge (CS ERL - V1 to V2)

171 Buck
Navigation: SmartCtrl > DC-DC Plants >
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Buck Previous Top Next

When a single loop control scheme is used, the magnitude to be controlled in a buck converter can
be either the output voltage or the inductance current. If the control technique is a peak current
mode control, the current is sensed in the inductor, as shown in the table. The schematics are
shown below:

b+
L Yo

Re R

'U'inAL_'
| S

Voltage Mode Controlled Buck

L-Current Sensed Buck
Peak current mode control

In the case of an average current control scheme, two magnitudes must be sensed
simultaneously, a current and the output voltage. The resultant buck scheme is the following:

i RL

: o+

i L Vo
I Re R

N . T

Buck (LCS-VMC)

The input data window allows the user to select the desired input parameters and provides useful
information such as the steady state dc operating point. This information is placed right below
the converter image.

Two examples of the input data window are shown below, in each of them, the white shadowed
boxes correspond to the input data boxes while the grey shadowed ones correspond to the
additional information provided by the program.

Please, note that the input data is different in case of a voltage controlled plant (output voltage is an
mput) or a current controlled plant (in this case the current to be controlled is the input data). An
example of the input data windows is provided below:
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Input Data Window of a Voltage Mode Controlled Buck
Input Data Window of a Peak Current Mode Control.

Input Data Window of a Current Mode Controlled Buck

The parameters shown in the input data windows are defined below:
Steady-state dc operating point

Conduction Mode It can be Continuous or Discontinuous
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Duty Cycle t /T of the active switch
IL avg Inductance average current (A)
IL max Maximum value of the inductance switching ripple (A)
IL min Minimum value of the inductance switching ripple (A)
Io avg Output average current (A)
Vo Output voltage (V)
Other parameters of the converter
V.. Input Voltage (V)
R, Equivalent Series Resistor of the Inductance (Ohms)
L Inductance (H)
R, Equivalent Series Resistor of the output capacitor (Ohms)
C Output Capacitor (F)
R Load Resistor (Ohms)
P Output Power (W)
F, Switching frequency (Hz)
1.7.2 Boost

Navigation: SmartCtrl > DC-DC Plants >

Boost Previous Top Next

There are three possible magnitudes to be controlled in the boost converter when a single loop
control scheme is selected. This is the output voltage, the inductor current and the diode current.
The corresponding schematics are the following:

I e ™
[ s

Voltage Mode Controlled Boost Converter

o

vin L“J H [ﬁm RHm
L1

L-current sensed Boost Converter
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. f{ ’ Z“ﬁrm R

Diode Current Sensed Boost Converter

129

In the case of a peak current mode control (PCMC), the output voltage and a current must be

sensed simultaneously.

B 5

Boost (PCMC)

In the case of an average current control scheme, the output voltage and a current must be sensed

simultaneously. The available plants for an average current mode control are included below:

I f{ e Qﬂn Rl*‘“’

Boost (LCS-VMCO)

o o .
L Riyems) | n
i [ -
- [ =0
Romey | o0
eyt o Opeaing poind —
= R ilu
Condutionmade | Cotnums
Cuipcpcke | [
Lo | e Fifons | ]
TiEE
Lvealy) | Syl T
— TrEE
ol | 5
wa bl 0= | WE
Felcetmis | Wt i el B Hilp el | |

Boost (DCS-VMC)
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The input data window allows the user to select the desired input parameters and provides useful
information such as the steady state dc operating point. This information is placed right below
the converter image.

Two examples of the input data window are shown below, in each of them, the white shadowed
boxes correspond to the input data boxes while the grey shadowed ones correspond to the
additional information provided by the program.

Please, note that the input data is different in case of a voltage controlled plant (output voltage is an
mput) or a current controlled plant (in this case the current to be controlled is the input data). An
example of the input data windows is provided below:

Input Data Window of a Voltage Mode Controlled Boost
and of a Peak Current Mode Control.

Input Data Window of a Current Mode Controlled Boost
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The parameters shown in the input data windows are defined below:

Steady-state dc operating point

Conduction Mode It can be Continuous or Discontinuous

Duty Cycle t /T of the active switch

IL avg Inductance average current (A)

IL max Maximum value of the inductance switching ripple (A)

IL min Minimum value of the inductance switching ripple (A)
Io avg Output average current (A)

Vo Output voltage (V)

Other parameters of the converter

V.. Input Voltage (V)
R, Equivalent Series Resistor of the Inductance (Ohms)

L Inductance (H)
R, Equivalent Series Resistor of the output capacitor (Ohms)

C Output Capacitor (F)

R Load Resistor (Ohms)

P Output Power (W)

F Switching frequency (Hz)

SW

1.7.3 Buck-boost
Navigation: SmartCtrl > DC-DC Plants >

Buck-boost Previous Top Next

In a single loop control scheme there are three possible magnitudes to be controlled n the buck-
boost converter. This is the output voltage, the inductor current and the diode current. The
respective schematics are the following:

RLH +Vo
[ Jee =

T e o

Voltage Mode Controlled Buck-Boost
Converter
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; Yo
4 1 1+
J_ RL
i [ﬁM R
'l.!'lT L o

9

L-current sensed Buck-Boost Converter

tHG +Vo
[ e

Uin[ L C T

Diode Current Sensed Buck-Boost
Converter

In the case of a average current mode control scheme and the case of peak current mode
control (PCMC), the magnitudes sensed are the output voltage and the L current.

[ﬁ R R
]
Buck-Boost (LCS-VMC)

Buck-Boost (PCMC)

#

I

i o
s

I+'u'u

The input data window allows the user to select the desired input parameters and provides useful
information such as the steady state dc operating point. This information is placed right below
the converter image.

Two examples of the input data window are shown below, in each of them, the white shadowed
boxes correspond to the input data boxes while the grey shadowed ones correspond to the
additional information provided by the program.

Please, note that the input data is different in case of a voltage controlled plant (output voltage is an
mput) or a current controlled plant (in this case the current to be controlled is the input data). An
example of the input data windows is provided below:
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Input Data Window of a Voltage Mode Controlled Buck-Boost and for a Buck-Boost with
a Peak Current Mode Control

Input Data Window of a Current Mode Controlled Buck-Boost

The parameters shown in the input data windows are defined below:
Steady-state dc operating point

Conduction Mode It can be Continuous or Discontinuous
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Duty Cycle ton/T of the active switch

IL avg Inductance average current (A)

IL max Maximum value of the inductance switching ripple (A)

IL min Minimum value of the inductance switching ripple (A)
Io avg Output average current (A)

Vo Output voltage (V)

Other parameters of the converter

V.. Input Voltage (V)
R, Equivalent Series Resistor of the Inductance (Ohms)

L Inductance (H)
R, Equivalent Series Resistor of the output capacitor (Ohms)

C Output Capacitor (F)

R Load Resistor (Ohms)

P Output Power (W)

F Switching frequency (Hz)

SW

174 Flyback
Navigation: SmartCtrl > DC-DC Plants >

Flyback Previous Top Next

In a single loop control scheme, the magnitude to be controlled in a Flyback converter can be
either the output voltage or the diode current. Both possibilities have been included in SmartCtrl.
The schematics are shown below:

" '+ Yo
U_I RL +ois® Re R
mn
L & + C
|LE Ful T T
Voltage Mode Controlled Flyback Diode Current Sensed Flyback

In the case of a peak current mode control scheme (PCMC), the magnitudes sensed are the
output voltage and the MOSFET's current.
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Flyback (PCMC)

In the case of a average current mode control scheme, the magnitudes sensed are the output
voltage and the diode current.

= +vo
Rc R

+ Tc

Yin

Flyback (DCS-VMC)

The input data window allows the user to select the desired input parameters and provides useful
information such as the steady state dc operating point. This information is placed right below
the converter image.

Two examples of the input data window are shown below, in each of them, the white shadowed
boxes correspond to the input data boxes while the grey shadowed ones correspond to the
additional information provided by the program.

Please, note that the input data is different in case of a voltage controlled plant (output voltage is an
input) or a current controlled plant (in this case the current to be controlled is the input data). An
example of the input data windows is provided below:

Fiyback (voitage mode controlied) Bl
VirdV] a
+Wa
;1 I:IH-: " FeL i) In
L) Hu
FReciDibms] 1n
Sleady-siabe do opssrstng pont
CiFl Tm
Condacionmode | CoPFRs
Dy exce | 0333333

Lot | im FillDbens] 1
L) | N | S

P FEE]
Ium 5 He 05
vom | 5 Pty [ 20K
Set deloults Updeha read orly bsies Beo | Cowel |[ ox |

Input Data Window of a Voltage Mode Controlled Flyback and also for a Peak Current
Mode Control Technique
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Flyback (PCMC) EX|

12t . WirdV] 2

.hf t ] t :W e -

E B

>_'| FReciDhms] 1n

Slnadystate d cperating port T

CiFl B
[rr— T |
Dy exce [ 0333333

Lavait) | ) Rilten) J

L masit] | et P} =
Lainil | 350153

| - = . 05

vl | J Fowibz] oK

Set gdelouits Updeta read orly ket oo | Cowel |[ o |

Input Data Window of a Current Mode Controlled Flyback
The parameters shown in the input data windows are defined below:

Steady-state dc operating point

Conduction Mode It can be Continuous or Discontinuous

Duty Cycle t /T of the active switch

IL avg Inductance average current (A)

IL max Maximum value of the inductance switching ripple (A)

IL min Minimum value of the inductance switching ripple (A)
Io avg Output average current (A)

Vo Output voltage (V)

Other parameters of the converter

V., Input Voltage (V)

R, Equivalent Series Resistor of the Inductance (Ohms)

L Inductance (H)

R, Equivalent Series Resistor of the output capacitor (Ohms)
C Output Capacitor (F)

R Load Resistor (Ohms)

P~ Output Power (W)

F Switching frequency (Hz)

SW

** N2 is the transformer secondary side number of turns
N1 is the transformer primary side number of turns
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1.7.5 Forward
Navigation: SmartCtrl > DC-DC Plants >

Forward Previous Top Next

The magnitude to be controlled in a Forward converter can be either the output voltage or the
inductance current. Both possibilities have been included in SmartCrl. The schematics are shown
below:

Voltage Mode Controlled Forward L-Current Sensed Forward

In the case of a peak current mode control (PCMC) scheme, the magnitudes sensed are the
output voltage and the L current (sensed in the MOSFET).

RL

g
|13

Forward (PCMC)

In the case of a average current mode control scheme, the magnitudes sensed are the output
voltage and the L current.

Forwasd jvaltage mode cenrelled)

ey 0 opeaing poind
i | 2=
Condutonmade | Ctnums
Capepda | 0TI
Ly | i Rt | £l
EnE
1 vaw B . S )
fr Pl _
= - THE
Toarsg B
Ya ] T M= gy |  1WE
Sel cetmdy | L e e B Help corced | o6 |

Forward (LCS-VMC)
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The input data window allows the user to select the desired input parameters and provides useful
information such as the steady state dc operating point. This information is placed right below

the converter image.

Two examples of the input data window are shown below, in each of them, the white shadowed
boxes correspond to the input data boxes while the grey shadowed ones correspond to the

additional information provided by the program.

Please, note that the input data is different in case of a voltage controlled plant (output voltage is an
mput) or a current controlled plant (in this case the current to be controlled is the input data). An

example of the input data windows is provided below:

Forward (voltage mode controlled)
Vindv] 7
RL{Dhms] 5
LH) 14 u
Fie{tms] 0023
Stmady-stabe do opesating pont
L!_-IH ?2 m
Conduction mods Corfiruous
Duty epcle QATEne
IL avg ) 10 RiDhams] 28
IL mast (&) 15244 P li?a:l
IL i ] 47508
oagied | 10 = S
Va M 28 FFMH?] 10K
Sot gefauly Update read ordy bocess

oo | Cocel || ok |

Control.

Input Data Window of a Voltage Mode Controlled Forward and for Peak Current Mode
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LiH] 500 u

Steady-state do opetating point

[ e Cortinuous
Dudy cycle 0.475705
IL avg [4) L RIDhma) <8
Lmspsy | 1528 Polw] 280
Lming) | 479705
T ﬁ Mt IW NE2 .75 m

lvoms | 2| FewHz | 100K

Set defaults Update resd only bowes | Hep | gancel |[ ok |

Input Data Window of a Current Mode Controlled Forward

The parameters shown in the input data windows are defined below:

Steady-state dc operating point

Conduction Mode It can be Continuous or Discontinuous

Duty Cycle ton/T of the active switch

IL avg Inductance average current (A)

IL max Maximum value of the inductance switching ripple (A)

IL min Minimum value of the inductance switching ripple (A)
Io avg Output average current (A)

Vo Output voltage (V)

Other parameters of the converter

V.. Input Voltage (V)
R, Equivalent Series Resistor of the Inductance (Ohms)

L Inductance (H)

R, Equivalent Series Resistor of the output capacitor (Ohms)
C Output Capacitor (F)

R Load Resistor (Ohms)

P~ Output Power (W)

F Switching frequency (Hz)

SW

* N2 is the transformer secondary side number of turns
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N1 is the transformer primary side number of turns

1.7.6 Phase Shifted Full Bridge

Navigation: SmartCtrl > DC-DC Plants >

Phase Shifted Full Bridge Previous Top Next

When a single loop control scheme is used the magnitude to be controlled in a phase shifted Full

Bridge is the output Voltage. The schematics are shown below:

K $o. 5 $o.

0, Qs

. nm . | . AN

Vin Vap § % %R(

g = ) L R é
5 o, =4 ¥, é_k T

Phase Shifted Full Bridge Voltage Mode Controlled with Resistive Load

The input data window allows the user to select the desired input parameters and provides useful

information such as the steady state dc operating point. This information is placed right below

the converter image.
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Phase Shifted Full Bridge (WMC RL) x

vip) | EE
RUOmms | 1P
Ly | 18u
Refthms) | 1P

Steady-ztate dc operating paint

Canti ol Tm
Conduction mode IW
523835 Lky | 30w
Duty cycle Iim
ILarvgle) 52,2388 R(Okms) o5
744216
[Lrnas(a) ot lﬁ
ILminfA) 28,8363
De 703573 m ne|  500m
varv) Iiﬁ?‘ Fsw(Hz] IW
25,6392
= 7 Coss(F) Ii'lﬂ
svs | Acieved

Update read only boxes Help

Set defaults LCancel ‘ ok |

The white shadowed boxes correspond to the input data boxes while the grey shadowed ones
correspond to the additional information provided by the program.

The parameters shown in the input data windows are defined below:

Steady-state dc operating point

Conduction Mode It can be Continuous or Discontinuous

Duty Cycle (D) t /T of the active switch

IL avg Inductance average current (A)

IL max Maximum value of the inductance switching ripple (A)

IL min Minimum value of the inductance switching ripple (A)

Io avg Output average current (A)

De Effective Duty cycle

Vo Output voltage (V)

12p It is the current through Llk at the moment that the primary voltage

(VAB) begins to increase towards Vin (A)
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JILLk
Ilmax-n ---------f---—-mmmmmmeeeee
IZp T
ILmin-n ----- S A—
t
tVAB
Vin --
t
VAR Zero Voltage Switching

Other parameters of the converter

V.. Input Voltage (V)

R, Equivalent Series Resistor of the Inductance (Ohms)

L Inductance (H)

R, Equivalent Series Resistor of the output capacitor (Ohms)
C Output Capacitor (F)

LIk Leakage Inductance (H)

R Load Resistor (Ohms)

P, Output Power (W)

Nt Transformer turns ratio (N1/N2)

F Switching frequency (Hz)

SwW
Coss Mosfet output capacitance (F)

* N2 is the transformer secondary side number of turns
N1 is the transformer primary side number of turns
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1.7.7 Phase Shifted Dual Active Bridge (VMC RL -V1 to V2)

Navigation: SmartCtrl > DC-DC Plants >

Phase Shifted Dual Active Bridge

Previ Top Next
(VMCRL - V1 to V2) revious Top Nex

Power stage description (NEW in version 5.0):

Phase Shifed Dual Acths Bridge (WCM RL - W1 b2 V1), single loop.

T i- 03 + I'.'-'*.' ar ¢

In this power stage, the Dual Active Bridge (DAB) converter is studied with a single voltage

control loop on a resistive load ("RL").

The name ("V1 to V2") indicates that the direction of the power transfer is from the bridge whose

voltage is denoted V1 (on the left in the picture) to the port with the voltage V2 (on the right).

The voltage V2 (the voltage at Bridge 2) is the one controlled.

Further considerations:

*The power losses are not considered in the theoretical study
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*To consider that the switching is done under ZVS (Zero Voltage Switching) conditions, the value

of the current at the switching instant must be:

I7v¢ Bri _
> ZvS Bridge 1 (Q1-03) in Q1 and Q3 transistorsof Bridge 1.

I7vs Bri _
> ZvS Bridge 1 (Q2- Q4) at Q2 and Q4 transistors of Bridge 1.

I S B
> ZVs.Bridge 2 in the transistors located in Bridge 2.

20 e
2Coss, Va( Y }f,180 -1
IZVS‘.Bridge 1(Q1-Q3) — Vi L - 4-L,-n-F,,
20 e
2Co0ss, Vs ( i }/’18{] - 1)
IZVS.Bridge 1(Q2—-Q4) — Vi L + 4-L,-n-F,,

2Coss,
IZVS.Bridgez =V —L

*The input impedance (Zi) calculation considers the input filter (C1 + Rcl).

*The output impedance (Zo) calculation considers the output filter (C2 + Rc2).
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*When exporting the schematic to PSIM, a series resistance to the inductor L (ESL) of 0.1Q
and a series resistance to the magnetizing inductance Lm (ESLm) of 1€ are considered to help the
steady-state to be reached earlier in the simulation. Those resistances are not considered in the

theoretical study.

*When exporting the schematic to PSIM, a death time of 50ns is considered. The death time is

not considered in the theoretical study.

The input data window allows the user to select the desired input parameters and provides useful

information such as the steady state dc operating point.

Phase Shifted Dual Active Bridge (VMC RL - V1 to V2) plant - O X

Steady-state dc operating point Input parameters

FoRd TE &
- 7¢ T - Rowms) 3 vaw) [120
ILmsie) [10482 FowHa) [125k
ILmaa) [11792 niN2m1) [200m
ILmmass) [183346m o [ioou
Ipri. (&) W Rel(Ohme) ’1.117
lpimana) [11975 Cossi(F) [36p
Mavald) 8 coF) [$70u
12avlt) [0 Rc2Ohms) [Tm
2vS inBiidge 1 [21.0203.04 Coss2F) [383p
25 inBridge 2 [U5.0607.08 Poutlw) |48k
LH) [6545u
LmH) [6545m

(%]
=+

Set defaults | Calculate | Waveforms | Transfer func,l Help | Cancel ‘ 0K |

Parameter description in the initial dialogue:

Input parameters:

VI1(V) Input voltage (Volts)
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V2(V) Output voltage. Controlled. (Volts)

Fsw(Hz) Switching frequency (Hertz)

n(N2/N1) Turn ratio (dimensionless). It is considered as the number of turns of the secondary
N2, divided by the number of turns in the primary N1.

C1(F) Input filter capacitance (Farads)

Rc1(Ohms) Series resistance to the input filter capacitor (Ohms)

Coss1(F) Output parasitic capacitance of the transistors in Bridge 1 (Farads)
C2(F) Output filter capacitance (Farads)

Rc2(Ohms) Series resistance to the output filter capacitor (Ohms)
Coss2(F) Output parasitic capacitance of the transistors in Bridge 2 (Farads)
Pout(W) Load power (W)

L(H) Inductance (Henries)

Lm(H) Transformer's magnetizing inductance referred to the primary (Henries)

Steady-state dc operating point:

Phase Shift (°) The phase shift between Bridge 1 and Bridge 2 (degrees). It is defined as the
time elapsed between the turn-on of transistor Q1 and the turn-on of transistor QS5 related to the

period (= 1/Fsw). Control variable. To calculate:

i 1 .
1 J(m)'VIE'VZE_B'L'POHE'VI'VZ
°) =180 -|= —

@(°) > -

FSW

2

'VI'VE

R(Ohms) Load resistance (€2).

© 2024 Power Smart Control S.L.



SmartCtrl 147

IL,rms(A) Effective current through L (Amperes)

IL,max(A) Maximum (peak) current through inductance L (Amps). DAB's current
through L is AC

ILm,max(A) Maximum (peak) current through Lm (Amperes).

Ipri,rms(A) Effective current at the transformer primary (Amps).

Ipri,max(A) Maximum (peak) current through the transformer's primary winding
(Amperes).

I1,avg(A) Average input current (Bridge 1) (Amperes)

12,avg(A) Average output current (Bridge 2) (Amperes)

ZVS in Bridge 1 This field shows which transistors in Bridge 1 meet the constraint to be
considered as switching a ZV S-switching. Whether or not ZVS is obtained depends on the
operating point and specifications. If no transistors meet the constraint, the message "None" is
displayed.

ZVS in Bridge 2 This field shows which transistors in Bridge 2 meet the constraint to be
considered as switching with ZVS. Whether or not ZVS is obtained depends on the operating point

and specifications. If no transistors meet the constraint, the message "None" is displayed.

Phase Shifted Full Bridge Dual Active Bridge additional wave forms

*Bridges differential voltages vs time: V11 and V22 signals are displayed simultaneously.
These signals are important as they show the phase difference between the bridges, which

determines the transferred power.

»The signal V11 refers to the differential voltage between the midpoint of the transistor branches

of Bridge 1. In the equation they appear in lower case because they are time-dependent:
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Vi1 = Vps,g2 — Vps,g4

*The signal V22 refers to the differential voltage between the midpoint of the transistor branches

of Bridge 2. In the equation they appear in lower case because they are time-dependent:

V22 = Vps.ge — Vps,Qs8

Inductor current vs time
*Bridge 2 output voltage vs time: This is the DC voltage being controlled, V2.

*Inductor voltage vs time
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Waveforms graphics - |:| X
| Select graphics to show I
Bridges differential voltages vs time
= | 1000
& 500
= 0 f ' f 3
= ‘ 500 |
>1 100G 5u 10u 15u 20u
Time [sec)
15 Inductor current v time
‘I U Y — F o w—
_ [ 7 AN 7 Y
z ‘ i/ X 7 N
= i AY Fd N\,
aals A, 7 hY ‘
15
0 Su 10u 15u 20u
Time [gec)
1 12 %DU JJ- Bridge 2 output voltage vs time
— 120 N, - N N et
=11 N N[ p—"" N\ T N
g JE ] — N AN | W
11985 ¥ N k'
1198
0 Su 10u 15u 20u
Time [gec)
1500 Inductor voltage vs time
1000 —
— 500 | ! |
= ‘ g : ] I : : ] |
= 2 0 -
-1500 ‘
0 Su 10u 15u 20u
Time [gec)

*Primary winding current vs time

*Magnetizing voltage vs time

*Magnetizing current vs time

*Secondary winding current vs time

*To-the-load current vs time: It is the filtered current flowing through the load, in this

case R.
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i Waveforms graphics — O K
i Select graphics to show |
‘ 1 Primary winding current vs time
g |
| a 1 1 |
] Su 10u 15u 20u ‘
Time [sec)

1000 Magnetizing voltage vs time |

5 500 ! ‘
- ‘ 500 _’ ‘—l I_ |
= g \

-1000

0 S5u 10u 15u 20u
Time [zec)
b .

g‘ 12 Magnetizing curent vs time
= : |
L 0 ///\\

0 Su 10u 15u 20u ‘

Time [sec)

1 g g Secondary winding curent vs time }
= == PR N |
2R |

0 Bu 0u 15u 20u i
Time [sec)
-the- i
a 1 gg To-the-doad current vs time
3 “\\J N J \\J \J
28
0 Bu 0u 15u 20u

Time [sec)

*Drain-to-source voltage of Q1 vs time: Drain-to-source voltage on transistor Q1

(Bridge 1, external branch, above). As long as it has the value V1, transistor Q1 is open.

The falling edge of this signal is considered the start of the phase shift time and coincides

with the rising edge of the Phase Shift signal in the SmartCtrl main window.

*Drain current of Q1 vs

Izvs Bridge 1 (01-03)

time: Q1 drain current. Being smaller than

at the turning-on means that the transistor has ZVS.

*Drain-to-source voltage of Q5 vs time: Drain-to-source voltage at transistor QS5

(Bridge 2, internal branch, above). If it has the value V2, transistor Q5 is open. The falling
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edge of this signal is considered the end of the phase-shift time and coincides with the

falling edge of the Phase Shift signal in the SmartCtrl main window.

| PE—
*Drain current of Q5 vs time: Q5 drain current. Being smaller than ZVs.Bridge 2

at the turning-on means that the transistor has ZVS.

Waveforms graphics — O X
Select graphics to show
i Drain-to-source voltage of Q1 vs time
— 500
=| 400
3| &
=
= 100
L 0 Su 10u 15u 20u
Time [sec)
15 Drain current of Q1 vs time
10 f——————— —
— 5 Vi Vi
2 ot 7
o d
=t o 7
15
0 Su 10u 15u 20u
Time [sec)
150 Drain-to-source voltage of Q5 vs time
= | 100
o
] 50
=
0
0 Su 10u 15u 20u
Time [sec)
Drain current of Q5 vs time
) Y
— ‘\L \\\
%| N
sl \ \
é N ‘s
0 Su 10u 15u 20u
Time [sec)

Phase Shift waveform interpretation
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In the power stages with PWM modulation the waveform that usually appears in this location is the

switching signal of the transistor that commands the operation.

In this case (and in the Full-Bridge plant introduced in the SmartCtrl 4.2 version) the phase-shift
time is shown, which is the control variable in a Phase Shif.t modulation. As can be seen in the
picture below, the rising edge refers to the triggering of transistors Q1 and Q3, while the falling

edge refers to the triggering of transistors Q5 and Q8.

The classic Phase shift modulation proposed to govern the DAB (Dual Active Bridge) consists of
dephasing the turning-on of the Q5-Q6 branch from the Q1-Q2 branch, to transfer power from

Bridge 1 to Bridge 2 (POSITIVE phase shift).

*The transistors in each branch are controlled complementary (ideally with no dead time) and

remain on for half the period = 1/(2'FSW).

*The transistors in each Bridge are controlled as explained below:

oln Bridge 1, Q1 and Q4 are turned on simultancously. Q2 and Q3 operate the

remaining half-period once the Q1 and Q4 are turned off.

oln Bridge 2, Q5 and Q8 are turned on simultancously. Q6 and Q7 operate the

remaining half-period once the Q5 and Q8 are turned off.

Thus, from the representation of the Phase Shift waveform, the operation of all transistors in the

DAB (Dual Active Bridge) can be deduced.
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1.7.8

Cames and medulating signals vs bime

Caerl\]. ModV]
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| Turning-on of transistors Q5 y QB

Turning-on of transistors Q1 y Q3

SmartCtrl modulator when used for Phase Shift modulation and gain modification
In the SmartCtrl 5.0 version, the image of the modulator is maintained with respect to the PWM

basic one, although in this case, it would be representing a modulator that generates the driving
signals of all the transistors of Bridges 1 and 2 with the phase shift calculated as discussed in the

previous section.

The modulator gain expression is shown below. To adjust it to the gain of a known system, the

parameters Vp and Vv can be modified (Vv =-Vp)

2
Gmod = ————~
trod (V,;? . Vu)

Phase Shifted Dual Active Bridge (VMC ERL - V1 to V2)
Navigation: SmartCtrl > DC-DC Plants >

Phase Shifted Dual Active Bridge
(VMCERL - V1 to V2)

Previous Top Next
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Power stage description (NEW in version 5.0):

Phase Shifted Dual Active Bridge (WVMC ERL -

. . . 1.
& '..'4-| - s o= | Cossd
M & ==Coss1 BT =
LS | .
%‘31 ES
- I
=4 V1 < Red Q2 r | o4t
I B Lcoss? JrEL
- -|— L
* - -

V1 to V2), single loop.

a5 r

‘_¢ = Coss5

In this power stage, the Dual Active Bridge (DAB) converter is studied with a single voltage

control loop on a bus type load, modeled as a voltage source with a series resistor ("ERL"). The

voltage source represents the voltage at the operating point analyzed, whereas the series resistor

models the bus resistance.

The name ("V1 to V2") indicates that the direction of the power transfer is from the bridge whose

voltage is denoted V1 (on the left in the picture) to the port with the voltage V2 (on the right).

The voltage V2 (the voltage at Bridge 2) is the one controlled.

Further considerations:

*This study helps the control design of a battery charger during the fixed-voltage stages

*The power losses are not considered in the theoretical study

*To consider that the switching is done under ZVS (Zero Voltage Switching) conditions, the

value of the current at the switching instant must be:

| — .
o> ZVS,Bridge 1 (Q1-Q3)

in Q1 and Q3 transistors of Bridge 1
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I7vs Bri _
0> Zvs.Bridge 1(Q2- Q4) in Q2 y Q4 transistors of Bridge 1

I7v¢ 5y
0> ZVS.Bridge 2 in the transistors located in Bridge 2

20 _
2Coss; |Val UXIBD_D_

Izvs.Briage 1 (@1-03) = V1 L 4.-L_-n-FE
L sw

S P -
2Coss, [Va( 4 }X180 —-1)

Izvs.Briage 1 (02-04) = V1 I + 4. -n-FE
m SwW

2Co0ss5
fzvs.Br:dgez =V —L

*The input impedance (Zi) calculation considers the input filter (C1 + Rc1)

*The output impedance (Zo) calculation considers the output filter (C2 + Rc2)

*When exporting the schematic to PSIM, a series resistance to the inductor L (ESL) of
0.1Q and series resistance to the magnetizing inductance Lm (ESLm) of 1€ are considered to

help the steady-state to be reached earlier in the simulation. Those are not considered in the

theoretical study

*When exporting the schematic to PSIM, a death-time of 50ns is considered. The death

time is not considered in the theoretical study
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The input data window allows the user to select the desired input parameters and provides useful

information such as the steady state dc operating point.

Phase Shifted Dual Active Bridge (VMC ERL - V1 to V2) plant - O X
Steady-state dc operating point Input parameters
+ Qm. iyt ;U'I: Phase shift’) [57.885 viv) [l
T ‘]‘C‘ “J'} " éﬂ- ¢ Tv_z ILimsia) [10452 vapy) [120
ILmaga) [11792 FswHz) [1258k
ILmmax(a) [183346m nN2m1) [200m
Iprims(a) [10505 cip [100u
Ipri.mas(A) W Re1(Dhms) ,mf
Mavglt) B Coss(F) [388p
12avale) [40 c2F) [s70u

Poutfw] 4.8k Re2(0hms) |1m—

25 inBridge 1 [01.0203.04 Coss2F) [383p
25 inBridge 2 [35.06.07.08 LH) [5450
Le(H) W

Rs(0hms) ,5rn—

Ev) [1198

Set defaults | Calculate | \Waveforms | Transfer func,l Help | LCancel | oK |

Parameter description in the initial dialogue:

Input parameters:

VI1(V) Input voltage (Volts)

V2(V) Output voltage. Controlled. (Volts)

Fsw(Hz) Switching frequency (Hertz)

n(N2/N1) Turn ratio (dimensionless). It is considered as the number of turns of the secondary
N2, divided by the number of turns in the primary N1.

C1(F) Input filter capacitance (Farads)

Rc1(Ohms) Series resistance to the input filter capacitor (Ohms)
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Coss1(F) Output parasitic capacitance of the transistors in Bridge 1 (Farads)

C2(F) Output filter capacitance (Farads)

Rec2(Ohms) Series resistance to the output filter capacitor (Ohms)

Coss2(F) Output parasitic capacitance of the transistors in Bridge 2 (Farads)

L(H) Inductance (Henries)

Lm(H) Transformer's magnetizing inductance referred to the primary (Henries)

Rs(Ohms) Series resistance in the bus load

E(V) Voltage at the operating point

Steady-state dc operating point:

Phase Shift (°)

The phase shift between Bridge 1 and Bridge 2 (degrees). It is defined as the

time elapsed between the turn-on of transistor Q1 and the turn-on of transistor QS5 related to the

period (= 1/Fsw). Control variable. To calculate:

o(°) = 180 -

IL,rms(A)
IL,max(A)
ILm,max(A)
Ipri,rms(A)
Ipri,max(A)

(Amperes).

i 1 .
1 J(m)'VIE'VZE_B'L'POHE'VI'VZ
1

2

-V -V
F, '"1°"2

Effective current through L (Amperes)
Maximum (peak) current through L (Amps). DAB's current through L is AC
Maximum (peak) current through Lm (Amperes).
Effective current at the transformer's primary winding (Amps).

Maximum (peak) current through the transformer's primary winding
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I1,avg(A) Average input current (Bridge 1) (Amperes)
12,avg(A) Average output current (Bridge 2) (Amperes)
Pout(W) Load power (W)

ZVS in Bridge 1 This field shows which transistors in Bridge 1 meet the constraint to be
considered as switching a ZV S-switching. Whether or not ZVS is obtained depends on the
operating point and specifications. If no transistors meet the constraint, the message "None" is
displayed.

ZVS in Bridge 2 This field shows which transistors in Bridge 2 meet the constraint to be
considered as switching with ZVS. Whether or not ZVS is obtained depends on the operating point

and specifications. If no transistors meet the constraint, the message "None" is displayed.

Waveforms displayed

*Bridges differential voltages vs time: signals V11 and V22 are displayed simultaneously.
These signals are important as they show the phase difference between the bridges, which

determines the transferred power.

oThe signal V11 refers to the differential voltage between the midpoint of the
transistor branches of Bridge 1. In the equation they appear in lower case because

they are time-dependent:

V11 = Vps,gz — Vps,04
oThe signal V22refers to the differential voltage between the midpoint of the transistor
branches of Bridge 2. In the equation they appear in lower case because they are

time-dependent:
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V22 = Vpsge — Vps,Qs

*Inductor current vs time

*Bridge 2 output voltage vs time: This is the DC voltage being controlled, V2.

*Inductor voltage vs time

159

Waveforms graphics — X
Select graphics to show
Bridges differential voltages vs time
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*Primary winding current vs time

*Magnetizing voltage vs time

*Magnetizing current vs time

*Secondary winding current vs time
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*To-the-load current vs time: It is the filtered current flowing through the load, in this case,

R.
Waveforms graphics - | X
Select graphics to show |
- Primary winding cument vs time
IR
g|
5 X
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*Drain-to-source voltage of Q1 vs time: Drain-to-source voltage on transistor Q1 (Bridge
1, external branch, above). If it has the value V1, transistor Q1 is open. The falling edge of this
signal is considered the start of the phase shift time and coincides with the rising edge of the

Phase Shift signal in the SmartCtrl main window.

*Drain current of Q1 vs time: Qls drain current. Being smaller than

s gri _
ZvS Bridge 1 (Q1-Q3) at the turning-on means that the transistor has ZVS.
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*Drain-to-source voltage of Q5 vs time: Drain-to-source voltage on transistor Q5 (Bridge
2, inner branch, above). If it has the value V2, transistor Q5 is open. The falling edge of this
signal is considered the end of the phase-shift time and coincides with the falling edge of the

Phase Shift signal in the SmartCtrl main window.

IZ VS,Bridge 2

*Drain current of Q5 vs time: Q5s drain current. Being smaller than at

the turning-on means that the transistor has ZVS.

| Waveforms graphics - |

Select graphics to show
Drain-to-source voltage of Q1 vs time
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Phase Shift waveform interpretation
In the power stages with PWM modulation the waveform that usually appears in this location is the

switching signal of the transistor that commands the operation.
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In this case (and in the Full-Bridge plant introduced in the SmartCtrl 4.2 version) the phase-shift
time is shown, which is the control variable in a Phase Shift modulation. As can be seen in the
picture below, the rising edge refers to the triggering of transistors Q1 and Q3, while the falling

edge refers to the triggering of transistors Q5 and Q8.

The classic Phase shift modulation proposed to govern the DAB consists of dephasing the turning-
on of the Q5-Q6 branch from the Q1-Q2 branch, to transfer power from Bridge 1 to Bridge 2

(POSITIVE phase shift).

*The transistors in each branch are controlled complementary (ideally with no dead time) and

remain on for half the period = 1/(2-FSW).

*The transistors in each Bridge are controlled as explained below:

oln Bridge 1, Q1 and Q4 are turned on simultaneously. Q2 and Q3 operate the

remaining half-period once the Q1 and Q4 are turned off.

oln Bridge 2, Q5 and Q8 are turned on simultaneously. Q6 and Q7 operate the

remaining half-period once the Q5 and QS are turned off.

Thus, from the representation of the Phase Shift waveform, the operation of all transistors in the

DAB can be deduced.
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Carmer and modulating signals vs time
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SmartCtrl modulator when used for Phase Shift modulation and gain modification
In the SmartCtrl 5.0 version, the image of the modulator is maintained with respect to the PWM

basic one, although in this case, it would be representing a modulator that generates the driving
signals of all the transistors of Bridges 1 and 2 with the phase shift calculated as discussed in the

previous section.

The modulator gain expression is shown below. To adjust it to the gain of a known system, the

parameters Vp and Vv can be modified (Vv =-Vp)
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1.7.9

Gmod = ————<
mod (V;; . Vu)

Phase Shifted Dual Active Bridge (CS ERL - V1 to V2)
Navigation: SmartCtrl > DC-DC Plants >

Phase Shifted Dual Active Bridge (CS
ERL - V1 to V2)

Previous Top Next

Power stage description (NEW in version 5.0):

Phase Shifted Dual Active Bridge (C5 ERL - V1 to W2), single loop.

. . fi‘\ {
o a3 |- s - o7
. _|':la= ]l cosst | I e Jhi; |[Cns~55 - J-"-t':r‘ I Coss?
- 1:n . +
. 1 | A=V =3 - + - .
-:.— C1 filtar l;:;l . T' o ;; fa T C2_fiter =R
l L-. i L _' _ ! L
Dwvi 2 a2 t o o ESLm & a6 +—. a8 ) = Re2
< . I J Al < o)
[ ] 153 Lo | Igrl T T2 L cose | 153 Lcoss | Oe
I ] i | Coss4 | [ r |
- . -
+ ] LT [ 1] | 1 i 1
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In this power stage, the Dual Active Bridge (DAB) converter is studied with a single current
control loop on a bus type load, modeled as a voltage source with a series resistor ("ERL"). The
voltage source represents the voltage at the operating point analyzed, whereas the series resistor

models the bus resistance.

The name ("V1 to V2") indicates that the direction of the power transfer is from the bridge whose

voltage is denoted V1 (on the left in the picture) to the port with the voltage V2 (on the right).

The current 12 (output average current at Bridge 2) is the one controlled.

Further considerations
*This study helps the control design of a battery charger during the fixed-current stages

*The power losses are not considered in the theoretical study

*To consider that the switching is done under ZVS (Zero Voltage Switching) conditions, the

value of the current at the switching instant must be:

I7vs Bri _
0> ZvsBridge 1(Q1-Q3) in Q1 and Q3 transistors of Bridge 1

I7vs Bri _
o> ZvsBridge 1 (Q2—Q4) in Q2 y Q4 transistors of Bridge 1

I7v¢ mri
0> ZVsBridge 2 in the transistors located in Bridge 2

200 =
2Coss, [Va( 4 }/,180 —-1)
IzvsBriage 1(01-03) = V1 . | 4L -n-FE
m Sw
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2 o
2Coss; |Va( 4 }/,180 —-1)
Izvs.sriage 1 (02—04) = V1 I 4.1 -n-FE
m Sw

2Coss,
fzvs.ar:'dgez =V —L

*The input impedance (Zi) calculation considers the input filter (C1 + Rc1)

*The output impedance (Zo) calculation considers the output filter (C2 + Rc2)

*When exporting the schematic to PSIM, a series resistance to the inductor L (ESL) of
0.1Q and series resistance to the magnetizing inductance Lm (ESLm) of 1Q2 are considered to

help the steady-state to be reached earlier in the simulation. Those are not considered in the

theoretical study

*When exporting the schematic to PSIM, a death-time of 50ns is considered. The death

time is not considered in the theoretical study

The input data window allows the user to select the desired input parameters and provides useful

information such as the steady state dc operating point.
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Steady-state dc operating point Input parameters
" @R“ 1;4} : 1|:|n ﬁ“_q(]::z Phase shif?) [57.885 i [60
N TO‘ CET - ILmsia) [10452 avgit) [0
ILmaxp) [11.792 Fowibz) [125K
ILmmax(a) [183346m e T
Ipr mms{A) W S W
lpiimaxfa) [11.975 RellOhms) [Tm
avgla) |8 Coss1(F] 'W
vapy [120 o) [Fo0

Poutfw) 4.8k Rc2(0hms) |1m—
2V5 inBridge 1 [01,0203.04 Coss2F) [383p
25 inBridge 2 [35.0607.08 LH) [B545u

Lm(H) W
RefOhms) [5m
EW) [1198

Set defaults Calculate Waveforms Transfer func. Help | Cancel oK

Parameter description in the initial dialogue:

Input parameters:

V1(V) Input voltage (Volts)

12,avg(A) Average output current (Bridge 2). Controlled. (Amperes)

Fsw(Hz) Switching frequency (Hertz)

n(N2/N1) Turn ratio (dimensionless). It is considered as the number of turns of the secondary
N2, divided by the number of turns in the primary N1.

C1(F) Input filter capacitance (Farads)

Rc1(Ohms) Series resistance to the input filter capacitor (Ohms)

Coss1(F) Output parasitic capacitance of the transistors in Bridge 1 (Farads)

C2(F) Output filter capacitance (Farads)
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Rc2(Ohms) Series resistance to the output filter capacitor (Ohms)

Coss2(F) Output parasitic capacitance of the transistors in Bridge 2 (Farads)
L(H) Inductance (Henries)

Lm(H) Transformer's magnetizing inductance referred to the primary (Henries)
Rs(Ohms) Series resistance in the bus load

E(V) Voltage at the operating point

Steady-state dc operating point:

Phase Shift (°) The phase shift between Bridge 1 and Bridge 2 (degrees). It is defined as the
time elapsed between the turn-on of transistor Q1 and the turn-on of transistor Q5 related to the

period (= 1/Fsw). Control variable. To calculate:

°) = 180+ |- —
@ (°) >

2 FI V-V,

i sw i
IL,rms(A) Effective current through L (Amperes)
IL,max(A) Maximum (peak) current through L (Amps). DAB's current through L is AC
ILm,max(A) Maximum (peak) current through Lm (Amperes).
Ipri,rms(A) Effective current at the transformer's primary winding (Amps).
Ipri,max(A) Maximum (peak) current through the transformer's primary winding
(Amperes).
I1,avg(A) Average input current (Bridge 1) (Amperes)
V2(V) Output voltage (Volts)
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Pout(W) Load power (W)

ZVS in Bridge 1 This field shows which transistors in Bridge 1 meet the constraint to be
considered as switching a ZV S-switching. Whether or not ZVS is obtained depends on the
operating point and specifications. If no transistors meet the constraint, the message "None" is
displayed.

ZVS in Bridge 2 This field shows which transistors in Bridge 2 meet the constraint to be
considered as switching with ZVS. Whether or not ZVS is obtained depends on the operating point

and specifications. If no transistors meet the constraint, the message "None" is displayed.

Waveforms displayed
*Bridges differential voltages vs time: signals V11 and V22 are displayed simultaneously.

These signals are important as they show the phase difference between the bridges, which

determines the transferred power.

oThe signal V11 refers to the differential voltage between the midpoint of the
transistor branches of Bridge 1. In the equation they appear in lower case because

they are time-dependent:

V11 = Vps,g2 — Vps,Q4
oThe signal V22refers to the differential voltage between the midpoint of the transistor
branches of Bridge 2. In the equation they appear in lower case because they are

time-dependent:

V22 = Vpsge — Vps,Qs8

*Inductor current vs time
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*Output current vs time: This is the average current controlled, 12.

*Inductor voltage vs time

‘ forms graphics — | X
; Select graphics to show
‘ Bridges differential voltages vs time
= 1000
a {
g ‘ 500
bt 0
= | 500 _
= K | | |
10000 Su 10u 15u 20u
Time [sec]
15 Inductor current vs time
| S ———
I AN 7 AN
= | ]
| oS N y d— N
W2 AN 7 AN
15 [ [
0 Su 10u 15u 20u
Time [sec)
50 : Output cun:ent ws time ‘
T | 20 | ‘ ‘
= 20 \} \J \} | \J !
10 - - -
0 Su 10u 15u 20u
Time (sec)
1500 Inductor voltage vs time
1000—} | 1
., 500 | [ ] |
= 0 | | | |
= 500 | [] | ]
1000 | L] | |
1500 - -
S5u 10u 15u 20u
Time [sec)

*Primary winding current vs time

*Magnetizing voltage vs time

*Magnetizing current vs time

*Secondary winding current vs time

*To-the-load current vs time: It is the filtered current flowing through the load, in this case,

R.
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Select graphics to show |

Primary winding curent vs time

g I
Bl g
o 5u 10u 15u 20u
Time [sec)
1000 Magnetizing vaoltage vs time
= 500 :
2 | 500 _} ! \ I \—
5 d
-1000
S5u 10u 15u 20u
Time [sec]
02 M agnetizing current vs time
= []:1 A z"—\\
g % — — = —~
] 5u 10u 15u 20u
Time [sec]
] g g Secondary winding curent vs time
3 2 m
SAT:
' 5u 10u 5u 20u
Time [sec)
100 Tothe-load current vs time
= 53 !
h=] ]
2| A0 \J \J ~ ~ }
- -100 |
S5u 10u 15u 20u
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*Drain-to-source voltage of Q1 vs time: Drain-to-source voltage on transistor Q1 (Bridge
1, external branch, above). If it has the value V1, transistor Q1 is open. The falling edge of this
signal is considered the start of the phase shift time and coincides with the rising edge of the

Phase Shift signal in the SMC main window.

*Drain current of Q1 vs time: Qls drain current. Being smaller than

I7v5 gri _
ZVS,Bridge 1(Q1-Q3) at the turning-on means that the transistor has ZVS.

*Drain-to-source voltage of Q5 vs time: Drain-to-source voltage on transistor Q5 (Bridge
2, inner branch, above). If it has the value V2, transistor Q5 is open. The falling edge of this
signal is considered the end of the phase-shift time and coincides with the falling edge of the

Phase Shift signal n the SMC main window.
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IZ VS.Bridge 2

*Drain current of Q5 vs time: Q5s drain current. Being smaller than at
the turning-on means that the transistor has ZVS.
| Select graphics to show
|
|
‘ Drain-to-source voltage of Q1 vs time
600
| = 500
< 400
3| 2
o
=00
L 0 S5u 10u 15u 20u
Time [sec]
15 Drain current of Q1 vs time
10
I g
=] 5 ! !
10
15
0 S5u 10u 15u 20u
Time [sec]
150 Drain-to-source voltage of 05 vs time
E‘ 100 J ’
w
o
B 50 !
G
0
0 S5u 10u 15u 20u
Time [sec]
= Drain current of Q5 vs time
.
w K
=} ;é
o 5u 10u 5u 20u

Time [sec]

Phase Shift waveform interpretation
In the power stages with PWM modulation the waveform that usually appears in this location is the

switching signal of the transistor that commands the operation.

In this case (and in the Full-Bridge plant introduced in the previous SMC update) the phase-shift
time is shown, which is the control variable in a Phase Shift modulation. As can be seen in the
picture below, the rising edge refers to the triggering of transistors Q1 and Q3, while the falling

edge refers to the triggering of transistors Q5 and Q8.

© 2024 Power Smart Control S.L.



SmartCtrl 173

The classic Phase shift modulation proposed to govern the DAB consists of dephasing the turning-
on of the Q5-Q6 branch from the Q1-Q2 branch, to transfer power from Bridge 1 to Bridge 2

(POSITIVE phase shift).

*The transistors in each branch are controlled complementary (ideally with no dead time) and

remain on for half the period = 1/(2-F SW)'

*The transistors in each Bridge are controlled as explained below:

oln Bridge 1, Q1 and Q4 are turned on simultaneously. Q2 and Q3 operate the

remaining half-period once the Q1 and Q4 are turned off.

oln Bridge 2, Q5 and Q8 are turned on simultaneously. Q6 and Q7 operate the

remaining half-period once the Q5 and Q8 are turned off.

Thus, from the representation of the Phase Shift waveform, the operation of all transistors in the

DAB can be deduced.
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Carmer and modulating signals vs time
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SmartCtrl modulator when used for Phase Shift modulation and gain modification

In the SmarCtrl 5.0 version, the image of the modulator is maintained with respect to the PWM
basic one, although in this case, it would be representing a modulator that generates the driving
signals of all the transistors of Bridges 1 and 2 with the phase shift calculated as discussed in the

previous section.

The modulator gain expression is shown below. To adjust it to the gain of a known system, the

parameters Vp and Vv can be modified (Vv =-Vp)
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1.8 Three-Phase PFC Boost Converter

Navigation: SmartCtrl >

Three-Phase PFC Boost Converter Previous Top Next

1.8.1 Single-Line Diagram

Navigation: SmartCtrl > Three-Phase PFC Boost Converter >

Single-Line Diagram Previous Top Next

This window shows a simplified representation of the whole system. The single line diagram allows
the user to configure different types of control, modulators, loads and filters.
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T

Aaodulaton
Control

Phase-Locked Loop Modulator  Dia
[05GSRFPLL = [Pu -] ot
EMI Filer Contral
|St|uobure 2 ;l |Dl§! cantrol + Pl cunent compensaton j
M ain Filter Load
IL = Ir [

Help

The drop-down list called “Control” allows the user to choose different types of controls.
e Alpha-Beta control + PI current compensator (Proportional-Integral compensator)
e Alpha-Beta control + PR current compensator (Proportional-Resonant compensator)

e DQ control + PI current compensator (Proportional-Integral compensator)

If the dq control option is chosen then the drop-down list called "Phase-Locked Loop" is enabled,
which allows the user to choose different types of PLLs.

e SRFPLL: Synchronous Reference Frame PLL

e QSG-SRFPLL: Quadrature Signal Generator - Synchronous Reference Frame PLL
The drop-down list called “EMI Filter” allows the user to choose different types of EMI Filter.
e Structure 1: One stage of differential mode and one stage of common mode.
El

e Structure 2: One stage of differential mode with damping network and one stage of
common mode.
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e Structure 3: Two stages of differential mode and two stages of common mode.

el Lym1 Lim1

L e AN . A
] — —

7'WV_\/V\—/\/\/ . «\/
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L A AAA—YY .

wHEEE

Cam1

(X Caj p) (Y Cap)

e Structure 4: Two stages of differential mode and two stages of common mode with
capacitor connected to the neutral point.

Lema L1 Lym1 Lema Limo L2

L i i

| . .

S

N — —

. A
"Cam1 % § "Cima % %
Cam1 Camz
(X Cap) (X Cap)
Cemt rCemz

cml

CcmZ
(Y Cap) (v Cap)

e N/A: Not applicable.

The drop-down list called “Load” allows the user to choose different types of loads.

e R: Simple resistor
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e CPL: Constant Power Load

e [ constant: Represents loads with constant current
The drop-down list called “Main Filter” allows the user to choose different types of filters.

e L: Simple inductor per phase

i
L
TAT

=,

TART

S

TART

|

E
@ rL L
C
@ AAA— O f EEE
@ AAA— YN C

T/AT

S e

6

e LCL: Two inductors and one capacitor per phase

e LCL active damping: Two inductors and one capacitor per phase. In this case it is

necessary to sense the capacitor current.
Sljgﬁ 5, SSJQ?
rL, L, rL, L

4/\A/\/_NW\—

%?ﬁ .
TIT

e LCL passive damping: Two inductors and one capacitor per phase. The damping network
considers a capacitor and resistor in parallel to the main filter capacitor.

El

The drop-down list called “Modulator” allows the user to choose different types of modulators.

TIAT

= k% RE

e PWM: Sinusoidal Pulse Width Modulation
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Modulating Signal

e SVPWM: Space Vector Pulse Width Modulation

Modulating Signal

e Discontinuous 1: 60-degree Discontinuous Pulse Width Modulation with positive and
negative DC clamping

Modulating Signal

e Discontinuous Max: 120-degree Discontinuous Pulse Width Modulation with positive DC
clamping

Modulating Signal

e Discontinuous Min: 120-degree Discontinuous Pulse Width Modulation with negative DC
clamping
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Modulating Signal

The checkbox called "Digital" allows the user to select whether the control to be designed is digital
or analog. This checkbox determines the different options that can be selected later.

E

&}
[

Modulator

Control
Phaze-Locked Loop todulator % Didital
[SRFPLL =] [Pum -] gt
EMI Filter Control
|N.n".-’-‘« j |DQ zantral + Pl current canpenzator ﬂ
td ain Filter Load
L =l In =

Help

In the menu bar, the user can select the different input data windows.

El
SLD Single-Line Diagram window

Cre Control Structure window

PS

Power Stage window

EF

EMI Filter window

PLL Phase-Locked Loop window
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Hi

Current Sensor window

He Grid Voltage Sensor window

Hu

Output Voltage Sensor_window

Ci

Current Compensator window

MOD Modulator window

Cu Output Voltage Compensator window

ATT

emi EMI Filter Attenuation graph

'\_\._\_EM
*—* Solutions Map of Phase-Locked Loop

:2“ Nyquist Diagram of the Phase-locked Loop

'Ihbpm Transient response of the Phase-Locked Loop in small signal

Juan
L Graph of the transient response of the Phase-Locked Loop considering a phase step

", 5M
% Solutions Map of current loop

&M
“—& Solutions Map of output voltage loop

—
~— Bode diagrams of different transfer functions

SCH
:1?/}_, Schematic of the entire system

The input parameters can be changed at any time as the results obtained are updated automatically.

SmartCtrl calculates the stable solution space in which all the possible combinations of crossover
frequency (Fc) and phase margin (PhM) that lead to stable solutions are shown graphically. It is
called Solutions Map. The designer is asked to select the crossover frequency and the phase
margin just by clicking within the white zone. This option is available only for pre-defined
compensators. On the hand, the constants of the compensators can also be defined manually.
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1.8.2

It should be remarked that, due to stability constraints, the crossover frequency of the outer loop
(Output Voltage Loop) cannot be greater than the crossover frequency of the inner loop
(Inductance Current Loop).

=
The stability of the system can be checked by analyzing the bode diagrams. ~ —

&

SmartCtrl also allows the user to plot the frequency response of the output impedance of the
EMI Filter and the input impedance of the three-phase rectifier in order to analyze system-level

stability.

Once the control loops have been designed, SmartCtrl allows the user to export the design to
third-party simulators =]
The third-party simulators that SmartCtrl can export are; PSIM or SIMBA .

System Level Stability Analysis

Navigation: SmartCtrl > Three-Phase PFC Boost Converter >

System Level Stability Analysis Previous Top Next
EMI filter can lead to stability problems due to the interaction between two subsystems. The

system level stability can be analyzed using the criterion proposed in the following reference:
R. D. Middlebrook, “Input filter considerations in design and application of switching

regulators,” in Conf. Rec. IEEE IAS Annu. Meeting, 1976, pp. 366—382.
The Middlebrook criterion establishes that if the magnitude of the output impedance of the

EMI
EMI filter, Zs , is much smaller than the magnitude of the input impedance of the three-

phase rectifier, Zi , then system stability can be guaranteed. This criterion may result in

conservative design.

EMI
Zo

—|l <« 1
Zin
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Another stability criterion is called Gain Margin and Phase Margin (GMPM) proposed in the
following reference: C. M. Wildrick, F. C. Lee, B. H. Cho, and B. Choi, “A method of defining the
load impedance specification for a stable distributed power system,” IEEE Trans. Power

Electron., vol. 10, no. 3, pp. 280-285, May 1995.

The GMPM criterion is based on analyzing the phase difference at the points where the

. ZEMI . Z. .
magnitude of “®  is equal to the magnitude of < then the system could be stable if the

EMT _
absolute value of the phase difference of Zs and Zin is not greater than 180 degrees in

order to satisfy the Nyquist criterion.

zﬂEMI
[ zin

<1 and |urg(2’fMI]—a,rg{Z,-n}|£ 180°

Three examples are given below. The input parameters that the examples have in common

are:

SR

13T

! i L
) ——AAA— )
EMI Filter f——AMAA— j’_ﬂ [(Load]
A ¢

IFT

-

£ J:F J:IEs

E (line-ine RMS) (400 Pow) |40k Fsw [Hz) |50k

fiine [Hz) |50 CIF) (470u L[H) [470u
Vo (v |800 Re [Ohms) |50 m AL [Ohms) [10m
Help Cancel | o0k |

© 2024 Power Smart Control S.L.



184

SmartCtrl User's Guide

The second EMI filter structure has been chosen. The modulator under consideration is the

space vector modulation (SVPWM). DQ Control has been selected as the control structure.

eml ams “dm1
LTaVala'sl AN
LYV e N ANV
S Z
N LTV AP —
rCyme % % % [ - % % rC.._1-_§ % |
Cyn )
aomi L
(% Cap) ‘|: :I: ]— Caamp I :I: T o —Ej
| ¥ Cap) ¥ Cap)
| —
Ldm1 (H) [120u Lemd (H] (1m Crmes [F] [EDp
rldm? [Dhens) [10m Llkem? (H] [14u Cr_gnd [F) [120p
iCernl (Qbens) 10w Ceml (Ohems) | 10m iCdamp (Ohre) |10
Cdm1(F) [47u Cem1 [F] {3300 Cdamnp (F] |Tu

Help Cancel Ok

Stable System (Middlebrook criterion)

In the first example, an outer control loop has been designed with a crossover frequency

equal to 100 Hz and a phase margin of 50° as shown in the following figure.
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Once the control loops have been designed, the output impedance of the EMI filter and the

input impedance of the three-phase rectifier are analyzed.

According to Middlebrook criterion, this system is stable because there is no intersection

between the magnitude of the two impedances, as can be seen in the following figure.

© 2024 Power Smart Control S.L.



186 SmartCtrl User's Guide
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The designed control loops can be validated using any simulator. In this example, it is verified

that the system is stable, as can be seen in the following figure.
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Stable System (GMPM criterion)

In the second example, an outer control loop has been designed with a crossover frequency

equal to 300 Hz and a phase margin of 30° as shown in the following figure.
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Once the control loops have been designed, the output impedance of the EMI filter and the

input impedance of the three-phase rectifier are analyzed.

According to GMPM criterion, the system is stable because the phase difference is less than

, ] 7 EMI
180° at the points where the magnitude of “®*  and

following figure.

Zin are equal, as can be seen in the

|arg(ZFMT) —arg(Z )|= 80 —(—90)= 170°

© 2024 Power Smart Control S.L.



SmartCtrl 189

Gu T G G H He Ho GH C T G Gr GHe Cv To G Gro Guu Zoo 2a 20 25"

Magritude [d8] vs hequency

B E 5 82 8 4

ZoEMI, Zidd

- OO LA 11 O 0 1 et o o .1

Frequency Hz)

Phisza [¥] vz fequency

80°

ZoEMI. Zidd

1 10 100 1k 10k 100k M
Frequency [Hz]

In this example, itis verified that the system is stable, as can be seen in the following figure.
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Unstable System

In the third example, an outer control loop has been designed with a crossover frequency

equal to 500 Hz and a phase margin of 30° as shown in the following figure.

50m
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According to GMPM criterion, the system is unstable because the phase difference is greater

¢ 7 DEM T zi_n

than 180° at the points where the magnitude o and are equal, as can be seen in

the following figure.

|arg(Zs™) —arg(Zim)|= 78 —(—110)= 188"
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In this example, itis verified that the system is unstable, as can be seen in the following
figure.
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Note: If a d-axis alignment has been chosen in the Phase Locked Loop (PLL) window, then the

input impedance to be used in the stability analysis is Zidd , otherwise 19 s used.

1.8.3 Control Structure

Navigation: SmartCtrl > Three-Phase PFC Boost Converter >

Control Structure Previous Top Next
This window shows only the control structure. No parameters are defined in this window.
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- — Inverse @

Park Transform — Mod,
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1.8.4 Power Stage

Navigation: SmartCtrl > Three-Phase PFC Boost Converter >

Power Stage Previous Top Next

1841 L

Navigation: SmartCtrl > Three-Phase PFC Boost Converter > Power Stage >

L

The power stage window allows the user to select the desired input parameters.

Previous Top Next
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— [m]
o
ED | J5E kB
FI\ L L
/\/\/\/_JW\’\—
& )
(A "
Q)W (o]
) AN~ (
[ = !
o, 85 ¢ RZE  RE
E (line-ine RMS) (400 Paw) |30k Fsw[Hz) |40k
fline [Hz] |50 CF] [470u L(H) [470u
Yay) (800 R [Ohms] [50m RL (Okms] [10m
Help | Cancel | 0.4
The parameters of the converter:
E Line-to-line Grid Voltage (VRMYS)
Fline  Grid Frequency (Hz)
Vo Output Voltage (V)
Po Output Power (W)
C Output Capacitor (F)
Rc Equivalent Series Resistor of the output capacitor (ohms)
Fsw  Switching Frequency (Hz)
L Converter-side Inductance (H)
RL Equivalent Series Resistor of the converter-side Inductance (ohms)
1.8.4.2 LCL
Navigation: SmartCtrl > Three-Phase PFC Boost Conwverter > Power Stage >
LCL Previous Top Next
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The power stage window allows the user to select the desired input parameters.

5 JE% 5,8

LTI

2% KR S
E (line-ine RMS) (400 Fc [Ohms] [50m RLZ [Ohms) [10m
fiine [Hz) |50 Faw [Hz) |40k CF(F) [10u
Wao W] (200 L1(H) |90u Rt [Ohmsz] |50 m
Pa[w) [30k RL1 [Okms) (10m
CIF) [470u L2(H] [3u
Help | Cancel | 0K

The parameters of the converter:

E
Fline

Po

Re
Fsw
L1
RL1
L2
RL2
Ct

Line-to-line Grid Voltage (VRMYS)

Grid Frequency (Hz)

Output Voltage (V)

Output Power (W)

Output Capacitor (F)

Equivalent Series Resistor of the output capacitor (ohms)
Switching Frequency (Hz)

Converter-side Inductance (H)

Equivalent Series Resistor of the converter-side Inductance (ohms)

Grid-side Inductance (H)
Equivalent Series Resistor of the grid-side Inductance (ohms)
AC Capacitor of the LCL filter (F)
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Rcf

Equivalent Series Resistor of the AC Capacitor of the LCL

1.8.4.3 LCL Active Damping

Navigation: SmartCtrl > Three-Phase PFC Boost Converter > Power Stage >

LCL Active Damping Previous Top Next
The power stage window allows the user to select the desired nput parameters.

. JE% o5 Jgﬁ

1
r’
Load
o
“% 2 2%, R% | BB
- v -
E [lne-ine RMS] (400 R (Ohms] |50 m RL2 [Ohmsz] [10m
fiine [Hz) |50 Faw [Hz) |40k CF(F) [10u
Way] (800 L1[H] |30u Ref [Ohmsz] (30 m
Pa ] |30k RL1 [Obmz) (10m Kd |1
CIF) [470u L2(H) [3u
Help | Cancel | Ok,

The parameters of the converter:

E
Fline

Po

Rc

Fsw

L1

Line-to-line Grid Voltage (VRMS)

Grid Frequency (Hz)

Output Voltage (V)

Output Power (W)

Output Capacitor (F)

Equivalent Series Resistor of the output capacitor (ohms)
Switching Frequency (Hz)

Converter-side Inductance (H)
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RL1  Equivalent Series Resistor of the converter-side Inductance (ohms)

L2 Grid-side Inductance (H)

RL2  Equivalent Series Resistor of the grid-side Inductance (ohms)

Ct AC Capacitor of the LCL filter (F)

Ref  Equivalent Series Resistor of the AC Capacitor of the LCL filter (ohms)

Kd Active damping loop gain

1.8.4.4 LCL Passive Damping
Navigation: SmartCtrl > Three-Phase PFC Boost Converter > Power Stage >

LCL Passive Damping Previous Top Next
The power stage window allows the user to select the desired input parameters.

SJQ} - Jé

l T
3
o
I [ [
N - -
5y 5 S
E (line-line RMS) 400 R (Ohms] |50 m RL2 [Ohmz) [10m
fline (Hz) |50 Fsw [Hz) |40k CiF) [10u
Yay) (800 L1(H) |90u Rt (Ohmz] |50 m
Fo[w) [30k FL1 [Ohms) [10m Fid (Ohms] |10
C(F) [#70u L2[H) [3u Cd(F) [Tu
Help | Cancel | 118

The parameters of the converter:
E Line-to-line Grid Voltage (VRMYS)
Fline  Grid Frequency (Hz)
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Vo Output Voltage (V)

Po Output Power (W)

C Output Capacitor (F)

Rc Equivalent Series Resistor of the output capacitor (ohms)

Fsw  Switching Frequency (Hz)

L1 Converter-side Inductance (H)

RL1  Equivalent Series Resistor of the converter-side Inductance (ohms)
L2 Grid-side Inductance (H)

RL2  Equivalent Series Resistor of the grid-side Inductance (ohms)

Ct AC Capacitor of the LCL filter (F)

Ref  Equivalent Series Resistor of the AC Capacitor of the LCL filter (ohms)
Rd Damping Resistor (ohms)

Cd Damping Capacitor (F)

1.8.5 EMIFilter

Navigation: SmartCtrl > Three-Phase PFC Boost Converter >

EMI Filter Previous Top Next

1.8.5.1 Structure 1
Navigation: SmartCtrl > Three-Phase PFC Boost Converter > EMI Filter >

Structure 1 Previous Top Next
The EMI Filter window allows the user to select the desired input parameters.

© 2024 Power Smart Control S.L.



200

SmartCtrl User's Guide

L m |'|--_1n,'_ L'Jm'_
LTS A W
- —
I LT W
S Z
N s A AAN— N
'IC'Jm'_ ? % I.C:m'_ :j:: % %
C'_im'_ C:nu'_ J—
{¥ Cap) i Capl
Ldm1 [H) [40u Lemd (H] [T m Cmos [F] |E0p
iLdm1 [Ohms) [10m Lik.cml (H) [14u Cr_gnd (F) |120p
Cdm1 [Ohrms] |50 m Ceml [Qhms) |50 m
Cdm1 [F] [Tu Ceml [F] |330n

Help Cancel Ok

The parameters of the EMI Filter are:

Ldml
rLdml
rCdml
Cdml
Leml
Llk,cml
rCeml
Ceml
Cmos

Cr_gnd

Difterential Mode Inductance (H)

Equivalent Series Resistor of the differential mode inductance (ohms)
Equivalent Series Resistor of the differential mode capacitor (ohms)
Difterential Mode Capacitor (F)

Three-Phase Choke or Common Mode Inductance (H)

Leakage inductance of Three-Phase Choke (H)

Equivalent Series Resistor of the common mode capacitor (ohms)
Common Mode Capacitor (F)

Stray Capacitance between MOSFET’s drain and ground (F)

Parasitic Capacitance between Positive-Negative Rail and ground (F)
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The Line Impedance Stabilization Network (LISN) used for the attenuation calculation consists of
a 50 uH inductance, a 250 nF capacitor and a 50 ohms resistor.

LISN
50 uH

YTY YT

250 nF

50 ohms V1 V2 V3

The attenuation of the common mode is considered as:
1 .
Ve — E - {VJ_ + I-'?: + Vg}
The attenuation of the differential mode is considered as:

Vim = Vl — Vem

On the other hand, the following grounded parasitic capacitors are considered for the estimation of
the common mode attenuation.
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!

s cmos SSJE§

rC

[oad |

Cmos 52JEES Cmosl 54JE2§ Cmos JFEX

Cr_gnd

1.8.5.2 Structure 2
Navigation: SmartCtrl > Three-Phase PFC Boost Converter > EMI Filter >

Structure 2 Previous Top Next

The EMI Filter window allows the user to select the desired input parameters.
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Lemt Lime Lam1

LT A AN W\/_/W\’\
BV /\/\/\/_/'V'm
LT A /\/V\/_/W_V'\
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]

= ;oo

(% Cap) damp N
(¥ Cap) (¥ Cap)

Ldm1 [H) |40u Leml (H) |1m Croz (F) |E0p
iLdm1 (Ohms) [10m Lik.crml [H) [14u Cr_gnd [F] [120p
1Cdrl [Ohms] |50 m 1Ceml (Ohms) |50 m rCdamp [Ohme) |10

| Cdm1 (F] |Tu Ceml [F] [330n Cdamp (F) [Tu

Help | Cancel | ak. |

The parameters of the EMI Filter are:

Ldml Differential Mode Inductance (H)

rLdml  Equivalent Series Resistor of the differential mode inductance (ohms)
rCdml  Equivalent Series Resistor of the differential mode capacitor (ohms)
Cdml  Differential Mode Capacitor (F)

Leml  Three-Phase Choke or Common Mode Inductance (H)

Llkeml Leakage inductance of Three-Phase Choke (H)

rCecml  Equivalent Series Resistor of the common mode capacitor (ohms)
Ceml  Common Mode Capacitor (F)

Cmos  Stray Capacitance between MOSFET’s drain and ground (F)

Cr _gnd Parasitic Capacitance between Positive-Negative Rail and ground (F)
rCdamp Damping Resistor (ohms)

Cdamp Damping Capacitor (F)

The Line Impedance Stabilization Network (LISN) used for the attenuation calculation consists of
a 50 uH inductance, a 250 nF capacitor and a 50 ohms resistor.
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S50 uH
208

LISN

250 nF

50 ohms V1 V2

The attenuation of the common mode is considered as:
1 .
Vesn — E - “;J_ + I-'?: + Vg}

The attenuation of the differential mode is considered as:

Vim = Vl — Vem

On the other hand, the following grounded parasitic capacitors are considered for the estimation of

the common mode attenuation.
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1.8.5.3 Structure 3
Navigation: SmartCtrl > Three-Phase PFC Boost Converter > EMI Filter >

Structure 3 Previous Top Next

The EMI Filter window allows the user to select the desired input parameters.
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] |
5% i<l

Ll (H) [0u Leml (H] [Tm Cmos F) [50p iCdmz (Ohs) [F0m iComZ [Qhms) (50 m
Lt (Obms) [10m Lk emd (H] [14u Crand(Fl [120p Cam2fF) [Tu Cen2 [F] [330n
S (Ohms] [50m iCem [Dhms] [50m Ldm2 (H] [40u Lem2H) [im

Camt (F) [Tu Cemt (7] [3300m L2 (Ohms) [10m Ukem2(H) [Bu

Help Cancel aK

The parameters of the EMI Filter are:

Ldml
rLdml
rCdml
Cdml
Leml
Llk,cml
rCeml
Ceml
Ldm2
rLdm2
rCdm2
Cdm2
Lem2
Lk,cm2
rCem2
Cem2

Differential Mode Inductance of the 2nd stage (H)

Equivalent Series Resistor of the differential mode inductance of the 2nd stage (ohms)
Equivalent Series Resistor of the differential mode capacitor of the 2nd stage (ohms)
Differential Mode Capacitor of the 2nd stage (F)

Three-Phase Choke or Common Mode Inductance of the 2nd stage (H)

Leakage inductance of Three-Phase Choke of the 2nd stage (H)

Equivalent Series Resistor of the common mode capacitor of the 2nd stage (ohms)
Common Mode Capacitor of the 2nd stage (F)

Differential Mode Inductance of the Ist stage (H)

Equivalent Series Resistor of the differential mode inductance of the 1st stage (ohms)
Equivalent Series Resistor of the differential mode capacitor of the 1st stage (ohms)
Differential Mode Capacitor of the Ist stage (F)

Three-Phase Choke or Common Mode Inductance of the Ist stage (H)

Leakage inductance of Three-Phase Choke of the 1st stage (H)

Equivalent Series Resistor of the common mode capacitor of the 1st stage (ohms)

Common Mode Capacitor of the 1st stage (F)
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Cmos  Stray Capacitance between MOSFET’s drain and ground (F)

Cr_gnd Parasitic Capacitance between Positive-Negative Rail and ground (F)

The Line Impedance Stabilization Network (LISN) used for the attenuation calculation consists of
a 50 uH inductance, a 250 nF capacitor and a 50 ohms resistor.

LISN
50 uH

NNV

250 nF

50 ohms V1 V2 V3

The attenuation of the common mode is considered as:
1
Vem = E - {.Vl + I"?f + I"?E}
The attenuation of the differential mode is considered as:

Vam = V] — Uem

On the other hand, the following grounded parasitic capacitors are considered for the estimation of
the common mode attenuation.
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1.8.5.4 Structure 4
Navigation: SmartCtrl > Three-Phase PFC Boost Converter > EMI Filter >

Structure 4 Previous Top Next

The EMI Filter window allows the user to select the desired input parameters.
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zZw -

Ll (H) [0u Leml (H] [Tm Cmos F) [50p iCdmz (Ohs) [F0m iComZ [Qhms) (50 m
Lt (Obms) [10m Lk emd (H] [14u Crand(Fl [120p Cam2fF) [Tu Cen2 [F] [330n
S (Ohms] [50m iCem [Dhms] [50m Ldm2 (H] [40u Lem2H) [im

Camt (F) [Tu Cemt (7] [3300m L2 (Ohms) [10m Ukem2(H) [Bu

Help Cancel aK

The parameters of the EMI Filter are:

Ldml1 Differential Mode Inductance of the 2nd stage (H)

rLdml  Equivalent Series Resistor of the differential mode inductance of the 2nd stage (ohms)
rCdml  Equivalent Series Resistor of the differential mode capacitor of the 2nd stage (ohms)
Cdml  Differential Mode Capacitor of the 2nd stage (F)

Leml Three-Phase Choke or Common Mode Inductance of the 2nd stage (H)

Llkeml Leakage inductance of Three-Phase Choke of the 2nd stage (H)

rCeml  Equivalent Series Resistor of the common mode capacitor of the 2nd stage (ohms)
Ceml  Common Mode Capacitor of the 2nd stage (F)

Ldm2  Differential Mode Inductance of the Ist stage (H)

rLdm2  Equivalent Series Resistor of the differential mode inductance of the 1st stage (ohms)
rCdm2  Equivalent Series Resistor of the differential mode capacitor of the 1st stage (ohms)
Cdm2  Differential Mode Capacitor of the Ist stage (F)

Lecm2  Three-Phase Choke or Common Mode Inductance of the 1st stage (H)

Llk,em2 Leakage inductance of Three-Phase Choke of the 1st stage (H)

rCem2  Equivalent Series Resistor of the common mode capacitor of the 1st stage (ohms)

Cem2  Common Mode Capacitor of the 1st stage (F)
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Cmos  Stray Capacitance between MOSFET’s drain and ground (F)

Cr_gnd Parasitic Capacitance between Positive-Negative Rail and ground (F)

The Line Impedance Stabilization Network (LISN) used for the attenuation calculation consists of
a 50 uH inductance, a 250 nF capacitor and a 50 ohms resistor.

LISN
50 uH

NNV

250 nF

50 ohms V1 V2 V3

The attenuation of the common mode is considered as:
1
Vem = E - {.Vl + I"?f + I"?E}
The attenuation of the differential mode is considered as:

Vam = V] — Uem

On the other hand, the following grounded parasitic capacitors are considered for the estimation of
the common mode attenuation.
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1.8.6

1.8.6.1
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Phase-Locked Loop

Navigation: SmartCtrl > Three-Phase PFC Boost Converter >

Phase-Locked Loop Previous Top Next

SRFPLL
Navigation: SmartCtrl > Three-Phase PFC Boost Converter > Phase-Locked Loop >

SRFPLL Previous Top Next

In the PLL window the user can choose the axis alignment. The transformation from abc to dq is
defined as invariant in amplitude.

e The alignment with the d-axis means that the active power is controlled with the d-axis and the
reactive power is controlled with the g-axis.

e The alignment with the g-axis means that the active power is controlled with the g-axis and the
reactive power is controlled with the d-axis.

© 2024 Power Smart Control S.L.



212 SmartCtrl User's Guide
| Phase-Locked Loop — O x
E,
Park ————————
E, 1 Transform PI VOO
a g {abe-ca) E, /I._\] Ir 14T, | o
] _ [ o
Co
i
Phtd (2] 201 kp IEE1.934m [~ Momalized SRF PLL

Fe[Hz) |100.12

ts (5] | 37005 m

D amping ratio I'I T34 m

Align d or g axiz

Tifs) [587.726u

Ied ;I
e
[rrmTETETE P |
Sweep | Help Cancel | ak I

The PLL control loop can be manually designed in several ways:

e PhM and Fc: A crossover frequency in Hz (Fc) and phase margin in degrees (PhM).

e ts and Damping Ratio: Allows to set a stabilization time in seconds and damping constant.

e Kp and Ti: Allows to set the proportional constant and time constant of the PI compensator.

| Phase-Locked Loop - O >
[I:-‘i
Park |
o8 1 Transtorin Pl Vo
3 K g {abe-dq) £, ,/l,_.\ [ LisT, | o
5] B A -
5T g
4]
Phd [2] |20.1 Kp IEE1.E|34 m [ Momnalized SRF PLL
Fe[Hz) |100.12 Tifg] |981.726 u
Align d ar g asiz
ts 5] |237.005m Ied LI
) . Edit group
Dramping ratio |1??.314 m IF'hM o Fo LI

tz and Damping ratio
Kpand Ti

Cancel | ] I

Sweep Help
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S 5M

The user can also design the control loop with the solutions map ="' option that is located in the
menu bar. In this case parameters (Fc, PhM, ts, damping ratio, Kp and Ti) will be calculated

automatically.

The "Normalized" option allows to consider a PLL with or without unity gain.

E,
Park |
£, ; | Transforin PI VOO
3 Ky (abe-dq) E, . 14sT, | =]
(=] [‘=|. oT e
i} -
Module
Ph [ [20.1 Kp |216.187 v Momalized SRF PLL
Fo (Hz) (10012 Tilz) |581.726 0
Align d i
ts [s) [7.005 m |e'j” SoaE E
Edit
Darnping ratio |177.314 m |F'Pl1h-?r‘::§Fc j
Sweep | Help | Cancel | Ok |

When the PLL is discrete, the sampling frequency (Fs) in Hz must be defined. To consider a
discrete PLL, the digital checkbox in the Single-Line Diagram window must be checked.

e Kz: Gain of the transfer function of the PI compensator in z-domain.

e Rz: Zero of the transfer function of the PI compensator in z-domain.
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In the discrete PLL, the values of the constants Kp and Ti are estimated using the Backward Euler
discretization method.

The Sweep button allows the user to change the input parameters with sliders.

Phase-Locked Loop Sweep

Phid [*] |20.1

Fc[Hz) (10012

bz [=] 44773 m

[ramping Im

o 85
Tifz] 4754834 u

o ez

ne [ 2R

x|

S R S A N N A 4
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1.8.6.2 QSG-SRFPLL
Navigation: SmartCtrl > Three-Phase PFC Boost Converter > Phase-Locked Loop >

QSG-SRFPLL Previous Top Next

In the PLL window the user can choose the axis alignment. The transformation from abc to dq is
defined as invariant in amplitude.

e The alignment with the d-axis means that the active power is controlled with the d-axis and the
reactive power is controlled with the g-axis.

e The alignment with the g-axis means that the active power is controlled with the g-axis and the
reactive power is controlled with the d-axis.

Phase-Locked Loop = a x

E
Park 4 -
: Clarke Transkorm Pl veo
E, 7 _Km + 1?1.']-11‘-'1\41;1]11 (ap-c ) Ey K LT, N -
{ b -cef =] " ST, Bl
l i
Phtd [3 |20 Kp |BET.934 m [ Mommalized SRF PLL
Fe[Hz) |100.12 Tifs] |B81.728 0
Align d or g axis
te (5] [37.005m ‘ed ﬂ

Damping ratia [177.314 m g

I —

Sweep ‘ Help | Cancel | ak |

The SOGI means “Second Order Generalized Integrator”. The SOGI block diagram is shown in

the following figure. The parameter ¢ represents the line frequency.

v

| —

i el
&

U | =

SOGI

The PLL control loop can be manually designed in several ways:
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e PhM and Fec: A crossover frequency in Hertz (Fc) and phase margin in degrees (PhM).
e ts and Damping Ratio: Allows to set a stabilization time in seconds and damping constant.

e Kp and Ti: Allows to set the proportional constant and time constant of the PI compensator.

Phase-Locked Loop = [m] X
: Park L.
E I Clarlee Trausform Pl Veo
s — o Traunsform {af-le) E | sl
a . P \ N 4 © - Bl | (=]
a {abe-aff) =) : K, T =
l i -
Phid (7 1201 Kp |BET.934 m [ Mommalized SRF PLL
Fe[Hz) (10012 Tifg) |561.726u
Align d
tefs) [37.005 m ‘e'jn Moo o
Edit grou
Damping ratio |177.314m ‘Phrv? anz Fe ﬂ
ts and Darnping ratio
Fpand T ping Swesp ‘ Help | Cancel | ok |
"y 5M
" PLL

The user can also design the control loop with the solutions map option that is located in the
menu bar. In this case parameters (Fc, PhM, ts, damping ratio, Kp and Ti) will be calculated
automatically.

The "Normalized" option allows to consider a PLL with or without unity gain.

L = [m]
Park Fa
p T Clarke I'ranslorm
P Transform lef-cly )
1 R [abe-if) e g
Mowdule
Phi (3 |20.1 Kp 216187 [v Mamalized SRF PLL
Fe[Hz) (10012 Tifs] (6817260
Align d
ts (s) [37.005 m ‘e'jn Moo o
Edit grou
Damping ratio |177.314m ‘Phrv? anz Fe ﬂ
Sweep ‘ Help | Cancel | ak |

When the PLL is discrete, the sampling frequency (Fs) in Hz must be defined. To consider a
discrete PLL, the digital checkbox in the Single-Line Diagram window must be checked.

e Kz: Gain of the transfer function of the PI compensator in z-domain.

e Rz: Zero of the transfer function of the PI compensator in z-domain.
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Clarke

Transtorm

(ahe-af)

Park
Transkorm

E,
(af-ele) E,
o (;) :

Maduk

Phid ) [20.1 ke [7E 08 N T
Blign d er q
FoiHe) [T0072 Tits) [TE 4By |E'§" L e E
Edit group
tsls) [77am ke [ZE 258 [Fi s e B
D amping ratia [125.739m Fo [20203m [ Nomalized SRF PLL

Sweep ‘ Help ‘ Cancel ‘ ak ‘

In the discrete PLL, the values of the constants Kp and Ti are estimated using the Backward Euler
discretization method.

The Sweep button allows the user to change the input parameters with sliders.

Phid 7] [20.1 } <=l

sfs) [44773m — ¢

e

D amping lm _J o
Kp IW _,I o
T [Eded —) of |
kz IW — } o
Rz lm _JI ol

1.8.7 Inductor current sensor

Navigation: SmartCtrl > Three-Phase PFC Boost Converter >

Previous Top Next

Inductor current sensor
In the current sensor window, the user can define the gain and bandwidth of the current
transducer.

e Kect: Sensitivity of the current Transducer (V/A)
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e Fct: Bandwidth of the current Transducer (Hz)

e Voffset: Offset Voltage of the current Transducer (V)

Current
Transducer

Fer G

Kok S ensitivity [¥A4] |1 [ Low-pass Filker

Fet:Bandwidth [Hz) 100 k [ Unity Gain Feedback

offset [v] |0

[ Signal Conditioning

Help | Cancel | 0k

If the Signal Conditioning option is checked then the user can define:

e Ksc: Gain of the signal conditioning stage
e Fsc: Bandwidth of the signal conditioning stage (Hz)

The transfer function contemplated in the signal conditioning stage is a first order low-pass filter.
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Current

Transducer Signal
Conditioning

FL' <._

Kk S ensitivity [WAa] |1 Fec:Bandwidth (Hz) |200 k.

Fet:Bandwidth [Hz) 100 k v Signal Conditioning

offset [v] |0 [ Low-pass Filker
Kzc:Gain |1 [ Unity Gain Feedback

Help | Cancel | 0K

If the Low-Pass Filter option is checked then the user can define:
¢ Klpf: Gain of the Low-Pass Filter stage
e Flpf: Cutoff frequency of the Low-Pass Filter (Hz)

e DIpf: Damping ratio of the Low-Pass Filter

The transfer function contemplated in the Low-Pass Filter stage is a second order low-pass filter.
This stage represents an anti-aliasing filter.
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Current
Transducer

Second Order
Low Pass Filter

o | @ NI St

Kipr

Kt Sensitivity A2 |1

Fet:Bandwidth Hz) |100k

Yaffzet (] (0
Klpf:Gain |1

4
FLFF SLPF

Flpf:Cut-off freq. [Hz) |90 k

Dlpf:Darnping | 700

I Signal Conditioning

Iv Low-pass Filker

I Uity Gain Feedback

Help | Cancel | (]S |

If the Digital option is checked in the Single-Line Diagram window, then the user can define:

e Vmax: Maximum voltage of the ADC can read, used to calculate its gain.

¢ Vmin: Minimum voltage of the ADC can read, used to calculate its gain.

e Nbits: Number of bits of the ADC to represent the analog input value. This number affects the

calculation of the reference.
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Current Sensor = O *
Current
Transducer I
ADC
KC I vma:-c .
F G v Modulating
¢l min Update
VDHSE‘. N bits
k.o S enzitivity [WA8) |1 Wman [v) |3-3 [ Signal Conditioning
Fet:Bandwidth [Hz) [100 k Mbitz |12 [ Low-pass Filter
Samphng Technigue . .
Woffzat M) IU ISynchrnnized sampling ;I [ Urity Gain Feedback
) Modulating Techrigue o
Wmin [ IU ISingIe Update ;I [~ Digital Filter
Help I Cancel | ok |

The drop-down list called “Sampling Technique” and “Modulating Technique” allows the user to
define the sampling frequency.

Sampling Technique Modulating Technique
IEynchrnnizsd zampling ;l |Eingla update ;I
5','r'||::}"|r|:|r‘|iE=d garmpling [
Erﬂﬁ&nﬂlﬂa Double update
kultizampling update

The sampling strategy is shown in the following figures.
“Synchronized sampling” and “Single update”
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Carrier Signal

® ® Y Sampling instants of
inductance current

is[K] [+ 1] ik + 2]

“Synchronized sampling” and “Double update”

Carrier Signal

inductance current

Y [ ] T ® ® Sampling instants of

ts[K] e[k + 1] is[k + 2] [k + 3] ik + 4]

For oversampling cases, the following parameter must be defined:

e Ns: Number of samples per switching period.
The value of Ns should be in base 2. (i.e. 2,4, 8, 16)

"Oversampling” and “Single update”
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No=4 /\ Nﬂaﬂ
Modulatingsigna
\ ulk — 4]
i [k + 1] i [k + 3] i.[k + 5] ig[k+7]
® Y Sampling instants of
T T T T T T T inductance current
ts[K] ig[k + 2] io[k + 4] i.[k + 6] i.[k + 8]
“Oversampling” and “Double update”
N,=4 Carrier Signal
Modulating signa
\ - \ 12 + 4]
i [k + 1] i [k + 3] i.[k + 5] ig[k+7]
Y & ® ® »® Sampling instants of
T T T inductance current
ts[K] ig[k + 2] io[k + 4] i.[k + 6] i.[k + 8]

“Oversampling” and ‘“Multisampling update”
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N, =4

T&r Signal

AN

f.[k+1] i[k+ 3] [k + 3] i.[k+7] o
Y L ® T ® ® ® T Samplinginstants of

inductance current

is[K] i;[k+2] i[k+ 4] i [k + 6] i.[k+ 8]

If the Digital Filter option is checked, then the user can define:

IIR First order

o Kdf: Gain of the first order Low-Pass Filter.

o Fdf: Cutoff frequency of the Low-Pass Filter (Hz).

IIR Second order

o Kdf: Gain of the first order Low-Pass Filter.
o Fdf: Cutoff frequency of the Low-Pass Filter (Hz).

o Ddf: Damping ratio of the Low-Pass Filter.

FIR Moving Average

o This option can only be selected when the multisampling technique has been chosen.

o In this transfer function the following calculation is used:

- =vi.{;[;.;] +ilk+1]+i[k+ 2]+ -+ i[N,—1]D

lg
Vg

The transfer functions of the IIR first order and IIR second order have been discretized using the
Backward Euler method. The sampling period (Ts) of the Digital Filter is equal to:

e Synchronized sampling —®  single update —* Ts = Tsw

e Synchronized sampling * double update —* Ts =0.5-Tsw
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e Oversampling —® Ts = Tsw/Ns

Current Sensor — ] X
Current
Transducer Digital I,
ADC Filter

K¢ v

FU - Vma" | Kor Modulating

t min For | Update
VD‘f'fSE'. Nbr.s Ns

Kot Senzitivity [¥Aa] |1 Wmax [¥] |33 MNaMo. of samples |4 ™ Signal Conditioning

Sampling Techni

FetBandwidth [Hz) [100k Hbits ,12— |§Te'jr;r;?np|ie:g nique
Madulafing Techni

Voifset [v) |0 K iain [1 |5?ng“|::;?jat:c . I Unity Gain Feedhack

Digital Filter

Win [ |0 Fdf.Cut-aff freq. [Hz] {300 k |”E‘ First order I¥ Digital Filter
IR Second order Hel Cancel oK |
FIR Moving average 2 | |

If the unity gain feedback option is checked then the static gain of the entire sensing chain is
compensated.

™ Low-pass Filker

L

L

L

PI > Gi >
x 1
- —
o1
Without unity gain feedback
PI > Gi >

1
1 Koo
Kﬂ't ﬁ.}_c+1

FY

With unity gain feedback
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= O
| Current
Transducer
K
CT . .
F G Unity Gain 5
- > I
cr Feedback
Vu flset
k.ot Sensitivity [VA8) 1 [ Low-pass Filker
Fct:Bandwidth (Hz] |100 k [v Unity Gain Feedback
Yoffset [¥] |0
[ Signal Canditioning
Help | Cancel | (1] 8

The total value of the inverse gain is shown in the output report ’E

RESULTS

Current Sensor

Inverse gain = B05.8€1l u

1.8.8 Grid Voltage sensor

Navigation: SmartCtrl > Three-Phase PFC Boost Converter >

Grid Voltage sensor Previous Top Next

In the grid voltage sensor window, the user can define the gain of the isolated voltage.
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e KES: Gain of the isolated voltage sensor

Isolated Voltage

Sensor
M E.
Keg >'—"
L~

KezGain |1

Help Cancel 0k

If the Digital option is checked in the Single-Line Diagram window, then the user can define:
e Vmax: Maximum voltage of the ADC can read, used to calculate its gain.
e Vmin: Minimum voltage of the ADC can read, used to calculate its gain.

e Nbits: Number of bits of the ADC to represent the analog input value.

Isolated Voltage

Sensor
| ADC
Vina E
Kes [D Vo —
Nhits

KexGain |1 Mbitz |12
Ymin %) |0 [ Unity Gain Feedback

Wrmax [] |33

Help Cancel 0k
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1.8.9

If the unity gain feedback option is checked then the static gain of the entire sensing chain is
compensated.

E E E 1 E
— o Kgs - Gape —— — Kes - Gapc (B >
Es " babc
Without unity gain feedback With unity gain feedback
Grid Voltage Sensor = O

Isolated Voltage

Sensor
ADC
V
1 Vmax Unity Gain | Es
Kes > min Feedback |
-~
NIJits

KexGan |1 Mhitz |12
ik [+] |0 W Urity Gain Feedback

Wrinax [v) 3.3

Help | Cancel | QK

The total value of the inverse gain is shown in the output report ’ﬁ

| Output data

| -

RESULTS

Grid Voltage Sensor

Inverse gain = B805.861l u

Output voltage sensor

Navigation: SmartCtrl > Three-Phase PFC Boost Conwerter >

Output Voltage sensor Previous Top Next
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In the output voltage sensor window, the user can define the gain and bandwidth of the isolated
voltage sensor.

e Kvs: Gain of the voltage sensor

e Fvs: Bandwidth of the isolated voltage sensor (Hz)

(=]
If the Signal Conditioning option is checked then the user can define:
e Ksc: Gain of the signal conditioning stage

e Fsc: Bandwidth of the signal conditioning stage (Hz)

The transfer function contemplated in the signal conditioning stage is a first order low-pass filter.

El
If the Low-Pass Filter option is checked then the user can define:
o Klpf: Gain of the Low-Pass Filter stage

e Flpf: Cutoff frequency of the Low-Pass Filter (Hz)

e DIpf: Damping ratio of the Low-Pass Filter

The transfer function contemplated in the Low-Pass Filter stage is a second order low-pass filter.
This stage represents an anti-aliasing filter.
(=]

If the Digital option is checked in the Single-Line Diagram window, then the user can define:
e Vmax: Maximum voltage of the ADC can read, used to calculate its gain.
¢ Vmin: Minimum voltage of the ADC can read, used to calculate its gain.

e Nbits: Number of bits of the ADC to represent the analog input value. This number affects the
calculation of the reference.

The user can choose the sampling technique between synchronized and oversampling.

(]
If the Digital Filter option is checked, then the user can define:

IIR First order

o Kdf: Gain of the first order Low-Pass Filter.
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o Fdf: Cut off frequency of the Low-Pass Filter (Hz).

IIR Second order

o Kdf: Gain of the first order Low-Pass Filter.
o Fdf: Cutoff frequency of the Low-Pass Filter(Hz).

o Ddf: Damping ratio of the Lowe-Pass Filter.

FIR Moving Average
o This option can only be selected when the multisampling technique has been chosen.

o In this transfer function the following calculation is used:

v, = vi (vlk] +vlk+ 1]+ vk + 2]+ -+ v[N. — 1]

Vg

The transfer functions of the IIR first order and IIR second order have been discretized using the
Backward Euler method. The sampling period (Ts) of the Digital Filter is equal to:

e Synchronized sampling —®  single update *» Ts=Tsw

e Synchronized sampling *  double update * Ts=0.5Tsw

El

If the unity gain feedback option is checked then the static gain of the entire sensing chain is
compensated.

e Oversampling > Ts = Tsw/Ns

Pl Gv 4—_\ Pl Gv
1 1
Kys - - \‘-/ i Kps - -
Wt 1 Kps W tl
Without unity gain feedback With unity gain feedback

El

The total value of the inverse gain is shown in the output report ’ﬁ
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Dutput data

RESULTS

Output Voltage Sensor

Inverse gain = B05.86l1l u

1.8.10 Modulator

Navigation: SmartCtrl > Three-Phase PFC Boost Converter >

Modul ators Previous Top Next

1.8.10.1 Digital

Navigation: SmartCtrl > Three-Phase PFC Boost Conwverter > Modulator >

Digital Previous Top Next
In the modulator window, the user can define:

e Nr: Number of steps of the carrier signal

Carrier 5ignal

NS
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i

:\[1 Hjl_l +

o

¥

M r{h .

oo

:\ [1 r{l

©

17]

o

Help | Cancel | Ok

1.8.10.2 Analog

Navigation: SmartCtrl > Three-Phase PFC Boost Converter > Modulator >

Analog Previous Top Next
In the modulator window, the user can define:

e Vp: Peak value of the carrier signal
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Carrier Signal

Mod

———————

Maod,,

Mod,

===

9

Help | Cancel | k.
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1.8.11 Inductor Current Compensator

Navigation: SmartCtrl > Three-Phase PFC Boost Converter >

Inductor Current Compensator Previous Top Next

1.8.11.1 PI
Navigation: SmartCtrl > Three-Phase PFC Boost Converter > Inductor Current Compensator >

Pl Previous Top Next
In the inductor current compensator window, the user can select standard or parallel
implementation.

If standard implementation is selected, then the user can modify:
e PhM: Phase margin in degrees

e Fe: Crossover frequency in Hz

e Kp: Proportional constant of the PI

e Ti: Time constant of the PI

ctor Current Compensatao — (|
1+sT,
_— K —
[* .
5T,
P (2 [50
Fi [Hz] |1k

kp [2274
Ti 132150

Edit group
|PhM and Fc |
Implementation
|5tandard form ﬂ
Sweep Help | Cancel | 0K

If parallel implementation is selected, then the user can modify:

e PhM: Phase margin in degrees
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e Fec: Crossover frequency in Hz
e Kp: Proportional constant of the PI
e Ki: Integral constant of the PI

nductor Current Compensator - O

PhM (2 |50

Fz (Hz) |1k

kp [2274
ki [11 836K

Edit group
|Phid and Fc |
Implementation

=l

|F'ara||e| frmn

Sweep | Help | Cancel ‘ 0k

When the PI compensator is discrete, the user can modify:

e PhM: Phase margin in degrees

e Fc: Crossover frequency in Hz

e Kp: Proportional constant of the PI (s-domain)

e Ti: Time constant of the PI (s-domain)

e Kz: Gain of the transfer function of the PI compensator (z-domain)

e Rz: Zero of the transfer function of the PI compensator (z-domain)

To consider a discrete compensator, the digital checkbox in the Single-Line Diagram window must
be checked.
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1.8.11.2

Inductor Current Compensataor — O x

Fhid [7] |50 Kz [5.711 '
Fe[Hz) [Tk Rz [793.703 m
Edit group
Kp 4552 |Phi and Fr
Ti [96.134 4 Kpand Ti
Kz and Rz

Sweep | Help | Cancel | ] |

L]

The sampling frequency of the compensator is related to the update of the modulating signal that is
defined in the current sensor window.

The sampling period (Ts) of the inductor current compensator is equal:
e Single update —* Ts = Tsw
e Double update —*  Ts=0.5Tsw
e Multisampling update ~—* Ts =Tsw/Ns
W 5M

The user can also design the current control loop with the solutions map “~—%& option that is
located in the menu bar.

P-Resonant

Navigation: SmartCtrl > Three-Phase PFC Boost Converter > Inductor Current Compensator >

P-Resonant Previous Top Next
In the inductor current compensator window, the user can modify:

e PhM: Phase margin in degrees
e Fec: Crossover frequency in Hz

e Kp: Proportional constant of the PI
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o Ki: Integral constant of the PI

In this compensator the © is calculated as follows:

QJ:Z'H'}EH”E

ctor Curre mpensato = O
— K+ .
[ r{?_'_wz
Phi (2 [50
FzHz) [Tk

kp [2275
Ki [11.804 k.
Edit group

|Phi and Fo |
=

Implementation
| Parallel form

Sweep ‘ Help ‘ Carcel ‘ 0k ‘

When the P-Resonant compensator is discrete, the user can modify:
e PhM: Phase margin in degrees

e Fec: Crossover frequency in Hz

e Kp: Proportional constant of the PI

o Ki: Integral constant of the PI

To consider a discrete compensator, the digital checkbox in the Single-Line Diagram window must
be checked.
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nductor Current Compensator — O

hj —+ h| Z_l—l— by, Z_j

-] _9
an + a7+ a7z

Phi 2 |50

Fe[Hz] |1k
kp 2652
Ki [2.145k
Edit group

PhM and Fc |

Sweep | Help | Cancel ‘ k. |

The values of the coefficients are displayed in the output data window ’ﬁ that is in the menu bar.
The transfer function of the compensator has been discretized using Backward Euler method.

Current Compensator

Ep = 2_g52
Ei = 5.145% k
bz [ =z~2 ) = 2.85¢
bBlL { =) = -5.507
=11} = 2.g52
az [ =~2 ) =1

al { =) = -2

al =1

The sampling frequency of the compensator is related to the update of the modulating signal that is
defined in the current sensor window.

The sampling period (Ts) of the inductor current compensator is equal:

> Ts=

e Single update Tsw

¢ Double update »  Ts=0.5Tsw
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e Multisampling update * Ts =Tsw/Ns

1.8.12 Output Voltage Compensator

Navigation: SmartCtrl > Three-Phase PFC Boost Conwerter >

Output Voltage Compensator Previous Top Next

1.8.12.1 PI
Navigation: SmartCtrl > Three-Phase PFC Boost Converter > QOutput Voltage Compensator >

PI Previous Top Next
In the output voltage compensator window, the user can select standard or parallel implementation.

If standard implementation is selected, then the user can modify:
e PhM: Phase margin in degrees

e Fec: Crossover frequency in Hz

e Kp: Proportional constant of the PI

e Ti: Time constant of the PI
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Output Violtage Compensator —
_ 18T,
—i b >
sT,
Phtd (7] (50
Fc[Hz) (100001
kp [140.733
Ti 1114 m
E dit group
|Phi and Fo |
| rplementation
| Standard form j
Sweep Help | Cancel | (]

If parallel implementation is selected, then the user can modify:

e PhM: Phase margin in degrees
e Fe: Crossover frequency in Hz
e Kp: Proportional constant of the PI

e Ki: Integral constant of the PI
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Output Violtage Compensator — O

K, 4K,

1

R —
Phid (%) |50
F: [Hz] |100.001
kp |140.793
ki 126414 |
Edit group
|PhM and Fc |
|mplementation
| Parallel form ﬂ
Sweep Help | Cancel | K

When the PI compensator is discrete, the user can modify:

e PhM: Phase margin in degrees

e Fec: Crossover frequency in Hz

e Kp: Proportional constant of the PI (s-domain)

e Ti: Time constant of the PI (s-domain)

e Kz: Gain of the transfer function of the PI compensator (z-domain)

e Rz: Zero of the transfer function of the PI compensator (z-domain)

To consider a discrete compensator, the digital checkbox in the Single-Line Diagram window must
be checked.
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Output Voltage Compensator — O
z-R,
— K »
F
z-1
Phid (%) |50

Fc [Hz) [100.001

Kp [172826k
Ti[i1zm
Kz [176712k
Rz [378.009m

Edit group
Phi and Fc |
Sweep | Help | Cancel | (]

The sampling frequency of the compensator is related to the update of the modulating signal that is
defined in the current sensor window.

The sampling period (Ts) of the output voltage compensator is equal:

*  Ts=Tsw

¢ Single update
e Double update —* Ts=0.5-Tsw
e Multisampling update —* Ts =Tsw/Ns

S 5M

The user can also design the output voltage control loop with the solutions map “—=2 option that
is located in the menu bar.

1.8.13 Export

Navigation: SmartCtrl > Three-Phase PFC Boost Conwerter >

Export Previous Top Next
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1.8.13.1 PSIM
Navigation: SmartCtrl > Three-Phase PFC Boost Converter > Export >

PSIM Previous Top Next
SmartCtrl provides a link with PSIM software. Once the regulator has been designed, the power
stage and the compensator can be exported to PSIM, providing an automatic generation of the
schematic and/or an exportation of the parameters of the design performed in SmartCtrl. This
schematic can be used to validate the design using PSIM.

El

In the first step the user will be asked to select the path and the name of the PSIM file in which the
schematic will be inserted. If the file has not already been created, a new PSIM file will be created
with the name provided by the user.

E Selecting schematic file
<« -~ A > Esteequipo > Documentos » Example_l w c Z Buscar en Example_1
Organizar « MNueva carpeta =~ [ o |
~
MNombre Fecha de medificacion Tipo
v Acceso rapido |
o Ninguin elemento coincide con el criterio de bisqueda.
& Escritorio
< Descargas
= Documentos
P4 Imagenes
Capturas de pantalla
Documentacion
Ejemplo
Script_PSIM_gjemplos
3 B (nellrive
MNombre: |Examp|e v| Schematic files (*.psimsch, *.5c ~
Abrir Cancelar

In the next step, the user will be asked to choose between different options:
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Regulator exporting way

~

* 3 domain coefficients

~

" Ccode

-
-

[ Shiow files to be exported

Help Cancel 0k

e “s-domain coefficients”: the schematic and parameters of the compensator will be exported in

the form of PSIM control blocks, like in the following example.

tas (1} figs)
tbs [t {igs
tes (1 g

Theta (__HH

ey |

vmed b (- @ T —rm
T S Bl
g N
= -

7
E

K|

+oape e R G EE s Qe COROD D e EEEEEHEARGE C G

e “C code”: the power stage and the sensing stage will be exported in the form of PSIM control

blocks. The control stage and modulator will be exported in a DLL.
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7" Example.psimsch* X

Gain_e

4

—1 Vo_ref

Vos_Ref %

) tq_ref

&
&)
(Cees M i
vos C_1H —— ap
Vo_ref _D_D an
lasl__1H T pp
Ibs__11 1 opn
les__1 = cp
\q_ref;'_’ 1) cn
Kp_vl e
Tiv_H &)
cv_limit [ (=)
Kpil__ I 9
Tl M (=)
Ci_timit |
t_step;—l
L —
w1
Vp :—’
Kp_pil___—
Ti_pi_
(Cgar—
Gain_e:l—’

v

T A BIGEE @ a4 Qww COROOD Y WELBE

Once the simulation schematic has been created, the .c file must be loaded into the DLL. Double-
click on the DLL block and select the option “Use external file”. Then select the path where the .c

file was saved.

= It
File Edit Help

CBlock

Help

Block Number of Input/Cutput Ports
Neme: [SCB1 || imput: | 23

B .| Edicimage

[ Use external file [

Output: 14

Insert GetPsimValue | Insert SetRunTimeValue Check Code |

>

ES (e B Il

The user can check that the code has been loaded correctly.

the simulation.

€

Organizar =

o > Esteequipo » Documentos » Example ]

Nueva carpeta

Acceso répido

M Escritorio

L Descargas

= Documentos

P Imsgenes
Capturas de pantalla
Documentacion
Example_1

Script_PSIM_gjemplos

@& OneDrive

Nombre: | Example_control.c

Buscar en Example_1
=- m @
Nombre Fecha de modificacién Tipo
[®) Example_control.c 19/01/202410:15 C Source
v| reppitc ~
Abrir Cancelar

Finally, the user can proceed to run
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O X
File Edit Help
C Block Help |
Block Number of Input/Output Ports
’VName: ISCBI [ ’V Input: I 23 Output: I 14
__I Edit Image |
[¥ Use external file IC:WJsers‘,Diego‘l.Documents‘l.ExampIe_l‘Example_oontrol.c |
Insert GetPsimYalue | Insert SetRunTimeValue Check Code |
1i #include =Stdlib.h=
2 #include =5tring h=
3. #include =math h= P5IM22.3 x
4: #include <Psim.h=
5
6 MM PLL Varibles declaration ST JA Compilation Successful,
7 =
8 /f Look up table of sine vector
95 const float full_sine[1000] =| |
1009 Aceptar |
1010; // Look up table of cosine vector
1011 const float ﬁJII_cnsine[1000]=[|
20M
2012 //Constants for Park's transformation
2013, const float dos_pi = 2°3.141592653589793238462643383279:
2014; const float dos_pi_tercios = 2.094395102393;
2015
2016; //Depend on transformation
2017 const float Kem = 0.66667; //fexample 2/3 or sgrt(2/3)
2018
2019; float teta_a, teta_b, teta_c;
2020 static float teta = 0;
2021, float index_a=0, index_b=0, index_c=0;
2022, const float conv_rad_to_index = 159.154943091895;
2023
2024; float Ea, Eb, Ec, Gain_e;
2025, float ed, eq;
2026; float ed_prev, eq_prev;
2027
2028; float Kp_pll, Ti_pll;
2029; float e_pll_k;
2030; float Epk;
2031, float A1_pll, AD_pll, integral_pll_k, v_pll_k;
2032; static float integral_pll_k_1=0;
2033; float omega;
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1.8.13.2 SIMBA
Navigation: SmartCtrl > Three-Phase PFC Boost Conwverter > Export >

SIMBA Previous Top Next
The requirements to use this function are:

e Python 3.10 or later.

e The SIMBA Python API must be installed. The easiest way to install the Python API is using pip
install aesim.simba in command windows.

rosoft Windows [Versidn 18.8.2288
) Microsoft Corporation. Todos los n - . I

»pip install aesim.simba

More information:

https://pypi.org/project/pip/

https://pypi.org/project/aesim.simba/

e Have a valid license and the SIMBA executable file (SIMBA.exe).

In order to SmartCtrl can create the .jsimba file, it is necessary to go to the system environment
variables. Then, select the variable called “Path” and click on edit button. Finally, at the top, the
path to the version of Python that the user has installed must be entered.

© 2024 Power Smart Control S.L.


https://pypi.org/project/pip/
https://pypi.org/project/aesim.simba/

248

SmartCtrl User's Guide

Mariables de usuario para Diego C:\Users\Diego\AppData'\Local\Pregrams\Python\Pythen311 Nueve
FUSERPROFILE S\ AppData\LocalMicrosoft\WindowsApps
Variable Valor %Py Charm Community Edition% Modificar
ALTAIR_LICENSE_PATH = C:\Users\Diego\AppData'Local\mingw64\bin
OneDrive C\Users\Diego\OneDrive C:\Users\Diego'\PycharmProjects\AplicacionOlayo Examinar...
Path C:\Users\Diego\AppData\Local\Programs\Python\Python311;C:\Us... I C:\Users\Diego\AppData\Local\Programs\Python\Python311\Scripts
PTC_D_LICENSE_FILE C:\Program Files\PTC\PTC_D_S5Q.dat Eliminar
PyCharm Community Edition  C:\Program Files\JetBrains\PyCharm Community Edition 2022.3.3\b...
SIMBA_DEPLOYMENT_KEY  36a9fd25-386d-43e6-2316-9bd24580¢756
SIMBA LICENSE 504b0304140001005300305033581¢7b0ff2120100007e01000007000b00... Subir
Nueva... Editar... Eliminar Bajar
Variables del sistema \
N Editar texto..,
Variable Valor
ANSYSEM_ROOT221 C:\Program Files\AnsysEM\v221\Win64
ComSpec Chwindows\system32\cmd.exe
DriverData C\Windows\System32\Drivers\DriverData
NUMBER_OF_PROCESSORS 8
OnlineServices Online Services
0s Windows_NT
Path Chwindows\svstem32:C: d : d Svstem32\Wbem:C...
Nueva... Editar... Eliminar
L Aceptar Cancelar Aceptar Cancelar

SmartCtrl provides a link with SIMBA software. Once the regulator has been designed, the power
stage and the compensator can be exported to SIMBA, providing an automatic generation of the
schematic and/or an exportation of the parameters of the design performed in SmartCtrl. This
schematic can be used to validate the design using SIMBA.

El

In the first step the user will be asked to select the path and the name of the SIMBA file in which
the schematic will be inserted. If the file has not already been created, a new SIMBA file will be
created with the name provided by the user.

El

The first time this option is used, it is necessary to specify the path where the SIMBA.exe file is
located. Then click on Select folder button.
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&« » ~ 4 @ > Esteequipo » Escritorio
Organizar v

Nueva carpeta

v 1 Acceso rapido

& Escritorio

Buscar en Escritorio

o~ ©

& Descargas -
) Documentos *
PN Imigenes »
T Capturas de pantalla

7 Documentacion

Compartiva_TF_L
CL

Diseno_L_Sept_23

Diseno_LCL_Sept
23

Example_1

-

Script_PSIM_ejemplos

> o OneDrive

Ejemplo

Ejemplo_SIMBA

EMI SMC

init

> @ OneDrive

~ [l Este equipo

Carpeta: Escritorio

L_a_fabricar

Modulation_com
parsion

Seleccionar carpeta

PCIM_Indra_23

Plantilla_backup

Cancelar

x

\

The schematic and parameters of the compensator will be exported in the form of SIMBA control
blocks, like in the following example. Finally, the user can proceed to run the simulation.

Designs

Libraries

SmartCtrl Design

ool corrbl o ’

SaLeIqr] pue subisaq

|

EEE A4

b,
} =}
— e [
=
Ny S S
-}
[

© 2024 Power Smart Control S.L.



250 SmartCtrl User's Guide

1.8.14 Graphics

Navigation: SmartCtrl > Three-Phase PFC Boost Converter >

Graphics PreviousTop Next

1.8.14.1 Bode diagrams
Navigation: SmartCtrl > Three-Phase PFC Boost Converter > Graphics >

Bode diagrams Previous Top Next

The Bode plot is used to characterize the frequency response of the system. It consists of two
different graphs, the magnitude plot and the phase plot versus frequency. Frequency is plotted in a
log axe.

The cross over frequency of the open loop is shown by means of a pair of dashed lines on the open
loop transfer function of the system.
]

In SmartCtrl there are twenty-two different transfer functions that can be plotted in the Bode plot
window.

Gpre: Phase-Locked-Loop Plant
TorL: Phase-Locked-Loop Open Loop
GEL
srL: Phase-Locked-Loop Closed Loop
(i Current Plant
H;: Current Sensor
He: Grid Voltage Sensor
Hy. Output Voltage Sensor
GH;: Current Open Loop without Compensator
Ci: Current Compensator
T:: Current Open Loop
GEL
i : Current Closed Loop

Gy Voltage Plant
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GH,. Voltage Open Loop without Compensator
Co, Voltage Compensator

Te. Voltage Open Loop

Get. Voltage Closed Loop

(ryowa: Closed Loop d-axis Audiosusceptibility
Gi'fvfr: Closed Loop g-axis Audiosusceptibility
Ziaa: Closed Loop d-axis Input Impedance
Ziqa; Closed Loop g-axis Input Impedance

Zo: Closed Loop Output Impedance

g™, Output Impedance of EMI Filter

By right clicking on the bode diagram to export or import transfer functions.
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r

Transfer functions graphics = O *

G T Gt Gi Hi

He He GHi Ci | Ti Gi' Gv GHe Cv Tu G& Guo Gwa Zioo Zun 2o 20

b agritude [dB] ws frequency

150
100 “_—\\
50 \\
] Export...
=1 \ Import...
i} L NN USSR PSSNNY ISR Manage imports.. e
Quick help... __“__\
=0 : -‘\
-‘IDD_I 10 100 ‘Ilk 10k 100k 1H
Frequency [Hz)
400 Phasze [%) VS. frequency
b, /
120 \ / \
o\ / \\
= 140 \ / I,
150 \ / \
170 —— = ]
A8 e e FI I N AL R R
1 10 100 1k 10k 100k 1M

Frequency [Hz)

Export: This option allows exporting the data of the different frequency responses in
several formats.

Import: Import data from an external file.

Manage imports: Allows the user to change the color, thickness and style of the trace
representing the imported transfer function.

| Edit external functions x|

;I Deletel .
0K |

Color Thickness

= -]

Style

~| |soup

Function {1/1)

[zi_1

Quick help: Shows the keyboard shortcuts to measure directly on the plot.
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Ctrl + mouze move Measure on any point |
Shift + mouse move Measure particular function.
Shift + mouse dick Select the function to measure

Exit _

1.8.14.2 Waveforms of PLL

Navigation: SmartCtrl > Three-Phase PFC Boost Converter > Graphics >

Waveforms of PLL Previous Top Next

In the waveform window, the user can visualize the transient response of the PLL control loop
when a phase step is injected at the reference angle.

In the select option, the user can choose which waveform to display. This window allows to plot
three waveforms.

Waveforms graphics = O x

| Select graphics to show

Select All
Unselect All

Reference Theta
Estimated Theta
Step Response

Reference Theta: represents the phase of the grid in radians.
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Estimated Theta: represents the phase that the PLL is able to follow.
Step Response: represents the transient response of the grid voltage in dq coordinate.

Waveforms graphics = O *

Select graphics to show |

7 Reference Theta

i / / /L / / / / / /

™=
™
e
™
™=
™~
™
™=
™=

Degrees [rad)

100 m

Time

Estimate:

[zec]

d Theta

200m |

A A A A A A A A

/ / / / / /I / /
/ / / /1 1/ /1 / /
/ / /| /1 /

/ / /[ |/ /1 1/ / / |/
/ / [ |/ /1 1/ / / 1/
/ / / [

1] 50 m 100 m 180 m 200 m
Time [sec]

Degrees [rad)

a0 Step Response

300 LA ‘

_, 2m
f|
(=g
= 1o
3| A\
= il V/‘\V,-.._

100 ’l

-200

0 50m 100m 150m 200m

Time [zec)

1.8.14.3 Schematic

Navigation: SmartCtrl > Three-Phase PFC Boost Converter > Graphics >

Schematic Previous Top Next

The schematic window shows a general overview of the topology, sensing chain, control structure
and modulator selected by the user. This window is for information purposes only.

To call this window the user needs to click on the schematic icon located in the menu bar.
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Current

Transducer
Ke
Fe

Vet

E]',

Isolated Voltage
Sensor

|- mod,

rm [ Mod, Isolated Voltage
Sensor

f— Mod,

1.8.14.4 EMI Filter Attenuation

Navigation: SmartCtrl > Three-Phase PFC Boost Converter > Graphics >

EMI Filter Attenuation

Previous Top Next

This window represents the frequency response of the equivalent transfer function of the EMI
filter chosen in the Single-Line Diagram window. The attenuation is estimated on the 50 ohm
resistance of the LISN. To see how the attenuation varies, the parameters in the EMI Filter

window must be varied.

ATTpu represents the attenuation of the differential mode filter.

AT Ty represents the attenuation of the common mode filter.
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1.9

1.9.1

Magnitude [dB) vs frequency

50

Att_dm, Att_cm

-B0

100 10 100

Sensors

Navigation: SmartCtrl >

Sensors

Voltage divider

Navigation: SmartCtrl > Sensors >

Voltage divider

1k
Frequency [Hz)

100 k 1M

Previous Top Next

Previous Top Next
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The Voltage Divider measures and
adapts the output voltage level to the
regulator voltage reference level

Its transfer function corresponds to the

Vi following equation:
F‘?‘Bf
Ra K(s)=—+
ref () Vo
Where:
ﬂ Rb ere
V . I8 the compensator reference
voltage
V, is the DC-DC converter output
voltage
1.9.2 Embedded voltage divider
Navigation: SmartCtrl > Sensors >
Embedded voltage divider Previous Top Next

The two resistors that form the voltage divider (R11,Rar) are embedded within the
compensator. So, no sensor is represented in the corresponding box. And the voltage divider
resistors are highlighted in the compensator figure:

Buck (voltage mode controlled), single loop data input Ex
Plary |Buck [voltage mode conbioled] = | Frequency rangefHz]
I 1| 999000
“""'] Schalicn map
Embebed V.

Compensatoe |1/P¢ 3_unat ¥]  Gensor [EmbeddedVidv,  v| m— g
v

Croas fisg. Fhase marg.
L | ] o | ]
Set.,

VD|;§E Divider Help
ﬂ Cancel | [ 0K
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193

Given the desired output voltage, the compensator reference voltage and the value of R11,
SmartCtrl calculates the resistor Rar. the transfer function of the voltage divider at OHz is the
following;

Vo  Ra
V*r'af RE?"+R11

Isolated Voltage Sensor

Navigation: SmartCtrl > Sensors >

Isolated voltage sensor Previous Top Next

The Isolated voltage sensor is a voltage sensor that provides electrical isolation. Its transfer
function is described below. It is available for the forward and the flyback DC-DC topologies.

4

Fain

B(s) = ————5—
I
Where: F) 20-jog(K} |
=01 1\j20dB/dc
Gain is the sensor gain at 0dB, its B S
i I i 1
given by the output and the A
Freq [Hz]

reference voltage.

Gain=Vo/Vref

phase [*]
P
2
£k
[T =
KA

fpK is the pole frequency in

Hertz
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1.9.4 Resistive Sensor (Power Factor Corrector)

Navigation: SmartCtrl > Sensors >

Resistive sensor (Power factor

Previous Top Next
corrector)

If the current is sensed using a resistor Rs, the current sensor gain will be the value of this resistor:
Rs.

K(s) =Rs

This resistor is represented in the picture of the power plant, Rs:

Vin

UC3854A multiplier + Boost PFC (Resistive load)

'+ Vo

Yin

UC3854A multiplier + Boost PFC (Constant power
load)
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1.9.5 Resistive Sensor (Peak Current Mode Control)

Navigation: SmartCtrl > Sensors >

Resistive Sensor (Peak Current Mode .
Previous Top Next

control)
The resistor measures the inductor current and
transforms the current into an equivalent
voltage.
The sensor gain corresponds to its characteristic
RS resistance value (Rs).

G = Rs

1.9.6 Hall effect sensor

Navigation: SmartCtrl > Sensors >

Hall effect sensor Previous Top Next

The Hall effect is a current sensor represented through a generic transfer function box. Internally,
its transfer function corresponds to the following equation:

— His) ——
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rain

k(s = —Gn gl oty
I+ s ok | 1 1 i N\{0dB/de
1 ] 1 i 1
Where: = T
P i Vo
Gain is the sensor gain at 0dB. Freq [Hz]

fpK is the pole frequency in

Hertz

phase []
-
=
e
LY==
B A

19.7 Current sensor

Navigation: SmartCtrl > Sensors >

Current sensor Previous Top Next

The current sensor is represented by a
generic transfer function box. Internally, the
transfer function corresponds to a constant
gain in V/A.

— His) ——

K(s) = Gain

For example, if the current is sensed using a resistor Rs, the current sensor gain will be the value of
this resistor:

K(s) =Rs

1.9.8 Userdefined sensor

Navigation: SmartCtrl > Sensors >

User defined sensor Previous Top Next

When the user is designing a Generic Control System using the Equation Editor, for the sensor
custom design details please go to Sensor (equation editor)
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110 Modulator
1.10.1 Modulator (Peak Current Mode Control)

Navigation: SmartCtrl > Modulator >

Modulator (Peak Current Mode

Control)

Previous Top Next

From top to bottom, the modulator input signals are defined as follows:

Vramp - Is the characteristic compensation slope used with this type of this control
technique. This compensation slope is added to the sensed current in order to ensure the
system stability with duty cycles above 50%.

Vsensed - Is the equivalent voltage of the sensed inductor current.

Ve - Is the sensed regulator output voltage.

Slope

Compensation

wamp |

Vsensed

v [

A
+

sy cx]

+Vramp

Veensed

'_T/"“‘-Ef__mﬁf”“mmﬂ

Taw

Set defaulks

Peak current modulator

Selviz) 1k
Sriviis) 38k

Si/s) 22k

At 1

Tewlz) du

FowiHz) 250k

Hep | gancel |[ ok |

From top to bottom, the modulator design criteria are defined as follow:

Sn - The inductor charge slope.
Sf - The inductor discharge slope.
Se - Is the slope of the compensation ramp, it is computed as function of Sn and S
Att - Is the attenuation applied to the regulator output voltage.
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1.10.2 Modulator (PWM)

Navigation: SmartCtrl > Modulator >

Modulator (PWM) Previous Top Next

The PWM modulator can be displayed as part of the regulator, for the predefined topologies.

Signal Ramp is defined by:
Vp, Peak voltage
Vv, Valley voltage
tr, Rising time
Fsw, Switching frequency
Tsw, Switching period
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Type 3

v Ramp

L 11] I
bl

Set defaults

Fi11{ahms) 10K

tf[S] 45954
FswlHz) o
Taw(s] 100w

Help | Cancel ‘ 0aF. |

For the Phase Shifted Full Bridge converter please consider tthat the Signal Ramp period is

Tsw/2.

When the user is designing a Generic Control System using the Equation Editor, for the
compensator custom design the PWM modulator should be configured:
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PWM Modulator

Pt

Vp

Yy

vy Ramp Yo [v] E

/\ W ) 1

| . tr [z] Bu

t— kr—
+—Tsw

The values are:
Vp, Peak voltage
Vv, Valley voltage
tr, Rising time
Fsw, Switching frequency
Tsw, Switching period

1.10.3 User modulator

Faw [Hz] 100 k

Taw [g] 10u

Help | ok | Cancel |

Navigation: SmartCtrl > Modulator >

User modul ator

Previous Top Next

When the user is designing a Generic Control System using the Equation Editor, for the
compensator custom design it is also possible to define a User Modulator:
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User Modulator -
Regulator Control
output magnitude Grnod 1
—— G mod |——————* I

Modulator Gain

Help | ok | Cancel |

The user should define the modulator desired gain.

111 Compensators

1.11.1 Analog compensators

Navigation: SmartCtrl > Compensators >

1.11.1.1 Single loop or inner loop
Type 3 compensator
Navigation: SmartCtrl > Compensators > Analog compensators > Single loop or inner loop >

Type 3 compensator Previous Top Next

Note that the PWM modulator design and parameters are included in this window.
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Aok 10K

Vel¥] 30

W

WiVl 1.0

LUE]

St ol sl

Type 3 “

32w

X0k
du

Hep | Canes |[ ok |

Input Data

R11(ohms)

Ve(V)

(V)
Tr(s)

Tsw(s)

Output Data

Its default value is 10%€2

Peak value of the ramp voltage (carrier signal of
the PWM modulator)

Valley value of the ramp voltage
Rise time of the ramp voltage

Switching period

The regulator components values (C1, C2, C3, R1, R2) are calculated by the program and

displayed in the corresponding text panel

Type 3 compensator unattenuated

Navigation: SmartCtrl > Compensators > Analog compensators > Single loop or inner loop >
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Type 3 compensator unattenuated

Previous Top Next

The voltage divider needed in order to adapt the sensed output voltage to the reference voltage is
embedded within the compensator. It corresponds to R11 and Rar. This compensator configuration
eliminates the attenuation due to the external voltage divider.

Note that the PWM modulator design and parameters are included in this window.

St ooty |

Type 3_unatt H

FilTjohms) I—m{
wey [ 50
WiVl I—:.”:I
WiV] l—m

h‘l*l 32u

FawiHz] Sk

Tawds] 0

Help Careel || D

Input Data

R11(ohms)

Vref(V)
Vp(V)
Ww(V)
Tr(s)

Tsw(s)

Its default value is 10702

Reference voltage

Peak value of the ramp voltage (carrier signal of
the PWM modulator)

Valley value of the ramp voltage
Rise time of the ramp voltage

Switching period
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Output Data

The compensator components values (C1, C2, C3, R1, R2) and the resistor Rar are calculated by the
program and displayed in the corresponding text panel

Type 2 compensator

Navigation: SmartCtrl > Compensators > Analog compensators > Single loop or inner loop >

Type 2 compensator Previous Top Next

Note that the PWM modulator design and parameters are included in this window.

Type 2 E
Ritjohme] 10K
Vo) a0
- — el¥) 10
Ve 1 el Za
W \
 —— t
—TEw—
FawiHz] 20k
Tawds] du
Sot gelauikte Help ] Cancel ] o |

Input Data
R11(ohms) Its default value is 104€2
Vp(V) Peak value of the ramp voltage (carrier signal of

the PWM modulator)
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Vv(V) Valley value of the ramp voltage
Tr(s) Rise time of the ramp voltage
Tsw(s) Switching period

Output Data

The compensator components values (€2, €3, R2) are calculated by the program and displayed in
the corresponding text panel

Type 2 compensator unattenuated

Navigation: SmartCtrl > Compensators > Analog compensators > Single loop or inner loop >

Type 2 compensator unattenuated Previous Top Next

The voltage divider needed in order to adapt the sensed output voltage to the reference voltage is
embedded within the compensator. It corresponds to R11 and Rar. This compensator configuration
eliminates the attenuation due to the external voltage divider.

Note that the PWM modulator design and parameters are included in this window.
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Type 2_unatt “

R11johms] [—'H'.'ﬁ
v [ 50
v [ 30
wm| 10

¥ Ramg
vp
uiz] 22w
W
iF—s 1
Taw
FawiHz] 250k
Tawz) 4u

St sl anis Hep | Coneal |[ ok

Input Data

R11(ohms) Its default value is 104€2

Vref(V) Reference voltage

Vp(V) Peak value of the ramp voltage (carrier signal of
the PWM modulator)

Vv(V) Valley value of the ramp voltage

Tr(s) Rise time of the ramp voltage

Tsw(s) Switching period

Output Data

The compensator components values (C1, C2, C3, R1, R2) and the resistor R, are calculated by the
program and displayed in the corresponding text panel

Pl analog compensator

Navigation: SmartCtrl > Compensators > Analog compensators > Single loop or inner loop >
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PI analog compensator Previous Top Next

Note that the PWM modulator design and parameters are included in this window.

P EX
c2
Rl ekem] 10K
<
E Wref
Ci " Ramp et 20
- o Viv) 1.0
w ufs) 32w
v
r—s 1
Taw
FawdHal 20k
Towis) du
St et sute Help Cancel ] [ o |

Input Data

R11(ohms) Its default value is 105€2

Vp(V) Peak value of the ramp voltage (carrier signal of
the PWM modulator)

Vv(V) Valley value of the ramp voltage

Tr(s) Rise time of the ramp voltage

Tsw(s) Switching period

Output Data

The compensator components values (€2, R2) are calculated by the program and displayed in the
corresponding text panel
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Pl compensator

Navigation: SmartCtrl > Compensators > Analog compensators > Single loop or inner loop >

PI compensator

Previous Top Next

Note that the PWM modulator design and parameters are included in this window.

Pl

4 [P1] @
E Clk [ " Ramp vref

v Ramp
Vp

Yo |
|:_— tr—-u t
Tsw/r2

Set defaults

velv)

tI'[S] 435y

FswiHz) 10k
Tawls] 100 u

Input Data
Vp(V)

Vv(V)
tr(s)

Peak value of the ramp voltage (carrier signal of
the PWM modulator)

Valley value of the ramp voltage

Rise time of the ramp voltage
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Tsw(s) Switching period

Output Data

Considering the PI compensator transfer function:

(1+sTi)
sTi

Kp

The compensator values (Kp, Ti(s)) are calculated by the program and displayed in the
corresponding text panel

Pl compensator unattenuated

Navigation: SmartCtrl > Compensators > Analog compensators > Single loop or inner loop >

PI compensator unattenuated Previous Top Next

The voltage divider needed in order to adapt the sensed output voltage to the reference voltage is
embedded within the compensator. It corresponds to R11 and Rar. This compensator configuration
eliminates the attenuation due to the external voltage divider.

Note that the PWM modulator design and parameters are included in this window.
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Input Data

R11(ohms) Its default value is 105€2

Vref(V) Reference voltage

Vp(V) Peak value of the ramp voltage (carrier signal of
the PWM modulator)

Vv(V) Valley value of the ramp voltage

Tr(V) Rise time of the ramp voltage

Tsw(s) Switching period

Output Data

The compensator components values (€2, R2) and the resistor R_ are calculated by the program

and displayed in the corresponding text panel.
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1.11.1.2 Outer Loop and Peak Current Mode Control

Single Pole compensator

Navigation: SmartCtrl > Compensators > Analog compensators > Outer Loop and Peak Current
Mode Control >

Single Pole compensator Previous Top Next

S,Me m'.g n—
IIC!
— Ei 1 fohara] 10K
" Bl
_<Q_"H'mf
Vaatv] =
St bty tieo | Comcel | [ oK

Input Data
R11 Its default value is 105€2
Vsat

Saturation voltage of the op-amp. In the case of
the power factor corrector using a UC3854A
multiplier, this value is equal to 6.0 V

Output Data

The compensator components values (€3 and R2) is calculated by the program and displayed in the
corresponding text panel
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Single Pole unattenuated

Navigation: SmartCtrl > Compensators > Analog compensators > Outer Loop and Peak Current
Mode Control >

Single Pole regulator unattenuated Previous Top Next

The voltage divider needed in order to adapt the sensed output voltage to the reference voltage is

embedded within the compensator. It corresponds to R11 and Rar. This compensator configuration
eliminates the attenuation due to the external voltage divider.

Single pole_unatt
—
" R flckms) 0¥
4 ]: L Vief(V]
| Wref i
Wiav] | =
Siat glekanily Hep | Cancel || ok |
Input Data
Its default value is 10%€2
R11
Vref Reference voltage. In the case of the power factor corrector using a UC3854A
multiplier, this value is equal to 7.5 V
Vsat Saturation voltage of the op-amp. In the case of the power factor corrector using

a UC3854A multiplier, this value is equal to 6.0 V

Output Data
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The compensator component value (C3and R2) and the resistor R, are calculated by the program
and displayed in the corresponding text panel
Type 3 compensator

Navigation: SmartCtrl > Compensators > Analog compensators > Outer Loop and Peak Current
Mode Control >

Type 3 compensator Previous Top Next

Type 3 | x|

R fohins) 10K

St delouds Hop | Concol || ok |

Input Data

R11(ohms) Its default value is 10%€2
Output Data

The compensator components values (C1, C2, C3, R1, R2) are calculated by the program and
displayed in the corresponding text panel
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Type 3 compensator unattenuated

Navigation: SmartCtrl > Compensators > Analog compensators > Outer Loop and Peak Current
Mode Control >

Type 3 compensator unattenuated Previous Top Next

The voltage divider needed in order to adapt the sensed output voltage to the reference voltage is
embedded within the compensator. It corresponds to R11 and Rar. This compensator configuration
eliminates the attenuation due to the external voltage divider.

Type 3_unatt n

Wee
CJ
ﬁ Par gy €1 A11(ohma) LS
=
| (3] Wrel(V) 2

Sl dafauits | Help Cancel || 0K

Input Data

R11(ohms) Its default value is 10/<€2
Vref(V) Reference voltage
Output Data

The compensator components values (C1, C2, €3, R1, R2) are calculated by the program and
displayed in the corresponding text panel
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Type 2 compensator

Navigation: SmartCtrl > Compensators > Analog compensators > Outer Loop and Peak Current
Mode Control >

Type 2 compensator Previous Top Next

Type 2 B

% A1 fokwms) 10K

Sel gefauks | Hep | Cancel |[ oK |

Input Data

R11(ohms) Its default value is 1072

Output Data

The compensator components values (C2, €3, R2) are calculated by the program and displayed in
the corresponding text panel

Type 2 compensator unattenuated

Navigation: SmartCtrl > Compensators > Analog compensators > Outer Loop and Peak Current
Mode Control >

Type 2 compensator unattenuated Previous Top Next
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The voltage divider needed in order to adapt the sensed output voltage to the reference voltage is
embedded within the compensator. It corresponds to R11 and Rar. This compensator configuration
eliminates the attenuation due to the external voltage divider.

Type 2_unatt “

C3
< Rar R11{chms) b

[F]
[Z1] Wraf(v] 50

Sl dafauits | Help Cancel || 0K

Input Data

R11(ohms) Tts default value is 10502
Vref(V) Reference voltage
Output Data

The compensator components values (C1, C2, €3, R1, R2) and the resistance Rar are calculated by

the program and displayed in the corresponding text panel

Pl analog compensator

Navigation: SmartCtrl > Compensators > Analog compensators > Outer Loop and Peak Current
Mode Control >

PI analog compensator Previous Top Next
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2 52
R11

Sel gefals

R [obens) 10K

Hep | Corcel || oK

Input Data
R11(ohms)

Output Data

Its default value is 10%€2

The compensator components values (€2, R2) are calculated by the program and displayed in the

corresponding text panel

Pl compensator

Navigation: SmartCtrl > Compensators > Analog compensators > Outer Loop and Peak Current

Mode Control >

PI compensator

Previous Top Next

The PI compensator values are calculated using the following transfer function:
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sTi

283

Pl

m + vref

Set defaults Help LCancel

Output Data

The compensator values (Kp, Ti(s)) are calculated by the program and displayed in the
corresponding text panel

Pl compensator unattenuated

Navigation: SmartCtrl > Compensators > Analog compensators > Outer Loop and Peak Current

Mode Control >
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1.11.2

PI compensator unattenuated Previous Top Next

The voltage divider needed in order to adapt the sensed output voltage to the reference voltage is
embedded within the regulator. It corresponds to R11 and Rar. This regulator configuration
eliminates the attenuation due to the external voltage divider.

PI_unatt Ex

] eV )

wref

Set gefauits | Heop | Concel |[ ok |

Input Data

R11(ohms) Its default value is 104€2
Vref(V) Reference voltage
Output Data

The compensator components values (€2, R2) and the resistor R, are calculated by the program

and displayed in the corresponding text panel.

Digital compensators

Navigation: SmartCtrl > Compensators >

Previous Top Next

Digital compensators
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Digital compensators are obtained directly in z-domain, calculating the coefficients in order to be

implemented by means of digital devices (as specific hardware in FPGA or ASIC, or as a program

in a microprocessor, microcontroller or DSP), and can be exported to PSIM using z-domain blocks.

If the user is going to define a digital control it is necessary to click on the the Digital selection
check box. This option should be selected since the beginning because it determines the different
options that can be selected further on, in the sensor and in the compensator.

Buck (voltage mode controlled), single loop data input

[v Digital

Flant |Buc:k [voltage mode contralled]

=

Compenszator |

PID digital

Carm Equation digital

loaded as yet.
Select one from the combo

above

=]

Sensar |V0|taEIE divider

o
Wref

=l

B

More information about Digital Control; Digital Control.

1.11.2.1 PI Digital

Navigation: SmartCtrl > Compensators > Digital compensators >

PI Digital

Frequency range[Hz)

ik mnasx
| 1 599000
Solution map
Cross freq. Phaze marg.
| o L

Previous Top Next

SmartCtrl takes into account some specifications regarding both the controller and the ADC, which

are explained below.
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Pl digital

Pl
Digital
Compensator

Vref_Digital

DPWM

Type -

e | oading edoe

Triangular
Ad-hoc

Update

Set defaults |

ADC panel:

ADC Digital compensator coeffidents format
i 0
o] {* Floating point
Vmax(v) 5 O oy
Mhbits 12
Fsamp({Hz) 250k
teync(s) 4u
Vref_Digital 2048 k Vref{v) 25
Timing diagram
fgh b Esampling d update
; 4000 : \
= i
= 3000 :
2 1
5 zom o o
[&]
g 1000
o I
1] Au 10u 15u
Time(z)

Help

| oK | Cancel

*Vmin(V): minimum voltage the ADC is able to read, used to calculate its gain.

*Vmax(V): maximum voltage the ADC is able to read, used to calculate its gain.

*Nbits: Number of bits of the ADC to represent the analog input value. This number affects the

calculation of the reference, as stated below.

*Fsamp(Hz): Sampling frequency of the digital regulator. The sampling period Tsamp=1/fsamp

is the time between two consecutive samples of the output signal of the regulator.

In many applications, the sampling frequency (fsamp) of the regulator is equal to the switching

frequency (fsw) of the power converter. In SmartCtrl, the user can select different values for
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switching and sampling frequency, but the sampling fre quency must be a multiple or
submultiple of the switching fre quency.

In current loops, the controlled magnitude in the converter has a significant ripple, therefore, it is
recommended to use a Hall Effect sensor that includes a first order low pass filter that can act

as an antialiasing filter.

*Vref Digital: Value of the reference to be followed by the digital compensator, calculated as:

2 NbitsADC

Veefpigicar = (ValueToBeSensed - SensorGain — Viprmin) - Voo —Vimo
ADCmax — VADCmin

stsync(s): it accounts for the time difference between the moment when a signal is sampled

and when it is used to update the regulator output.

Unlike in an analog controller, where the sensor is continuously measuring and the control signal

is updated at every moment, when a digital compensator is implemented, the instant when a

signal is measured and the instant when a change is seen by the PWM signal are not the same.
Digital compensator coefficients format:

*Floating point: According to the international standard ISO/IEC/IEEE 60559:2011 (with

content identical to IEEE 754-2008).

*QX.Y: Fixed point number is represented with the QX.Y notation, X + Y bits, with X bits to the

left of the fixed point (integer part, sign bit included) and Y bits after the point (fractional part).

DPWM

For the modulator there are different options according to the waveform:
*Trailing Edge
*Leading Edge
*Triangular

*Ad-hoc, defining Gmod and tdelay(s).
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More information about Digital Control;_Digital Control.

1.11.2.2 PID Digital

Navigation: SmartCtrl > Compensators > Digital compensators >

PID Digi

tal

Previous Top Next

SmartCtrl takes into account some specifications regarding both the controller and the ADC, which

are explained below.

Pl digital
Pl
Digital
Compensator
e
Vref_Digital
DPWM
Type -

Trailing edge
Nsteps || eading edge

Triangular

Ad-hoc

Update

Set defaults |

ADC panel:

ADC

Wmin(v)
Wrnax(V)

Mbits

Fsamp{Hz)

tmync(s)

o
5
=

250k
4u

Vref_Digital 2048k

DPw counter, Duty cycle

Digital compensator coeffidents format

* Floating paint

QXY

Vref{(V) 2.5

Timing diagram

iy Esampling d update
4000 A
3000
2000 i
VA VA
0 a0 fu 10u 15u
Time(z)

Help | oK | Cancel |

*Vmin(V): minimum voltage the ADC is able to read, used to calculate its gain.

© 2024 Power Smart Control S.L.



SmartCtrl 289

*Vmax(V): maximum voltage the ADC is able to read, used to calculate its gain.

*Nbits : Number of bits of the ADC to represent the analog input value. This number affects the

calculation of the reference, as stated below.

*Fsamp(Hz): Sampling frequency of the digital regulator. The sampling period Tsamp=1/fsamp
is the time between two consecutive samples of the output signal of the regulator.

In many applications, the sampling frequency (fsamp) of the regulator is equal to the switching
frequency (fsw) of the power converter. In SmartCtrl, the user can select different values for
switching and sampling frequency, but the sampling fre quency must be a multiple or
submultiple of the switching fre quency.

In current loops, the controlled magnitude in the converter has a significant ripple, therefore, it is
recommended to use a Hall Effect sensor that includes a first order low pass filter that can act

as an antialiasing filter.

*Vref Digital: Value of the reference to be followed by the digital compensator, calculated as:

2 NbitsADC

Veefpigitar = (ValueToBeSensed - SensorGain — Vipemin) - Vo TV
ADCmax ADCmin

stsync(s): it accounts for the time difference between the moment when a signal is sampled

and when it is used to update the regulator output.

Unlike in an analog controller, where the sensor is continuously measuring and the control signal

is updated at every moment, when a digital compensator is implemented, the instant when a

signal is measured and the instant when a change is seen by the PWM signal are not the same.
Digital compensator coefficients format:

*Floating point: According to the international standard ISO/IEC/IEEE 605592011 (with

content identical to IEEE 754-2008).

*QX.Y: Fixed point number is represented with the QX.Y notation, X + Y bits, with X bits to the

left of the fixed point (integer part, sign bit included) and Y bits after the point (fractional part).
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DPWM

For the modulator there are different options according to the waveform:
*Trailing Edge
*[eading Edge
*Triangular

*Ad-hoc, defining Gmod and tdelay(s).

More information about Digital Control;_Digital Control.

1.11.3 User defined compensator

Navigation: SmartCtrl > Compensators >

User defined compensator Previous Top Next

When the user is designing a Generic Control System using the Equation Editor, for the
compensator custom design details please go to Compensator (equation editor)

1.12 Graphic and text panels

Navigation: SmartCtrl >

Graphic and text panels Previous Top Next

The window is divided in six different panels.
The graphic panels are:

Bode plot Magnitude (dB)
Bode plot Phase (°)
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Nyquist diagram
Transient response plot
Steady State waveforms (temporal domain)

There are also two text panels that are hidden till user press the corresponding bottom, these are:

Input data
Output data

1.12.1 Bode plots
Navigation: SmartCtrl > Graphic and text panels >

Previous Top Next

Bode plots

The Bode plot is used to characterize the frequency response of the system. It consists of two
different graphs, the magnitude plot and the phase plot versus frequency. Frequency is plotted in a

log axe.

Plots the magnitude of a given transfer function in
decibels (dB) versus frequency. It is represented in the
upper left panel of the SmartCtrl window.

Magnitude plot (dB)

Plots the phase of a given transfer function in degrees
versus frequency. It is represented in the bottom left

panel of the SmartCtrl window.

Phase plot (°)
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In SmartCtrl there are seven different transfer functions that can be plotted in the Bode plot. To
represent any of them, just click on the corresponding icon of the View Toolbar or select the
corresponding transfer function within the View Menu.

Manual placement of poles and zeros

Additionally, when a type 3 or type 2 is used, poles and zeros of the compensator are represented

by means of three little squares.

Yellow corresponds to {z
Red corresponds to fp
Blue corresponds to fi
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The placement of the aforementioned zeros and poles can be varied by the designer just by clicking

and dragging on each square. To enable this option manual method tag in the design method

box must be selected.

Cross frequency

The cross frequency of the open loop is shown by means of a pair of dashed lines on the open loop

transfer function of the system.

Click on right button

By right clicking on each plot a new window is opened with some additional options.

Copy
Copy Export
Expart...
Help
Quick help. .. Help
Quick Help

Measurement tools
Two different types of cursors are available:

Ctrl + mouse

Shift+mouse

Copy the Bode Plot to clipboard

This option allows exporting the
data of the different frequency
responses in several formats.

Link to the on-line SmartCtrl
help

Shows the keyboard shortcuts
to measure directly on the plot

Keep the Ctrl key pressed and move the mouse.
Two crossed red lines are displayed and the two
coordinates of the point on which the mouse is
placed are given. You can measure at any point
within the graph area.

Keep the Shift key pressed and place the mouse
near one of the displayed module traces. The
cursor will track itself to that trace, and the
cursor will measure simultaneously the phase
and module of the tracked trace.

If you want to track the cursor to other trace,
just left click on that trace.

Additionally, if the selected trace is open loop
transfer function, SmartCtrl will measure
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simultaneously on both Bode plots (module and
phase) and on the Nyquist diagram.

Chrl 4+ mowuse move

Shift + mouse move

Maasure on any poink

Measure partioular funckion.
Chick near the function to select it.

[ex ]

1.12.2 Nyquist diagram

Navigation: SmartCtrl > Graphic and text panels >

Nyquist diagram

Previous Top Next

The Nyquist diagram, together with the Bode plot, is a graphical representation of the frequency

response of a linear system.

For each w, the resulting open loop transfer function is represented as Im(T) vs R(T). So, the gain

at this @ is the distance from the represented point to the origin, and the phase is the corresponding

angle.
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In terms of stability, the polar Nyquist diagram provides a graphic and easy to evaluate criterion of
the closed loop system stability based on the open loop system frequency response. This is, if the

open loop transfer function is stable (no RHP poles), the closed loop system will be unstable for

any encirclement of the pomt (-1, j0).

Poles and zeros

Poles and zeros of the compensator are represented by means of three little squares.

Yellow corresponds to fz
Red corresponds to fp
Blue corresponds to fi

However, unlike in the Bode plots, they cannot be placed manually.
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Zoom
A zoom-in and zoom-out tool has been implemented by left-clicking and dragging the mouse within
the white area of the polar plot. The relative scale is given by the radio of the outer circle both in

dB and natural scale.

N =124
TN =258

TIphase] = 2147 T " Edd &

Copy to clipboard

The same way as in the Bode plots and the transient response plots, a copy to clipboard option is
available through right click on the polar plot are that will allow the user to copy the current graph

to the clipboard.

Click on right button

By right clicking on each plot a new window is opened with some additional options.

Copy Copy the Bode Plot to clipboard
Copy . .
Help Link to the on-line SmartCtrl
Help help
Quick help... Quick Help Shows a short explanations
about how to measure directly
on the plot

Measurement tools
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Two different types of cursors are available:

Ctrl + mouse

Shift+mouse

Keep the Ctrl key pressed and move the mouse.
Two crossed red lines are displayed and the two
coordinates of the point on which the mouse is
placed are given. You can measure at any point
within the graph area.

Keep the Shift key pressed and place the mouse
near one of the displayed module traces. The
cursor will track itself to that trace, and the
cursor will measure simultaneously the phase
and module of the tracked trace.

If you want to track the cursor to other trace,
just left click on that trace.

Additionally, if the selected trace is open loop
transfer function, SmartCtrl will measure
simultaneously on both Bode plots (module and
phase) and on the Nyquist diagram.

Ml =1 3
IThcH) = 2% A== Gain

Tlohazs] = -Eil'.ﬁ Phase

17w Fiphass|
—

-

Cirl + mouse move

Shift + mouse move (On Bode(Mod) panel)

Measure an any poink
Measure on the Function.
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1.12.3 Transient response plot

Navigation: SmartCirl > Graphic and text panels >

Transient response plot

Previous Top Next

Transient response specifications, such as setting time and voltage peak transient values, are
usually critical specifications when designing the control stage of a power converter. Therefore,
providing a quick view to the transient response of the converter may greatly help the designer

during the design process.

In SmartCtrl the three most significant transient responses have been developed. They can be
plotted just by clicking on the corresponding icons of the View Toolbar or selecting the
corresponding transient response within the View Menu.

Fie Deign Ogtioss View Teoh Warthouie Windew Help

ISR BFR coan® a0z AABE IR 00T O D>

Wi o w0 80 [(my e (ny (e vlﬁﬁi’.:?.-': & |l low
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5. T ] w1 bgusrcy [Mes e
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s | 1
b | |
- —] [T
g T3 i) Tk T T ™ ——————————1
FraquarcyiHs)
: i
. Vi ot sebarence e [mmad rgnal, 011%)
1304
1303
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130
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Sy 1 m e T T3 ] = Wu T TS i
FraspamrapHal A

By right clicking on the transient response plot, the following options are displayed.
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Export

This option allows the user to export the current transient responses to a file which could be either
.txt or .smv format. It is placed within the menu displayed through right click on the transient

response panel.

Time shift:

This options allows the user to shift the time axis

Print step:

This option allows modifying the number of points to be exported. If the print step is

multiplied by 2, only one point per two ones will be saved. This helps to reduce the size of

the output file.
Transient to be exported n
B .
3 W elaiirey Hep
3304
3303
3,302
330
a .
o Sy 100w 150w
]
Times shift sec)
m Funchon wil be transiated sloreg bme axs scoordngly.
Fasrbes of poanits i be faperted
PPNE 32D
512 ﬂ i x!l
oy b | oew [T |

Copy

This allows the user to copy the current graphs in the clipboard
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Modify transient parameters

This option allows the user to customize the transient response plot as well as the parameters of the

computation algorithm

SmartCtrl makes an automatic selection of the parameters as the user modifies his design. By right
clicking on the transient plot and selection the Custom option, a set of sliders are displayed so that

the user is able to customize the settings listed bellow.

Transient parameters n

© Autoeatie 4% Comoem)]

Shewers g (]
— [ =150 I
Bandhwidth (M) | Lmie

Froguency step (Hz)

Frequency neschsion R J

R Shie e peveg s o1 Gragias Aoty e Cancel | o |

Time step: This option allows modifying the time interval between data points.

Frequency resolution: The transient response computation is based on sampling the frequency

response of the power converter. The higher the resolution, the higher the number of sampled
points, which means higher accuracy but also longer computational time. Therefore, the trade-off

can be considered by the user.

Shown time: This option allows the user to modify the time period displayed in the window. The
maximum value is limited by the time step multiplied by the frequency resolution.

A zoom effect could be obtained by decreasing the shown time, decreasing also the time step
parameter and finally increasing the frequency resolution if necessary.

In addition, the following information is displayed for informative purposes.

© 2024 Power Smart Control S.L.



SmartCtrl

301

Frequency step: The frequency separation between two sampled frequency points. It is

determinate by the frequency resolution and the bandwidth. An excessive high frequency step may

lead to an incorrect transient plot.

Bandwidth: It determinates the maximum sampled frequency and is directly related to the time step

selected by the user. An excessively low value may lead to an incorrect transient plot.
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1.12.3.1 Steady-state waveforms

Navigation: SmartCtrl > Graphic and text panels > Transient response plot >

Steady-state waveform

Previous Top Next

The "steady-state waveform" panel displays the most significant waveforms of the power plant and

the modulator once the steady state is reached.

Power stage waveforms.
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: lehctor votge v toe The available wave forms are:
L
3 b H H ﬂ FL Inductor voltage
s T T Inductor and diode current
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PWM Modulator waveforms.
Carint arcd mchifi il s o The available wave forms are:
5 Carr[V] - Carrier signal
% ’ Mod[V] - Modulating signal
' PWM [V] - Mosfet gate voltage.
o T:r:ffﬂ o005
o Pamt
I
e (L ITL T TL
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T

Peak current mode control waveforms
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The available signals are:

W, Wiz, Vianbad vi bimg

=]
e

3 ~ T Ve(t) - Modulating signal
L Ven(t) - Compensating ramp
zaas-wlr Vsensed(t) - Sensed MOSFET current or
5| inductor current
g 0u Hu
1 T:.:':c ' In the case of the forward converter Vsil(t) is
also plotted to show the output filter inductor
& current.
i oo PWM [V] - MOSFET gate voltage.
U5 : ..1.3,",(| E

Phase Shifted Full Bridge additional wave forms

The available signals are:

Waveforms graphics - o x

S Primaty and secondary voltags of transforms vs tims Vpri(V) - Primary voltage

i D—— 1 || Vsec(V) - Secondary voltage

= .1nu—]::]]£ti]£t£t£— *ID5(A), ID(6) - Diode current

=| g 100u 200 uTime[SEC]m u 400u 500 u oIL]k( A) - Le akage inductor current

Diode curent vz time

= Y - A - A 2 ~
= Y AL W . Y . | | E— L
& | A I A AR
= 7 77— 7 717 7 A— 7
— | Il 1 rd L ¥l F 17 i
= ¥ ¥ ¥ f ¥
] | 'l A 1 ' bl
' : i1 L JL B | il I
1] 100w 2000 300w 400 u 500 u
Time(sec)
Leakage inductor current ws time

1] N o~ Ly Y

i 1 ol ol i i
T %: ) 1 ral T e 7
= o i1 J 1 1 ¥ | i
= g T 1 t H T i
= .%' L L L™ L™

2N . o o v
0 ~ ~7 i
1] 100u 200u 300w 400 u 500 u

Time(sec)

Phase Shifted Full Bridge Dual Active Bridge (DAB) additional wave forms

For the Dual Active Bridge please select the appropriate link (NEW in version 5.0):
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Phase Shifted Dual Active Bridge (VM C RL - V1 to V2)

Phase Shifted Dual Active Bridge (VM C ERL - V1 to V2)

Phase Shifted Dual Active Bridge (CS ERL - V1 to V2)

Measurement tools

Two different types of cursors are available:

Ctrl + mouse

Shift+mouse

Exporting tools

Right click

Keep the Ctrl key pressed and move the
mouse. Two crossed red lines are displayed
and the two coordinates of the point on which
the mouse is placed are given. You can
measure at any point within the graph area.
Keep the Shift key pressed and place the
mouse near one of the displayed module
traces. The cursor will track itself to that
trace, and the cursor will measure the two
coordinates.

If you want to track the cursor to other trace,
just left click on that trace.

Through right click on the steady-state
waveform panel, a pop-up menu becomes
available. In it, the copy and export options
are available.

Copy: copies the graphic panel to the

clipboard.

Export: automatically redirects the user

to the export option within the File

Menu.
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Use the export option in the main menu:

B smartCtrl - [Control4] — 0 X
I File  Design View Tools Warehouse Window Help - & x
— - K | Kplus | Manual |
T New cleN B W B & OMTmEr > i
: o you o 1531
New and initial dialog oy & |l Ha G Z % % g K
—  Open.. Ctrl+0 = o
- . Tlvs Tic & Bridges differential voltages vs time b
pen sample designs... vs Tldeg) § 1EBE | foHa) 125k
Open default §| g Fo t;:mu = = —
e = Time (sec] PHMC) 50
Save Ctrlss 1
" Inductor curent vs time -
g Save As... = i
+ ] B ==——
¢ Opentxtfiles.. A5 —— =
Time (sec)
Import (merge)... Ctrl+E
Export > To PSIM > 1204 Solu c
o ; gl eh—
o FPGA, Shift+A g . .
Generate report > to FPG Shift S aidel Phase margin vs Cross frequency
Print preview > Transfer functions > :
— Print > Gmod... T &
Printer Setup.. Transient responses > 2 _
Z S 150
12_Designing_digital_control_in_z_domain.tro Waveforms... ‘g| 1 =
=
2Boost converter - double loop - I_diode feedback (3).tro Global... Ctri+G = = % 10
) 2 o £
3 caja la vida es bella.pdf — =
i 4iout_non-idealtro Internal compensator output. 15 7
= 5CAUsers\..\2Vioopitro r
“ 6vloop_non-idealtro | . 1 10 100 Tk 10k 100k 1M
7 C:\Users\...\Ejemplo.tro t - Cross frequency(Hz)
2 DigDgn_Current.tro z
9 laptop_charger_SmartCtrl.tro | Al 9
10 Speed_loop_SmartCtrro 0u0 50u 100u150u200u250u300udb0udotE0u | & | 025
Timels) o
Exit n Exit E

I— fc(Hz) = 125k PhM(?) = 50 A '
£ Escrib { b t 2 2 — 1522
scribe aqui para buscar 1 sc G s

1124 Text panels
Navigation: SmartCtrl > Graphic and text panels >

Text panels Previous Top Next

Two text panels are available to provide a complete list of the numerical values of all the elements
that compose the whole circuit as well as some selection parameter such as type of compensator ,
type of sensor, etc.

Text panels are shown through the View Menu or by clicking on the corresponding icons in the
main toolbar:

View Menu Main toolbar
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 mertiel - Comreld EEE

| Icon ® opens input data
el L
i ,,_.E- ™
= panel.
g = ¥
s v e} Icon opens output data
Frtdinae) - 10001 1 s |
e i ||| panel.
[ :‘ 'lﬂ B | el
- 01 inhamml w1 by . v ey DTS el o] s " R— :
c I | I (S
, AL v
Y i
3 B | |
[ o F ! :
o 11
N RS REIR § : : s [
i . P AN I
L] J|  Fhose trmoueeer and Gasn sarpis
. | I T
T i Imr'.l‘:.dw.ul WE M BE) 1 e ] Bl el @& | = =kl FWE l'

The Input Data Panel summarizes the input parameters of the converter such as the power stage
parameters, the steady-state dc operating point, the compensator parameters, etc...

The Output Data Panel shows the numerical information about the design of the compensator. The
compensator resistances and capacitances values as well as the frequencies of its poles and
zeroes, are updated in real time. In addition, the most important loop characteristics are provided:
that is, the phase margin, gain margin and attenuation at the switching frequency.

In the case of an average current mode control, which involves two nested control loops, the
information regarding both the inner and the outer control loops is provided.
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1.13

Crome frsquency [zl = 203.764
Fhase margin {*F = 103.125

Plass
Buck (voltags mods controllsd)
R (Chma} = 4_35&

Volcage divider
Veaf/Wa = O.TETETE

Input data panel.

Solutions map

Navigation: SmartCtrl >

307

Input data Dutput data (=
INDUT DATA RESTLTE 2
Fingls loop
Compansatar [Amalog):
Foeguancy cenge (RE) @ (1, 339 k)

B2 [(Ohms) = T.1514 &k

2 [ F )= L39.E69 n
¥ [ F ) = 226.217T n

f2 { Ba } = 155_45&
fp [ Hz ) = 3I8T7.03%

L (H} = 30 m £1 [ Hz } = 43.5104
BL(Oh=a) = 1 n
c iFr = 160 w
RCIChma) = B0 m B2 [ a2} m D
Vim (W} = 13 Bl i e } = &5 000038154
Vs (V) = 8.3 P -1
Fow (Hzh = 350 k

s [ 2 =0
Sceady-sTate dC OPerating point ai [ #°3) m 7.3678e=006
CTTTTTTTTTTTTTTTTTTTTTTTTTTTTT T al (& )} = 0.00365870&
Mads = Contifssas ab = 0
Duty cysle= 0.278
Voomp (V) = 1.6878
IL  {A} = TET.ETE m c
ILmax{k} = 517.076 = f’:'::ff;_____________________-_-_-_--_-_
IE=in{A} = E3E.07E€ =
H R = .4 = Fa— 3
Yo V) = 3.3 a' {haal = L6

By ([(Ohma) = 00

Fa (Wavem) = 4 m
e Mares) = 100 m

Loop performance paramstsrs:

Cospanaat
_____E::_ff____________________________ F [ e } = 2.33918 &
@f [ 48 = £.20602
Iypa 2
Camnd - 0.4 Avel dB } = =73.4344
R11 {Ob=a) = 10000
-1 =3

Output data panel.

Solutions map Previous Top Next

The appropriate selection of f and Phase Margin is one of the key issues for loop

Cross
optimization.

In order to ease the first attempt when designing a control loop, an estimation of the stable
solutions space has been developed under the name of solutions map. Based on the selected
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plant, sensor and type of compensator, the solutions map provides a safe operating area of the

different combinations of f Cross and PM that lead to stable systems. The parameters involved are

represented as PM vs frequency.

Just by clicking within the white area, a set of (fCrOSS and PM) that lead to an stable

solution is selected.
The mput boxes (white background) are automatically updated
And so is the attenuation achieved at f sw box. It is an output parameter (grey background)
and represents the attenuation achieved by the combination of the sensor and the compensator
at the switching frequency.

Additionally, when any of the three aforementioned values is uncommonly low or high, the boxes
background are red-colored in order to draw the designer attention.

Cross frequency and Phase margin input “

Fhase magin va Cross frequency
0 1 It's: highly iecommended 1o cick on the
T urishadowed [wihite] negion fior selecting
an sppiopniste [Cioss heguency Phase
maigin| couple of values

Taka cae aloo of sttermshon I sTRiz)
& Faw)] Snd Phads mangen adt bowss,
wahiary Loiel bk grtwmdt soa iad pasiled

Cros réquency Phase mangn

b |'|k. |:5=:|
E 100
ElsFR[s) &t Faw
E1m Update
=]
Frarran={]) : Fivm 2500 b Hele
L 10 100 1k 1k 100k 1M Q
Ciost agpasrcy{Ha) Cancel Ok I
Boundaries

The boundaries, that determine the valid area (white area), represent the maximum and
minimum phase margin that can be achieved for any kind of compensator.

The simple integrator is a particular case of any regulator; therefore, it provides the
lowest PM limit by adding 90 degrees to the phase of the open loop transfer function
without regulator (plant, sensor and modulator) (green line).

The upper limit of the solution map is given by the maximum phase boost provided by
each kind of compensator (blue line).

In terms of frequency, the solutions space is limited by the switching fre quency, fsw'

Double 180° crossing

Even while being a stable system, a double crossing by 180° can occur, which could lead to

mstabilities if, for any change in the operation point, the gain drops. Since those are still stable
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points, they are inside the white area, but an orange dotted line marks the frontier between the
points where no double crossing occurs (above the orange line) and the ones when it does (below

it), as seen in the next image.

Phase margin vs Cross frequency

120
110
100
80
70
60
50
40

Phase margin

20 crossing \

10 | Zohe
0 FPhidmin=0 | [
1 10 100 1k 10k '| 00k

Cross frequency(Hz)

30 Double\ ﬁ

When the first design point has been selected within the Solution Map, SmartCtrl shows its main
screen. In the main screen the solutions Map will be shown as a floating window. The position of
this window can be changed by the user by right clicking on the Solution Map window plus mouse
move. Important Warning messages will be shown in the bottom part of the Solution Map window.

1.14 Equation Editor

Navigation: SmartCtrl >
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Equation editor

Previous Top Next

The Equation editor is a powerful tool that allows the user to define and control a system by means

of its transfer function in S-domain or in Z-domain.

There are three ways of accessing it:

*Using the initial dialog menu, Design a generic control system: In this case the user has to
define the transfer functions for the plant and sensor. For the compensator the user can select
among different predefined topologies or defined a customized compensator transfer function.

SmartCtrl

Design a predefined topology

A

™,
‘ {R.

DC-DC power stage and

control circuit design

DC-DC converter - Single loop
Voltage Mode Control or ACMC

DC-DC converter
Peak current made control

DC-DC converter
Average Current Mode Control

PFC Boost converter

Design a generic topology

*Using the initial dialog, s-domain model editor: The plant is set by its s-domain transfer

s-domain model editor

Import frequency response data
from txt file

Opena..

‘ B0 detout ie

| ﬁD recently saved file...
E previously saved file...
?IE sample design...

&3

Design a generic control spstem

E quation editor

Help

function, the sensor will be selected form the predefined list and for the compensator, the user
can select among different predefined topologies or defined a customized compensator transfer

function.
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SmartCtrl X4
Desian a predefined topology Opena ..
+— | DC-DC power stage and Y )
. . ﬁ- default file
M
control circuit design
Ij DC-DC converter - Single loop ﬁ.’ D secenty saved fia..
Voltage Mode Control or ACMC
ﬂ DC-DC converter I% D | previously saved file...
Peak current mode control
E DC-DC converter (»D sample design...
Average Current Mode Control =%
' PFC Boost t
t oost converter
Design a generic topology Design a generic control system

s-damain model editor Equation editor

Import frequency response data
from txt file

olw

Help Close

*Using the option "Equation editor" in the Tools menu: Just the plant is set and a txt file is
generated, which can be used later on as input for the calculation of a regulator.

File Design Options View | Tools | Warehouse Window Help
T = Settings...

Equaticn editor...

The design steps and options are similar for the three methods:

First, the user must define the transfer function, choosing between two different options:

*Import a previous design (click on open)

*Define a new transfer function entering it in the editor. Check the editor rules in the next
chapter.

**Additionally, there is a predefined transfer function that can be loaded by clicking on "set
defaults".
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Equation editor K
s-domain mode! I Open... I Save | Save as...
Fie | Import an existing design

/{ Buck (Power stage) Parametric sweep

R 4.35¢6
L =30 u

C 160 u
Vin = 12.0

/{ Plant transfer function
Gd = Vin / (L*C*s*s + (L/R)*s + 1)
return Gd

Enter a new equation

Editor... Compile | Select parameters I

Load predefined transfer function as

an example Export transfer function(s)... Select equation parameters

automatically

Initial frequency (Hz) End frequency (Hz)
| 10 ‘ 10M

Edit compiled functions | Set defaults (all) |

Edit external functions | Add external function... |

Help | Cancel | COK. ‘

Once the equation has been introduced:

*Write ""return" as the last sentence, followed by the name of the transfer function. Only
when selecting the option Equation editor from the Tools menu, more than one transfer function
can be returned at the same time, as shown in the figure below, allowing a fast comparison of
results.

*Click on "Save" to save the mathematical equations in a text file with extension .tromod
*Click on "compile" to continue, the Bode plot of the returned transfer functions will appear on
the right side of the window.

* If desired, the frequency response of the transfer function can be exported as a .txt file by
clicking on "Export transfer function(s)". Afterwards, it can be recalled through the "Add
external function" button and displayed in the Bode plot graphic panel. It can also be used as
the system to be controlled in the main SmartCtrl window.
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Initial frequency (Hz) End frequency (Hz)

| 10 | 10M
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Equation editor K
s-domain model Open... Save Save as... 100 Gd, Gd2
File - A
/{ Buck (Power stage) [ Parametric sweep
Parameter Value == = 0 =
R = 4.35¢ 3 \
L=30u g 5 o
C =160 u \
Vin = 12.0 = \\\
-100 \Q
|30|.|
/{ Plant transfer function i)
Gd = Vin / (L*C*s*s + (L/R)*s + 1) ———— 10 100 1k WDk 100k 1M 10MIDOM
5d2 = 10%Vin /(2*L*C*s*s + (L/R)*s - <zl Frequency(Hz)
-
return Gd2
-t , Gd.Gd2
|
[vin ~l[=
-50
.—J—
g -100
[
£ >
-150
Set defaults Editor... || Compile || Select parameters |
_
-200
10 W00 1k 10k 100k 1M 10MOOM

Frequency(Hz)

Edit compiled functions | Set defaults (all) |

Edit external functions | Add external function... |

Cancel | Ok I

Help |

The Equation editor can display several transfer functions by adding return instructions. To change

the properties of the curves displayed, click on Edit compiled functions button. Color, thickness and

style can be selected for each curve.
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Eq editor X
s-domain model Open... Save Save as... 100 Gd, Gd2
Fil
ile o =)
// Buck (Power stage) - Parametric sweep J\
- 4356 Parameter Value = % 0 N
R |r -|[43s6 T \\
L = 30 u = 50 -
C = B17.504 u —— \\
Vin = 12 P N
L BIET N
// Plant transfer function -
Gd = Vin / (L*C*s*s + (L/R)*s + 1) =l Y10 100 1k 10k 100k 1M 10MIDOM
Gd2 = 10* Vin / {(2*L*C*s*s + (L/R)*: <= Frequency(Hz)
return Gd Edit compiled functions x
return Gd2
Function (1/2) Color Thickness Style
| v[ -;l |z ISOLID ~| ”
Apply | Cancel | 0K I
g |
=
o
< >
-150
Set defaults Editor... | Compile | Select parameters
200
10 100 1k 10k 100k 1M 10MIOOM
Export transfer function(s)... | Frequency(Hz)

Initial frequency {Hz)

End frequency {Hz)

| 10

| 10M

Edit compiled functions | Set defaults (all) |

Edit external functions | Add external function... |

Help | Cancel | OK |

The Equation editor also allows the user to perform a parametric sweep of the defined variables.

To perform the sweep, click on Select Parameters button, as shown in the figure below.
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Edit external functions | Add external function... |

Help | Cancel | oK
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Equation editor *
s-domain mode! Open... Save Save as... 50 Gd
File:
// Buck (Power stage) [ REEnELESTEE U \
Parameter Value == =
R = 4.35¢ = M,
~|[4. -50
L=230nu Ir [ 2 \
Cc =160 u [
Vin = 12.0 -100 \\
L «||30u
// Plant transfer function I _” 7
Gd = Vin / (L*C*s*s + (L/R)*s + 1) =l U0 100 1k 10k 100k 1M 10MI0OM
return Gd <= Frequency(Hz)
|e || e0u
——_— o Gd
(=) N
[vin ~l[=
-50
.—J—
E -100
o
< >
-150
Set defaults Editor... | Compile |
-200
0 100 1k 10k 100k 1M 10MIOOM
Export transfer function(s)... Frequency(Hz)
Initial frequency (Hz) End frequency (Hz)
Edit compiled functions | Set defaults (all) |

The transfer function parameters will automatically be displayed, use the slider to change the

parameter value and the arrows button to adjust the parameter range, minimum and maximum

values. The changes are automatically displayed in the Bode plot window.
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s-domain model Open... Save Save as... 50 Gd
File |
// Buck (Power stage) Parametric sweep 0
Parameter Value <3| = \
i ; :ésis |E-New range b4 ‘\
c =180 u —
Vin = 12.0 ) ™
Minimum value Maximum value \
|f_
// Plant transfer function |1-2 |120
Gd = Vin / (L*C*s*s + (L/R)*s + 1) § 0 100 1k 10k 100k 1M 10MIOOM
return Gd = H
3 e
i T 0 Gd
| \
[vin [
50
e ——————
=
E -100
o
< 3
-150
Set defaults Editor... | Compile ‘ Select parameters
-200

0 W0 1k 10k 100k 1M 10MMO0M

Export transfer function(s)... Frequency(Hz)

Initial frequency (Hz) End frequency (Hz)
| 10 | 10M Edit compiled functions | Set defaults (al]) |

Edit external functions | Add external function... |

Help | Cancel | oK |

If the whole system, plant and regulator, has been made this way, the sweep can also be done later

on, by clicking on Modify source code variables. Refer to Parametric sweep.

To ease comparison with other transfer functions, their Bode diagram can be imported by clicking
on Add external function and browsing for a .txt file with three columns separated by tabs, being

frequency, magnitude and phase.
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Equation editor *

s-domain mode! Open... Save Save as... 50

File:

// Buck (Power stage) Parametric sweep 0

R 4.356
L 30 u
C 160 u
Vin = 12.0 -100

-50

Mad(dB)

// Plant transfer function
Gd = Vin / (L*C*s*s + (L/R)*s + 1) U0 100 1k 10k 100k 1M 10MI0OM
return Gd Frequency(Hz)

Gd

-50

-100

Phase()

-150

Set defaults Editor... | Select parameters
-200
0 100 1k 10k 100k 1M 10MIOOM
Export transfer function(s)... Frequency(Hz)
Initial frequency (Hz) End frequency (Hz)
| 0 | oM Edit compiled functions ‘ Set defaults (all) |
Edit external functions ‘
Help | Cancel ‘ oK |
1.14.1 Editor box
Navigation: SmartCtrl > Equation Editor >
Editor box Previous Top Next

The equation editor allows the user to define a transfer function as an algebraic expression. The
basic rules that must be taken into account when using this editor are listed below:

There are two types of instructions: assignment and return.

Only one instruction per line is permitted (whether it is assignment or return).

Blank lines are allowed.

Rules for naming variables in assignment instruction:
a. The names must begin with an alphabetic character.
b. The name can be formed of alphabetic or numeric characters, or underscore.
c. The names sqrt, pow, return and PI are reserved names that cannot be used

as variable names.
5. Rules related to mathematical expressions:
a. Valid operator for algebraic expressions are +, -, *, /.

Lo =

© 2024 Power Smart Control S.L.



318

SmartCtrl User's Guide

1.15

1.15.1
1.15.1.1

b. Expressions can use grouping parentheses.
c. The available built-in functions are:
sqrt(a) - calculates the square root of a
pow(a, b) - calculates 'a' raised to 'b'.

d. Algebraic expressions can include the built-in functions.

A Buck (Power stage)
R = §.356

L 30e-&

c 160e-6

BL ils-8

RC S0e=3

Vin 12

#f Intermediate variables
dd = R+RL

dl R+RC

dz R*Vin/dd

d3 R*RC + R*RL + RC*RL
dd (L+C*d3) /d0

ds C+RC

d7 = C*Ledl/d0

num = di ¢ di*dSes

den = 1 + di*s + d7*a+*s

JF Plant tranfer function
d = AumsSden
return &d

Import and Export
Export

Export transfer function

Navigation: SmartCtrl > Import and Export > Export >

Export transfer functions

Previous Top Next
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SmartCtrl provides three different exporting options which are available under the export item of
the File Menu. The first of the exporting options is export transfer functions which is also available

through left click on the icon B placed in the main toolbar.

Any of the transfer functions available can be exported to a .txt file. To do that, the designer must
select the function to export within the available list and set the options of the file in the
corresponding dialogue box.

E Detsgn Opteons  View Tools 'Warchoute Window Help
Hew cen W GGO ST EREEEES 0006800
Mew and initial dislog 20 i ¥ |t i | B & el
Open... Cird+ 0
Open sample designs... Control]
Qpen defaul B T () vs beguency
Close
Sirve il 5
Seve A
Open bt Niles... '
import (merge)... Cirl=E
Expont " Ta PSIM ¥ H
Generse repodt . Transfer functions 4 Gif) Plant..
Prink prevaea 2 Transignl responses * Kf) Sensor. L}
Prink N Wawe forms " Alf)  Contrel to output without compensator...
Printer Setup. Global Ca=G Lol (BT T
T R T:F! Contnol to output...
P CL{f) Reference to output...

Drggital LS

Exit r i

| | | Inmer loop k

The addressed file is formed by three columns containing the frequency vector, the magnitude in
dB and the phase in degrees respectively.

The file options and characteristics are contained in the "Exporting transfer function dialogue box"
and they are described below:
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Plant |~ |
First cohurin Second colurnn  Thind columa
File header | FreqiHz] | AbsicB) | Phasel)
[>= 10Hz] =10 MHz]
Epoet hunction bebmesn I 10 Hz and | Wk Yy,
Humbes of ports [ oo
Points will be equi-spaced along a
% logasthmac scals in the frequency oas
" mormal scabe in the requency ads
Dvata separabed by [P =
Sat detauls | Help | Cancel | o |
File Header It contains the name of the three columns of the
file.
Export function between The designer is able to set the frequency range
of the exported transfer function
Number of points Number of points to be saved in the file
Points will be equi-spaced along a:
Logarithmic scale in the frequency axis
Decimal scale in the frequency axis
Data separated by:
tabs
spaces
commas
1.15.1.2 Export to PSIM

Navigation: SmartCtrl > Import and Export > Export >

Export to PSIM

Previous Top Next
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SmartCtrl provides a link with PSIM software. Once the regulator has been designed, the power
stage and the compensator can be exported to PSIM, providing an automatic generation of the
schematic and/or an exportation of the parameters of the design performed in SmartCtrl. This
schematic can be used to validate the design using PSIM.

In the File Menu, it is available the export option To PSIM. The user can select between exporting
the schematic, only the parameters file or just update a previously exported parameters file.

:iHSmrICH-Cman e  S— .
[File] Design  Options  View Window Tocks Help
Hew Carl+N :Z v Bl BEmME2 0073 B o
Mew and initial disbog ¥ | m & D
Open.. Cirl= 0
Open wemphe designi...
Open default
Clpse
Save Cirl+5
Save Az

Mlws Tl

Open i files

Ernpont (mienge]..- CerlsM i :
Expont ] Ta PSIM h‘ v Schematic Cirl » Shaft « 5

Generate report L Temnafes funcions . Parameters file Ctrl = Shift = P

Prant preview L Teandsenit iedponses ¥ Update parameters file

Cril = Skl = B
Print [ Wave forms F
Printer Setug... Global... Carl+ /

Export to PSIM (schematic)

Selecting schematic file...

Buscaren: [ P5IM 5.0.0 = « @ ek E-

idoc
| Jembedch
27 exeamples
iold
| SmartCerl

pruebai Jpairmsch e
—

Tipa: [Schernatin:: files " sch, * paimsch) j Caricelar

ik

© 2024 Power Smart Control S.L.



322 SmartCtrl User's Guide

In the first step the user will be asked to select the path and the name of the PSIM file in
which the schematic will be inserted. If the file has not already been created, a new PSIM

file will be created with the name provided by the user.

+ i eampe w | & Buscar en emmgle P
Deganizar = Hures capeta E- O @
— Mombie : Fecha demaddice.  Tips
: Encltaein Pivgein EMEMERID CHnEiBe 2on €l cribind de st
L Stio ecuenter
B Descargas
adly Gropo en el bogar
W Eate equps
S Red
T ¥
Hogbes [P w| Schematic fe [ puimach, "¢ v
e Cancely
=

In the next step, the user will be asked to choose between different options:

- Regulstor exparting way -
¥ [Components [R1, C1.... are given]
" 3 domain cosffichents

" z domain cosfficients

™ Power stage and sensors

I Instiad conditions
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Compensator exporting way

Components (R1, C1, ... are given): the schematic and parameters of the compensator will

be exported with an analog implementation (Operational amplifier and passive components)

like in the following example.

[ Fle £ vew Sworam Bements Seate Optiors Ubbtes Window Heb
D= &)

-5 X

|| |@] | x| 2] 2|ofOf] AlLlL(o] W e

Type=3 controller =
C3

From current SsRsor 1 . =)
(with current sSensor A 1 v

gain set to.l)

To switch
controller

Veef

Fuamstor fla 1 Vel

|

M [nin ed Sefirgpreilsotochrited]_prmiid |

B = 7 B0 by
Blw ] T

3 LT, B P
o LN OO

|4} | Llj

+ ||| B @ | 4] 9ol BB ¢le/e[ee] >+ B8R

s-domain coefficients: the schematic and parameters of the compensator will be exported in
the form of PSIM control blocks, like in the following example.
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[l Fie Edt vew Suborost Elements Smuste Optiors LRities Window Help _ & x
D|@|Q|S| ||| |@ «|x]| 2[4 sle(Bfs /lRlS|0] B> M)
| 1-|
Type-3 controller
. Ta switch s
-+ control ler
Egain .
E;E faw [~ From power
— ;:i 1,.'.::.,!,;..:1\ L circuit voltage
) e — Hm :-?
' 1
s 4
'h -
Parasnster e LIBJ é
Hare [EOH R
Fis |3 and Settngnireilsorboncjurntitied]_paramditet | i
Frar= iR il =
Rl TR T 0N
[T
=25
[ 2. 225m
Primi PRSI
fri=1 PRSI
fod = X B8 e
Fedm B8 BHE

L j o

$o| | B E @l 4] @ole BB o[¢|¢|¢0 >+ B89l

z-domain coefficients: the schematic and parameters of the compensator will be exported in
the form of a z-domain transfer function. Therefore it is necessary to configure the "Digital
Settings" before selecting the z-domain format for exportation to PSIM. Besides the z-
domain transfer function that represents the digital compensator, additional blocks are

added:
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Time-delay block: it represents the accumulated delay of the control loop minus the

time delay corresponding to the modulator, i.e., the ADC delay and the calculations

delay.

Limiter before the comparator of the modulator which ensures that the duty cycle is
at least lower than 97%.

Note 1: when the selected sensor is "Embedded V.div." the schematic is not exported to
PSIM, because this sensor is especially oriented to the analog implementation with

components.

Note 2: Currently, in the case of the peak current mode control, the only available option to
export the compensator is the "components" one, the s-domain and z- domain are not

available yet.

Power stage and sensors

The schematic and parameters of the power stage and the sensors will be exported.
Initial conditions

The mitial voltage across the output capacitor and the initial current through the inductor

will be exported. This way the mitial transient of the simulation can be reduced.

Export to PSIM (parameters file) @
Only the text file with the necessary parameters will be exported to a PSIM schematic previously
generated. Similarly to the previous option, SmartCtrl will ask the designer to select the path of the

PSIM schematic to which the parameters file must be exported. Then the designer will have to
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1.15.1.3

select the exporting options (compensator exporting way, power stage and sensors and initial

conditions).

@

Once one of the previously described options has been configured, only the updating of the existing

Update parameters file

parameter file is needed. When the designer clicks, the previously inserted parameter file will be

updated automatically.

Export transient responses

Navigation: SmartCtrl > Import and Export > Export >

Export transient responses Previous Top Next

SmartCtrl provides three different exporting options which are available under the export item of
the File Menu. The third of the exporting options is "export transient functions" which export any
of the available transient responses to a file.

| File | Design  Options  View Tools Warehouse Window Help
New = v B E&EES O0TE
Mew and initial dislog H -5 ¥ |fmim im | 5 | & [] EF:
Open... Ctrl+ 0
Open sample designs...
Open default
Clase
Save Ciri+5
Save As...

G, T [dB) vs heguency

Open ta files...

Import (merge)... Crel+E H
Export ¥ To PSIM

Generate report 4 Transfer functions L

Print preview k Transient responses L
Print * Wave forms »

Printer Setup... Giobal... Ctel+ G

Inner loop k

1 CAlsers\...\Control].tro
2 Chlisers\..\Controfl.tro

Lime Current

rilefnal Compensator output..

[Exit
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This option is also available through right click on the transient response graphic panel The
corresponding dialogue box is displayed below. It shows the transient response to be exported as
well as the following parameters:

Time shift The user is able to set a customized time shift (in seconds) if necessary,
and the transient response will be translated accordingly along the
time axis.

N. of points SmartCtrl shows the total number of points of the graph.

to be

exported

Print step Its default value is 1 and it means that every data point will be exported to

the file. If it is 4, only one out of 4 points will be saved. This helps to
reduce the size of the resultant file. The two buttons placed at both
sides of the pint step box allow to increase (x2) or decrease (/2) the
print step easily.

Transient to be exported H
=2 £
3 e ehaierecy tep
3304
£k i
3302
=k 1)}
a =
a Slu 100u 150w
Burad pz |
Timee: shif't {sec)
om Funchion will be iranslated slong bme axs Sooordnghy.
Fasrbed of poants i be Saper bed
Prnt siep
512 i2 1 11'
speiy e | e |[C |

Click Apply to update the parameters and OK to continue. At this point, the program will ask you
the name and location of the file.
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1.15.1.4 Export global
Navigation: SmartCtrl > Import and Export > Export >

Export global Previous Top Next

From the File menu it is possible to select Export Global.

E Design  Options  View Tools Warehouse Window Help
New CtrisN | v H & &
New and initial dialog = -
Open... Ctrl+0

«

Open sample designs...

Open default

2. T [dB] ws frequency

Close
Save Ctrl+5

Save fs..,

Open tu files... """"""""""""""""""""""""""""

Import {merge)... Ctrl+E :
Export J To PSIM k

3 .
SEEmiEEIE Transfer functions r

Print preview J Transient responses J
Print k Wave forms k

Printer Setup...

Global... Ctrl+G
[

This option allows the user to export to text files different information regarding the design.
Depending on the selected information, the text files will have different names, shown below the
corresponding check boxes.
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~Input and Qutput data
W Outerboop [ Innes loop Output current [T Input volbage

vee_LoOP. bt o _Innerloop. bt A L o _TrEmsWing, bet

Transference functions
I G(s) Plant ™ GLvis)
¥ Kis) Sensor I™ GLio(s)
W Afs) Cirl. to output without comp. I GDvi(s)
¥ KR(5) Sensor-Compensator

¥ Ri(s) Compensator

¥ Tis) Control to output
¥ CL{s) Reference to output

Checkal | Unchedkal

W Outerboop [ Innes loop

e _TF. et o _Irnes TF. bt

It is possible to export the following information:

Input and output data of the design.
Transients: time (s) and magnitude (V or A) of a transient step.

Transference functions: frequency (Hz), magnitude (dB) and phase (deg) of the basic transfer
functions.

Additional transfer functions: frequency (Hz), magnitude and phase (deg) of additional transfer
functions, like audiosusceptibility, impedances, etc.

The designer is asked to configure the file format for the transference functions, like in Export

transfer functions.
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Finally, the user is asked for the path to save the file/s.

1.15.1.5 Export waveforms
Navigation: SmartCtrl > Import and Export > Export >

Export waveforms Previous Top Next

SmartCtrl provides three different exporting options which are available under the export item of
the File Menu. The third of the exporting options is export waveforms.

&) smartCtrl - Control1
File | Design View Tools Warehouse Window Help K | Kplus | Manual|
plus | Manual

New Ctri+N BEEREBE R AMTEE x
T o Zor t Lz e 7 z| 2563

New and initial dialog b | o g | & b1 b w %o

Open.. Ctris0
=

Open sample designs... B8 HoR == _— 125k

Open default Biidges diferential volages v time —

=S| g =
0 20u |1 _Ji i

Tl vs Tideg)
Close

VI1V). V22v)

Save Ctrl+S

u
Save As... Time (sec)

Inductor current vs time

Open txt files...

13}

Import (merge)... Ctri+E A0
Export > To PSIM >

Generate report > to FPGA Phase margin vs Cross frequency

vav

Print preview > Transfer functions >
Print > Gmed... o
Printer Setup... Transient responses b S—

Waveforms... Car

12_Designing_digital_control_in_z_domain.tro

Ctrl+G

Phase margin
3
8

2 vloop_non-ideal.tro Global...
3 DigDgn_Current.tro Lin -

4Speed_loop_SmartCtrl.tro e

Carf¥), Mod(V)
o

output

5 caja la vida es bella.pdf 7307

0 | 1 10 100 1k 10k 100k ™

Cross frequency(Hz)

6 Boost converter - double loop - |_diode feedback (3).tro
7 iout_non-ideal.tro 20.05]
8 C:\Users\..\2Vloop.tro

9 Ci\Users\..\Gjemploitro 12050 40" 50 100 uT50 200 U250 300 U350 4 A0HG0 u
10 laptop_charger_SmartCtr.tro ]

Exit Exit i

fe(Hz) = 125k PhM(") = 50 A

rase shift
=

o 5

R

Any of the waveforms available can be exported to a .txt file. To do that, the designer must select
the signal to be exported within the available list and set the options of the file in the corresponding
dialogue box.
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| @ smartCurl - Control1 -~ o > Method
File Design View Tools Warehouse Help
[ > &) v v vg = K | Kplus | Manual |
Dhess B ks ERBREEBEE Y ODT@E PO
= i i S e G :
9 T T a7 | 87 74 || 8P A | e mofo |25 ® & 2 e |l b 8 ] S 3 S G S Z0 il enia I 2553
. [e®]=]
= o 125K
Biidges diferential vokages vs time i )
- G, T (0B) vs frequency l [Tls Tideal I & 1og 2 = 4
Export temporal functions X -1‘Eﬁg ; PhM[") 50
0 0u Wu e
100 T 1 T ) ]
o Waveforn to export | seect i
3 R
g — et cecond com VI(V) - Bridge 1 differential voltage —— L
: V22(V) - Bridge 2 differential volt —:I
= e b | (V) - Bridge 2 differential voltage d
IL(A) - Inductor current
-50) T Number of points | 100 V2(V) - Bridge 2 output voltage
fase margin vs Cross frequency
g 70 1k 1ok g Tmeshifted O LOLginductogvoligs
Ipri(A) - Primary winding current
Frequency (Hz) - =
o=y (R VLm(V) - Magnetizing voltage
ILm(A) - Magnetizing current
G T (deg) v frequency 0
0 Isec(A) - Secondary winding current T 1 ;
lload(A) - To-the-load current
50) T = x| VdsQ1(V) - Drain-to-source voltage of Q1
g L — ~  1Q(A) - Drin current of Q1
R s I v | i Mt o
= ¢ VdsQS(V) - Drain-to-source voltage of Q5
= \/ ’ . 100 1k 10k 10k 1M
150 | 12008 IQ5(A) - Drain current of Q5 e —
180" Carr(V) - Carrier signal
120 Mod(V) - Modulating signal
T 100 Tk 10k 100k 1M 50u0 504 100150 4200 u250 4300 U350 ud
Phase shift - Phase shift
Frequency (Hz) Time(s) 1
LA 1

Exit
{Ready ) ) ) felHz) = 125k PhM() = 50 A —I

The addressed file is formed by two columns containing the time in seconds and the current/voltage
mstantaneous value, respectively.

The file options and characteristics are described below:

Inductor voltage exporting parameters n

First calumn Second column

File header I time I e

Mumber of points I 100
Time shift (sec) I 0

Data separated by I tabs ﬂ

Set defaults | Help

File Header It contains the name of the two columns of the
file.

Number of points Number of points to be saved in the file

Time shift (sec) The user is able to set a customized time shift
(in seconds) if necessary, and the transient
response will be translated accordingly along the
time axis.
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Data separated by: tabs
spaces
commas

1.15.1.6 Export to FPGA
Navigation: SmartCtrl > Import and Export > Export >

Export to FPGA Previous Top Next

When a digital compensator has been designed, it can be directly exported to an FPGA by clicking

on File Export -to FPGA (Shift+a).

© 2024 Power Smart Control S.L.



SmartCtrl 333
2] SmartCtd - [Controll
| w Design  Options  View Tools Warehouse Window Help
U New N (REEBE M9 OMTIE B ¢
e H oL oL [

Mew and initial dialog & G Zp
Open... Ctrl+0

q

— Open sample designs...
Open default
Close
Save Ctrl+5
Save As...
Open t files... 1
Import (merge)... Ctrl+E | /
Export 3 To PSIM 2
Generate report 4 to FPGA.. Shift+A
Print preview 4 Transfer functions 2
Print 3 Gmod...
Printer Setup... Transient responses 3

Wave forms 2

1 Error limites de frecuencia.tro

2 Fallo exportacion digital.tro

3 Barrido activado tras digitalizar el control que ya era digital xD.tro
4 Barrido desactivado.tro

5 Valor estatico Vref.tro

& Controll.tro

7 Controll tro

& Controll.tro

9 P9 Trailing Mal.tro

10 P9 Leading QK.tro

Exit

Global...

Line current...

Internal compensator output...

Ctrl+G

100k

(7

| | | VHH

When clicking on it, a new window will appear:

40.045

5.t[s) = 203036 m
Tls)=3.97331 u
40.04 B yw(Hz) = 125555 k

F o lH=1 = A90 ROA

~
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Export to FPGA

{* Digital compensator

(" Reference step

" Input voltage (single step)
(" Input voltage (pulse train)
" Qutput current (single step)

" Qutput current (pulse train)

Stop control |

com 1] Port (com1, com2,...)

Mumerator: b0.s"2 +bl.s + b2
b0 = 132.95539%
b1 =-255.56361
b2 =123.77198

Denominator: al.s*2 +al.s +a2

al =1
al =-1
az =0

feamp = 200000 Hz
Vo =40V

Help | Expart |

Cancel |

The options on this window are (the window will change explaining every selected option):

*Port: PC port at which the FPGA is connected.

*Digital compensator: just the compensator is exported to the FPGA.

*Reference step: a step is done in the reference value, defined as a percentage.

[nput voltage (single step): a step is done in the input voltage, from 100% to 78%, defined by

its time duration.

Input voltage (pulse train): several steps are done in the input voltage, from 100% to 78%, set

by the frequency of these pulses (1/period), the duty cycle and the number of pulses.

*Output current (single step): a step is done in the output current, from I max to I min, set by

its duration.
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*Output current (pulse train): several steps are done in the output current, set by the frequency

of these pulses (1/period), the duty cycle and the number of pulses.

Once the option is selected, it can be exported to the board by means of the export button, and it

can be stopped with the Stop Control icon.

1.15.2 Import (Merge)

Navigation: SmartCtrl > Import and Export >

Import (Merge) Previous Top Next

Import (Merge) data of another file with the data of the existing file for display. The curves of
these two files will be combined. The Merge function is available within the File Menu and through

]
click on . Itis oriented to the comparison of frequency response curves (Bode plots).

The file to be merged with the current one can be either a .tro file, a .txt file or a .fra. This is, the
comparison of the current file results can be compared with the results previously saved by the
SmartCtrl Program, with any transfer function saved in a .txt format or with a PSIM frequency AC
analysis, respectively.

Neither the .tro file or the .fra file need to be formatted in order to be used by the merge function.
However, if a .txt file is going to be used the following considerations must be taken into account:

The file must be organized in three columns (from left to right)
First column corresponds to the frequency values
Second column correspond to the module in dB
Third column correspond to the phase in degrees
The first line of the file corresponds to the columns headings
The next steps will guide you to add, modify or delete transfer functions to/from the comparison,

either from a .tro file or a .txt file.

1. Merge

]
You can select the Merge function both from the File Menu or through left click on from
the main toolbar.
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Funchons

Functions to be merged

Type | Cosnenend

| Path

a4

i

i

!

s

Heb  Lacel | g

2. Available actions

You can choose among the following available actions:

Add
Modify

Delete
Delete all

Apply
OK

Cancel

Help

Adds a new transfer function to the comparison

Modify the settings of a previously added
transfer function (change color, file of origin...)

Deletes the selected function
Delete all the functions
Apply the current settings

Apply the current settings and close the merge
window

Close the Merge window but don't apply any
change

Display the help window
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Navigation: SmartCtrl > Import and Export > Import (Merge) >

Add Function

Previous Top Next

The Add function to merge allows the user to add a new transfer function to the comparison

1. Select the Function Type

Add function E Where:
7 Furction bps N Losd hunction fom .
o - G(s)Plant Transfer Function
) vt | _teste | _pun |
. e K(s) Sensor Transfer
[ .
o oy | Function
© Am  ReE
KRN E [ Foqii] wedd)[  Prasel)] A(s)=G(s)*K(s)
& [T 1)
- an T R(s) Regulator Transfer
L P Function
-
Furscion cokr S K(s)*R(s)
N _Sekt. | T(s)=A(s)*R(s) Open loop
transfer function
Hep
Concel | o | CL(s) Closed loop transfer
function
2. Select the color
Add function
Furclion bigss Lised Furction fiom
©an " ko e Tend e Pathe
[l -
a0 Digital |
R C Rl
 KyTR 8 | FegHz]  Modid@®)|  Phase]]
= T = T
con | com ( =
G
- HOEOEEEN
. s B[ o Cancal
\q
Help | T
Goncel | o |

3. Load function from .tro or .txt file

Load function from either a .tro file or a text file (.txt)
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1 LLoad haichon from

wofle | Teams | Pase |

|
Ll # | FieqHz)|  ModidB)|  Phael)]|

4. OK
And the transfer function will be added to the module and phase panels of the Bode Plots

 Load funchion from

‘wofie | Iesde |  Paue |

8 | FreqHz)| MWoddh)| Phase(]|

1.15.2.2 Modify Function
Navigation: SmartCtrl > Import and Export > Import (Merge) >

— I i

Modify Function Previous Top Next

The Modify function allows the user to Modify the settings of a previously merged transfer function
(change color, file of origin...)
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1. Select the Function to be modified

2. Click on the M odify button

3. Modify settings
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Modify function El

Furschon bapa Lo hanctson hom
=GN mofie | Iethe |  Pae |
(T -
AN Digtdl [ oo\ CartonPracscas Deshtogmnarpls\AL_S . .
© Ry £ B The user is able to modify the
KR B[ Feqhiz)] ModcB)|  Frase() following parameters:

) N i el 0LEE  Awm®E
* i T 4 5 TSeM WER AW Load a new file

[ EETes04 045 17560
a1 ol =F ] £ 7530004 B8 M7 Change the trace color
© Gensde 8 IHn0E 87 1o However, if the user modifies
S : = the function type, a new file
R
u me e must be loaded
Help

Cocel | [ x|

116 Design Methods

Navigation: SmartCtrl >

Design Methods Previous Top Next

The design method box is enabled or disabled by clicking on the < icon of the View Toolbar.
The design method box includes the following utilities:
Design method tags

Each tag correspond to one of the three different design methods available for the regulator
calculation, this is:

K-method
K plus method
Manual

Attenuation at switching fre quency

This output box displays the attenuation achieved by the open loop transfer function at the
switching frequency.

Solutions map
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Based on the selected plant, sensor and type of regulator, the solutions map provides an
estimation if the stable solutions space that lead to stable solutions. The two parameters involved
are represented as PM vs frequency.

Method [EJ
[ R]xm|um|]‘_ Available Design
. Iiiﬁf Mﬂhﬁﬂ&

[ Atteraastion (2] ()

W}fmmmatmmw

@.._mmmgm
| o] ] e

Two change the considered cross frequency and the phase margin, the designer can either change

their values in the white-coloured boxes, use the sliders or just click on a different point within the
solutions map.

1.16.1 K-factor method

Navigation: SmartCtrl > Design Methods >

K-factor method Previous Top Next

The K factor allow the designer to choose a particular open loop cross-over frequency and
phase margin, and then determine the necessary component values to achieve these results. In
SmartCtrl, the regulator component values are displayed within the results text panel.

The two input parameters of the K factor (f o PM) can be easily changed in the K method tag of
the design method box.
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Method [EI
E | Kphiz | Manual |
K 1,558
iefHz] | 143k
|
e 45
_Ji

They can be also modified by clicking on the solutions map and the K method will recalculate the
regulator to fit the new values. Remember that the stable solutions area is the white one.

Soluticen map contred g
Fhagem inapipes i Dol Bmusrely
230
f o
:_- L=
S "
'__-_-__-_W_-“ k 0k o -
""" oo

In SmartCitrl it is possible to use the K method for both, the Type 2 and Type 3 regulators.

K factor for Type 3 regulator

A Type 3 regulator is formed by two zeroes, two poles and a low frequency pole. When a Type 3
regulator is chosen, the K factor method assumes that a double pole and a double zero must be
placed to design the compensator.

I
The double zero is placed at V¥ frequency

fVK

The double pole is placed at frequency

Where K is defined as the ratio of the double pole frequency to the double zero frequency and the
frequency f'is the geometric mean between the frequency of the double zero and the frequency of
the double pole.

So, the maximum open loop phase boost is achieved at frequency f, and it is assumed that the
regulator is designed so that the open loop cross-over occurs at frequency f also.

K factor for Type 2 regulator

A Type 2 regulator is formed by a single zero, a single pole and a low frequency pole. When a
Type 2 regulator is selected the pole and the zero are placed as follows:
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£
The zero is placed at ¥

The pole is placed at fE

Where the K factor is defined as the square root of the ratio of the pole frequency to the zero
frequency and f'is the geometric mean of the zero frequency and the pole frequency.

The maximum phase boost from the zero-pole pair occurs at frequency f, and it is assumed that the
regulator is designed so that the open loop cross-over occurs at frequency f also.

1.16.2 Kplus method
Navigation: SmartCtrl > Design Methods >

Kplus method Previous Top Next

The Kplus method is based on the K-factor and the inputs are the same:

The desired cross-over frequency (f C)

The target phase margin (PM)

However, unlike K-factor method, cross-over frequency is no longer the geometric mean of the
zeroes and the poles frequencies.

The Kplus method provides an additional design freedom degree with respect to the conventional
Kfactor method, since the Kplus method places the double zero frequency fz a factor a below

f (JI:r i %) and the poles a factor B above f (";rx - JIFf'ﬁ)
Cross p Cross :
Where a is set from f and phase margin. This parameter allows the designer to select the

Cross
exact frequency in which the zeroes will be placed. After that, f is automatically calculated.

The additional degree of freedom obtained with Kplus can be used as follows:
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1.16.3

If 0. is set to be lower than K (from the K-factor method), higher gain at low frequencies
but less attenuation at switching frequency (f, sw) are obtained.

On the contrary, if a is set higher than K (from the K-factor method), the control loop has
less gain at low frequency but more attenuation at f S It should be remarked that the

phase margin is the same in all cases.
When a is equal to K, both methods are equivalent.

Therefore, the Kplus method can be used to improve the overall performance of the control loop in
those cases where a slightly larger high frequency ripple could be admitted at the input of the
PWM modulator.

In the same way as the K method, when the Kplus tag is selected, the user can easily change the
mput parameters, phase margin and cross-over frequency And also an additional parameter, Kplus,
which corresponds to the aforementioned o factor.

Method B
K Kphe | Manual |

Kok | 15
_Ji

etz | 143103 k
I

Pl 45
—e_

They can also be modified by clicking on the solutions map and the Kplus method will recalculate
the regulator to fit the new values. Remember that the stable solutions area is the white one.

Manual

Navigation: SmartCtrl > Design Methods >

Manual Previous Top Next

This method allows placing poles and zeroes independently from each other. It is used when
the designer would like to refine the results obtained from the K and Kplus methods or when these
automatic methods do not provide a valid solution.

The manual method is provided for both the type 3 and type 2 regulators. Their poles and zeroes
frequencies can be varied by directly dragging and dropping them in the Bode plots.

Or typing the frequencies of poles and zeroes in corresponding input boxes of the design methods
box.
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In the case of a Type 3 regulator, the designer can

Method [l adjust the frequency values of:
K| Kpus Moo | The two zeroes,
iz1Mz] [ w3as The two poles
wamy | 28 And the low frequency pole
piHz) | 223584k In the case of a Type 2 regulator, the available
wopis | 22K frequencies are:
; a0 The zero
- The pole

And the low frequency pole

1.16.4 Pltuning
Navigation: SmartCtrl > Design Methods >

PI tuning Previous Top Next

With the PI tuning method the input parameters that can be modified are:
Phase margin & Cross-over frequency
Selecting the option "Edit Kp and Ti" directly adjust the PI compensator parameters (NEW in
version 5.0).
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Method n

Pl tuning |
Iv Edit Kp and Ti
folHz) | 33.7119k
|
L
-
<
K |3u. 307
-1
<l
i
Attenuation [fsw) (dB)

[»] Hep| Eat |
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When selecting the Phase margin & cross-over frequency SmartCtrl calculates the both the

347

proportional (Kp) and integral (Kint) gains and shows them in the corresponding output boxes.

Method [EJ
Pl tuning ]
fefHz) 101.41
1
PRM() 102674
]

| 20
Kp 51 .'E".."i m

Altenuation [fsw] [dE)

[-zﬁ.sdsa

5[ ]

| Heb| Eat |

The same as in the other automatic calculation methods, the phase margin and cross-over

.
> | Kp and Ti Solution Map Control

I Solution map. control

frequency can be set directly by clicking in the solutions map.

Additionally, there is a Kp and Ti Solution Map that allows the tuning of the PI regulator by

directly tuning its parameters Kp and Ti.
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A Proportional Integral controller (PI) is defined by the following transfer function:

, .r:15 the Gain of the PI controller.
G(s)=Kp LTI \hgrel 7118 The ‘
Tis 1?::15 the time constant of the PI controller. in seconds.

The constant time Ti is located on the x-axis of the graphic and the gain Kp is placed on the y-axis.
Any change will involve an instantaneous update of the rest of the windows of the graphic panel,
as well as in the solution map.

Kp and Ti solution map control B Selution map cantrel [« ]
Pham megn wi Cnots squercy
EpwsTi 200y .l
10k
1k =
B
100 E
2 M d
1 |
100 m 2 |
1EI'I'I - 1 w 1m 1% 10k 100 & iIN
iy 100w im Wm  100m 1 0 S
Tils
Eat |

Every point in the recommended area of the Solution Map box has an equivalent point in the Kp
and Ti Solution Map control box, which is also expected to be stable. However, several points of
the Kp and Ti Solution Map control box might correspond to an unique point in the Solution

Map.

Since there many possible combinations of Kp and Ti that lead to a compensator with the same
dynamic performance, some areas of the Kp and Ti Solution Map control box have been colored
in order to avoid a complex definition of the relationship between points of the Kp and Ti Solution
Map control box and Selution M ap box.

The recommended design space corresponds to the white area in between the green and the blue
lines. These lines represent the limits of the set of Kp and Ti variables that correspond to feasible
PI regulators. The rest of colored regions represent a weighted average of gain margin, phase
margin and attenuation. Red region has to be avoided. Yellow and pink area in between the green
and the blue lines correspond to feasible compensator which attenuation at switching frequency is
higher than 0 dB.

© 2024 Power Smart Control S.L.



SmartCtrl 349

1.16.5 Single Pole tuning

1.16.6

Navigation: SmartCtrl > Design Methods >

Single Pole tuning Previous Top Next

The I tuning method is the equivalent of the manual method but for integral regulators.

The simple integrator is formed by a single pole, which frequency must be selected by the designer.
Given this frequency, the associated phase margin is automatically calculated by the program.

Method B

Single pole luning |
] 10,0702

P 47200
=1

The solutions map of an integrator is a single line that represents the addition of 90° to the open loop
without regulator transfer function. So, the designer can also determine the cross-over frequency
by clicking in the solutions map, the same way as in the other design methods.

Method box
Navigation: SmartCtrl > Design Methods >

Method box Previous Top Next

In any mode when the user selects a customized compensator using the Equation Editor, the
solutions map is not available.

The alternative to check the system response and stability using the graphic panels is the method
box that will allow to modify the compensator parameter value with the sliders.
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Methed [ x |

// PI (Compensator)
Fp = 15 m
Ti = 300 u
R=FKp * (1 + s*Ti) / (s*Ti)
return R
Parameter Value < folHz)
IKp | | 15m |29.usu3
— | PhM(=)
= |93.ua33
I | |300u MG(dB)
— | 229415
Att(dE)

|—38.8895

Help

1.17 Parametric Sweep

Navigation: SmartCtrl >

Parametric Sweep Previous Top Next

The parametric sweep can be accessed either through the Design Menu or the View Toolbar
icons. The SmartCtrl program distinguish among two different parametric sweeps:

Input Parameters Parametric Sweep E I

It allows the variation of all the input parameters of the system. These are:
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General Data
Plant

Sensor
Regulator

i

It allows the variation of the component values of the compensator. This is, the resistances an
capacitances values that conform the regulator.

Compensator Components Parametric Sweep

1.17.1 Input parameters parametric Sweep

Navigation: SmartCtrl > Parametric Sweep >

Input Parameters Parametric Sweep Previous Top Next

To access the input parameters parametric sweep the user can either click must click on the

button E L, placed within the View toolbar or through the Design Menu > Parametric Sweep
> Input parameters.

The functions available within the input parameters parametric sweep are the following:

Loop to be Select which loop would you like to modify. This option is only available in
the case of a double loop design, where
the designer can select amongst the inner
loop or the outer loop

When this box is selected, the regulator is recalculated for each new set of
parameters along the parametric sweep.
If it is not selected, the regulator is fixed
to the last one calculated

Tick box
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Loop to be Select which loop results would you like to display. This option is only
available in the case of a double loop
design, where the designer can select
amongst the mner loop or the outer loop.

Tag "General Data" The parameters to be varied are related to the open loop

parameters. The designer is asked to provide a range of variation.
The available parameters are:

Parametric sweep “
ILoop bo b macchifesd Lo o be shown
[Grghe boop =] [Grgeken =l
™ Cabcidate comparator
r
Geraral data | Flant | Sensor | Compenzator |

Vs M M
% Crogs e[ | 10,41 | 508 l 152115
= PhM[7] | 102 674 | 51.337 I 15.0m

I=|

Book Helo i |
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Tag "Plant"

Tag "Sensor"

The parameters available for variation are related to the plant
nput parameters. The user must introduce a minimum and a
maximum value for the variable selected, in order to provide its
range of variation. Only one parameter can be varied at a time

Paramietric sweep
Lioop b e modind Lieofy by et sl
B Eeed x| [ ken |
[T Caboulabn comperaba
-
Geneial s Flant | Seraos | Compenstor |
[ Eruch. [voltage e corbicked]
Walse Mraram LEE T
& Yinl) [ T B[ 8
= RLOhms) [ e |
T IUH) | Eu | T
' Reflh] | T ™ |
= OF [ i
Vol | [ | =
T Faiwl | 25 | 1.5 [
T el G =Tl
Bork Help ance || gk |

The parameters of the sensor selected for the current design will
be available for variation. For instance, in the case of the voltage
divider the parameter to be varied in the voltage divider is its
voltage gain (Vre f/V O). And in the case of the Hall effect

sensorof there are two available parameters: its gain at 0Hz and

the pole frequency.
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Lo b by rrscclifncd Lot b b ey

gt <] et
[T Calculste comperaaston

r_ ke dsts mne ompend ol

Gienesal dats | Plard  Senuor | Compensatas |

=l

[ Woltage drvider

Ve Mrmes  Haime
« Gan R D]

Lioeog b e e Liosap by e e

T =] [rge e =l
[ Coleulaty comparster

r’ Csloulats inner compensshar

Giorweiad dats | Flara Soruos | Compensater |
| Hal slieck senuct

Value M Masmum
# i [ o= [ 1&m [ imm
" iphaliz] | ETT =06 | TG

Tag "Compensator"

The parameters available correspond to the modulator gain and
the Resistance R11.
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Parametnic sweep
Luseg 12 bt rachlvend Lo Iy bt thrers
[Sirgie focn =] [Frdelop =]
[T Cabculabe comgent ot
I

Generdlchata | Plart | Sensor Compensates |

A

Wahan Hramam M imaraam
0 Gmod | D0 m | 200 m | il
T A1 |' ik | L |
wov | Hew | Coced || ok

1.17.2 Compensator Components Parametric Sweep

Navigation: SmartCtrl > Parametric Sweep >

Compensator Components

Parametric Sweep

Previous Top Next

To access the compensator components parametric sweep the user can either click on the

E

button

R placed within the view toolbar or through the Design Menu > Parametric Sweep

> Compensator components.

The compensator components parametric sweep is oriented to the variation of the resistances an
capacitances values that conform the compensator. For instance, in the figure below a parametric
sweep window for a type 2 is shown.
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Type 2 compensator parametric sweep “

C3
e
c2

]

R2

Ri1

E- { Vref
o Clk Remp

v ahee Mirinmum M acarmum

& R2(Ohmg) |3E1808k  [4ES447R [B3817k
2 [48575n 278860 |41.829n
= [sse86n  [4a7088n  [67.0832n
Set sweep ranges to & |20% -
| Hep | Cancel
1.17.3 Source code parametric sweep
Navigation: SmartCtrl > Parametric Sweep >
Source code Parameters sweep Previous Top Next

j

To access the source code parametric sweep the user can either click on the button i placed

within the view toolbar or through the Data Menu > Parametric Sweep >Source code variables.

This option is only available when the design of the topology has been done with equation editor.

To enable the sweep, first select the variable in the source code and then click on button marked in

next picture ("Enable sweeping according to the parameter selected"):
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Source code parametric sweep >

* Plant " Sensor

Editor... |
Source code

Buck (Power stage)
E = 4.35¢
L=30mu
C = 160 u
@: 32.591%e
JF Plant transfer function
Gd = Vin / (L*C¥*z*z 4+ (L/R)*z + 1)

return &d

Enable sweeping according to the parameter selected Apply source code

™ calolate compensator

Parameter

Maimum value

Value Set this value |

Minimurm value

1]

()4 Modify values manually |

:=-| Cancel | Reset to initial values | Help

Then with the left scroll, the user can change the value of the variable between the maximum and
minimum selected. The changes produced by these variations are shown automatically in the design

window.
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Source code parametric sweep

return &d

% plant " Sensor
Editar... |

Source code

// Buck (Power stage)

E = 4,356

L = 30e-6

C = 1la0e-6

- 12

// Plant transfer function

Gd = Vin / [ L*C#=#%= + (L/R)*= + 1)

| Enable sweeping according to the parameter selected I Apply source code

[ caloulate compensator

Parameter

120 Maximum value

12 Value Set this value |

.2 Minimum value

1T

Ok

= | Cancel

Maodify values manually |

Reset to initial values | Help

Maximum and minimum margins can be changed as shown in next picture:
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Enable sweeping according to the paramsd’ New range and value @
| Caloulate compensator
- | 120 Maximum value
Vin Parameter
| 12 Value

120 Maximum value

| 1.2 Minimum value
12 Value Set this value
1.2 Minimum value
K, | Cancel

Modify values manually

s

Ok

Cancel | Reset to initial values | Help |

Once a value is selected, the source code can be modified by clicking on Apply Source Code.

1.18 Digital Control

Navigation: SmartCtrl >

Digital Control Previous Top Next

The digital control module of SmartCtrl allows the calculation of the coefficients of digital
compensators in order to be implemented by means of digital devices (as specific hardware in

FPGA or ASIC, or as a program in a microprocessor, microcontroller or DSP).

Digital compensators are obtained directly in z-domain, and can be exported to PSIM using z-
domain blocks. SmartCtrl takes into account some specifications regarding both the controller and

the ADC, which are explained below.
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PID digital

PID
Digital
Compensator

o} ¥

Vref_Digital

— DPWM

*
~ ADC — Digital compensator coeffidents format —
g g ' Floating paint
Vmax(v) 5 QLY
Mbits I 12
Fsamp{Hz) 250k
tsync(s) 4u

Vref_Digital | 2048 k Vref{‘i}l 2.5

Type ILeading edge vI
Nsteps I 4,086 k

DPFwWh counter, Duty cycle

Timing diagram

5000 Esampling d update

3000 3 ; \
1000 \

a Bu 10u 15u
Time(s)

4000

Update | Set defaults |

Help | QK I Cancel |

"ADC and DPWM" option when defining a customer compensator using the Equation Editor:
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Equation digital >
ADC Digital compensator coeffidents format
: W
R (Z ) g g {* Floating paint
— Vmax(v) 5 C oy
| DPWH | + b 12
Mhbits
Vref_Digital :
Fsamp{Hz) 250k

tsync(s) 4u
Duty cyde 0

DPWM
Timing diagram

5000

Type |Leading edge -

fgh Esampling d update
Nsteps 4,096 k = 4000 '

3

= a000

iy

=

§ 2000

g 1000

o I

a Bu 10u 15u
Time(s)

Update | Set defaults ‘ Help ‘ QK | Cancel

ADC panel:
*Vmin(V): minimum voltage the ADC is able to read, used to calculate its gain.
*Vmax(V): maximum voltage the ADC is able to read, used to calculate its gain.

*Nbits: Number of bits of the ADC to represent the analog input value. This number affects the
calculation of the reference, as stated below.

*Fsamp(Hz): Sampling frequency of the digital regulator. The sampling period Tsamp=1/fsamp
is the time between two consecutive samples of the output signal of the regulator.

In many applications, the sampling frequency (fsamp) of the regulator is equal to the switching
frequency (fsw) of the power converter. In SmartCtrl, the user can select different values for
switching and sampling frequency, but the sampling fre quency must be a multiple or

submultiple of the switching fre quency.
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In current loops, the controlled magnitude in the converter has a significant ripple, therefore, it is
recommended to use a Hall Effect sensor that includes a first order low pass filter that can act

as an antialiasing filter.

*Vref Digital: Value of the reference to be followed by the digital compensator, calculated as:

2 NbitsADC

Vrefﬂl.gi.ml. = (ValueToBeSensed - SensorGain — Vipemin) * Vine 7 _
ADcmax — YADCmin

stsync(s): it accounts for the time difference between the moment when a signal is sampled

and when it is used to update the regulator output.

Unlike in an analog controller, where the sensor is continuously measuring and the control signal

is updated at every moment, when a digital compensator is implemented, the instant when a

signal is measured and the instant when a change is seen by the PWM signal are not the same.

Digital compensator coefficients format:

*Floating point: According to the international standard ISO/IEC/IEEE 60559:2011 (with

content identical to IEEE 754-2008).

*QX.Y: Fixed point number is represented with the QX.Y notation, X + Y bits, with X bits to the

left of the fixed point (integer part, sign bit included) and Y bits after the point (fractional part).

DPWM

For the modulator note there are different options according to the waveform:

*Trailing Edge
*Leading Edge
*Triangular

*Ad-hoc, defining Gmod and tdelay(s).
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Analog controller:

As reference, an analog controller time stamp is presented:

— b i !

g 4 mean ‘D’ value

m )y H

h d \\,falu:ﬂj upfiated with the value ‘¢’ value due to the actual

@ sensed justin that moment . . .

S signal value in that precise moment

g

@ // / /

B0 3

C _'_,_,_:—'—'_'—'_‘_-—"—‘—\—\_._\_\_\_ "_'_'___,.,—'—"

'©

| -

l_ B
F

©

c

oo

VI

s B e

o

time

Digital controller:

When implementing a digital controller, some additional parameters are taken into account:

Otgel ay it is the time difference between the moment when the ramp begins and the moment

when a measurement is done (0 if they are the same).

ot digit al’ it is the time needed by the digital system to measure an analog signal, convert it to a

digital value, and make the necessary regulator calculations.

o it is the time difference between the moment when a signal is measured and the

& yne’

moment when that measurement affects the output. This last parameter is the one to be
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mtroduced in SmartCtrl. Here some examples are presented, in order to clarify the selection of

the right tsync parameter, that must be set by the user.

Here, some examples are presented, to ease the understanding of the different times defined.

Digital controller (fsampling < fswitching)

Digital controller (Trailing edge) with t digit al~tontdel ay

Ift delay equals 0, the parameter t sync equals ton, the generic expression would be:

-
™

Trailingedge signal

A lw

ts-:.:-nc =ton— tda!rzy =d- }.-_-_ - tdﬂ:ﬂ_}-‘

‘d’ value updated with the value
sensed at the sampling moment

W

mean ‘D’ value
------- ‘d’ value due to the actual
signal value in that precise moment
— ‘d’ value due to the signal value at
the sampling time

PWM Signal

t delay
t digital

tsync

F 1
k

¥

time

Digital controller (Trailing edge) with t digit al” ton~tdel ay
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This can happen if the digital circuits are not fast enough to make every calculation in the time
between the measurement and the crossing with the sawtooth. In this case, the information taken
does not affect the output until the next period, so t sync takes an extra switching period:

1
tsync =ton— tda!rzy"' T = (1 + d} 'J].-_-___ tda!ﬂy

W

mean ‘D’ value
------- ‘d’ value due to the actual

—_

g — - signal value in that precise moment

@ d’ value up.dated wrch. thn.e value sensed ‘d’ value due to the signal value at

3 at the previous sampling instant the previous sampling instant

[=T4]

ge]

(]

2 /I A

'E e ™ T P "\/V"\f‘

‘©

| .

= .
.| tdigital -
g

F 3

©

c Lyne

a0 N ¥

(7}

= B e

= N

time

Digital controller (fsampling > fswitching)

When sampling at a frequency higher than the switching one (always a multiple), there are 2

possible scenarios:

*Every measurement has enough time to make a change in the output:
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Trailingedge signal

PWM Signal

P

There is enough time to sample and update
the duty cycle more than once every period

- = mean ‘D’ value
------- ‘d’ value due to the actual
signal value in that precise moment
— ‘d’ value due to the signal value at
the sampling time

E{;—_-_.--— K o el el 4 W

syng

“Mean” PWM

—
time

*Only some measurements are able to affect the output signal every switching period.

Trailingedge signal

PWM Signal

P
-

When the signal is sampled again, the Duty Cycle is
already set, so it can’t change until the next period

—~ mean ‘D’ value
------- ‘d’ value due to the actual
signal value in that precise moment
— 'd’ value due to the signal value at
the sampling time

'7-(;.-_-;-——""“7\?'1."'-"— ----------- 7 A i tr o e
| [ )
= >
3
&
T
time
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t_sync is always limited by t digital as the lowest value, and by 1/fsw as the highest (assuming
Ligital < TSW):
I'-|':E|E,E',r|5|':|'zi! = tsyﬂ-c = E

Digital controller (fsampling > fswitching) with set tdigital

Many times. A set t_digital is selected in order to have a better control over its effects. An
example is presented here, usually employed to control inverters:

weue @' Value due to the actual
signal value in that precise moment

=t — —— ‘d’ value due to the signal value at
Eﬂ Imposed t_digital the sampling time
w
] /_J/%
=T}
g
Qo =
oo
£
©
a L
T,D i
\ HE
BE
¥
T E ‘TS tsym:
c
.20
wn
= %
z \
N

time
In this example, a minimum t_digital of one sampling period (1/2 switching period) is imposed, so
tsync will always remain between T_sampling and T switching, depending on the Duty cycle
(higher T sync the higher Duty cycle) in that precise moment:
Teampiing = tsyne <= Tawitching
* In the case of an inverter, where the Duty cycle will vary from 0 to 1 along the sine wave, a
worst-case scenario should be assumed. In this case, a Maximum Duty cycle would give the

highest T sync, so T sync should be set to T switching.
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This time delay (t_sync) affects the actual phase margin obtained with the designed digital
regulator. The delay is a phase that is subtracted to the phase of the open loop transfer function
in the Bode plot. It is recommended to check the effect of the delay in the Bode plot of the open

loop transfer function and in the closed loop transfer function.

PSIM implementation

When exporting a design from SmartCtrl to PSIM, the t delay seen in the figures above is
automatically modelled in two ways (explained in the figures below):
oA time delay block is added, which accounts for t _delay when it is less than 0, that means
a value is measured prior to the beginning of the ramp.
oA phase shift is added to the ramp, so values are measured when the ramp is already

ascending or descending.
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TU F 3

c

oo t delay > 0, accounted for by a negative

$ phase shift in the triangular wave

80

T

]

é l\-*'\-"‘\-* ‘

I

-

= .

.| tdelay

—_—

z

o0 t delay < 0, accounted for by a time

$ delay block prior to the regulator

b0

3 J

)

.E s T 2T i" Y 1 T ———— e —

'©

e

= ‘ .
|. tdelay

When exporting a design from SmartCtrl to PSIM, a time delay block appears in the schematic,
to take into account the different time delays of the control loop (shown in the images below).
This time delay block represents only the time defined as tdelay, since the modulator delay is
included in the behavior of the implemented PWM modulator. User must notice that the
parameter to be entered in SmartCtrl is NOT t delay, but tsync, calculated depending on the

parameters explained above.
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1.18.1 Digital settings

Parame bers |.:_'m |
Trianguiar-wave voltage source
Display
Mame ¥TRI3 r =
¥_peak_tn_peak [vee Cl=l
Frequency Fsw W =
Duty Crde o
DC Offset [ =]
& — =l
Fhase Cielay PhageDelay r = ‘J/

Navigation: SmartCtrl > Digital Control >

Digital settings

Previous Top Next

15
Push in the icon H of the main toolbar to start the calculation of the digital regulators. This option
is enabled after the calculation of an analog regulator. Digital regulators are calculated in SmartCtrl
by discretization of analog regulators using the bilinear or Tustin transformation.

© 2024 Power Smart Control S.L.



SmartCtrl 371

Digital control settings “

[ Calculate digital compenzsatar

Sampling frequency [Hz) 280k

Bits number |1 2
Accumulated delay (2] |4 u

Help | LCancel | ok, |

When starting the calculations of digital regulators, three specific parameters are required: sampling

frequency, bits number and accumulated delay(s).

Sampling frequency. It is the sampling frequency of the digital regulator. The sampling period

Tsamp=1/fsamp is the time between two consecutive samples of the output signal of the regulator.

In many applications, the sampling frequency (fsamp) of the regulator is equal to the switching
frequency (fsw) of the power converter. In SmartCtrl the user can select different values for
switching and sampling frequency, but the sampling frequency must be a multiple or
submultiple of the switching frequency. This parameter is used to calculate the digital regulator

by means of discretization of the analog regulator.

In current loops, the controlled quantity in the converter has a significant ripple. Therefore, it is
recommended to use a Hall Effect sensor that includes a first order low pass filter that can act as

an antialiasing filter.

Bits number. It is the number of bits used to represent the coefficients of the digital compensator
considering a fixed point representation. The obtained coefficients are rounded to the nearest
number that can be represented with the specified number of bits. One bit is used to represent the

sign, and the rest to represent the integer part and the decimal part.
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A low number of bits can result in a digital regulator significantly different from the analog
regulator. It is recommended to check the similarity between the analog and digital regulator. If
analog and digital responses are too much different, especially at low and medium frequencies, it is

recommended to increase the Bits number.

Accumulated delay(s). It represents the total time delay in the control loop (modulator delay,

calculation delay, ADC delay, etc).

This delay affects the actual phase margin obtained with the designed digital regulator. The delay is
a negative phase that is subtracted to the phase of the open loop transfer function in the Bode plot.
As the original (analog) regulator is calculated without considering the time delay, the obtained
phase margin will be lower than the obtained in the analog regulator. This phase margin loss can be

compensated by selecting a higher phase margin in the specification of the analog regulator.

It is recommended to check the effect of the delay in the Bode plot of the open loop transfer
function and the closed loop transfer function. The accumulated delay is not represented in the

Bode plot of the discretized compensator.

Once discretized, the Bode plots of both compensators can be compared, by activating its

representation with the icons that appear in the main toolbar:
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1.18.2 Parametric sweep in digital control

Navigation: SmartCtrl > Digital Control >

Parametric sweep in digital control Previous Top Next

The three specific parameters of digital regulators can be swept: sampling frequency, number of
bits and accumulated time delay.

A warning box informs the user about limit cycling. From the four conditions of limit cycling
referred in the technical literature [1], [2], the two depending only the regulator calculation are
considered.
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Lonog i et iy
ez oo I
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Integral gain and gain margin are evaluated and warning appears in case of non compliance of the
limit cycling conditions [1], [2] . When a warning appears, if the limit cycling effect needs to be
removed, redesign of the regulator needs to be done.

When limit cycling can occur because a too low gain margin, it must be increased. It is suggested
to increase the desired phase margin in order to achieve a higher gain margin.

When limit cycling can occur because a too high integral gain, it is suggested to decrease the
desired cross over frequency in order to need a lower integral gain.
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[1] A.V.Peterchev, S.R.Sanders, Quantization resolution and limit cycling in digitally controlled
PWM converters, IEEE Transactions on Power Electronics, Volume 18, No.1, Jan. 2003, pp.301-
308

[2] H.Peng; D.Maksimovic, A.Prodic, E.Alarcon, Modeling of quantization effects in digitally
controlled DC-DC converters, IEEE PESC 2004, pp.4312-4318.
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1.19 Frequency settings

Navigation: SmartCtrl >

Frequency settings

Previous Top Next

This option is available within the Tools Menu -> Settings.
It allows defining the minimum and maximum frequency of the range to be considered in the
calculation of the Bode plots, solutions map, etc.
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1.20

Settings

Frequency range l Layout ]

| 1 Minimum frequency (Hz)
| 999 k

Maimum frequency (Hz)

Help

Aceptar | Cancelar |

Layout settings

Navigation: SmartCtrl >

Layout settings

Previous Top Next

This option is available within the Tools Menu -> Settings.

It allows the user to define whether or not the graphic and text panels will be restored to their

default size and appearance after the following two actions:
After loading a new document

After any modification on the solutions map

© 2024 Power Smart Control S.L.



SmartCtrl 377

Frequency range  Layout

Organize SmartCil windows automatically after...

v i loading a new documert:

¥ . =olution map modfications and some other actions

Set defaults | Help

Aceptar I Cancelar | Aplicar |

1.21 Warehouse

Navigation: SmartCtrl >

Warehouse Previous Top Next

SmartCtrl provides a wide selection of different components used in the design of power circuits,

called warehouse. This database is available through the next button:

File Design Options View Tools I'Wan:hm.lse Window Help
DS BB

[ @ | [ T
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-

Warehouse

Conductors

Capadtors

Diodes

Mosfets

Core geometries

Core materials

Help
Cancel | oK |

1.21.1 Warehouse components

Navigation: SmartCtrl > Warehouse >

Warehouse components

Warehouse contains information of’

*Conductors
*Capacitors
*Diodes
*MOSFETs
*Core geometries

*Core materials

Previous Top

Once one of these components list is selected, the user can modify the database by adding, deleting

or modifying a specific component or import a new database from an external txt file. It is also

possible to export the current database to a .txt file, with values separated by tabs.

-

&3

Diedes
Hame VFo Rd wp |t gr | v Ifav vrm Al s ™
DSS40-00080 0.05 0.0025 0 0 0 0 ) 8
BATE0A 0 0.00066 0 0 0 0 3 10 -
BATE0S 0 0.0011 o 0 0 0 3 10
DSS20-00158 0.01 0.004 o 0 0 0 20 15
SB320 0.1 0.07 o il 0 0 3 0 = Delete...
1N5820 0.1 0.28 o 0 0 0 3 20
SB520 0.3 0.0072 o 0 o o 5 20 Delete all..
DS525-00258 v} 0.00818 1] 1] ] [} 23 23
BAS300S8 0.14  0.0005 o 0 0 0 0.5 30 Modfy...
BAS30108 0.07  0.00012 o 0 0 0 1 30
B130E3 0.15 0.5 o 0 o 0 1 30
5523 0.2 0.033 0 0 0 0 2 30
00110030 Q 0,05 1] 1] 0 1] 20 30
30510030 0 0.01 o 0 0 0 0 30
BAT165 0.13 0.0088 o 0 0 0 0.5 40 P —
S8340 0.1 0.07 o 0 0 0 3 40
BASSZ 027 00111 o 0 0 0 0.5 45
DSS10-00458 031 0.04667 0 0 0 0 0 45 Add from bt fie...
2206Q045 0 0.01667 o 0 o o 0 45
3550GO045 0.32 0.02 o 0 0 0 35 45 Export o tut fle...
MBR 15H50CT 0.1 1 o 0 0 0 7.5 50 1 ~
GI2401 0.3 1111 o 0 7.5017... 3.56-008 16 50
FEP18AT 0.43 1 0 0 0.0002... 3.5e-008 16 50
MER 5 0.3 0.333 1] 1] a a -1 1]
MBR 1060 0 0.022 o 0 0 0 10 &0
MB060P 0.06  0.07368 o 0 o 0 30 60
3550GQ060 0.34 0.024 o 0 0 0 3s 60
DSSKE0-0068 0.31 0.03 o 0 0 0 2 &0 Help
TE.0080 0.3 0.015 1] 1] Q 1} 75 B0
) 0.4 0.1 o 0 0 o 2 a0
VT10805 0.08 0.02 o 0 0 0 0 80 ﬂ ﬁ
DSSK40-008B 0 0.00875 o 0 0 o 20 80 i
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